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Research Posters—Student Contest
Quality Assessment of Hops (Humulus lupulus)
Grown in New Jersey
M. Muehlbauer*, R. Pyne, E. Dager, D. Giurleo,
L. Maimone, J. Grande, and J. Simon
Rutgers University, New Brunswick, NJ.

As the microbrewery continues to experience steady growth, there
is increased interest and demand for locally sourced ingredients
particularly hops. Hops (Humulus lupulus), a critical component
of beer, are primarily grown in Oregon and Washington where
producers ensure they consistently meet certain quality standards such as alpha and beta acids. Alpha and beta acid content
are among the most important quality control parameters for
determining marketability of hops. The reintroduction of hops
into New Jersey is of keen interest to New Jersey and regional
brewers yet there are concerns about the consistency and quality
of locally grown hops relative to the same quality standards as
those grown in the Pacific Northwest. The purpose of this project
was to assess the quality of hops grown throughout three growing
zones in New Jersey. Alpha and beta acid content was tested on
12 hop varieties from four New Jersey farms, using an HPLC,
to assess the quality of hops grown throughout New Jersey in
relation to standards set by the Pacific Northwest. Alpha and
beta acid content showed variation of 0–50% from standards,
which differed depending on location and genotype. Although
hops sampled from New Jersey did not consistently match the
acid content of hops grown in Oregon, results did show that NJ
grown hops can match industry standards. As the New Jersey
hops industry is young over time, and with close monitoring,
and improved management strategies these quality standards
can likely be consistently met in the future. These same hops
were also evaluated for their aroma profile which has become
increasingly of interest to New Jersey breweries.

First-year Plant Survival in Bioswales Along
Philadelphia’s I-95 Corridor
A. Mery*, J. Caplan, and S.W. Eisenman
Temple University, Philadelphia, PA

An important performance metric for green infrastructure installations is how the incorporated plant material fares under urban
stresses such as periodic inundation by potentially contaminated
water runoff, the urban island heat effect, and extended periods
of dry weather between rain events. In 2015 a series of bioswales
(totaling 0.7 acres [0.28 ha]) was installed to capture the runoff from the elevated I-95 highway in the Kensington section
of Philadelphia. The species used in these installations were
selected for both their potential ability to survive in a site with
varying hydrological activity, as well as for their ornamental
appeal. There were 7439 live plants representing ~55 different
species planted in the 4 bioswales. Approximately one year after
installation (October 2016), we censused the surviving plants
and scored the health of each plant using a 4 level visual rating
system. Survival rates varied from 27–100%, with the lowest

survival rates found for Geranium maculatum and Cimicifuga
ramosa ‘hillside black beauty’ (27 and 28%, respectively). In
some species like Calamagrostis xacutiflora and Viburnum
trilobum, we observed variation in phenology and/or biomass
production among individuals of the same species that were
planted in close proximity (0.5 m in some instances) along
microtographical gradients; we attribute this variation to differing hydrological conditions. This research will inform the
selection of plant material for an additional 20 acres of green
infrastructure systems associated with the adjacent sections of
I-95 currently being renovated. By tailoring plant selection to
this type of urban bioswale and microtopographic conditions,
the performance of the green infrastructure installations will
be maximized.

Phenotypic Characterization of Wild American
Hazelnut (Corylus americana) Germplasm to
Support Future Hybrid Hazelnut Breeding
A. Mayberry*, J. Capik, and T.J. Molnar
Rutgers University, New Brunswick, NJ

The susceptibility of European hazelnut (Corylus avellana) to
eastern filbert blight (EFB) has prevented commercial hazelnut
production in the eastern United States. Wild American hazelnuts
(C. americana) are highly tolerant of EFB and can be crossed
with European hazelnuts to develop hybrids that are resistant.
However, this resistance comes with potential costs, including
less preferable commercial production qualities such as small
nut size and harvesting difficulties. Hybrid hazelnut breeding
can be enhanced by examining the full range of trait variation
in American hazelnuts and using those with improved traits
as parents. To accomplish this task, a wide germplasm collection effort was made and resulted in approximately 800 wild
American hazelnut seedlings planted at the Rutgers Fruit and
Ornamental Research Extension Center in Cream Ridge, NJ, in
2010. The seedlings originated from open-pollinated nuts collected from more than 50 different locations within the native
range of American hazelnuts. In this study, seven quantitative
traits, including kernel weight, shelling percentage, yield, and
dimensions of kernels and nuts, were evaluated from 128 plants
representing 28 locations and subjected to statistical analysis
(ANOVA). Results identified significant variation across all
traits examined, specifically: (a) traits of individual plants that
are different from the total population (alpha = 0.05), and (b)
traits of plants grouped by geographic locations that are different
from the total population (alpha = 0.05). This work provides a
glimpse of the wide phenotypic diversity present in our native
hazelnut species and highlights individual plants and population
origins that may hold promise for breeding based on improved
nut characteristics and other traits. Future work will include the
characterization of multiple qualitative traits including bloom
and budbreak phenology, drought stress, and frost damage to
catkins, which are expected to show greater correlation with
geographic location.
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Molecular Characterization of Strawberry
(Fragaria x ananassa) Genotypes
A. Biswas*, B. Bougouneau, and K. Melmaiee
Delaware State University, Dover, DE

Strawberry is an important fruit crop for its nutritional value.
Higher amounts of antioxidants and attractive taste are some of
the positive components of strawberry. Consuming strawberries
can increase dietary antioxidants. Antioxidants in strawberry act
against cardiovascular diseases, cancer and other health issues.
Strawberries are not only important for its health benefits but
also they have some commercial aspects in cosmetics industries.
Nowadays, molecular markers are becoming popular for strawberry breeding. The majority of markers are used for cultivar
identification, genetic diversity and taxonomic analysis, marker
assisted breeding and cloning. SSR markers are single sequence
repeat markers present in every living organism. SSR markers
are used as rapid, robust and inexpensive means of polymorphism identification. However, they differ from organism to
organism and plant to plant. It is easier to identify some good
traits in any variety within short time if known SSR markers
are available. Cultivated strawberries have a wide range of SSR
markers at available that permits to identify polymorphism of
closely related genotypes. In our experiment, we are using five
strawberry genotypes including Albion, Early glow, Honeoye,
Jewel varieties and a wild type to identify polymorphism for
50 SSR markers. We have selected primers considering some
desirable traits like antioxidants, flavor, disease resistance etc.,
which are needed for any plant breeder to develop superior
strawberry varieties. After PCR analysis, we will perform association mapping with the above traits, which can be utilized
by strawberry breeding programs during cultivar development
and authentic genotype identification.

Research Posters:
Member Presentations
Comparing Cultures for New Cultivar Releases
of Rutgers Scarlet Lettuces
W.J. Sciarappa* and W. Kline
Rutgers University, Freehold, NJ

Rutgers University research led by Dr. Ilya Raskin has recently
produced new and nutritionally improved lettuce cultivars—a
red leaf and a red romaine type. Lettuce health benefits are due
to polyphenols, vitamins, carotenoids and fiber. These cultivars
were developed through soma clonal variation and tissue culture; they are not genetically modified (GMO). Field testing at
extension centers, grower farms and home gardens was begun
to determine commercial utility of these lettuces in terms of
germination, growth, culture, color, yield, pest management and
nutritional composition. Growth—In the spring planting at Cream
Ridge station, soil temperatures had risen from the high 40s to
60.5–63.5 degrees under either black or white plasticulture by
May 21. RSL germination was fair for the seeding treatments
S4

and growth was smaller in comparison to the standard red leaf
types like Red Sails and Tasty. The Rutgers red romaine was
smaller in comparison to the standard green romaine. With the
RSL transplants, growth and color were considerably better with a
deep red hue but still smaller in size to the standard leaf or green
romaine. In the fall planting at Cream Ridge Research Station
was harvested on October 26. Head size width for Rutgers red
leaf lettuce ranged from 4 to 7 inches and height 3 to 5 inches
with an average head weight of 138 grams wet weight. These
sizes compared to the standard Red Sail transplants averaging
7 inches in width and 5.5 inches in height with an average wet
weight of 195 grams per head; considerably larger. The Rutgers
Scarlet romaine had an average width of 5.5 inches and height
of 5.5 inches with a wet weight of 110 grams per head. In comparison, the standard red romaine averaged 10.5 inches width
and 11.5 inches height with an average wet weight of 204 grams
per head. At the Freehold site where Master Gardeners grew
both Rutgers Scarlet leaf and romaine in the spring, average
head weights were 232.6 and 246.0 grams, respectively. These
plots were the best overall; perhaps because of the bare soil
production method with a high quality soil. Reports from 10+
Master Gardener trials around Monmouth County ranged from
fair to moderate to very good results in germination, growth,
color, yield, and taste. There was a trend for growing areas
closer to the ocean to do better—possibly greater humidity/
cooler nights. Bolting—Bolting in both RSL cultivars as well as
standard lettuce cultivars was a frequent problem in both south
and central New Jersey, especially in the fall. This growth appeared related to the weather. Associated was a bitterness taste
in perhaps one-third of the fall plantings which ranged from mild
to moderate to major. Greenhouse Production—Initial reports
from greenhouse production at three sites were much more consistent and promising. Germination at Kube-Pak (conventional)
and Beyond Organics (aeroponics) were 98% or more compared
to field planting which ranged from approximately 50 to 90%,
depending on the site and season. Transplant growth at Edible
Garden Greenhouses in North Jersey and greenhouses at the
University of Arizona showed excellent germination, growth
and color in a hydroponic system. Cultivation under sheltered
greenhouses with conventional, hydroponic, or aeroponic systems was more promising for RSL cultivars compared to more
variable field conditions. This observation may correlate with
the possibility of weather being the more important factor in
both the 2015 and 2016 seasons. Nutritional Studies—The RSL
romaine and red leaf types were harvested at multiple locations
to determine nutritional content. These samples were frozen for
polyphenol/anti-oxidant content analysis. The scientific and
marketing thought is that if a consumer can obtain twice the
nutrition from a cultivar at half the size/weight/volume, these
factors would be a sales incentive.

Cold Injury In New Jersey Vineyards Following
The 2013–14 and 2014–15 Winters—A Survey
H. Gohil* and D. Ward

Rutgers University, Clayton, NJ

Following the very low temperatures during the winters of
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2013–14 and 2014–15, many vineyard experienced cold damage to vines. Rutgers New Jersey Center for Wine Research and
Education (NJCWRE) conducted a survey of New Jersey vineyards in spring of 2016 to assess the degree of winter damage.
Google Forms was used as the electronic survey tool. A total of 26
vineyard managers participated in the survey, reporting damage
in 60 different wine grape cultivars, including, 31 V. vinifera,
22 hybrids and 7 native cultivars. After the 2013–14 winter,
85% of vineyards (n=24) reported winter damage, resulting in
injury to grapevine trunks or cordons. Fully 70% of vineyards
reported winter injury following the winter of 2014–15, however
it is likely that some of the damage could have occurred during
the winter of 2013–14 but damage was not noticed until a year
later. Winter damage in cultivars grown at more than 5 vineyards were examined in greater detail. Overall, native cultivars,
though grown at fewer vineyards, reported only 23% damage
while hybrid cultivars reported 32% damage. The V. vinifera
cultivars, the most widely grown, were reported having 67%
damage in 31 vineyards.

An Update on Sources of Resistance to Eastern
Filbert Blight Disease of Hazelnuts in New
Jersey
J. Capik* and T.J. Molnar

Rutgers University, New Brunswick, NJ

The fungal disease eastern filbert blight (EFB), caused by Anisogramma anomala, has been the primary historical limitation to
European hazelnut (Corylus avellana) production in the eastern
United States. Developing and utilizing resistant cultivars is
considered to be the most effective disease management strategy.
While most European hazelnuts are highly susceptible, wide
germplasm collection and screening over the past 15 years has
yielded a significant number of EFB resistant accessions. At
Rutgers University, we identified 162 new resistant selections
originating from Russia (n=75), Crimea (n=15), Poland (n=8),
and the Republic of Georgia (n=64) from seeds collected in 2002
through 2009 and subsequent seedlings exposed to high disease
pressure through augmented field inoculations and natural disease
spread. The main concern of this update is that the trees were
deemed resistant following only 5 years of field exposure to the
pathogen. Since little is known about the longevity/durability of
resistance genes from C. avellana, a reassessment of their longer
term response was undertaken to examine the effectiveness of
our selection protocol and to document possible changes over
time with these new genes for resistance. In this study, the 162
previously selected plants, which remain in their original field
positions and have been continually subjected to high disease
pressure, were evaluated again in November 2016 using a scale
of 0 = no disease through 5 = all branches containing cankers.
Our results show that 128 of original 162 trees remain free of
disease, with most of the remaining 34 showing only minor
infections indicative of a high level of tolerance. The greatest
change was in the 2009 Georgian collection, where 7 trees of
the original 64 identified as resistant (rating = 0) were now rated
as 3’s, indicating the presence of only a moderate level of tolerance to EFB. This is the youngest collection and may suggest

a need for evaluation over 6–7 years to fully evaluate response
to the fungus. However, many of the trees in this study have
been exposed to high levels of EFB for over 12 years with no
signs of disease (no change in response from initial ratings at 5
years). Further, it should also be noted that no trees originally
rated as 0 had a score greater than 3, which provides additional
support that data collected at five years of exposure are a strong
indicator of longer term performance. We will continue to track
these new sources of resistance over time, including testing
in new regions, and have begun to use the best selections in
breeding efforts to investigate patterns of inheritance and for
cultivar development.

Foliar Herbicide Application Can Be Effective
in Late Fall
J.S. Caplan*, R.D. Whitehead, A.E. Gover, and
G.C. Grabosky
Rutgers University, New Brunswick, NJ

Numerous shrub species are invading temperate deciduous
forests, and many are aided in their growth by delaying leaf
senescence until late fall. Focusing on Lonicera maackii, we
carried out a series of studies to evaluate the possibility that species retaining large portions of their canopies can be controlled
using foliar herbicide application far later than it is typically
attempted. We first evaluated the potential for susceptibility
in four species that have green leaves in early November. We
measured physiological parameters related to gas exchange, and
found that rates of all parameters (e.g., light-saturated photosynthesis) were comparable to those measured in the same or
similar shrubs in summer. To determine directly if an invasive
species with extremely delayed leaf senescence (L. maackii)
was susceptible to control in mid-November, we evaluated the
effectiveness of three foliar sprays: glyphosate and two concentrations of aminocyclopyrachlor plus metsulfuron methyl. We
found that treatments killed (72%) or severely injured (14%)
of plants, but identified no statistically-significant differences
among herbicide types. Finally, because efforts to treat plants in
late fall will be guided primarily by visual assessments of leaf
color until further trials are performed, we characterized how
changes in color correspond with declining photosynthetic rates.
A single regression equation was appropriate for all species,
indicating that assessments of yellowing can determine when
leaves are no longer photosynthetic. Our study demonstrates that
late-fall can be a viable period in which to treat weedy species
that delay senescence strongly, like the many invasive Lonicera
species in North America. Given that climate change will delay
senescence further in many species, our study also serves as a
call for further investigation into what promises to be an increasingly viable opportunity for weed control in deciduous forests.

Pennsylvania Update on Allium Leafminer, a
New Invasive Pest
T.E. Elkner*, S. Fleischer, and D. Roberts
Penn State Extension, Lancaster, PA

Allium leafminer, an invasive insect from Europe, was dis-
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covered in Lancaster County, PA, in December 2015. Survey
work in the spring of 2016 by the Pennsylvania Department of
Agriculture confirmed the presence of this insect in 13 counties in the southeast part of the state. Crop losses to unsprayed
spring onions and garlic were significant in some locations in
the region in 2016 while antidotal reports of losses of allium
crops in previous seasons were received. Allium leafminer feeding and reproduction has been observed on multiple cultivated
allium crops as well as ornamental and wild allium species.
The occurrence on non-crop species will result in challenges
in controlling this insect.

The Virtual Field Trip: Production Tips
J.S. Carleo and N. Polanin*

Rutgers NJAES Cooperative Extension, Bridgewater, NJ

The “Ultra-Niche Crops for the Progressive Farmer” is a
USDA–NIFA grant funded project currently underway at Rutgers
University. This project seeks to teach new and beginning farmers about the cultivation, marketing, and business management
of 10 “ultra-niche” crops—those of exceptionally high value
that can be grown successfully on 10 acres or less. Teaching
methodologies for this multi-year project include face to face
traditional Extension programming along with streaming video
of the live presentations to two other “remote sites” across the
state, reaching nearly 60 audience members for each of the first
two sessions. Crops have been selected through the work of a
grower advisory council, and sessions on strawberry and cut
flowers have been very successful for both the live audiences
and remote sites, <http://njaes.rutgers.edu/ultra-niche-crops/>.
A major highlight and undertaking of this training effort have
been the grower virtual field trips, a video broadcast to all three
sites on the evening of the training, and then archived online
along with all the other training materials and resources shared
during the training sessions. These 20-minute videos include an
expert farmer, a wholesaler or consumer marketer or buyer, and
a subject matter expert specific to that crop. Attendees are able
to virtually visit the farm in season, see how the crop is grown,
learn what buyers look for, and hear from an expert about any
specific difficulties a crop may pose. And those difficulties could
be in variety selection, production, harvest, postharvest, shipping
or direct marketing, to name a few. Session presenters are those
showcased in the videos, giving the audience members ample
opportunity to engage with the speakers, filmed and in real time.

Manage My Woods? The Rutgers Woodland
Stewards Program
N. Polanin*

Rutgers NJAES Cooperative Extension, Bridgewater, NJ

While approximately 2.0 million acres of New Jersey is forested,
the New Jersey State Forestry Services monitors and maintains
775,000 acres of state-owned open space—an area as large as
the state of Rhode Island. To keep these forests productive,
State Forestry Services monitors biodiversity, creates wildlife
habitats, suppresses pest outbreaks, and restores ecologically
significant areas. But what of the remaining 1.3 million acres
S6

privately owned by nearly 88,700 non-industrial private forest
owners? Recent estimates indicate that less than 10% of these
privately-held forest lands are purposefully managed, despite
the availability of educational programs, technical services,
and the incentive of a farmland tax assessment program. With
an average woodlot size of 12 acres, most own for non-timber
reasons and 43% have never been commercially harvested
<www.ntfpinfo.us>. Initiated in 2009 and launched in 2010, the
New Jersey Woodland Stewards Program is a collaboration of
the New Jersey State Forestry Services, Rutgers Cooperative
Extension, and the New Jersey Forestry Association. Held annually, these immersion style “in-the-woods” training programs
seek to provide outreach, education, and develop leadership for
the proper care and use of New Jersey’s privately held forests.
Attendees vary from forest landowners and Rutgers Master
Gardeners and Environmental Stewards to those who have a
love of the woods in their community. This program seeks to
create a statewide network of trained volunteers who are ardent about forest stewardship and willing to reach out to New
Jersey forest landowners, stakeholders, and the general public
about the care and use of New Jersey forested lands for social,
economic, and ecological benefits. Successful completion of
the training culminates in self-directed volunteerism as a New
Jersey Woodland Steward. Trained volunteers have assisted at
state and private forestry programs across the state, collaborated
at the New Jersey Envirothon competition for FFA students,
and created newsletters and social media events to increase the
public’s perception and appreciation of New Jersey’s forests.

Research Oral Presentations:
Students
Characterization of the Effects of Hybrid
Hazelnut Pollenizers (Corylus americana x
C. Avellana) on the Oil Content and Profiles
of Several European Hazelnut (C. avellana)
Cultivars
M. Muehlbauer*, D. Hlubik, and T.J. Molnar
Rutgers University, New Brunswick, NJ

A major factor in the production of substantial annual hazelnut
crop yields is consistent pollination. This can be difficult to
achieve with pure European (Corylus avellana) pollenizers in
the northeastern United States, due the susceptibility of their
staminate flowers (catkins) to winter damage. In contrast, hybrids
with American hazelnut (C. americana), while generally having
much poorer commercial nut characteristics, have more coldtolerant catkins. Thus, they potentially could be used in lieu of
C. avellana pollenizers to provide more dependable pollination
in regions with cold climates. However, the effects of the hybrid
pollen on the kernel characteristics of European hazelnuts are
largely unknown. To begin to examine this question, controlled
pollinations were made between three European mother plants
and four pollen parents that included two European cultivars
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and two cold-hardy C. americana x C. avellana hybrids. The
resulting nuts were harvested at maturity, dried, and placed into
cold storage. Our previous work showed that average fruit set and
physical aspects of the kernels were generally similar between
pollen sources. For this study, we examined oil characteristics.
The total oil content of the kernels from each cross was extracted
using the Soxhlet method. The percentage of kernel oil by weight
was then measured for each cross and the fatty acids profiles
determined using a Gas Chromatograph. Preliminary results of
the total oil content analysis show an average of (60.5–63.3%)
for the European x European crosses and (62.4–68.6%) for the
European x hybrid crosses, which indicates that hybrid hazelnut
pollen when compared to European pollen does not negatively
impact kernel oil content. Thus, our results provide further
evidence that hybrid hazelnuts may function well as cold-hardy
pollenizers for orchards of European hazelnuts.

Prioritization of Living Collections At Public
Gardens
A.V. Bower* and J. Frett

University of Delaware, Newark, DE

As living museums, public gardens are responsible for maintaining an assemblage of plants as outlined by a collections
policy and in support of an institutional mission. Available
space, time, and resources must be allocated to collections or
individual accessions with varying levels of value to the institution. Objective collections planning is a beneficial exercise
to prepare for garden renovations, long-range institutional
planning, propagation decisions, reviews of the living collection, or allocation of resources in routine or disaster situations.
Potential prioritization criterion includes historic importance,
cultural significance, educational value, conservation value (irreplaceable genetics, known provenance, or threatened status),
research/evaluation value, aesthetic value, or replacement cost.
Research was conducted through two surveys and a case study
analysis of public gardens in the United States to answer the
following questions: (1) Are public garden institutions actively
prioritizing their living collections? (2) How are public garden
institutions identifying special or core collections? and (3) How
does identification of core collections benefit public garden
institutions? Ultimately, this research advances the topic of
living collections management and provides examples of public
garden institutions who have successfully completed the collections organization process.

Grafting Melons Increases Yield and Resistance
to Sudden Wilt
J.L. Martin* and J.B. Loy

University of New Hampshire, Durham, NH

A critical challenge to cantaloupe (Cucumis melo L.) field
production in the northeastern United States is sudden wilt,
characterized by a rapid wilting of vines as fruit near maturity.
Vines typically do not recover from symptoms, resulting in
reduced fruit quality and yield. Though the exact cause of sudden wilt is unknown, a soil-borne pathogen is implicated. One

promising solution is grafting melons to interspecific hybrid
squash rootstock [Cucurbita maxima Duchesne x Cucurbita
moschata Duchesne] shown to exhibit tolerance to soil-borne
diseases. This study evaluated the performance of ‘Halona’
cantaloupe grafted to four different varieties of rootstocks in
two separate plots at Kingman and Woodman Research Farms,
in Madbury and Durham, NH, respectively. Graft compatibility differed among rootstocks, and rootstock NH1315 was
eliminated from the study. In addition, the ‘Kazako’ rootstock
variety exhibited poor and non-uniform germination, resulting
in uneven plant growth and poor performance. In the Woodman Research plot, total marketable yields of ‘Halona’ were
44% and 57% higher with NH1320 and ‘Carnivor’ rootstocks
respectively, as compared to non-grafted plants. Mean soluble
solids content (SSC) in fruit of non-grafted plants (11.8%)
were significantly higher than fruit of plants grafted to NH1320
(10.7%) and ‘Carnivor’ (10.6%) rootstocks. At the Kingman
Farm, wind damage severely reduced grafted plant numbers
per plot, and yield data of ‘Kazako’ and ‘Carnivor’ rootstocks
were compromised. Nonetheless, mean fruit weight per plot
with NH1320 rootstock was 50% higher than in non-grafted
plants; mean SSC was not significantly different in non-grafted
(11.09%) and grafted plants (10.8–11.3%). Non-grafted melon
plants produced earlier melon yields than grafted plants, but
succumbed to sudden wilt by mid-August. In contrast, grafted
melons maintained growth and continued to set fruit for two
more weeks, thus affording a longer market window. These
results demonstrate the potential grafting has to address sudden
wilt in northeast cantaloupe production.

Research Oral Presentations:
Members
The Impact of Compost on pH Buffering
Capacity of Soilless Substrates
M. Taylor* and R. Kreis

Longwood Gardens, Kennett Square, PA

Peat moss is the primary substrate component used in the
greenhouse industry. The inherent pH of peat moss can range
from 3.0 to 4.0 and limestone is typically added to raise pH to
a suitable range. Compost can also be utilized as a substrate
component and has an inherently high pH of 6.0 to 8.0. When
using compost as a substrate ingredient, lime rates must be
reduced or eliminated. It is unknown, how compost will affect
pH buffering when used to establish substrate pH. The objective
was to assess the impact of the various amounts of limestone
and compost on pH buffering capacity. The experiment was a
factorial design with four compost rates by volume (0, 10, 20,
and 30%), the same four limestone rates as experiment one, and
five replications. Each substrate treatment was titrated through
incubations with six sulfuric acid rates (0, 0.1, 0.2, 0.4, or
0.7 mol of H+ per g of dry substrate). Buffering capacity
was determined by taking the negative reciprocal of the linear
regression slope of pH vs. mM H+. Substrates with a similar
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initial pH had very similar buffering capacities regardless
of the compost or limestone rate. These results indicate compost can be used to establish growing substrate pH similar
to limestone, and this change will have little to no effect pH
buffering capacity.

Strawberry Variety Evaluations in Southeast
Pennsylvania using Plasticulture
T.E. Elkner* and K. Demchak

Penn State Extension, Lancaster, PA

Seventeen June-bearing strawberry varieties were established
using the plasticulture system in late summer/fall of 2014 at
the Penn State SE Agricultural Research and Extension Center.
Advanced selections from the breeding programs in New York
(3) and New Jersey (3) as well as commercially available
selections were used. In 2015 highest yields of marketable
berries were obtained from ‘Earliglow’, ‘Daroyal’, ‘Rubicon’,
‘Sonata’ and ‘Wendy’. Half of the planting was thinned after
harvest and half was not to evaluate this practice on carryover
of the planting. In general, thinning did not affect fruit weight,
number of marketable fruit, percent marketable fruit, or total
harvested weight. Highest yields in 2016 were from ‘Earliglow’, ‘Flavorfest’, ‘Galletta’, NJ 09-02-1 and ‘Wendy’. The
New Jersey selections performed better than the New York
selections in this trial.

Evaluating Biological Soil Health in Highbush
Blueberry
W.J. Sciarappa*

Rutgers University, Freehold, NJ

Measurement of carbon dioxide release from microbial respiration in the soil is a potentially important tool to predict
availability of mineralized nitrogen; a source of this essential
element not measured in routine soil tests. A three-year field
study assessed soil fertility and biological health in three organic
highbush blueberry blocks (Vaccinium corymbosum L.) in New
Jersey. Carbon dioxide production from the rhizosphere was
measured with the Solvita® CO2 aerobic respiration test. Average annual CO2 values from 2013–15 for all six replicates 36.7
CO2 ppm per 40 gram dried sample and averaging 3.08 on the
Solvita® 0–5 scale with 3.00 representing very good fertility
and microbial activity. A survey of native forest soils with a
wild blueberry understory had similar biological respiration
measures averaging 3.29 on the rating system with an average
carbon dioxide release of 41.2 ppm. Marginal ratings of 1.2
were measured for commercial, conventional blueberry soils that
averaged only 6.08 CO2 ppm. These biological measurements
of microbial respiration differed by soil type in relationship
to soil acidity, soil organic matter and the Lime Requirement
Index. The Solvita® system is a rapid, high-tech soil test that
provided a simple, quantitative and inexpensive means to assess and compare an important indicator of soil health when
changing farming practices over time.
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Improving Eating Quality in Acorn Squash
through Pruning, Grafting, and Plant Breeding
J.B. Loy*

University of New Hampshire, Durham, NH

Among the three major groups of fresh market squash in North
America, acorn (Cucurbita pepo L.), kabocha/buttercup (C.
maxima Duch.), and butternut (C. moschata Duch.), acorn most
often falls short in eating quality, especially in the large wholesale
markets. This problem is exacerbated by the wide divergence in
eating quality among acorn cultivars. At the University of New
Hampshire a major research thrust has been cultivar improvement
through breeding, but in addition, we have evaluated pruning and
grafting acorn to interspecific rootstocks as potential methods
for achieving better and more consistent eating quality in acorn
squash. Breeding efforts have resulted in commercialization of
three acorn varieties characterized by good eating quality, but
smaller fruit size than most traditional acorn cultivars. More
recently, breeding has focused on attaining good eating quality
in breeding lines with larger fruit, more suitable for wholesale
markets. These lines are being intercrossed to produce F1 hybrids, three of which were evaluated for productivity and eating
quality in 2016. One hybrid in particular displayed uniformity
for fruit number and size, along with improved eating quality
as compared to standard cultivars. One challenge in developing
acorn cultivars is the tendency of cultivars to over produce fruit,
thereby lowering average dry matter among fruit and eating quality. Pruning fruit numbers to three per plant markedly increased
% dry matter and thus starch content in several experimental
hybrids and cultivars. Interspecific C. maxima x C. moschata
rootstocks have exceptional root vitality and resistance to soil
borne pests. In 2016, we compared productivity and eating
quality in non-grafted and grafted plants of two kabocha and
two acorn cultivars, using NH1310 as a rootstock. Yields were
significantly higher in grafted versus non-grafted acorn cultivars,
and in one cultivar, both flesh DM and SSC were higher in fruit
from grafted plants. Missing plants in the non-grafted treatment due to squash bug feeding prevented adequate evaluation
of kabocha cultivars, but showed that interspecific rootstocks
resisted predation by squash bugs.

25 Years of Processing Vegetable Variety Trials
at the University of Delaware
G.C. Johnson* and E.G. Ernest

University of Delaware, Georgetown, DE

Delaware has a long history of producing vegetables for processing. This includes over 25,000 acres of lima beans, peas,
sweet corn, and pickling cucumbers. Other vegetables including squash, tomatoes, snap beans, spinach, and peppers are
grown on smaller scales for canning, freezing, or pickling. The
University of Delaware has supported the processing industry
with applied research relevant to their needs. An important part
of that research has been variety trials and advanced breeding
material evaluations for adaptation to the southern Mid-Atlantic
region. In the last 25 years variety trials have been conducted on
peas, lima beans, sweet corn, and pickles. Progress on improv-
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ing yields and quality in baby and Fordhook lima beans has
been enhanced with the introduction of a breeding program in
2004 with the first varieties being released by the University of
Delaware in 2014. The University of Delaware also has the only
downy mildew evaluation program for lima beans in the US.
Pickling cucumber trials have shifted to include the evaluation
parthenocarpic varieties in the last six years and the introduction
of new downy mildew tolerant gynoecious types. Processing
sweet corn evaluations have shifted to supersweet types and
evaluations of Bt sweet corn for insect management. The University of Delaware and Cornell conduct the only university
sponsored processing pea trials in the region and there has been
notable yield improvements with that crop. Variety trials with
jalapeno, cherry, and banana peppers and mustard, turnip, kale,
and collard greens, and onions have also been conducted from
between 2010–16. Future plans are to expand trials to include
snap beans and specialty lima beans.

Development of New Lima Bean (Phaseolus
lunatus) Cultivars for the Mid-Atlantic Region
E.G. Ernest*

University of Delaware, Georgetown, DE

A lima bean (Phaseolus lunatus) breeding program was begun
at the University of Delaware in 2004, with the goal of developing new cultivars for the Mid-Atlantic Region. Cultivars
under development are for harvest in the succulent stage and
represent several commercial classes including: bush baby
lima, bush Fordhook lima, and large-seeded pole lima. Traits
of particular interest are resistance to downy mildew caused
by Phytophthora phaseoli, resistance to root-knot nematode,
Meloidogyne incognita, and ability to set pods under high
night temperature conditions. For bush types, concentrated
pod set and upright plant architecture, which is conducive to
mechanical harvest, are also desirable. Advanced inbred lines
from the breeding program have been tested annually in yield
trials since 2008. Two green baby lima cultivars from the
University of Delaware, ‘Brooke’ and ‘Bert’, were granted

Plant Variety Protection (PVP) in June of 2016. These cultivars
produce high quality green seed and are suitable for processing
production in the Mid-Atlantic. Three large-seeded pole lima
lines that have performed well in yield trials and will be tested
with growers in 2017.

Progress Report on Beach Plum (Prunus
maritima) Propagation Research
J.S. Carleo* and W.C. Stiles

Rutgers NJAES Cooperative Extension, Cape May Court
House, NJ

The Cape May County Beach Plum Association (CMCBPA) is
a group of growers interested in commercialization of the beach
plum (Prunus maritima) as a fruit crop. Currently, the biggest
challenge to commercialization is the lack of cloned selections
available for planting. Part of a $40,000 New Jersey Department of Agriculture Specialty Crop Block Grant is being used
to investigate clonal propagation procedures to further variety
development. To determine which rootstocks have the highest
success rates when grafted to beach plum scions, a soft-wood
cutting experiment is being conducted. From 2014–16, nine
selections of beach plum were bud-grafted and/or cleft-grafted
onto four different rootstock species. Rootstocks included P.
maritima seedlings, P. myrobalan, P. marianna, and ‘Lovell’
peach (P. persica). Scion material included the commercial
varieties ‘Premier’, ‘Hancock’ and seven selections made by
the CMCBPA. The success rate of the grafts were evaluated in
2016. Of the 214 grafts made, the highest percent success rate
was on ‘Lovell’ peach (33 grafts, 95.56% success) followed by
beach plum seedling rootstock (40 grafts, 80.00%); P. marianna
(42 grafts, 65.93% success) and P. myrobalan (99 grafts, 36.50%
success). Many thanks to our collaborators Joseph Alvarez,
Cape May Technical High School (JoAnn Sopchak), Arnold and
Christine Clemenson, Cumberland County College (Maurice
Sheets), Les and Diane Rea, David and Linda Rau, Matthew
Stiles, USDA Natural Resources Conservation Service—Cape
May Plant Materials Center; Richard Uva and David VanVorst.
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Abstracts of Presentations
J.B. Edmond Undergraduate
Student Paper Competition
Rooting Attempts in Stern’s Medlar Mespilus
canescens J.B. Phillips, a Critically Endangered
Arkansas Endemic Plant Species
Blake W. Hawkins* and Garry V. McDonald

Department of Horticulture, University of Arkansas,
Fayetteville, AR 72701 (gmcdonal@uark.edu)

Stern’s medlar Mespilus canescens is limited to 24 known plants
at one site in eastern Arkansas. It is listed as critically endangered and is thought to be a naturally occurring cross between
Mespilus germanica and possible two Arkansas native hawthorn
Crataegus species. This species has attractive white flowers in
the spring similar to other Crataegus species. When produced,
the fruit is bright red and resembles a large hawthorn or small
apple. Little is known about asexually propagating this plant
species from cuttings and the few extant plants in botanical or
garden situations are thought to be from basal suckers. It would
be advantageous to clonally propagate this plant asexually though
cuttings to both conserve the species in the future but to also investigate its landscape performance potential as a native endemic
plant. Softwood cuttings were taken in mid-Spring (mid-May in
Arkansas) and semi-hardwood cuttings taken in early summer
(mid-June in Arkansas). Both cutting types were treated as a
quick-dip in 0, 1000, 5000, and 10,000 mg·L-1 K-IBA (auxin)
and placed either in 100% perlite, 100% coarse vermiculite, or
a 75% peat 25% perlite substrate and placed under intermittent
mist at ambient air temperature conditions in a greenhouse. All
treatments showed differing levels of some callus formation (on
a rating scale of 0–5). Generally higher IBA levels with a less
dense substrate (perlite and vermiculite) showed a significantly
higher callus rating than lower IBA levels and the more dense
higher water holding capacity of the peat:perlite substrate. No
adventitious rooting was observed for any treatment combination although the experiment was allowed to continue until
mid-October when short days and cool temperatures caused leaf
drop and cuttings senesced. The cuttings were taken from the
tips of one old plant that is part of the Horticulture Department
teaching collection and is several decades old. It is thought the
propagule material may have lost rooting competency. Future
attempts will be to collect propagules from the cone of juvenility
or basal root cuttings for rooting attempts.

Growth and Physiology of Three Native
Landscape Plant Species in Two Southeastern
United States Soil Types
Avery Lamb*1, Amy N. Wright2, J. Raymond
Kessler Jr.2,

*presenting author.
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Eve Brantley1, and Julie Howe1

201 Funchess Hall, Department of Crop, Soil and
Environmental Sciences, Auburn University, Auburn, AL
36849; 2101 Funchess Hall, Department of Horticulture,
Auburn University, Auburn, AL 36849 (anl0020@auburn.edu)

1

Though studies have looked at native plant species for rain garden
recommendation in regards to flood and drought tolerance, there is
not adequate documentation of these plant species’ performances
in differing soil types. Therefore, the objective of this research was
to evaluate the growth and physiology of three native landscape
plant species in two Southeastern U.S. soil types over two growing seasons. In Spring 2014, six landscape plots were planted in
two soil types: Southern Coastal Plain (CP) soil and Southern
Piedmont (PD) soil. Ilex verticillata (winterberry), Ilex glabra
(inkberry holly), and Chasmanthium latifolium (river oats) were
planted in each landscape plot. Plant species were chosen based
upon prior studies that screened for flood and drought tolerance
and deemed them suitable for rain garden implementation. Size
index was measured at the beginning and end of both growing
seasons. Stomatal conductance and leaf chlorophyll content
were measured monthly on mature leaves during the second
growing season; stomatal conductance and leaf chlorophyll
content of I. verticillata and C. latifolium were not measured
from November to March of the second growing season. Size
index was generally higher in CP soil and suggests that these
plants may prefer sandier soils or the more drained portions of
a landscape plot. Stomatal conductance was generally higher in
the PD soil. PD soil’s clayey texture can hold a greater amount
of plant-available water that potentially supports a more rapid
rate of photosynthesis and transpiration, and thus an increased
stomatal conductance. The ranges of values for leaf chlorophyll
content over time for all three native plant species may not be
biologically or aesthetically different. Overall, size index and
stomatal conductance were more influenced by soil type than
chlorophyll content, but no parameters biologically differed
enough to exclude their use in the two soil types. Ultimately,
all three native landscape plant species, I. verticillata, I. glabra,
and C. latifolium are suitable for use in Southern Coastal Plain
and Southern Piedmont soils.

Emergence of a New Leaf Spot Disease
on Hamelia patens Cultivars Caused by
Xanthomonas sp.

Crystal Conner*1, S. Christopher Marble1, Aftab Khan2,
and David Norman2
Department of Environmental Horticulture, University of
Florida, Mid-Florida Research and Education Center, 2725
S. Binion Rd., Apopka, FL 32703; 2Department of Plant
Pathology, University of Florida, Mid-Florida Research and
Education Center, 2725 S. Binion Rd., Apopka, FL 32703
1

Hamelia patens Grelmsiz, most commonly known as Lime Sizzler Firebush, is highly regarded in zones 8 through 11 for its
continual bright green foliage and its red-orange flowers. Most
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recently, dark necrotic leaf spots have been detected on the foliage in nursery production in Florida. Isolations on Difco nutrient agar from symptomatic tissue consistently yielded smooth,
yellow, butyrous, colonies of gram-negative bacteria. Two
strains of the bacterium were selected for further identification
and characterization. Using fatty acid methyl analyses (FAME)
and the MIDI identification system (Sherlock ver 6.2B) the two
strains were identified as Xanthomonas axonopodis sp. Partial
16S rDNA sequencing and fatty acid analysis (FAME) MIDI
Microbial Identification System (Microbial ID, Inc., Newark,
DE) were used for identification of strains. The 16S rDNA
primers used were; forward primer AMB14 5'-TCCAGCAATGCCGCGTGTGT-3' and reverse primer AMB13 5'-CATCCACCGCTTGTGCGGGT-3'. The PCR program consisted of
an initial denaturing cycle of 95 °C for 2 min followed by 30
cycles of denaturing at 95 °C for 30 s, annealing at 60°C for 40
s and extension at 72 °C for 1 min and one final extension at
72 °C for 10 min. The 16S rDNA sequencing of these strains
showed 99% sequence identity to Xanthomonas axonopodis
pv. eucalyptorum ribosomal RNA gene only, partial sequence
identity, thus indicating a possible undescribed X. axonopodis
pathovar. To satisfy Koch’s postulates, the two isolates were
inoculated on 10 plants of three Hamelia sp. Hamelia patens
Grelmsiz, non-native Hamelia cuprea, “African” or “Dwarf”
Firebush and native Hamelia patens var. patens. Inoculations
were done in a greenhouse by spraying a suspension of each strain
at a concentration of 1 x 108 CFU/mL. Plants were bagged for
24 hours to raise humidity to aid infection. Within two weeks,
leafspots developed on all three Hamelia varieties. Reisolations
yielded the same type of colony as the originally inoculated
strains. To our knowledge this is the first report in the United
States of bacterial leaf spot on Hamelia patens sp. caused by
Xanthomonas sp. and its host range has yet to be determined.

Texture Evaluations of Southern Highbush and
Rabbiteye Blueberry Varieties

Mary K. Sutton*, Rachel A. Itle, and D. Scott NeSmith
Department of Horticulture, University of Georgia, 1109
Experiment Street, Griffin, GA 30223. (ritle@uga.edu)

There are two types of blueberries commercially grown in
Georgia: southern highbush (species complex between Vaccinium corymbosum L. and V. darrowii Camp) and rabbiteye (V.
virgatum Aiton). One of the main comparisons between the two
types for fruit quality is texture as it relates to skin toughness
and fruit firmness. Often, rabbiteye varieties are considered of
a lower quality than southern highbush varieties, however, there
is very little evidence to support this. The objective of this study
was to examine the skin toughness and the fruit firmness of the
main commercial varieties within each type currently grown in
Georgia. Fruit from early, mid and late season southern highbush
and rabbiteye varieties were harvested at approximately 50%
ripe from April to July in 2014 and 2015 from the University
of Georgia Research Farm near Alapaha, GA. Seven varieties
from each type were examined for southern highbush: ‘Camellia’, ‘Emerald’, ‘Farthing’, ‘Legacy’, ‘Meadowlark’, ‘Rebel’,
and ‘Star’; and for rabbiteye: ‘Alapaha’, ‘Brightwell’, ‘OchS17

lockonee’, ‘Powderblue’, ‘Premier’, ‘Tifblue’, and ‘Vernon’.
An Instron universal testing machine measured skin strength
(puncture test) and fruit firmness (Kramer shear press). Fiber
content characteristics of NDF, ADF, lignin, cellulose and
hemicellouse were also measured. Varieties were significantly
different for both texture traits within both years, and across
years (P ≤ 0.05). For skin toughness, southern highbush were
not different than rabbiteye for 2014 (0.985N versus 1.002N),
and southern highbush were 26% tougher than rabbiteye in 2015
(0.995N vs. 0.792N). For fruit firmness, rabbiteye were firmer
than southern highbush for both years, by 65% in 2014 (578.3N
vs. 350.4N) and by 42% in 2015 (518.6N vs. 365.1N). Fiber
traits were not consistently correlated with either textural trait
within a blueberry type across years, which suggest that fiber
content is not a consistent indicator of fruit texture. Cultivar
rank across years was weakly correlated (r = 0.11, P = 0.02) for
skin toughness, and was moderately correlated (r = 0.66, P <
0.0001) for fruit firmness. This suggests that skin toughness is
more influenced by environmental factors, and that fruit firmness is more related to cultivar selection and is more consistent
across environments. This information will be used as a starting
point to understand consumer acceptability of fruit texture of
the two blueberry types.

Norman F. Childers MS Graduate
Student Paper Competition
Pinching Effects on Cut Sunflower (Helianthus
annuus) Production in East Texas
Rebecca B. Burnett* and M.A. Maurer

Department of Agriculture, Stephen F. Austin State University,
Nacogdoches, TX 75962

Texas supermarkets are experiencing a boom in the demand for
cut flowers. Due to the high demand of cut sunflower stems,
improving cut sunflower production in east Texas should provide greater market potential for growers. A potential method
to increase the production of sunflowers while utilizing the
same growing area is to pinch sunflower stems. This pinching
experiment was performed to observe how different pinching
locations on the stem affected stem production in sunflowers. The five sunflower cultivars used in this study were ‘Pro
Cut Gold’, ‘Sunbright Supreme’, ‘Superior Gold’, ‘Vincent’s
Choice’, and ‘Sunrich Lemon’. Seeds were directly sown into
raised beds with a spacing of 23 x 23 cm on 26 Aug. 2016.
Twenty plants of each cultivar were randomly assigned one of
the following treatments: no pinching (control) or pinching at
the 1st, 2nd, 3rd, or 4th node. Pinching treatments decreased
the flower diameter (cm) compared to the control sunflowers
for all five cultivars. For all cultivars, the control disk diameter
(cm) was significantly larger than pinching treatments. Pinching significantly increased production time 4–8 d compared to
the control. All pinching treatments significantly increased the
number of stems per plant compared to the control. In addition,
the number of stems varied between cultivars based on the node
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pinched. Stem length (cm) was significantly reduced and below
the industry minimum stem length of 61 cm for all five cultivars.
Only ‘Vincent’s Choice’ pinched at the first node resulted in stem
length and disk diameter that remained marketable. Pinching
does not seem practical for east Texas because of unmarketable
stem length and disk diameter.

Evaluation of Rootstocks for Grafted Plants
As a Strategy to Manage Southern Blight in
Tomato (Solanum lycopersicum)
Roy W. Langlois*1, Joseph M. Kemble1, Elina D.
Coneva1, and Edward J. Sikora2

101 Funchess Hall, Dept of Horticulture, Auburn University,
Auburn, AL 36849; 2153 ALFA Services Building, Auburn
University, Auburn, AL 36849

1

Sclerotium rolfsii is a soil-born fungus responsible for the
disease Southern Blight. With few effective chemical controls,
this disease is a continuing problem in the southeastern United
States. Vegetable grafting has gained momentum as a method
to manage soil-borne diseases. An experiment was conducted
to evaluate 12 lines of tomato (Solanum lycopersicum) and a
near relative (Solanum pimpinellifolium) for varying levels of
resistance to S. rolfsii. Of these 12, six processing tomato lines
from Texas A&M University (5635M, 5707M, 5719M, 5737M,
5876M, and 5913M) were selected due to reported resistance to
S. rolfsii. Four others; ‘Rutgers’, ‘Celebrity’, and interspecific
rootstocks ‘Maxifort’ and ‘Multifort’ were chosen. The final two
lines included were PI 126932 and PI 126432 (S. pimpinellifolium). The six lines from Texas A&M University derived their
resistance from these 2 PI lines. To evaluate disease resistance,
plants were grown under greenhouse conditions in Auburn, AL.
The 12 lines were organized in a randomized complete-block
design (RCBD) with two plants of each line per block with four
replicates repeated three times in Aug., Sept., and Oct. 2016.
One isolate of S. rolfsii, was used to inoculate half of the plants
in each block when the plants were nine-weeks old. The plants
were evaluated and graded on a 0–5 scale over the next 7–10
days. All plants displayed signs of infection between 3–4 days
after initial inoculation. Greenhouse screening was under 100%
disease pressure in an environment that favored the disease.
Thus, the inoculation was harsh and the disease was abundant.
The disease progressed at varying paces among the lines. Statistical evaluation showed that although the disease progressed
differently the results were the same for each line. Runs were
statistically different and data ratings could not be pooled for
total. No significant resistance was observed, with all infected
plants displaying symptoms and ratings being similar for each run.
Tomato lines 5635, 5876, PI 126432, 5635, and 5719 performed
significantly worse than the interspecific rootstocks ‘Maxifort’
and ‘Multifort’, which had the overall lowest disease rating.

Enabling Breeding for Brown Rot Resistance
(Monilinia spp.) in Peach
Wanfang Fu*, Ralph Burrell, and Ksenija Gasic
Clemson University, SC 29634
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Brown rot, caused by Monilinia spp., is one of the most important
diseases for stone fruit. The fungus mainly affects peach by two
phases: blossom and fruit decay, which can cause significant
yield loss. Estimated yearly cost to the U.S. stakeholders for
chemical protection against the disease can reach $170M. Although some degree of resistance has been found in the Brazilian
cultivar, ‘Bolinha’, as well as some germplasm developed at the
University of California, Davis, and the U.S. Department of
Agriculture breeding programs, genetic resistance to brown rot
in peaches is still lacking. In commercial peach production, the
disease can only be controlled by traditional chemical methods,
which may cause both environment and human health issues.
The RosBREED project is aiming to understand the genetics
behind the peach fruit response to brown rot; with the ultimate
goal of combining disease resistance with high fruit quality via
DNA informed breeding. To this end, 26 cultivars/advanced
selections and 140 progeny with ‘Bolinha’ source of resistance
have been phenotyped for fruit response to brown rot using
wounded and non-wounded disease assay in 2015 and 2016.
Previously obtained genotypic data, on part of the phenotyped
material, and reported QTLs associated with brown rot response
in peach fruit, were used to obtain preliminary information on
variability in brown rot associated genomic regions. Phenotypic
performance or breeding functionality of these alleles / haplotypes
will be discussed. The data presented here provide a foundation for development of predictive DNA information that has a
potential for an immediate application in U.S. peach breeding.

Cold Hardiness of Peach: Is DTA a Game
Changer?

Jun Liu*1, Orville Lindstrom1, Anish Malladi2, Erick
Smith3, Mercy Olmstead4, and Dario Chavez1

Department of Horticulture, University of Georgia, Griffin
Campus, Griffin, GA 30223; 2Department of Horticulture,
University of Georgia, Athens, GA 30602; 3Department of
Horticulture, University of Georgia, Tifton Campus, Tifton, GA
31793; 4Former address: Horticultural Sciences Department,
University of Florida, Gainesville, FL 32611
1

Spring frosts events can cause freezing damage and major losses
to peach production in Georgia. A fast and accurate technique
to estimate peach floral bud cold hardiness in few hours previous to a freezing event can aid growers and researchers to best
determine a protection strategy which can minimize the damage
by the freeze. Differential thermal analysis (DTA) is a quick
and convenient method to measure cold hardiness of peach
floral buds. Unlike artificial freezing test, DTA detects freezing
events within plant tissues. Artificial freezing tests involve visual
examination of cold damage in samples treated with different
freezing temperatures. The objective of this study was to establish a reliable DTA method to measure cold hardiness of peach
floral buds. Two peach cultivars, ‘Elberta’ and ‘Flavorich’, were
studied from fall to early spring of the 2015–016 and 2016–17
seasons. Excised buds from these varieties were subjected to
both DTA, and buds attached to either 5 cm or 20 cm stems were
used for artificial freezing test for comparisons. For acclimated
floral buds, two freezing events were detected using DTA with
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one usually occurring few degrees below 0 °C [high temperature
exotherm (HTE)] and the other occurring a lower temperature
[low temperature exotherm (LTE)]. The LTEs ranged from
–10.2 to –21.1 °C for ‘Elberta’ and –11.9 to –20.3 °C for ‘Flavorich’. After deacclimation, DTA with a pre-treatment overnight
at –2 °C proved to be still effective, while regular DTA failed
to identify LTEs. For both seasons, lethal temperature, which
damaged 50% of peach floral buds (LT50) from the artificial
freezing test, tended to be lower than LTEs estimated by DTA.
The artificial freezing test was found to be a more conservative technique to determine critical bud freezing temperature
in peaches than the DTA test. Also, LTE temperatures of DTA
with –2 °C pre-treatment were lower than that of the regular
DTA. Similarly, LTE values from DTA with –2 °C pre-treatment
had a higher correlation with artificial freezing test results (r =
0.85) than LTE temperature from regular DTA (r = 0.66). DTA
has been previously reported to be not useful after bud deacclimation in peaches, however, DTA with a –2 °C pre-treatment
have overcome this limitation. DTA is a promising method of
estimating cold hardiness of peach floral buds. More investigation
is needed for DTA as it related to bud water content as well as
further refinement to adapt DTA as a more accurate measurement of cold hardiness in peach.

Microscopic Analysis of Southern Highbush
Blueberry (Vaccinium corymbosum L.
interspecific hybrid) Floral Buds from
Dormancy to Budswell

Lauren E. Redpath*1, Erick Smith2, Anish Malladi1,
Dario Chavez3, Orville Lindstrom3, Jeremy R. Taylor4,
Mercy Olmstead5

The University of Georgia, Athens, redpath.lauren@uga.edu;
The University of Georgia, Tifton; 3The University of Georgia,
Griffin; 4The University of Georgia Extension, Lanier County,
GA; 5California Strawberry Commission, Watsonville, CA
1
2

Blueberry plants form floral buds on the preceding year’s stems,
they become dormant in the fall, harden to survive winter
temperatures, and flower when temperatures increase to entice
growth. Southern highbush blueberries (SHB) tend to break bud
as the temperature warms in South Georgia; early development
of SHB floral buds causes concern about cold hardiness and ultimately, yield. A study was designed to identify developmental
progression of SHB floral buds through winter dormancy in
relation to their cold hardiness. Two SHB cultivars, ‘Emerald’
and ‘Farthing’, were followed from dormancy to budswell. In
2015–16 (November–February), floral buds were collected from
a farm in Lakeland, GA, and preserved with a fixative, formaldehyde–acetic acid–ethyl alcohol (FAA). Buds were dehydrated
with ethanol and embedded with paraffin. The paraffin embedded
buds were sectioned at 10 µm via rotary microtome. Sections
were stained with 0.01% toluidine blue and viewed under a light
microscope. Ovule development was noted throughout dormancy,
increasing in definition and size by 460% and 300% in ‘Farthing’
and ‘Emerald,’ respectively, from November to February. The
placenta to ovule ratio decreased by 75% and 21% for ‘Emerald’
S19

and ‘Farthing,’ respectively, from December to January. Style
and anthers elongated by 100% in ‘Emerald’ from December
through January and by 148% in ‘Farthing’ from January though
February. Anther development at the beginning of February
showed microspore mother cells undergoing meiosis forming
haploid microspores. By mid-February, tapetum cell definition
decreased as pollen tetrad formation was completed. ‘Emerald’
progressed ahead of ‘Farthing’, possibly due to the lower chill
requirement of ‘Emerald’ (100–400 h) compared to ‘Farthing’
(300 h). Bud hardening and developmental progression appeared
simultaneously, where the hardiest date coincided with formation of pollen tetrads and enlargement of styles, anthers, and
ovules. In conclusion, SHB floral buds developed throughout
winter with rapid development at budswell; however, loss of
cold hardiness coincided with rapid development.
Specified Sources(s) of Funding: USDA Specialty Crop Block
Grant, Florida

Effect of LED Lighting on Growth and
Flowering of Greenhouse-produced
Cut Flowers
Taylor Mills* and Bruce L. Dunn

Department of Horticulture & Landscape Architecture,
Oklahoma State University, Stillwater, OK 74074 (tsmills@
okstate.edu)

Light emitting diodes (LEDs) have emerged as an alternative to
conventional light sources because of spectral controllability,
long life span, and energy efficiency. In addition, LEDs have
the potential to shorten crop time of cut flowers, which would
induce timely flowering in crops. Our research focused on the
effects of LED lighting on growth and flowering of high value
cut flowers. Different cultivars of dahlia (Dahlia ‘Maarten de
Zwaan’ and ‘Karma Serena’), liatris (Liatris spicata ‘Kobold’),
Easter lily (Lilium longiflorum ‘Nellie White’), and Asiatic lily
(Lilium candidum ‘Yellow Whoppers’ and ‘Montreux’) were
subjected to varying lighting treatments. Philips GreenPower
LED flowering lamps, halogen lamps, and natural lighting
were used. The first lighting treatment used only LED lamps
emitting deep red, far-red, and white. A combination of LED
lamps (emitting deep red and white) and halogen lamps were
used in the second treatment. For the third and fourth treatment
(control), only halogen lamps and natural lighting were used,
respectively. All treatments were set up in greenhouses and each
cut flower species was distributed throughout in a randomized
block design. Photoperiod was extended by operating the lamps
for seven hours in the night and the experiment ran from late
fall to early spring. Results have shown that LEDs emitting a
combination of deep red, far-red, and white shortened flowering time in liatris by about two weeks, whereas for Easter lilies flowering occurred two months earlier when compared to
the other treatments. Both cultivars of Asiatic lilies flowered
around the same time and showed no adverse effects on plant
development regardless of the lighting treatment. Both cultivars
of dahlias flowered first under natural photoperiod but showed
undesired plant growth.
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Development of a Standardized Phenotyping
Protocol for Blackberry and Evaluation of
its Effectiveness in Characterizing Seedling
Populations

Melinda H. Yin*1, Melissa Clark2, Mary Peterson2,
Chad E. Finn2, Margaret L. Worthington1, and John R.
Clark1

316 Plant Science, Department of Horticulture,
University of Arkansas, Fayetteville, AR 72701;
2
USDA–ARS HCRU, 3420 NW Orchard Ave., Corvallis,
OR 97330 (mhyin@email.uark.edu)
The University of Arkansas (UA) and the U.S. Department of
Agriculture, Agricultural Research Service, Horticultural Crops
Research Lab, Corvallis, OR (USDA–ARS) developed a phenotyping protocol for blackberry. This research was part of the
Specialty Crop Research Initiative (SCRI) grant “RosBREED:
Combining Disease Resistance with Horticultural Quality in
New Rosaceous Cultivars.” Six UA and eight USDA–ARS
biparental seedling populations and their parents were characterized. Individuals were evaluated for plant, fresh fruit, and
juice characteristics. For this presentation, only results for juice
characteristics are presented. Basic juice chemistry included
soluble solids content (SSC), pH, and titratable acidity (TA).
These traits were further examined using high performance liquid
chromatography HPLC to identify and quantify main sugars
and organic acids. The collected data were analyzed by R and
GenStat for descriptive statistics, principal component analysis
(PCA), and canonical variate analysis (CVA). The means across
all genotypes for SSC were 12.3% for USDA–ARS and 9.3%
for UA. The average pH was 3.9 for UA and 3.8 for USDA–
ARS, while the average TA was 0.90% for UA and 1.24% for
USDA–ARS. The PCA indicated that vectors 1 and 2 explained
70.2% of variation among UA genotypes and 68.7% of variation amongst USDA–ARS genotypes. In UA material, fructose,
glucose, TA, and SSC contributed the most to overall variation,
while in USDA–ARS material this was attributed to fructose,
glucose, and SSC. The USDA–ARS PCA indicated malic acid
was largely independent of isocitric lactone, while UA data
revealed the two acids were somewhat positively correlated.
The CVA indicated that UA populations 1236 and 1250 were
significantly different while 1253 and 1261 had some overlap.
For USDA–ARS data, populations 4540, 4651, 4660, and 4674
were significantly different from all other populations while 4534,
4647, 4650, and 4665 had some overlap. The characterization
of these populations provided insight to the variation within
and among programs and established basic phenotypic data for
future blackberry work.
1

The Effects of Growing Season, Stage of
Development, and Media Drench Applications
of Paclobutrazol as Compared to a Daminozide
Standard on Growth and Flowering of Gerbera
jamesonii ‘Bright Red with Light Eye’

Yanyu Chen*, J. Raymond Kessler Jr., Gary J. Keever,
and Glenn B. Fain
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101 Funchess Hall, Department of Horticulture, Auburn
University, Auburn, AL 36849-7350

The objective of the work was to determine the optimal substrate
drench application rate of paclobutrazol (Bonzi) as compared to
a daminozide (B-Nine) foliar spray standard in two seasons and
two developmental stages for plant size control and improved
market quality of Gerbera Daisy (Gerbera jamesonii Adlam)
‘Bright Red with Light Eye’. Plants were grown in 12.7 cm
diameter pots in Fall 2015 and Spring 2016. When plants had
roots visible at the substrate margins, one group of plants was
treated with 0.0, 0.09, 0.19, 0.28, or 0.38 mg of paclobutrazol
per pot and 2.9 g·L-1 daminozide as a first developmental stage
(stage 1). Two weeks after the first stage, another group of
plants received the same six plant growth retardant treatments
as a second developmental stage (stage 2). A consumer preference survey was conducted in the Department of Horticulture
at Auburn University to assess consumer-purchasing preference
based on quality ratings assigned when plants had 2–3 open
flowers. Overall, peduncle length, plant size index, and foliage
height in fall was greater than in spring. Days to first flower and
flower and bud count were greater in the spring than fall, but
these differences were small and probably not of horticultural
significance. In fall, plants treated in stage 2 were taller than
plants treated in stage 1, while in spring; there were no difference in stages. Plant size, foliage height, peduncle length, flower
diameter and quality rating decreased linearly while days to first
flower increased quadratically with increasing paclobutrazol rate.
In fall, plants treated with 0 or 0.09 mg of paclobutrazol per
pot were larger than planted treated with daminozide, but plants
treated with 0.38 mg of paclobutrazol per pot were smaller. In
stage 1, plants treated with 0.38 mg of paclobutrazol per pot
were shorter than plants treated with daminozide. In stage 2,
plants treated with 0 mg of paclobutrazol per pot were larger
than plants treated with daminozide. Peduncle length of plants
treated with 0 or 0.09 mg of paclobutrazol per pot were longer
than with daminozide. Based on quality rating and survey results,
0.09 and 0.19 mg of paclobutrazol per pot drench in 12.7-cm pot
produced the most marketable plants in fall and 0 and 0.09 mg
of paclobutrazol per pot produced the most marketable plants
in spring. The standard daminozide rate produced plants too
small for the highest consumer preference.

Impact of Harvest Maturity on Consumer
Preference, Fruit Quality, and Postharvest
Longevity of Two Kiwifruit Cultivars (Actinidia
chinensis Planch.)
Lingbo Xie*1* James D. Spiers1, Leonard N. Bell2, J.
Raymond Kessler, Jr.1, and Floyd M. Woods1

Department of Horticulture, Auburn University, Auburn, AL
36849; 2Department of Food Science, Auburn University,
Auburn, AL 36849

1

Harvest maturity is tightly associated with postharvest performance and consumer preference of kiwifruit. This research
focused on the impact of harvest maturity on consumer preference and postharvest performance of two Actinidia chinensis
cultivars, ‘AU Golden Dragon’ and ‘AU Golden Sunshine’,
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grown in central Alabama. Sensory evaluation was conducted in
2016 using fruit harvested at 7-day intervals from mid-August
to mid-September for 5 weeks and 4 weeks, respectively, for
‘AU Golden Dragon’ and ‘AU Golden Sunshine’. In general,
‘AU Golden Dragon’ was more popular with consumers than
‘AU Golden Sunshine’. Harvest maturity did not affect overall
consumer preference for ‘AU Golden Dragon’, while consumers
preferred ‘AU Golden Sunshine’ fruit harvested on 29 Aug. 2016.
To determine the effect of harvest maturity on fruit quality and
postharvest longevity of these two cultivars, fruit were harvested
at 7-day intervals from mid-Aug. to mid-Sept. in 2015 and 2016.
Fruit quality attributes were measured initially and subsequently
every 14 days until fruit was unmarketable, or chilling injury
became severe. As harvest date increased, there was a quadratic
increase in chilling injury incidence of ‘AU Golden Dragon’ and
a linear decrease in chilling injury incidence of ‘AU Golden
Sunshine’ in 2016. Chilling injury incidences increased as storage time increased. ‘AU Golden Dragon’ harvested around 30
Aug. with soluble solids content approximately 8% and ‘AU
Golden Sunshine’ harvested around 13 Sept. with dry matter
content >18% had better postharvest performance.

Peaches in Georgia: Finding Out What
Consumers Want

Catherine Belisle*1, Uyen Thuy Xuan Phan2, Koushik
Adhikari2, and Dario J Chavez1
Department of Horticulture, University of Georgia, Griffin;
Department of Food Science, University of Georgia, Griffin

1
2

Consumption of fresh peaches has declined in the past decade
and the decrease has been mainly attributed to consumer disapproval of quality. To understand this issue, this study focused on
the drivers of consumer acceptability for 15 fresh peach cultivars
grown commercially in Georgia. Eighty-nine peach consumers
(31 male, 58 female) evaluated 15 peach varieties that ripen
from late-May to early-August. The aim was to understand what
consumers like and dislike in the current peach varieties available
in the market. Liking was rated from 1 (dislike extremely) to 9
(like extremely) on a hedonic scale for attributes of whole fruit
appearance and aroma; overall liking, flavor liking, sweetness
liking, sourness liking, and texture liking for sliced fruits that
were tasted by the consumers. ‘Blazeprince’ and ‘O’Henry; followed by ‘August Lady’ and ‘Sierra Rich’ were rated high on
whole fruit appearance and aroma (7.1–7.4). Overall ‘O’Henry’
was liked the most (7.6) while ‘Springprince’ was liked the least
(4.9). ‘O’Henry’ was rated highest for all sliced fruit attributes,
while ‘Springprince’ scored lowest on the same attributes. When
asked about their willingness to consume the peach samples a
second time, ten of the fifteen peaches had average scores that
suggested consumers were “more likely to buy” these varieties.
These were ‘Springflame’, ‘Junefire’, ‘Blazeprince’, ‘Sierra
Rich’, ‘Caroking’, ‘Scarletprince’, ‘Summerflame’, ‘O’Henry’,
‘August Lady’, and ‘Flameprince’ (average overall liking score
range: 6.6–7.6). Varieties that were not willing to be consumed
again include ‘Springprince’, ‘Zee Diamond’, ‘Ruston Red’,
and ‘Berta’, all of which had average overall liking scores of
6.3 or less. Such information can give insight for growers and
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researchers to understand the quality perception of the current
varieties, and to produce attributes and varieties that match the
consumer expectations for a good quality peach.

The Effects of Low Tunnels on Yield and
Survival of Swiss Chard (Beta vulgaris var.
cicla) Cultivars in East Texas

Chanelle Angeny*1, Jared Barnes1, Robert Henderson2

Department of Agriculture, Stephen F. Austin State University,
Nacogdoches, TX 75961; 2Department of Mathematics and
Statistics, Stephen F. Austin State University, Nacogdoches, TX
75961

1

Diversity of species is a cornerstone of horticulture, and the
constant stream of new plant cultivars broadens the palette of
options available to the industry. To evaluate these new varieties, trials are conducted to standardize plant performance. Swiss
chard (Beta vulgaris var. cicla) is a vegetable that can also be
used as an ornamental plant. Trials on the cultivars of Swiss
chard have not yet been conducted for southeast United States.
Fifteen cultivars during the fall/winter of the 2014–15 season
(14–15 season) and 27 cultivars during the fall/winter of the
2015–16 season (15–16 season) were evaluated to determine
the best performing cultivars for production and landscaping by
assessing survivability and yield. Plugs were installed into the
field on 26 Sept. 2014, for season 14–15 and on 7 Oct. 2015, for
season 15–16. Three replications of each cultivar were installed
into each of the six beds. Once the plant had mature leaves of at
least 6 inches in length, harvesting occurred. Leaf and petiole
were cut close to the base of the plant and weighed as fresh
weight (kg) for each cultivar. On 2 Nov. 2014, for the 14–15
season and on 20 Nov. 2015, for the 15–16 season, low tunnels
were installed over three beds. The experiment was terminated
after production had slowed. There were 11 harvests for the
14–15 season and 9 harvests for the 15–16 season. There was an
increase in production of 3–4 g per plant per harvest underneath
the low tunnel. In the 14–15 season cultivars underneath low
tunnels had a 14.08% higher survivability, and in the 15–16
season, there was no statistical difference between plants in the
treatments. ‘Verde de Taglio’ had the best overall performance
for the 14–15 season both in covered and uncovered environment. In the 15–16 season, ‘Verde a Costa Blanca’ yielded the
most uncovered. ‘Verde de Taglio’ yielded the most covered
for this season. We recommend using the low tunnels to extend
production; however, it may take two seasons of production to
recoup the initial low tunnel investment.

Using Sensory Evaluation to Assess Consumer
Preferences for Hydroponically-grown Lettuce
Sydney C. Holmes*1, Daniel E. Wells1, Joseph M.
Kemble1, Jeremy M. Pickens1, Geraldine L. SantosNorris2, S. Jean Weese2

101 Funchess Hall, Department of Horticulture, Auburn
University, Auburn, AL 36849; 2260 Lem Morrison Drive,
Department of Poultry Science, Auburn University, Auburn, AL
36849
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On 17 Nov. 2016, nine cultivars of hydroponically-grown
lettuce (Lactuca sativa L.), selected based on heat tolerance
from a previously-conducted cultivar trial, were evaluated for
sensory attributes and marketability by 50 untrained, consumer
panelists recruited from students, faculty, and staff members
at Auburn University. Cultivars evaluated were ‘Adriana’,
‘Aerostar’, ‘Monte Carlo,’ ‘Nevada’, ‘Parris Island’, ‘Rex’,
‘Salvius’, ‘Skyphos’, and ‘Sparx’. Prior to sensory evaluation, samples of each cultivar were thoroughly rinsed with tap
water, dried with paper towels, and stored for 24 hours at 4 °C
in zipper-sealed plastic bags. Each cultivar was randomly assigned a 3-digit numerical code. The order of presentation of
each cultivar to each participant was completely randomized.
Unsalted crackers and water were provided to cleanse the palate
between samples. Samples were evaluated under fluorescent
lighting within compartmentalized sensory evaluation booths.
Sample portions were individual leaves that did not include
innermost or outermost leaves. Samples were provided to each
panelist individually and in succession. Sample ballots prompted
panelists to rate their perception of crispness, bitterness, overall
texture, overall flavor, and marketability. Sample ballots utilized
a 5-point scale with descriptive anchors for each criterion. Data
were analyzed in SAS using PROC GLIMMIX and “panelist”
was treated as a random variable. Medians were separated using
the Shaffer-simulated method (α = 0.05). Spearman correlation
coefficients were determined using PROC CORR. ‘Salvius’ had
a higher marketability rating than ‘Adriana’ and ‘Skyphos’ but
was similar to all other cultivars. ‘Monte Carlo’ and ‘Salvius’
had the highest crispness ratings while ‘Adriana’ had the lowest.
‘Skyphos’ had the lowest overall texture rating. No differences
existed among cultivars for bitterness and overall flavor. All
sensory criteria were correlated except bitterness and crispness.
Higher crispness, lower bitterness, higher overall texture, and
higher overall flavor correlated to higher marketability ratings
regardless of cultivar. ‘Adriana’ and ‘Skyphos’ are heat-tolerant
lettuce cultivars that received low marketability ratings and
should not be recommended for production in the southeast.

Warren S. Barham PhD Graduate
Student Paper Competition
Assessing the Scientific Basis of the Food Safety
Modernization Act Produce Safety Rule

Janet A. Gradl*1, Michelle R. Worosz2, and Patricia A.
Curtis1
559 Devall Drive, Food Systems Institute, Auburn University,
Auburn, AL, 36832; 2308A Comer Hall, Department of
Agricultural Economics and Rural Sociology, Auburn, AL,
36849
1

The FSMA requires the FDA to establish science-based minimum
standards for the safe production and harvesting of raw fruits
and vegetables. This study examines the scientific basis of the
Produce Safety Rule. Each source cited in the Final Rule was
summarized, coded, and assessed for how well it matched the
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FDA’s requirements. This review focuses on one provision of the
Final Rule, agricultural water, highlighting four (4) criteria: microbial indicator for fecal contamination, water testing, microbial
decay rates, and wash water temperature and treatment. Generic
Escherichia coli is the required indicator based on the EPA’s
recreational water criteria. However, it was acknowledged that
the risks of swimming in contaminated water may be different
from eating water-contaminated produce. Most studies support
the use of E. coli, yet recognize its abundance in the environment. Surface water is required to be tested more frequently
than groundwater, yet a study cited found that a 2006 spinach
outbreak was likely due to E. colii contaminated groundwater.
Several studies noted that sampling frequency and location may
falsely represent the presence of E. coli. Another cited study
failed to support the claim that E. coli decay rates vary. Also
used were studies disagreeing on the impact of temperature
differentials between the produce and wash water. One study
showed chlorine, an approved water treatment, to increase bacterial penetration into the produce. Regardless, the science-based
claims throughout the Rule were otherwise supported; overall the
FDA made a good faith effort. The limited applicability of some
sources suggests important gaps in the knowledge base. Future
produce safety research should be mindful of the relationship
among farm size, regional variation, area, and commodity type.

Early Season Crop Development, Yield,
and Fruit Quality of Standard and Mini
Watermelons Grafted to Several Cucurbit
Rootstocks

Matthew B. Bertucci*1, Katie M. Jennings1, David W.
Monks1, David L. Jordan2, Frank J. Louws3,4, Jonathan
R. Schultheis1, W. Bradfred Thompson1, and Keith
Starke1

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695; 2Department of Crop and
Soil Sciences, North Carolina State University, Raleigh, NC
27695; 3Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695; 4NSF Center for
IPM, North Carolina State University, Raleigh, NC 27695
1

The primary benefits of watermelon grafting include increased
resistance to soilborne diseases and an associated increase in
yield. However, there has been relatively little research to investigate the performance of grafted watermelon in the absence of
disease or abiotic stress. This study was designed to determine
the effect of grafting on early season crop development, yield,
and fruit quality in standard and mini watermelon. Two field studies were conducted at the Cunningham Crops Research Station
in Kinston, North Carolina in 2015 and 2016. Scions included
two triploid watermelon: ‘Exclamation’ standard watermelon
and ‘Extazy’ mini watermelon. Grafting treatments included a
nongrafted control as well as 20 commercial rootstocks of four
species: Cucurbita maxima, Cucurbita pepo, Cucurbita maxima
x Cucurbita moschata, and Lagenaria siceraria. Data were
collected each week on vine length, leaf count and leaf area for
the first three weeks after transplanting. Yield was determined
using both total yield as well as marketable yield. Marketable
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yield included fruit weighing ≥ 9 lb for ‘Exclamation’ and fruit
weighing 3–7 lb for ‘Extazy’. Fruit quality was determined
by scouting a subsample of fruit for hollow heart, measuring
flesh firmness, and by measuring Brix and lycopene content in
postharvest analysis. Grafting had a significant effect (P < 0.05)
on leaf area, total yield, and marketable yield for both standard
and mini watermelon. Results indicate that nongrafted plants
of both standard and mini watermelons had leaf area similar to
the top performing grafted plants at 3 weeks after transplanting. Total yields were highest in the nongrafted plants for both
standard and mini watermelons. Marketable yields were highest in nongrafted plants for standard melons, but there was no
significant difference in marketable yield between grafted and
nongrafted plants in the mini watermelons. Based on the results
of this study, in the absence of disease pressure or abiotic stress,
grafting does not enhance early season crop development nor
increase yields in standard or mini watermelons.

Weed Management Practices for Tea Production
Judson S. LeCompte* , Guihong Bi , Zhi Yu , Tongyin
Li1, and Eugene K. Blythe3
1

1

2

Department of Plant and Soil Sciences, Mississippi State
University, Mississippi State, MS 39762; 2College of
Horticulture and Forestry Sciences, Huazhong Agricultural
University, Wuhan City, Hubei, 430070, China; 3Coastal
Research and Extension Center, Mississippi State University,
South Mississippi Branch Experiment Station, Poplarville, MS
39532
1

Weed control for tea (Camellia sinensis) production is one of the
most import factors effecting tea farmers in the United States.
As more tea farmers begin planting fields, there needs to be affordable and effective weed control methods for newly planted
fields. Early plantings are susceptible to weed pressure due to
large areas of bare ground exposed to light. Not only do weeds
compete for sunlight, nutrients, moisture, and provide host for
other pests, but also affect branch and frame development in
young plants. Weed control in traditional tea-producing countries has historically used manual labor due to low labor costs.
In the United States there are a limited number of herbicides
available for tea production. Limitation of chemical use due to
insufficient labeling means farmers may have to rely on manual
labor, which may not be economically sustainable. The objective of this research was to evaluate selected mulches for use in
newly planted tea farms. One-year-old C. sinensis clones were
planted in an irrigated field at R.R. Foil Plant Science Research
Center at Mississippi State University in Starkville, MS. Field
was fertilized based on soil tests and plants were pruned to a
uniform height. Any remaining weeds were spot treated with
glyphosate or hand pulled if located close to tea plants. Plants
were mulched with either: unscreened pine bark, slash pine
straw, wheat straw, 1-mm black plastic mulch (42 inches wide),
crabgrass cover crop (Digitaria ciliaris ‘Red River’), or no mulch
control. There were ten single-plant subsamples per replication,
and four replications per treatment, in a randomized completeblock design. Treatment initiation was 19 May 2016 and data
were taken once per month during the growing season. Data
collected included: plant growth indices [= (height + width 1 +
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width 2) / 3], SPAD, and survival rate. Growth and SPAD data
were analyzed using linear mixed models, and binary data were
subjected to generalized linear mixed models with the binary
distribution and logit link with the GLIMMIX procedure of
SAS (version 9.4; SAS Institute Inc., Cary, NC). Preliminary
data showed that plants treated with pine bark, pine straw, wheat
straw, and plastic mulch had higher growth index compared
to other treatments. Plants treated with pine bark, pine straw,
and wheat straw had higher survival rate than other treatments
(> 92%). Data will continue to be collected over the next growing season.

Effects of a Single Phosphorus Band Application
over Two Growing Seasons in Pecan [Carya
illinoinensis (Wangenh.) K. Koch] Production
Michael F. Polozola II*, Daniel E. Wells, Wheeler G.
Foshee, J. Raymond Kessler, and Amy N. Wright
Department of Horticulture, Auburn University, Auburn, AL
36849

A fundamental component of pecan orchard management is
maintaining phosphorus (P) nutrition. Phosphorus is relatively
immobile within the soil profile making broadcast applications
ineffective for rapid correction of P deficiency in pecans. Banded
applications have been more successful for quickly correcting
P deficiency. An experiment was conducted to determine effectiveness of banded P applications at differing rates with or
without irrigation on P movement within the soil, P uptake and
movement within pecan trees, and yield and quality of nuts.
On 20 Mar. 2015, four application rates of P2O5 lbs. per acre
(0, 40, 80, and 160) were applied to randomly selected trees
within irrigated and non-irrigated plots in a ‘Desirable’ orchard
bordered by ‘Elliot’ trees. Three, nine-inch soil core samples
per band were collected bi-monthly. Core samples were separated into three, three-inch sections. Sections were combined
with corresponding samples from each band to yield three total
samples per band per collection period. Foliar samples were
collected on 20 July in 2015 and 2016. Yield was quantified
using the wedge method and quality was determined using
industry standards. The experiment was a modified split-plot
design with irrigation in the main plot, P application rates in
the subplot, and soil depths in the sub-subplot. Soil P data
were analyzed in SAS using PROC GLIMMIX. All other
data were analyzed using JMP Pro 12. Phosphorus was most
concentrated in the top three inches of the soil profile but
slightly decreased over time. The main effect of irrigation was
not significant for P movement in the soil, but irrigation did
increase P uptake. Phosphorus rate and foliar P concentration
displayed a positive quadratic relationship. Irrigation reduced
nuts per pound both years. In 2015, irrigated trees produced
more grade 1 pecans with increasing P rate while non-irrigated
trees produced fewer grade 1 pecans with increasing P rate.
The reverse was true for 2016. The inverse relationship was
observed with grade 2 pecans. It is likely that alternate bearing
characteristics of pecan trees may contribute to these responses.
The current experiment will be continued to better quantify
the relationship between alternate bearing and P banding.
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Reducing Weed Control Costs of Organic
Watermelon Production using a Partial Season
Weeding Regime and Compact Plants
Suzanne Stone*1, George Boyhan1, and W. Carroll
Johnson III2

1111 Miller Plant Science Bldg., Dept. of Horticulture, Univ. of
Georgia, Athens, GA 30602; 2USDA–ARS, Tifton Campus, P.O.
Box 748, Tifton, GA 31793-0748 (sstone2@uga.edu)
1

Sixty-one percent of U.S. watermelon is grown in the southern
region, yet the region produces only one-fourth of U.S. organic
watermelon. Furthermore, certified organic fruit is currently just
one percent (1%) of the watermelon market share. Watermelon
plants are especially weak weed competitors and organic weed
control is estimated to cost 20x more than conventional herbicide
programs. To support industry growth of organic watermelon
in the South, research addressing organic weed management
is necessary. In 2014 and 2015, an experiment to quantify the
amount of hand weeding necessary to protect watermelon yield
and to determine the suitability of a compact watermelon genotype
for weed management in an organic system was conducted. The
following factors were applied to 10-plant plots in a factorial
arrangement: weeding duration (full season, half season, or no
weeding); watermelon growth habit (traditional vine-type or
compact-type); and in-row spacing (1 m or 0.5 m). At the time
of fruit harvest, non-weeded plots had 78.8 and 87.0 weeds/
m2 and yield was reduced by 84% and 52% in 2014 and 2015,
respectively. Weeding for only the first half of the season (once
weekly for 4 weeks after transplant), resulted in the same yield
as weed-free control plots despite total weed density of 9.8 and
7.0 weeds/m2 at the time of fruit harvest in 2014 and 2015, respectively. This strategy reduced weeding cost by 43% and 62%
depending on year or weed pressure. Compact plants reduced
weeding costs by 15% and 25% in 2014 and 2015, respectively,
when weeding was done for the whole growing season but no
genotype difference was detected in the partial season weeding
regime. Organic growers are recommended to use crop rotation
and cover cropping to mitigate the increase in weed seedbank
that a partial weeding regime may create.

Rootstock-imparted Water Use Efficiency in
Grafted Heirloom Tomatoes

David H Suchoff*1, Frank J. Louws2,3, Jonathan R.
Schultheis1, Matthew D. Kleinhenz4, Christopher C.
Gunter1

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695; 2Department of Entomology
and Plant Pathology, North Carolina State University, Raleigh,
NC 27695; 3NSF Center for IPM, North Carolina State
University, Raleigh, NC 27606; 4Department of Horticulture
and Crop Science, The Ohio State University, Wooster, OH
44691
1

Grafting tomatoes (Solanum lycopersicum) onto disease resistant rootstocks is an emerging practice for managing soil-borne
pathogens. Many of these rootstocks also mitigate the effects of
edaphic abiotic stress, expanding the role of grafting to improve
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crop resilience; however, the mechanisms that enable this tolerance remain unclear. The following on-farm study was conducted
to compare production and water use efficiency of grafted tomatoes with rootstocks of differing root system morphologies to a
non-grafted control. Grafted treatments included a non-grafted
heirloom cultivar Cherokee Purple as well as ‘Cherokee Purple’
grafted onto ‘Beaufort’ and ‘Shield’ rootstocks. These two rootstocks were used as they have significantly different total root
length, average root diameter, and specific root lengths. The
study was conducted under a standard high tunnel protected
plasticulture system. Drip irrigation was applied at two levels:
normal (3 h every two days; 169.2 gal./100 ft.) or reduced (1.5
h every two days; 84.6 gal./100 ft.). The study followed a full
factorial arrangement of the graft and irrigation experimental
factors in a split-plot design with irrigation as the whole plot
and graft as the split plot. The interaction of graft and irrigation
was significant (P < 0.05) for total marketable weight, count,
and irrigation water use efficiency. At normal irrigation, no differences were observed among grafted treatments. However, at
reduced irrigation, ‘Beaufort’-grafted plants had significantly
higher marketable yield, fruit count, and irrigation water use
efficiency than the other two treatments. Compared to the nongrafted control at normal irrigation, ‘Beaufort’-grafted plants at
reduced irrigation improved marketable yield by 36% and saved
4315 gallons of water per 100 ft. of irrigated bed. Consequently,
water use efficiency was three times higher in ‘Beaufort’-grafted
plants at reduced irrigation than non-grafted at normal irrigation.
These results indicate that grafting with ‘Beaufort’ rootstock
may allow growers to reduce water inputs while maintaining
high marketable yields.

Extension Section
Perceived Landscape Benefits Inform Home
Irrigation Users’ Water Conservation Behaviors
Laura A. Warner*, Amanda D. Ali, and Anil Kumar
Chaudhary

Department of Agricultural Education and Communication,
Center for Landscape Conservation and Ecology, University of
Florida, Gainesville, FL, 32611

Promoting the adoption of practices and technologies to address
water availability is one of the most important contributions extension can make in solving complex water problems. Extension
needs to utilize innovative approaches to encourage adoption
of landscape water conservation practices and technologies.
Social marketing can help extension encourage behavior change
by positioning desired behaviors in terms of value to clientele.
This study examined the relationship between perceived benefits
provided by a resident’s landscape and their current and intended
future engagement in good irrigation practices. Findings revealed
home irrigation users value aesthetics over other landscape
benefits, but people who value landscape aesthetics were less
likely to conserve water. We identified positive relationships
between all of the eight perceived landscape benefits categories
and current water conservation practices, meaning people who
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value any of the benefits are more likely to be engaged in water
conservation presently. However, we found positive relationships between only six of the perceived landscape benefits and
intended irrigation best management practices, and people who
valued monetary or aesthetic benefits were less likely to intend
to conserve water in the future. Perceived habitat benefits had
the strongest positive relationship with future good irrigation
practices while perceived monetary benefits had the strongest
negative relationship with good irrigation practices. To encourage behavior change, extension professionals should develop
programs that relate irrigation best practices to habitat benefits
while emphasizing compatibility between water conservation
and aesthetics.

Informing Extension Programs Focused on
Nursery and Greenhouse Growers’ Adoption of
Water Conservation Technologies
Alexa J. Lamm*1, and Laura A. Warner2

Department of Agricultural Education and Communication,
1
UF/IFAS Center for Public Issues Education; 2UF/IFAS
Center for Landscape Conservation and Ecology, University of
Florida, Gainesville, FL, 32611-0260

Nursery and greenhouse growers are one of the largest agricultural users of water even though they are supportive of water
conservation and protection efforts. Researchers have developed
new water treatment techniques to assist with water recycling and
reuse along with water-conserving technologies, but adoption
within the nursery and greenhouse industry has been less than
desired. Extension professionals have developed programs that
encourage growers to adopt new treatments and technologies
but the enablers and barriers to adoption are largely unidentified.
Twenty-four interviews were conducted nationwide to determine
the reasons growers do or do not adopt water conservation
technologies. Aligning with previous research, the findings
revealed nursery growers have a positive attitude toward water
conservation. However, the interviewed growers felt most of
the new practices being developed and offered were not easily
integrated into their existing irrigation systems and the financial
cost of replacing equipment kept them from adopting. In addition,
the new technologies were perceived to be complex and they
felt their workers did not have the training or ability necessary
to operate them successfully. Extension professionals have an
opportunity to leverage the positive attitude expressed by growers and can use social norms to their advantage in overcoming
some of the barriers perceived by growers. Recommendations
include: a) using case studies as examples of success stories when
conducting extension programs, b) partnering with researchers
to develop easy to use instructions and integration tools that
could be offered online by extension professionals, and c) developing opportunities for growers to connect with agricultural
economists to conduct cost/benefit analysis for their operations
associated with adoption.

Working with the Georgia Blueberry Industry
Rachel A. Itle*1, Renée M. Allen*2, and D. Scott
NeSmith1
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Department of Horticulture, University of Georgia, 1109
Experiment Street, Griffin, GA 30223; 2University of Georgia
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(ritle@uga.edu) (reneemh@uga.edu)
1

Blueberries have become a very important economic crop in
Georgia with over a $335 million farm gate value in 2014,
making it Georgia’s number one fruit crop. This relatively new
crop has made a substantial socioeconomic impact in southeast
Georgia, providing growers heavily affected by the tobacco
buyout with a new crop to farm in this acidic, low fertility area.
These growers have switched from annual crops that have been
grown for centuries to a perennial crop that has only recently
seen exponential growth in production in the last few decades.
These growers are open to trying new cultural practices, varieties, and exploring new technologies. This fresh perspective
makes them uniquely flexible and very collaborative with the
scientific community. Industry feedback and interaction with
extension agents and specialists have provided the opportunity
for a very proactive, needs-based approach team that is working together to quickly address problems with solutions. One
current research and extension project that has been developed
with growers, industry, Extension agents, and research specialists
input is examining the fruit quality of the two main blueberry
types grown in Georgia and the Southeastern U.S. This project
was developed to provide the blueberry industry with objective
information about physicochemical fruit quality traits of the two
blueberry types for which currently there are mainly subjective
opinions in which rabbiteye have a lower overall fruit quality,
tougher skin, and are seedier. These negative perceptions have a
direct impact on the sale and marketing of blueberry fruit. Fruit
from the major varieties of each blueberry type that currently
represent the state’s blueberry industry are being evaluated for
instrumental fruit quality and consumer acceptability to better
understand the quality characteristics of the blueberry types and
the varieties within each type. Research results from the fruit
quality study, in addition to other current ongoing research and
extension studies, are being shared with the growers as results
become available. Overall, the collaborative processes through
which research and extension studies are conducted help to
deliver the most pertinent information to the blueberry growers
to enable success from plant management in field to the sale
and distribution of the fruit.

It Started in the Garden: The Griffin African
American Oral History Project
Ellen M. Bauske*1, J.L. Cruickshank2, and B.W.
Hutcheson3

Georgia Center for Urban Agriculture, University of Georgia
Griffin Campus, 1109 Experiment St., Griffin, GA; 2University
of Georgia Griffin Campus Library, 1109 Experiment St.,
Griffin, GA; 3UGA Extension, Spalding County, 835 Memorial
Dr. Griffin GA
1

Healthy Life Community Garden (HLCG) was established in
2012 as one of several projects to support an educational initiative for the Fairmont neighborhood in Griffin, GA. Today, the
garden has 21 raised beds, 500 m2 of open gardens, fruit trees,
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and a welcoming community area. The garden serves as a focal
point for extension educational programing and provides a safe
location for outdoor activities. HLCG is located adjacent to an
historic Rosenwald school building, which was the African
American high school prior to desegregation. The garden has
drawn visitors from both within and outside the neighborhood
and has helped solidify a broad coalition of city organizations
with commercial and social interests in the area. As a result of
conversations with gardeners and others, the Griffin African
American Oral History project was established. The project
focuses on the time period of desegregation in Griffin (1965–75)
and the daily activities and struggles of Griffin’s black residents.
Interviews with Griffin residents last from 1-2 hours. They will
be archived in the Special Collections of the Richard B. Russell
Library for Political Research and Studies at the University of
Georgia. The interviews are indexed to create a searchable archive. Index terms include geographical locations, educational
institutions, terms specific to civil and labor rights, and terms for
social institutions. Griffin is a small southern town and similar
to many other small towns, its citizens’ struggles to achieve civil
rights were not reported in national news sources and marginally
covered in local news sources. This oral history collection will
make a significant contribution to the historical record.

Critical Evaluation of Green Industry
Certification Programs in Georgia
Bodie V. Pennisi*1 and Greg Huber2

Department of Horticulture; 2Center for Urban Agriculture,
University of Georgia, 1109 Experiment St., Griffin, GA,
30223. bpennisi@uga.edu

1

The Georgia Certified Landscape Professional (GCLP) and
Georgia Certified Plant Professional (GCPP) certification programs have been in place for nearly 25 years. They represent a
collaborative work between University of Georgia Extension,
Green Industry professional associations, the Technical College
System of Georgia, and the Georgia State Department of Agriculture. Their overarching goal has been to establish a benchmark
for industry professionalism. The GCLP is geared toward the
landscape professional and GCPP is designed for the production
(greenhouse and nursery) and retail garden center professionals.
Since their inception, GCLP and GCPP have produced 330 and
1674 graduates, respectively. Since 2014 and the implementation
of a new reporting system, GCLP trainees and graduates have
logged in nearly 5000 CEUs. A quick comparison of the number
of registered landscape-related firms which filed for business
license in just one Metro Atlanta county revealed close to 400
firms. Clearly, the number of firms practicing landscape in the
state far exceeds the number of GCLP trainees. The professional
organizations also recognize the importance of raising professionalism in the industry, however since on the state level there
is no requirement for a licensing, this continues to be a reality
and a challenge to signing up more GCLP trainees. A critical
evaluation of the certification programs was performed to answer
the following questions: Does the content align with industry
needs? A task/keyword inventory of industry job postings was
performed to identify the most common skill sets for various
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aspects of the industry. An analysis of the manual revealed that
the content was well-covered in the manual but the information
was arranged by scientific topic rather than by typical job requirements. Does the arrangement and flow of the manual relate to
the typical job description of the user? A survey of the industry
regarding the sequence of training lent another critical insight
that on-the-job training topics such as landscape installation and
landscape management topics typically occurred prior to plant
identification and general horticultural knowledge. This differed
from the layout of material in the current GCLP manual, which
starts with plant ID and general horticultural knowledge and transitions to laws and regulations of the industry, landscape design,
and plan reading. After discussion, a task force approved a new
format for the GCLP manual that aligns the content with job
descriptions while emphasizing the importance of fundamental
general knowledge and plant identification as the foundation.
Are the exam requirements a key factor in program participation? Based on the number of graduates, the GCPP has been
the more popular program, however upon critical examination,
the study format and exam requirements could explain the large
difference in the number of graduates. GCPP features a 2-part
written exam, while GCLP has a 12-part exam. The entirety
of the two-part GCPP exam can be offered during a half-day
event, while the 12-part GCLP exam required two separate
exam dates for the completion of the written and the hands-on
components. Are training and prep courses a key aspect of
program success? In surveying the firms who purchased GCPP
study manuals, it appeared that in-house training played a key
role in the participation and success of trainees/graduates. For
the GCLP it became clear that promoting in-house training and
review sessions with industry would likely be an opportunity
to increase the volume of trainees and graduates in contrast to
a strict self-study approach.

Social Media Intervention: Using Facebook
as an Advertising Tool to Promote Arkansas
Agricultural Experiment Station Fruit Cultivar
Videos on YouTube

Lesley Smith*1, Catherine W. Shoulders1, and John R.
Clark2
205 Agriculture Building, Department of Agricultural
Education, Communications and Technology, University
of Arkansas, Fayetteville, AR 72701; 2316 Plant Science,
Department of Horticulture, University of Arkansas,
Fayetteville, AR 72701 (cshoulde@uark.edu)

1

With the use of technology becoming more prevalent in society,
the transition from print media to electronic sources may prove
to be an efficient use of resources when promoting fruit varieties
to potential growers. The purpose of this study was to determine
the impact of posting fruit cultivar videos from YouTube to selected Facebook groups on video views. The Facebook groups
to which the videos were posted were selected via manual
evaluation of group titles and descriptions; those focusing on
gardening, agriculture, or extension and were geographically
focused on Arkansas were included. Pages were identified via
keyword searches on Facebook for these grower and education
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groups. Previously developed grape cultivar videos housed on
the Arkansas Agriculture Experiment Station YouTube page
were used. Each video post was accompanied with a standard
audience hook, which stated, “Are you thinking about adding
grapes to your garden or farm next year? Check out this variety
adapted to Arkansas conditions.” Material was posted on 10, 11,
and 12 Nov. 2016 (Thursday, Friday, and Saturday, respectively),
2016, with the cultivars Hope, Joy, and Jupiter respectively.
Numbers of views per cultivar video were recorded immediately before the Facebook posts and again on 1 Jan. 2017. The
views for ‘Hope’, ‘Joy’, and ‘Jupiter’ increased by 95, 124, and
118 views, respectively. The minimal costs for posting videos,
consisting only of the researchers’ time suggests the cost is
worth the benefit of the increased number of views and reach.
The university already develops numerous media outputs, such
as the cultivar videos; simply sharing these outputs via social
media can further the reach of the University. The researchers
recommend future replications of the study ensure that the posts
be made by group page administrators rather than as “visitor
posts.” This study could also be replicated by sharing videos
on nursery websites, as these sites are frequented by potential
growers as well.

Education Section
Increasing Horticulture Enrollment at the
University of Arkansas through Innovative
Recruitment and Outreach Activities
Shannon C. Mason, and Garry V. McDonald*

316 Plant Science Building, Department of Horticulture,
University of Arkansas, Fayetteville, AR 72701 (gmcdonal@
uark.edu)

The University of Arkansas has increased overall enrollment
from about 18,000 in 2008 to over 27,000 students in 2016.
The University administration has as a priority increasing the
number of native Arkansans matriculating and especially those
of first generation college student status. The land-grant mission has also been acknowledged and affirmed as a continuing
function of the University. Like many other horticulture departments across the United States, the University of Arkansas’
horticulture department has remained static in student numbers
over the past several years. To provide an educated workforce
for the going horticulture industry in Arkansas and remain
viable as a university department, the University of Arkansas’
horticulture recruitment and outreach activities have been reviewed and changes made in an effort to increase student majors
and students taking horticulture classes for credit. Activities
have been divided into three main areas: direct recruitment,
student enhancement, and stakeholder-donor outreach. Direct
recruitment activities include working more closely with college and university-level recruitment programs to insure that
horticulture is represented in initial contacts with potential
students. The web-based media associated with the department
has been out-sourced to enhance its effectiveness on reaching
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interested students. Faculty positions have been re-aligned to
provide opportunities to broaden curriculum to attract students.
Student enhancement activities include the establishment of
a distinguished lecture series in horticultural entrepreneurship whereby nationally recognized business entrepreneurial
leaders in the field are brought to campus to lecture and meet
individually with students on emerging career opportunities.
Outreach activities include connecting with previous scholarship donors to re-engage in horticulture department activities
and cultivate new relationships with potential donors. Engaging
alumni through distinguished alumni awards is also a way to
encourage involvement with industry professionals.

Outcome Based Student Assessment
Development for Horticulture Students at the
University of Arkansas

Garry V. McDonald*, Shannon C. Mason, Douglas E.
Karcher, Wayne A. Mackay, Curt Rom
316 Plant Sciences Building, University of Arkansas,
Fayetteville, AR 72701 (gmcdonal@ark.edu)

The Horticulture Department at the University of Arkansas
was charged in Spring 2016 with developing a student learning
outcome (SLO) assessment plan to be implemented as part of
the overall university accreditation process. The undergraduate
program committee was selected as the body to develop and
write the SLO. Challenges in the development of this plan include a small department with about 70 undergraduate students
but with diverse academic and career interests in addition to
a faculty with diverse responsibilities and focus. A “one-sizefits-all” approach would not be an accurate depiction of the
student population. The Association of American Colleges and
Universities Valid Assessment of Learning in Undergraduate
Education (VALUE) rubric for essential learning outcomes was
used as a base model. Pritts and Park’s 2013 paper “Proposed
Learning Outcomes for Four-year Horticulture Programs in the
United States” was also used a model. As part of the assessment
plan, the Horticulture Department wrote both a mission and a
goals statement as a guiding principle behind the SLO plan
development. Three critical skills essential to the success of
horticulture students were identified as: written communication
skills, oral communication skills, and critical thinking skills.
Under the three critical skills, five student-learning outcomes
were identified that would best match the current horticulture
curriculum. Specific goals were further delineated under the
learning outcomes and rubrics were established to assess student performance in each outcome goal. Acceptable and ideal
targets were defined and a matrix of the current curriculum was
constructed to determine what specific classes in the curriculum
would best capture the desired student population namely those
in the early and late stage of their academic development. As
with most horticulture departments across the country, the issue
of transfer students entering at various stages of their college
tenure yields an uneven mix of student accomplishment levels,
which complicates assessment. Assessment instruments to
measure student progress are still in development.
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Comparison of Online and Hybrid Woody Plant
Identification Classes
Thayne Montague* and Cynthia B. McKenney

Department of Plant and Soil Science, Texas Tech University,
Lubbock, TX 79409-2122. (thayne.montague@ttu.edu)

Over the past nine years, online student learning at Texas Tech
University (and in the Department of Plant and Soil Science)
has become increasingly important. While the number of online
classes available to horticulture students has held steady, student
enrollment (graduate and undergraduate) have improved. During
the 2015–16 academic year, Woody Plant Identification (PSS
3318) was developed as an online course, and was taught online
for the first time during the Fall 2016 semester. Two class sections were organized: Distance (off campus students, all learning
modules, exams, lecture quizzes, lab instruction and quizzes,
etc. presented online), and Hybrid (on campus students, similar
organization as distance students except exams, and labs were
presented live). Because limited data is available comparing
performance of students enrolled in hybrid and online courses,
research objectives were to compare course competencies for
expected learning outcomes (exams, quizzes, etc.), and student
online viewing practices between hybrid and online students
enrolled in PSS 3318 during the Fall 2016 semester. To learn
course material, results indicate students preferentially chose to
utilize lecture pdf files, rather than watch pre-recorded lecture
videos. A student’s t-test (α = 0.05) was used to compare course
competency results for expected learning outcomes. Compared
to hybrid students, online student grades were greater for
exam I. For exams II and III, there were no differences between
hybrid and online students. Overall lab grades were greater
for hybrid students. However, lecture grades were greater for
distance students. Final class grades were similar between the
two class sections. Data indicate presentation of lab information
tended to be a greater challenge for online students, and may be
a limiting factor of online student assessment. However, overall
student grades for online students was similar to hybrid students.
When considering various methods of lecture presentation, these
results may be beneficial to faculty developing online courses.
In addition, although course improvements are needed, it appears online, or hybrid teaching of Woody Plant Identification
produces similar learning experiences, and may be a learning
opportunity for horticulture students.

A Simple Rain Garden Serves as a Catalyst
to Multidisciplinary Teaching and Campus
Community Engagement

Michael A. Arnold*1, Galen Newman2, Jun-Hyun
Kim2, Ming-Han Li2, and Kung-Hui Chu3

Department of Horticultural Sciences, Texas A&M University,
College Station, TX 77843-2133; 2Department of Landscape
Architecture and Urban Planning, Texas A&M University,
College Station, TX 77843-3137; 3Department of Civil
Engineering, Texas A&M University, College Station, TX
77843-3136. (ma-arnold@tamu.edu)
1

A group of faculty from three departments in three colleges are
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cooperating to develop a Low Impact Development (LID) rain
garden within the first phase of the new Texas A&M University Garden and Greenways. Campus-wide planning strategies
emphasizing stormwater management, such as LID, are increasingly utilized in sustainable design/development to minimize
impacts of impervious land cover. Since being funded, this
project seeking to educate and train students in LID alternatives
to traditional stormwater management through hands-on outdoor
classroom activities involving development, installation, monitoring, management, and evaluation of stormwater management
designs within interactive test plots has served as a catalyst for
enhancing multi-disciplinary cooperation. Numerous students
from courses in Horticulture and Landscape Architecture and
Urban Planning have engaged in high impact learning activities.
The project is eliciting wider campus community engagement
from student volunteers, special problems classes growing plants,
and even involvement of commercial outsourcing entities. Much
of campus grounds maintenance was recently outsourced and
through efforts of this group project, they have been included
as participatory partners in planning and implementation of the
project, helping to integrate their activities with educational and
service components of the university mission. Administrators
of the TAMU Garden and Greenways have also become active participants. As outgrowths from this project, cooperative
efforts for students to grow plants for use in other portions of
the garden and campus landscape have begun. This is leading
to a diversification of the broader campus landscape to support
teaching activities and serve as test sites for regional adaptability
of new landscape plants. The success of initial activities have
led to acquisition of substantial additional internal funding for
the project, cost sharing by our industry partners, and an initiation within fund raising activities of the TAMU Garden and
Greenways, in cooperation with the Department of Horticultural
Sciences, to pursue the possibility of an endowed plant development internship for undergraduate students to continue integration of teaching activities with sustainable plant production and
utilization in the garden. This talk focuses on the development
of the project, relationships derived, lessons learned thus far,
and potential future opportunities.

Efficacy of Pre-lab Quizzes in Undergraduate
Laboratory Performances
Russell D. Plowan* and Cynthia B. McKenny

Department of Plant and Soil Sciences, Texas Tech University,
Lubbock, TX 79409-2122 (Russell.d.plowman@ttu.edu)

Students are frequently unprepared for lab slowing the teaching
process and creating confusion in the class. As a method to avoid
this situation students were pre-tested as a learning tool on upcoming laboratory experiments utilizing Blackboard assessment
techniques. The material for lab is available on the Blackboard
portal for students to study and review a week before the actual
lab experiment. The students are required to complete a quiz that
emphasizes major points of understanding about the exercise
before the lab begins. Studies covered four semesters Spring/
Fall 2015 (700 students) and Spring/Fall 2016 (726 students).
A Levene’s test indicated homogeneity of variance at 0.48. In a
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t-test there was a statistically significant difference in the scores
for no pre-testing (M = 80.81, SD = 17.50) and pre-testing (M
= 88.81, SD = 16.88) conditions; t (1424) = –8.75, P = 0.001. A
Cohen’s d indicated a medium effects size (88.81–80.82) / 17.24
= 0.46. The students’ final laboratory grade average significantly
improved with use of pre-lab quizzes.

Fruit Crops Section
Crop Forcing of Two Southern Hybrid Grape
Cultivars in Mississippi
Eric T. Stafne*

810 Hwy 26 West, Coastal Research and Extension Center,
Mississippi State University, Poplarville, MS 39470

Crop forcing of grapes is done to manipulate the timing of harvest.
Previous work in California and China has suggested that this
could be a viable practice in areas where changing the harvest
time from hot to cooler conditions would improve fruit quality.
Harvest of bunch grapes in Mississippi occurs during July, a
very hot month. Delaying harvest weeks or even months until
cooler weather prevails may improve fruit quality and worker
conditions. ‘Miss Blanc’ and ‘Villard Blanc’ had six crop forcing treatment imposed on them to determine yield amount and
timing. All removal treatments reduced yield. Harvest was not
delayed enough regardless of treatment. ‘Villard blanc’ had no
flower or fruit development after later crop forcing treatments
in May and June. ‘Miss Blanc’ had acceptable yields for three
of six treatments. The time involved for manual manipulation
was prohibitive but mechanization or spray defoliation may
work better. Further work could be done on other cultivars, but
disease control and depredation obstacles were not insignificant.

Determining How Sweetness and Sourness
Perception Impacts Consumer Sensory of Freshmarket Blackberries
Renee T. Threlfall*1, Mayla de A. Rocha1, Daniela M.
Segantini2, and John R. Clark2
2650 N. Young Avenue, Institute of Food Science and
Engineering, University of Arkansas, Fayetteville, AR 72704;
2
316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701
1

Blackberries (Rubus subgenus Rubus) are grown worldwide for
both fresh and processing markets. The University of Arkansas
has one of the largest blackberry breeding programs worldwide,
where new and unique traits are incorporated into breeding selections and cultivars (genotypes). Many factors including appearance, taste, and texture can impact the consumer’s impression
of fresh-market blackberries, but basic tastes such as sweetness
and sourness critically influence consumer liking. A consumer
sensory panel (n = 84) was used to investigate the influence
of perception of sweetness and sourness on the liking of fresh
blackberries. The panel evaluated three blackberry genotypes
(A-2418, Prime-Ark® Traveler, and Osage) for liking (overall
impression, sweetness, and sourness). In addition, the genotypes
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and three sugar/acid solutions were ranked for overall liking
(most to least). The blackberries and solutions had low, mid,
and high levels of sugar/acid ratios as determined by soluble
solids (SS) and titratable acidy (TA). The blackberries had SS/
TA of 6.0, 10.0, and 13.5 for A-2418, ‘Prime-Ark® Traveler’, and
‘Osage’, respectively. The sugar/acid solutions had SS/TA of 6,
11, and 17 for low, mid, and high ratio solutions, respectively.
Consumer panelists liked ‘Osage’ and ‘Prime-Ark® Traveler’
more than A-2418, the blackberries with mid and high ratios.
However, there was no significant difference in the consumer
ranking of the blackberries [42% ranked ‘Prime-Ark® Traveler’
highest followed by ‘Osage’ (31%) and A-2418 (27%)]. There
was a significant difference in the ranking of the liking for the
sugar/acid solutions. About 68% of the consumers ranked the
high ratio solution as the highest followed by 23% mid ratio
solution and 9% low ratio solution. In simple sugar and acid
solutions, the consumers liked the hightest ratio of SS/TA, but
in the blackberries the consumer liked the mid SS/TA ratio.
Insight into the what consumers like in terms of sweetness and
sourness is confounding especially in a matrix as complex as
a blackberry.

‘Opportunity’ and ‘Enchantment’, New Wine
Grapes from Arkansas
John R. Clark*1 and Renee T. Threlfall2

316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701; 22650 N. Young Avenue,
Institute of Food Science and Engineering, University of
Arkansas, Fayetteville, AR 72704
1

‘Opportunity’ and ‘Enchantment’ wine grapes are new cultivars
(Vitis hybrid) developed by the University of Arkansas System
Division of Agriculture, the first wine grapes from the program.
Both cultivars have shown good adaptation and consistent
productivity in Arkansas. Enological evaluations have shown
that these cultivars produced quality wines from fruit grown
in Arkansas. ‘Opportunity’ is a result of a cross of ‘Cayuga x
Ark. 1754 made in 1987.The original plant was selected in
1991 and tested as selection Ark. 2245. ‘Enchantment’ resulted
from a cross of Ark. 1628 x Ark. 1481 made in 1990. It was
selected in 1993, and tested as Ark. 2467. Average harvest date
for ‘Opportunity’ was 30 Aug. Juice pH averaged 3.5, with
titratable acidity of 0.5 mg/100 mL tartaric acid, indicating a
good acid content at maturity. Soluble solids averaged 17.3%.
Yield of ‘Opportunity’ averaged 10.9 kg/vine, considered a
good commercial yield for a wine grape in Arkansas. Cluster
weight averaged 234.3 g. Clusters were rated very full (10 on a
1–10 scale) with berries attached very tightly. Berries averaged
2.7 g. Average harvest date for ‘Enchantment’ was 22 Aug. Juice
pH averaged 3.4, while titratable acidity averaged 0.8 g/100
ml, reflecting good retention of acidity at appropriate harvest
pH. Soluble solids averaged 18.9%. Yield of 10.1 kg/vine was
recorded for ‘Enchantment’. Berry weight averaged 1.5 g while
clusters averaged 178.3 g. Clusters fill was rated 9.0, indicating a compact cluster, but not excessively tight compared to
‘Opportunity’. Both cultivars showed good winter hardiness.
‘Opportunity’ and ‘Enchantment’ provide an improvement in
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the white and red grapevines available to growers in Arkansas
and the surrounding region.

Wine Characteristics and Profiles of
‘Opportunity’ and ‘Enchantment’ Wine
Grapes

Renee T. Threlfall*1, John R. Clark2, and Nathan B.
Stebbins1

2650 N. Young Avenue, Institute of Food Science and
Engineering, University of Arkansas, Fayetteville, AR 72704;
2
316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701
1

‘Opportunity’ and ‘Enchantment’ (Vitis hybrids) are the first
wine grapes developed by the University of Arkansas System
Division of Agriculture. ‘Opportunity’, a white wine grape,
and ‘Enchantment’, a red wine grape, have shown good adaptation and consistent productivity in Arkansas (hardiness
zone 7a). ‘Enchantment’ is a teinturier grape with color in
the https://en.wikipedia.org/wiki/Wine_term flesh and juice
from anthocyanin pigments. Both cultivars ripen at the end of
August in Arkansas with yields of just over 10 kg/vine. Juice
composition of these cultivars at harvest were consistently good
for the production of wine. ‘Opportunity’ had a 3.5 pH, 0.5%
titratable acidity (as tartaric acid), and 17.3% soluble solids
and ‘Enchantment’ had a 3.4 pH, 0.8 % titratable acidity, and
18.9% soluble solids. Juice yields at crush were 7.0 kg of ‘Opportunity’ grapes or 4.9 kg of ‘Enchantment’ to produce 3.8 L
of juice. Composition, aroma and color of wines from these
cultivars were favorable for the production of commercial
wines. The primary anthocyanins in ‘Enchantment’ wine were
malvidin-3-glucoside (187 mg/L), petunidin-3-glucoside (51
mg/L), peonidin-3-glucoside (35 mg/L), delphinidin-3-glucoside
(34 mg/L), and cyanidin-3-glucoside (3 mg/L). There were 104
mg/L hydroxycinnamic acid derivatives and 14 mg/L flavonols
equivalents in ‘Enchantment’ and 33 mg/L hydroxycinnamic
acid derivatives in ‘Opportunity’, but no flavonols were detected in ‘Opportunity’. ‘Opportunity’ wine has fruit- forward
aromas and flavors for the production of honey-like, soft white
wine. ‘Enchantment’ wine can be used to enrich color of other
wines or has versatility for production of V. vinifera-like wine
ranging from a blush wine to a dry-oaked wine. ‘Opportunity’
and ‘Enchantment’ provide an addition to the Arkansas grape
and wine industry and areas with similar growing conditions.

Enabling Breeding for Brown Rot Resistance
(Monilinia spp.) in Peach
Wanfang Fu*1, Ralph Burrell1, and Ksenija Gasic1
Clemson University, SC 29634

1

Brown rot, caused by Monilinia spp., is one of the most important
diseases for stone fruit. The fungus mainly affects peach by two
phases: blossom and fruit decay, which can cause significant
yield loss. Estimated yearly cost to the U.S. stakeholders for
chemical protection against the disease can reach $170M. Although some degree of resistance has been found in the Brazilian
cultivar, ’Bolinha’, as well as some germplasm developed in
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the UC Davis and USDA breeding programs, genetic resistance
to brown rot in peaches is still lacking. In commercial peach
production, the disease can only be controlled by traditional
chemical methods, which may cause both environment and
human health issues. The RosBREED project is aiming to understand the genetics behind the peach fruit response to brown
rot; with the ultimate goal of combining disease resistance with
high fruit quality via DNA informed breeding. To this end, 26
cultivars /advanced selections and 140 progeny with ‘Bolinha’
source of resistance and has been phenotyped for fruit response
to brown rot using wounded and non-wounded disease assay
in 2015 and 2016. Previously obtained genotypic data, on part
of the phenotyped material, and reported QTLs associated with
brown rot response in peach fruit, were used to obtain preliminary information on variability in brown rot associated genomic
regions. Phenotypic performance or breeding functionality of
these alleles / haplotypes will be discussed. The data presented
here provide a foundation for development of predictive DNA
information that has a potential for an immediate application
in U.S. peach breeding.

Plant Growth Regulator (PGR) Use for Fruit
Set in Rabbiteye Blueberry ‘Premier’
Erick Smith*1 and James Jacobs2

Department of Horticulture, University of Georgia, Tifton,
GA, (ericks@uga.edu); 2University of Georgia Extension,
Blackshear, GA
1

Rabbiteye (RE) blueberry (Vaccinium virgatum Aiton syn. V.
ashei) ‘Premier’ can lose < 60% of its cropping potential to
floral deformities, self-incompatibility, and poor pollination
due to a small corolla opening that makes access to the nectary
by honeybees (Apis mellifera) challenging. Because fruit set in
‘Premier’ is reduced, many growers use exogenous plant growth
regulators (PGRs) to increase yield. Applications of gibberellinA3 or gibberellic acid (GA3) have been recommended to increase
blueberry fruit set. However, growers in South Georgia have not
seen consistent results from GA3 applications to ‘Premier’. A
study was designed to identify response of ‘Premier’ fruit set to
GA3 and [S]-trans-2-Amino-4-(2-aminoethoxy)-3-butenoic acid
hydrochloride (AVG). In 2016, two GA3 products, 4% Progibb®
(PG) and Progibb® LV Plus (PGP), and AVG as ReTain® were
applied at PG 2 L·ha–1 either two applications (50% to 75%
bloom and 100% bloom/petal fall) or one application at 100%
bloom/petal fall, PG at 5.8 L·ha–1 at 100% bloom/petal fall, PGP
at 2.9 L·ha-1 and AVG at 0.8 kg·ha–1either two applications (50%
to 75% bloom and 100% bloom/petal fall) or one application at
100% bloom/petal fall. All applications were applied at spray
volume of 467.7 L·ha–1 water. Floral bud, flower, and fruit were
tallied through the season. Yield weights were collected and
fruit quality measured (SSC, % acid, color, and fruit weight).
Harvest was only conducted once due to low yield and the
treatments were similar in yield. The bushes averaged 0.47 kg
of berries. Berry/flower ratio was 0.27, which reflects the low
yield measurements. Fruit quality was also similar across the
treatments. Possible reasons for low fruit set could be that chill
hours were acquired in late winter and were erratic with days
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at temperatures above 21 °C. In conclusion, fruit set was not
affected by applications of GA3 or AVG.

Southern Highbush Blueberry (Vaccinium
corymbosum L. Interspecific Hybrid) Response
to Shading as Fruit Quality and Plant Growth
Erick Smith*1 and Anish Malladi2

Department of Horticulture, University of Georgia, Tifton,
GA 31793 (ericks@uga.edu); 2Department of Horticulture,
University of Georgia, Athens, GA 30602

1

Blueberry plants are native to shaded environmental conditions.
However, production is generally under high levels of solar radiation where plants are subjected physiological stress which may
reduce productivity. Shading nets reduce the extent of net solar
radiation and also increase the extent of diffused or scattered light
incident on plants. Photo-selective (colored) shading nets alter
the spectral quality of light perceived by plants. Plant growth
and development is often responsive to changes in the spectral
quality of light. The objective of this study was to determine the
effect of photo-selective shading (PSS) upon southern highbush
blueberry ‘Star’. In 2016, structures were constructed to deploy
red, blue, and white shade cloth material at 50% shading (Pak
Unlimited, Cornelia, GA). The PSS was deployed from full bloom
(Mar 18) to Oct 14. Light and temperature were measured within
the canopy of the treatments. Fruit was harvested on Mar 5 and
Mar 17. Fruit yield and quality were measured. Fruit quality
was assessed by weight, soluble solid concentration, % acid,
pH and color (CIE: L*, C*, and hue angle). Shoot length was
measured on Oct 14 and shoot and bud count was completed 4
Jan. 2017. Total yield was reduced by red and blue PSS when
compared to unshaded plants by 36.7% and 48%, respectively;
whereas, white PSS did not affect yield. Fruit quality was similar
between the treatments with the exception of hue angle, where
red and blue PSS treated fruit did not express the same level of
blue color. Micro-climate temperature and light were similar
within the canopy of each treatment at harvest. Post-summer
hedging measurements of light were similar to level of shading
provided by PSS due to the lack of regrowth. Shoot length was
significantly longer in PSS treatments compared to the unshaded
by an average of 14%. Shoot count was not affected by PSS; however, floral bud counts were 45.6% and 34.4% lower for red and
blue PSS when compared to unshaded plants, respectively;
whereas white PSS did not significantly affect floral bud count.
PSS did not have a positive effect on blueberry production or plant
growth; however, this work suggests that choosing white color
for bird or hail netting will have minimal effect on blueberries.

Annual Strawberry Cultivar Performance in
Central Mississippi
William B. Evans* and M. Bates

Mississippi Agriculture and Forestry Experiment Station,
Truck Crops Branch, P.O. Box 231, Crystal Springs, MS
39059-0231 (bill.evans@msstate.edu)

Several southern states have well-known local and regional
strawberry (Fragaria xananassa Duch.) industries. MissisS31

sippi, despite similar soil and climate parameters has little
wholesale production and smaller local sales than are found
in nearby states. We planted a 10-cultivar trial in Oct. 2015,
to assess production and potential market acceptance of fresh
strawberries. Plug plants from an out-of-state commercial
strawberry plant producer were set 12 inches apart in twin rows
on 24-inch wide, non-fumigated raised beds covered in black
polyethylene mulch, in mid-October. We maintained the plots
using commercial practices including fungicide sprays and
covering plants for occasional frost protection. Semi-weekly
fruit harvests began in mid-March and continued for six weeks.
Fruit were graded into marketable and cull grades, counted and
weighed. We recorded the reason(s) for culling each cull fruit.
Total yield ranged from 140 g/plant to almost 400 g/plant. Mean
berry weight ranged from 15 g for ‘Flavourfest’ to over 25 g
for ‘Sweet Ann’. This first trial of strawberries at our location
in decades was encouraging, even though marketable yield was
compromised by an anthracnose (Colletotrichum acultatum)
outbreak on the fruit. Marketable berries were well accepted
by the market and created solid farmer interest. Companion
efforts also included a well-attended field day in Apr. 2016,
and several new plantings of commercial Mississippi-grown
strawberries in Fall 2016.

Effect of Irrigation Method on Pecan Nut
Quality and Growth of Young Trees

Abby M. Biedenbach*1, B. Wade Brorsen1, Jon T.
Biermacher2 and Charles T. Rohla2

308 Agricultural Hall, Department of Agricultural Economics,
Oklahoma State University, Stillwater, OK 74078, 2The
Samuel Roberts Noble Foundation, 2510 Sam Noble Pkway,
Ardmore, OK 73401. (ctrohla@noble.org)

1

While irrigation is a common practice in pecan orchards, the
effects of irrigation upon young tree growth, nut quality, and
nut yields have not been estimated. ‘Pawnee’ pecan trees were
established in 2007 at the Noble Foundation’s McMillan Orchard
on a Bastrop fine sandy loam soil. Five irrigation systems and
one non-irrigated control system were established the year after
planting in a completely randomized design with three replications per treatment. Each treatment block consisted of 12 trees
with the center two trees representing the data trees with the
remaining nine trees acting as a border around the data trees.
The five irrigation systems were sprinkler with 50% orchard
floor coverage, sprinkler with 100% orchard floor coverage,
two subsurface driplines irrigating operating on a short interval
watering system (two hours on, two hours off system), two
subsurface driplines irrigating with continuous run, and four
subsurface driplines irrigating with a continuous run. All treatment received 0.85 inches of water per week when irrigation
was required. Tree performance was characterized as change
in trunk diameter, weight per nut, average kernel percentage,
and annual yields were evaluated. Trees were harvested the
eighth and ninth year after planting. Total yield per data tree
was collected along with weight per nut and kernel percentage.
There was no significant difference in yield, weight per nut or
kernel percentage between treatments. Expected change in trunk
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diameter was greater for the 50% and 100% sprinkler irrigation
and the two dripline continuous run irrigation systems than
other systems. Leaf samples collected in July showed levels
calcium highest in 50%, 100% and two dripline continuous run
irrigation systems, potassium higher in the 50% and two dripline
continuous run systems, magnesium higher in 100% system,
nickel higher for non-irrigation over the 50%, two dripline short
interval watering and the four dripline continuous run systems,
boron higher in all irrigated blocks, and manganese higher in
non-irrigated and four dripline continuous run systems.

Estimating Peach Maturity Dates from Ovule
Benchmarks and Growing Degree Days in
South Carolina
Gregory L. Reighard*1, Juan Carlos Melgar1, Trey
Burrell1, Filipe Bittencourt de Souza2, and Ksenija
Gasic1

Department of Plant and Environmental Sciences, Clemson,
SC, 2Universidade Federal de Lavras, Minas Gerais, Brazil

1

Forecasting maturity date for weekly ripening fruit crops such
as peach is important for retail marketing. The objective of this
study was to determine if harvest dates for peach cultivars in
South Carolina could be predicted using growing degree days
(GDDs) with a 7 °C base temperature from full bloom or the
10 mm ovule stage to fruit maturity. The Averaging Method,
which is the average of daily high-low temperatures, was used
to calculate GDD. Bloom dates, ripening dates, and temperature
data for 25–41 cultivars in three counties over years 2006–16
were used to determine GDD ranges for cultivars in Oconee
(2014–16) and Saluda and Edgefield (2006–16) Counties, SC.
Time from bloom to 10 mm ovules was 40–42 days (~638
GDDs) for early, mid- and late-season cultivars. In Oconee
Co., early cultivars (May to ~June 15) ranged 1683-2135 GDDs
from bloom and 1039-1508 GDDs from 10 mm ovule to fruit
maturity, respectively. Mid-season cultivars (~June 16 to ~July
15) ranged from 2482–3539 GDDs from bloom and 1848–2855
GDDs from 10 mm ovule to ripening date, respectively. Late
season cultivars (~July 15 to September 1) averaged 3471–5038
GDDs and 2857–4412 GDDs to harvest, respectively. The range
from bloom to ripening in the other counties were 1073–1904,
1991–2818, and 3026–4325 GDDs for early-, mid- and lateseason cultivars, respectively. Ripening order and GDD accumulation of cultivars was consistent across years for early and
late season cultivars in all three counties though more GDDs at
harvest date were recorded in Oconee Co. Mid-season ripening
sequences were not always the same each year for some cultivars. Harvest data for all cultivars in Saluda and Edgefield Co.
had earlier ripening dates with less accumulated GDDs than the
same cultivars in Oconee Co. (colder region). Standard early,
mid- and late season cultivars Carored, Julyprince, and Big Red
GDDs/maturity date were 1776/157, 3539/197 and 4462/237,
respectively, for Oconee and 1310/142, 2818/188 and 4148/225,
respectively, for the other two counties. Location differences
may be due to cultivars proximity to a weather station and/or
better phenology data.
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Feeding Preference of Popillia japonica in
Banana Leaf Herbivory

Edgar Vinson*1, David Held2, Elina Coneva1, J.
Raymond Kessler1, and Joseph M. Kemble1

101 Funchess Hall, Department of Horticulture, Auburn
University, AL 36849; 2301 Funchess Hall, Department of
Entomology and Plant Pathology, Auburn University, AL
36849 (vinsoed@auburn.edu)
1

Production of non-Cavendish banana fruit is a new technology
for coastal Alabama as well as other regions of the southeastern
United States that offers a potential source for crop diversity
to improve sustainability of farming operations. The Japanese
beetle (Popillia japonica) (JB) is a highly polyphagous invasive
insect that was introduced in the United States in 1916 in New
Jersey. More recently, it has become established in several counties in Alabama including Baldwin County where JB poses a
potential threat to the development of a specialty banana niche
market. In previous banana cultivar evaluations, it was noted
that JB might have a cultivar preference. The objective of this
study was to determine if banana cultivar influenced JB feeding
preferences. Leaf tissue samples for a lab choice study were
obtained from six non-Cavendish and one Cavendish banana
being cultivated on the campus of Auburn University: ‘Belle’,
‘Cacambou’, ‘Ice Cream’ (‘Blue Java’), ‘Kumunaba’, ‘Raja
Puri’, ‘Sweetheart’, and ‘Williams’. Multiple leaf discs (25 mm
diameter) from each cultivar were weighed and surface areas
determined using ImageJ image processing program. A single
leaf disc each from two cultivars was secured with a straight
pin in a feeding arena. Cultivar feeding preferences of JB was
determined by placing two adult female JB in each arena and
allowing them to consume leaf material. Beetles were removed
from the feeding chamber after four hours or when consumption
of approximately 50% of the surface area of the preferred leaf
disc was reached. Remaining leaf surface area was measured
using ImageJ. This process was repeated until all possible paired
cultivar combinations were made. Treatments consisted of six
replications using a completely randomized design. Least square
means comparisons using Shaffer-simulated method at α = 0.05
with cultivar as the main effect were used (SAS 9.4). Variables
measured were, leaf area consumed (mm2), leaf tissue consumed
(mg·mm–2), and leaf thickness (µm) using a Mitutoyo Digimatic
Indicator. Linear regression performed between leaf variables
and leaf thickness to determine the influence of leaf thickness
over potential feeding preference of JB. Leaf Thickness differed
significantly among cultivars. Leaf thickness was significantly
greater in ‘Kumunaba’ (244.61µm) than other cultivars with the
exception of ‘Sweetheart’ (220.5 µm) and ‘Raja Puri’ (214.62
µm). Leaf thickness in ‘Williams’ (137.11 µm) significantly
less than all other with the exception of ‘Belle’ (159.29 µm).
There was no cultivar preference indicated in terms of leaf area
consumed (mm2) but there was a significant cultivar preference indicated in terms of leaf tissue consumed (mg·mm-2).
Beetles selected ‘Kumunaba’ over all other cultivars with the
exception of ‘Sweetheart’. Significant correlations between
leaf thickness and mg·mm2 tissue consumed in most varieties.
Genomic grouping and ploidy level may influence JB feeding
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of banana leaves. Leaf toughness was not measured and might
have affected feeding preference of JB.

Seed and Fiber Content of Southern Highbush
and Rabbiteye Blueberry Varieties
Rachel A. Itle* and D. Scott NeSmith

Department of Horticulture, University of Georgia, 1109
Experiment Street, Griffin, GA 30223. (ritle@uga.edu)

Southern highbush (Vaccinium corymbosum L.) and rabbiteye
(V. virgatum Aiton) are the two main types of blueberries commercially grown in Georgia and the Southeastern US. The overall
fruit quality of the two types is subjectively debated, often with
rabbiteye varieties considered to be of a lower fruit quality. Two
of the main fruit quality traits compared between the two types
are seediness and fiber content. The objective of this study was
to measure the seediness and fiber content of varieties commonly grown in Georgia. From April to July in 2014 and in
2015, fruit were harvested at the University of Georgia Research
Farm near Alapaha, Georgia from seven southern highbush
varieties: ‘Rebel’, ‘Star’, ‘Emerald’, ‘Farthing’, ‘Meadowlark’,
‘Legacy’, and ‘Camellia’; and from seven rabbiteye cultivars:
‘Vernon’, ‘Alapaha’, ‘Brightwell’, ‘Powderblue’, ‘Tifblue’,
‘Ochlockonee’, and ‘Premier’ when plants were approximately
50% ripe. Fruit were frozen and held at –15°C until processing
for approximately one year before processing for both seed
and fiber traits. For seed traits, individual berry weights were
recorded and seeds were extracted classified as either plump
or shriveled. Total seed count and total seed weights were also
recorded. Fruit were also measured for fiber traits including
NDF, ADF, lignin, cellulose, and hemicellulose. For seed traits,
years were significantly different for plump seed number (P ≤
0.05), and fiber traits years were not significantly different for
all fiber traits examined; however for nearly all seed and fiber
traits there was a significant variety by year interaction. Varieties were significantly different within each year for all seed and
fiber traits. For seed traits, there was variation between types for
seed traits across years which does not suggest that rabbiteyes
are seedier than southern highbush. Rabbiteyes were higher than
southern highbush for percent seed weight to berry weight for
both years and this ratio may influence seediness perception
between the two blueberry types. For fiber traits, rabbiteyes
were higher than southern highbush for all traits for both years.
Percent seed weight was examined for relationships to fiber
traits and was not found to be a consistent indicator of fruit fiber
content. Results from this study will be used as a starting point
to examine consumer preference and acceptability of textural
traits between the two blueberry types.

Preliminary Assessment of Selected Grape
Rootstocks for Sustainable Viticultural
Production in Alabama
Andrej Svyantek1, Elina Coneva*1, J. Raymond
Kessler Jr.1, and James Pitts2

101, Funchess Hall, Department of Horticulture, Auburn
University, Auburn, AL 36849; 2120 Co. Rd. 756, Chilton
Research and Extension Center, Clanton, AL 35045
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Currently, the production of bunch grape species in the southeastern United States is severely limited by Pierce’s Disease
(PD), caused by the endemic, xylem-limited bacterium Xylella
fastidiosa. As a result of the PD pressure in the Southeast region, and particularly Alabama, the rootstock availability for
bunch grape growers is severely limited. The objective of our
experiment was to evaluate the effect of selected rootstocks on
the viticultural performance, phenological development, and
vegetative traits of two hybrid bunch grape cultivars Chardonel
and Norton. The experimental vineyard was established in Spring
2014 and consisted of six rootstock-scion combinations including ‘Chardonel’ own-rooted (OWR) and ‘Chardonel’ grafted
on ‘1103P’ rootstock, as well as ‘Norton’ OWR, and ‘Norton’
grafted on ‘1103P’, ‘5BB’, and ‘5C’ rootstocks. Our results indicate that during the first year of crop production, ‘Chardonel’
grafted on ‘1103P’ was highly productive, yielding 8.3 kg/vine
and was considered the best performing combination in terms of
cropping potential. Soluble solid content (SSC) was highest for
‘Chardonel’ OWR (20.2%) and ‘Chardonel’ grafted on ‘1103P’
(21.3%), while all ‘Norton’ vines had SSC of 18.9% regardless
of rootstock. Rootstock suckering was notable for ‘Chardonel’
grafted on ‘1103P’ where vines produced an average of 8.2 suckers per vine, while no other combination exceed 0.6 rootstock
suckers per vine. Trunk cross-sectional-area (TCSA) indicated
the vines with the highest vigor at the end of the growing season
were ‘Chardonel’ grafted on ‘1103P’ and ‘Chardonel’ OWR
with TCSA of 72.3 and 44.2 cm2, respectively. While the 2016
growing season gave the first indications of the impact of rootstock selection on vine productivity in the southeastern United
States, to ascertain the long term effect of rootstocks on vineyard
longevity, productivity, and vigor, further evaluations must be
conducted in the expanding viticultural region of Alabama.

Assessing Secondary Bud Fruitfulness of Two
Vitis Cultivars Grown on the Texas High Plains
Thayne Montague*, Edward Hellman, and Emily
Graff

Texas AgriLife Research and Extension Center, Lubbock, TX
79403-6603. Department of Plant and Soil Science, Texas Tech
University, Lubbock, TX 79409-2122. (thayne.montague@ttu.
edu)

For the past several years, Texas grape and wine production
has steadily increased. In 2015, there were approximately
1540 grape bearing hectares and 333 wineries within the state
(contributing over $2.27 billion to the state’s economy). The
vast majority of producing vineyards in Texas are located on
the Texas High Plains. In this region, late spring frost damage
can severely reduce crop yield. Primary grape (Vitis vinifera)
buds are considered less hardy, but more fruitful when compared
to secondary buds. If growers on the Texas High Plains were
knowledgeable regarding grape cultivar secondary bud fruitfulness, secondary bud fruitfulness could possibly influence variety
selection during vineyard planning and planting. Because little
research has been conducted on the Texas High Plains regarding
fruitfulness of secondary buds, objectives of this experiment
were to compare fruitfulness of shoots grown from primary and
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secondary buds of two Vitis cultivars on the Texas High Plains.
Vitis vinifera ‘Cabernet Sauvignon’ and ‘Grenache’ vines on
110R rootstocks (trained to vertical shoot positioning with two
cordons, four spurs/cordon, and two buds/spur), and planted in
a randomized complete-block design in 2006 were used for the
experiment. Treatments included: primary bud remained, and
following bud break (5–15 cm of new growth) primary buds
removed. Gas exchange data was collected on three occasions
during the growing season, and fruit were collected on the same
date (when fruit grown on primary shoots was estimated to be
24 °Brix). Data were exposed to analysis of variance, if differences were found means were separated by Fisher’s LSD (α =
0.05). Gas exchange data indicate leaves grown on secondary
bud shoots had great stomatal conductance, transpiration, and
net photosynthetic rates (no cultivar differences). In general,
fruit grown on primary bud shoots had greater brix levels, berry
weights, cluster weights, and yield (across cultivars, primary
bud removal resulted in 82% reduced yield), and few differences were found between cultivars. Future research will look
to determine additional cultivar differences, harvest delays, and
economic concerns.

Use of Gibberellin and Aminoethoxyvinylglycine
in Georgia Peaches
Dario J. Chavez*1 and Jeff Cook2

1109 Experiment Street, Department of Horticulture,
University of Georgia, Griffin Campus, Griffin, GA 30223; 2Ivy
Street Butler, Taylor County Extension Office, GA 31006.
1

Plant growth regulators (PGRs) have been used to improve plant
growth, flowering, and fruit quality in different fruit crops. In
Georgia, there are small market windows of a few days each in
which no peach varieties ripen or are available. The objective
of this research project was to study the effect of gibberellic
acid (GA3, which promotes growth and elongation of cells)
and aminoethoxyvinylglycine (AVG, which inhibits ethylene
production) in peach fruit firmness, quality, and yield as it relates to delay ripening to shift the ripening window of certain
varieties. Two different sources of 4% GA3 were used: ProGibb®
(Valent Biosciences Corporation, IL) in the 2014, 2015, and
2016 seasons; and Falgro® (Fine Agrochemicals Limited, Inc.)
in the 2016 season. One source of 15% AVG—Retain® (Valent
Biosciences Corporation, IL)—was used in the 2014, 2015, and
2016 seasons. Overall, blush, fuzz, tip, and split pit characteristics
showed no difference between treated and untreated fruit across
years (P > 0.05). Percent red flesh, perimeter, and weight for
the treated and untreated fruit did show some significant differences; however, these differences were not identified for most
of the harvest dates and were not consistent across varieties and
seasons. In 2014, significant differences in fruit firmness were
seen in ‘Early August Prince’ and ‘Ruston Red’ peach varieties
in one farm location, and no effect was seen for ‘Early August
Prince’ in a different location. In 2015, significant differences in
fruit firmness were seen in ‘Springprince’ and ‘Juneprince’, and
no differences were observed for ‘Babygold’. For both years,
the fruit treated with plant growth regulators, GA3 and AVG,
were firmer than the untreated fruit. In 2016, differences in fruit
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firmness were observed in ‘Scarletprince’, with GA3 (ProGibb®)
plus AVG and only AVG treatments having the highest firmness
in comparison with only GA3 (ProGibb® or Falgro®) and untreated treatments. The use of plant growth regulators GA3 and
AVG constitutes an important tool for production management,
however, additional trials are necessary to understand the effect
of these PGRs in return bloom and postharvest management.

Observations of Winter Damage on Georgia
Peach Trees and Lessons for the Future
Dario J. Chavez*

1109 Experiment Street, Department of Horticulture, University
of Georgia, Griffin Campus, Griffin, GA 30223

Peach production in the southeastern United States can be
affected by several climate constrains. Freezes are one of the
most important of those events by being detrimental for fruit
set and tree survival when extreme cases of cold temperature
become present. In 2014, a major peach producer in Georgia
experienced effects of winter damage in a block of four-year-old
‘Flameprince’ trees after a night of –8.1°C in early November.
Winter damage consisted of blisters and clear gumming exuding from the trees, with blisters and gumming in almost 50%
to 60% of the area of the tree. The peach tree xylem presented
a black coloration and the phloem looked normal. There are
few reports about management of trees with winter damage.
The objective of this research project was to identify the best
management procedures for tree recovery and production. All
trees were pruned to remove all death wood after vegetative
bud break occurred and healthy and alive tissue was easily
identified. Four treatments were tested: only pruning, pruning
plus low biuret urea/nitrogen foliar applications (rate of 6 lb of
N per acre in 100 gallons spray), pruning plus Maxcel® (250
ppm – 64 oz. in 40 gallons) and pruning plus low biuret and
Maxcel® (same parameters as before). At the end of the season, canopy volume comparisons between treatments show no
statistical differences for growth. It is important to notice that
only pruning was enough to recover the tree from damage. This
result will help peach growers to save time and resources when
faced with winter damage.

Suitability of Pecan Shell Mulch for Rabbiteye
Blueberry Establishment
Ashley Hoppers*, James D. Spiers, J. Raymond
Kessler Jr., Amy N. Wright, and Arlie A. Powell

Department of Horticulture, Auburn University, Auburn, AL
36849

The waste disposal methodologies for pecan (Carya illinoinensis) shells lack effectual and economic disposal. If shell waste
could be repurposed as a mulch, then pecan growers may have
an opportunity to treat shell byproduct as a resource by supplying rabbiteye blueberry (Vaccinium virgatum) growers with an
alternative to pine bark mulch. Two studies were conducted to
determine the effect of pecan shells on weed control and rabbiteye
blueberry establishment. In Feb. 2016, an on-farm planting of
‘Krewer’ rabbiteye blueberries was installed in Auburn, AL to
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determine the efficacy of seven treatments: “fresh” pecan shells,
“aged” pecan shells, and pine bark mini nuggets at 7.5 cm and
15 cm depths, and a bare-ground treatment with no weed control
except mowing (control). Weed density was highest in control,
with all other mulch treatments having similar weed density.
Plant size index was reduced in control, and similar across all
other treatments. Soil temperature and mulch:soil interface
temperature were cooler in pine bark. Root growth of rabbiteye
cultivars ‘Brightwell’ and ‘Premier’ was examined using the
Horhizotron™, a technology that nondestructively measures
horizontal root growth as it initiates from the root balls of plants
grown in containers, providing an opportunity for post-transplant
evaluation. The Horhizotron is constructed of eight panels of
glass that fasten into an aluminum base, forming four wedgeshaped quadrants resembling the shape of a star. Each quadrant
was filled with 10 cm of an amended 4:1 pine bark:sand (v/v)
substrate. “Fresh” pecan shells, “aged” pecan shells, pine bark
mini nuggets, or an unamended pine:sand substrate control was
then randomly applied at a 7.5 cm depth to each of the four quadrants. Root growth rates were determined weekly by measuring
the length and depth of the five longest roots on either side of a
quadrant. On a dry weight basis, total root growth of ‘Premier’
was similar for all treatments; however, for ‘Brightwell’ aged
shells and control resulted in higher total root dry weights than
fresh shells and pine bark. Results from both studies indicate
that pecan shells provide similar weed control to the industry
standard, pine bark, during the first year of establishment and
that pecan shells do not hinder root development.

Floriculture, Ornamental, and Turf
Section
Potential of Virginia Mountain Mint (Pycnanthemum virgininaum L.) to Enhance Pollinator and
Beneficial Insect Visitation
Bethany A. Harris* and Bodie V. Pennisi

Department of Horticulture, University of Georgia, 1109
Experiment St., Griffin191@uga.edu)

With consumers becoming increasingly environmentallyconscious, the landscape industry should become proactive
in offering high-quality services with reduced pesticide input
and enhanced ecological value. Providing floral resources to
pollinating insects and natural enemies could aid in increased
biological control and pollination. Additionally, native plants
which also tolerate drought and reduced fertilizer input are highly
desirable. We sampled via sweep nets to assess the diversity
and abundance of arthropods attracted to Virginia Mountain
mint (Pycnanthemum virginianum L.), a native herbaceous
perennial, and we compared it to a wide selection of annuals
and perennials which we had previously assessed for arthropod
visitations. Honey bees (F: Apidae), small bees (F: Colletidae
and Halictidae), pollinating wasps (F: Sphecidae, Scoliidae, and
Vespidae), and predatory plant bugs (F: Miridae) were some of
the most frequent visitors on Mountain mint. We also compared
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Mountain mint planted as a monoculture to Mountain mint when
planted among other highly-pollinator attractive ornamentals.
Significantly higher arthropod visitations were found when
Mountain mint was planted among other pollinator plants. This
study affirms the potential of Mountain mint as a primary pollinator and beneficial insect attractor plant which can be used
in landscapes, conservation areas, and gardens.

Effect of Soil Amendment, Water Content, and
Nitrogen on Decomposition of Biodegradable
Paper Pot under Controlled Conditions
Bethany A. Harris*1, Mussie Y. Habteselassie2, and
Bodie V. Pennisi1

Department of Horticulture1 and Department of Crop and Soil
Sciences2; University of Georgia, 1109 Experiment St., Griffin
GA 30223 (bah5191@uga.edu)

With the public’s growing environmental awareness, consumer
interest has shifted toward sustainability in the landscape industry.
Green industry stakeholders have identified the use of plantable
biodegradable container alternatives as a way to improve sustainability in the current production system. Research to date has
demonstrated successful use of plantable biocontainers to produce
plants with similar or better performance to those grown in plastic
containers in greenhouse and nursery production, however, little
is known about the biodegradation of such containers in the
landscape. It is imperative that plantable containers break down
fast to allow rapid root penetration in the surrounding soil. Several factors influence rate of container biodegradation including
container material, available nitrogen, moisture, temperature, pH,
and microbes. This study investigated decomposition of paper
sleeve plantable container (Ellepot®, Ellegaard) in sandy clay
soil under controlled laboratory environment. Treatments were:
low or high moisture content, low or high nitrogen content, and
presence or absence of bark amendment. Prior to incorporating paper pot in the soil sample weighing 100 grams, moisture
content of that soil sample was adjusted to 40% or 60% Water
Holding Capacity (WHC) using standard protocols. Microbial
activity and degradation of the pot fabric was assessed by the
amount of soil respiration, i.e. carbon dioxide released. Water
content and bark significantly affected rate of decomposition, with
higher amounts of fabric decomposed under 60% WHC as
compared to 40% WHC and in unamended treatments. Nitrogen
fertilizer had no effect on Ellepot® fabric decomposition. This
suggests that by maintaining higher levels of moisture in the
landscape bed, a biodegradable paper sleeve may decompose
faster.

Integrating Socioeconomics, Ecosystem
Engineering, and Horticulture Research to
Clean WateR3
Sarah A. White*

Clemson University, Department of Agricultural and
Environmental Sciences, E-143 Poole Ag Center, Clemson, SC
(swhite4@clemson.edu)

Water resources are precious and limiting in many areas of the
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United States. Use of alternative water resources (reclaimed or
recycled water) for specialty crop production may help reduce
strain on limited potable water resources while supporting
continued producer economic viability over coming years.
Industry-wide use of alternative water resources is limited by
infrastructure costs and concerns related to contaminant (e.g.
disease, pesticide, and salt) presence. The Clean WateR3 (R3 =
Reduce, Remediate, Recycle) scientists and extension faculty
are developing a suite of online tools (model systems) to aid
the producer decision process. The foundational data for these
web-based tools are from on-farm and laboratory research
evaluating a suite of treatment technologies (best management
practices) and current water management practices that can be
used independently or in combination to address individual needs
of specialty crop operations throughout the United States. The
sociology team conducted interviews with > 20 growers to determine how and why practices are changed and these information
how information resources are presented online (cleanwater3.
org) to encourage grower adoption. Economic and biological
data are being integrated in online decision making tools, helping
growers understand how a change in practice influences water
use and economic indicators. Ultimate project outcomes will help
growers treat and reuse operational water to save valuable water
resources, and reduce the environmental impact of runoff water.
Funding Source: USDA-NIFA-SCRI # 2014-51181-22372.

Battling Rose Rosette Disease in the State of
Oklahoma
Michael A. Schnelle*1 and Jennifer Olson2

358 Agriculture Hall, Department of Horticulture and
Landscape Architecture, Oklahoma State University,
Stillwater, OK 74078; 2127 Noble Research Center,
Department of Entomology and Plant Pathology, Oklahoma
State University, Stillwater, OK 74078

1

Rose rosette disease (RRD) was first reported in the United States
in 1940. Since then the disease has become more prevalent east
of the Rocky Mountains particularly with the advent of freeblooming cultivars that landscapers utilize in virtually every
project. Despite the fact that the causal agent was identified in
2011 and a better understanding now exists of the eriophyid
mite that transmits the disease, RRD is still rampant and thus
responsible for thousands of dollars in damages to producers,
landscapers and ultimately, end consumers. Consequently, rose
trials were initiated at Oklahoma State University in 2016.
Researchers hope to find commercially available rose cultivars
that possess RRD resistance. These selections will be presented
to rose breeders for consideration in future breeding programs.
In addition to cultivar trials, best management practices such
as pruning techniques, eriophyid mite control, etc. are being
studied in order to slow progression of this disease. First year
results as well as proposed future work will be presented.

Relative Salt Tolerance of Eight Barberry
Cultivars

Youping Sun1, Qiang Liu1,2, Lifei Chen1,3, and Genhua
Niu*1

S36

Texas A&M AgriLife Research Center at El Paso, El Paso,
TX 79927; 2Central South University of Forestry and
Technology, Changsha, Hunan 410004, China; 3Department
of Horticulture, Jilin Agricultural University, Changchun, Jilin
130118, China

1

Berberis thunbergii (japanese barberry) is a widely grown ornamental plant with numerous cultivars including yellow, dark
red to violet, or variegated foliage, erect growth habit, and dwarf
size. Relative salt tolerance of japanese barberry cultivars (B.
thunbergii ‘Celeste’, ‘Kasia’, ‘Maria’, ‘Mini’, and ‘Talago’; B.
thunbergii var. atropurpurea ‘Concorde’, ‘Helmond Pillar’, and
‘Rose Glow’) was evaluated in a greenhouse experiment. Plants
were irrigated with nutrient solution at electrical conductivity
(EC) of 1.2 dS·m-1 (control) or saline solutions at EC of 5.0 or
10.0 dS·m-1 (EC 5 or EC 10) eight times (applied weekly). Half of
the plants were harvested after the fourth treatment (first harvest,
40 d after treatment) and the rest of the plants were harvested
after the 8th treatment (second harvest, 70 d after treatment).
At harvest, visual quality, leaf area, shoot dry weight, relative
chlorophyll content (SPAD readings), chlorophyll fluorescence,
gas exchange, and mineral concentration were measured. All
barberry cultivars except ‘Concorde’ in EC 10 began to die after
the fourth treatment. At the eighth treatment, ‘Helmond Pillar’,
‘Maria’, ‘Mini’, and ‘Rose Glow’ plants in EC 5 had slight foliar salt damage with an average visual score of 3.5; however,
all were dead in EC 10. ‘Celeste’, ‘Concorde’, ‘Kasia’, and
‘Talago’ plants had minimal foliar salt damage in EC 5 with an
averaged visual score of 4.4 and severe foliar salt damage in EC
10 with a mean visual score of 0.9. Compared to control, shoot
dry weight (DW) of ‘Celeste’, ‘Helmond Pillar’, ‘Maria’, and
‘Rose Glow’ plants in EC 5 reduced by 47%, 50%, 47%, and
42%, respectively, whereas shoot DW of ‘Concorde’, ‘Kasia’,
‘Mini’, and ‘Talago’ plants in EC 5 did not change. In addition,
‘Celeste’, ‘Concorde’, ‘Kasia’, and ‘Talago’ plants in EC 10 had
a reduction of 75%, 35%, 46%, and 55%, respectively. The averaged sodium (Na) concentration of all barberry cultivars in EC
5 and EC 10 was 34 and 87 times higher than those in control,
respectively; whereas leaf chloride (Cl) concentration of all
barberry cultivars in EC 5 and EC 10 was 14 ~ 60 and 29 ~ 106
times higher than their respective control. Significant correlations
between leaf Na and Cl content and visual quality of all barberry
cultivars suggest that Na and Cl accumulated in the leaf tissue of
barberry plants have resulted in foliar salt damage. In summary,
barberry plants had moderate salt tolerance and can be irrigated
with marginal water at EC of 5 dS·m-1 or below with slight
foliar damage. Among the eight cultivars, ‘Concorde’, ‘Kasia’,
and ‘Talago’ were more tolerant to salt stress, while ‘Helmond
Pillar’, ‘Maria’, ‘Mini’, and ‘Rose Glow’ were relatively less
tolerant.

Woody Ornamental Plant Establishment Studies
on a Salt-affected Soil, Galveston Island, Texas
David Creech*1, Kenneth Farrish2, Elaine Harris2,
Steve Wagner3, Josephine Taylor3, Elaine Fowler3

Agriculture, PO Box 13000, Stephen F. Austin State
University, Nacogdoches, TX 75962, 2Environmental Science,
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Box 13073, Stephen F. Austin State University, Nacogdoches,
TX 75962, 3Biology, Box 13003, Stephen F. Austin State
University, Nacogdoches, TX 75962

In 2008, Galveston Island, TX, was affected by Hurricane Ike
which inundated most of the island with sea water. The storm
killed fifty-five thousand large live oaks, Quercus virginiana,
many of which were over one hundred years old and many
landscape plants were killed or damaged. With funding by the
Moody Foundation, a long-term platform for salinity research
and discovering ornamentals adapted to the island was initiated
in early 2016. The full sun one ha plot is located on the west side
of Moody Gardens, a nationally known resort on the island, and
elevation varies from 1–1.5 m above sea level. Soil samples taken
across the plot indicated soils with high SAR at the one meter
depth and varying degrees of high salinity in upper soil profiles
depending on proximity to the bay. The research plots are also
subject to intense coastal winds for much of the year. This long
term project has three goals. 1) Serve as a long term evaluation
program for woody ornamental trees and shrubs. A survey of
plants in the evaluation program and their performance in the
first year will be presented. 2) Studying the influence of raised
beds, incorporated organic matter, mulch and gypsum on plant
establishment in the project area. In this study, a randomized
block design was utilized with three species, eight treatments,
six replications and two plants per replication, for a total of 288
plants in the study. The three woody plants tested were Quercus
virginiana, Hibiscus hamabo, and Taxodium x ‘T406’, the latter a controlled cross of bald cypress and Montezuma cypress
introduced by the Nanjing Botanical Garden. After one year,
growth was excellent and no significant differences emerged
in either plant height or trunk diameter. 3) Microbiological and
microscopy techniques were used to assess arbuscular mycorrhizal (AM) populations in salt-contaminated soils from an
unmaintained site adjacent to the research plots. Gomphrena
serrata, Gaillardia puchella, and Digitaria spp. were collected
from the plant community there to determine the prevalence
of arbuscular mycorrhizal colonization (AM) on these native
species. Data indicates that these plants on Galveston Island are
associated with an active AM community. Research is ongoing
to determine the role that these fungi play in alleviating salt
stress for their plant symbionts.

Crape Myrtle Bark Scale Management with
Insect Growth Regulators and Other Chemicals
Yan Chen*1, Michelle Samuel-Foo2, and Joey
Quebedeaux1

LSU AgCenter, Hammond Research Station, Hammond, LA
70403, Email: yachen@agcenter.lsu.edu; 2Southern Region
IR-4 Coordinator, University of Florida, Department of
Entomology and Nematology, Gainesville ,FL 32611
1

Since its first detection in 2005, crape myrtle bark scale [CMBS,
Acanthococcus (previously Eriococcus) lagerstroemiae Kuwana] has become a major pest on crape myrtles, a group of
popular summer-flowering landscape plants in the southeastern
United States. Information on chemical control using insecticides is available but limited to a few neonicotinoids. There is
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limited efficacy data on insect growth regulators (IGRs) and
other non-neonicotinoids such as the new systemic insecticide,
cyantraniliprole (IRAC Group 28) that is low in toxicity to natural
enemies and pollinators. In a landscape trial with eighty naturally
infested crape myrtles, cyantraniliprole was tested alone or in tank
mix with either CapSil or Nufilm17. Two IGRs, pyriproxyfen
(Fulcrum) or azadiractin (Molt-X) were also tested either as standalone treatments or in tank mix with insecticidal horticulture oil
(SuffOil-X). Additional treatments included SuffOil-X as standalone, an untreated control, and a neonicotinoid (dinotefuran as
Zylam® 20SG). Treatments were applied as three applications in
early spring based on crawler activity monitored weekly from
five untreated trees using double-sided sticky tapes. Numbers
of nymphs and gravid adults on selected branches were counted
on five sample dates after the last treatments. Results indicated
that Fulcrum at 10 oz/100 gallon water rate provided the best
and most long-lasting control. Control effects were 89% at 45
days after the first treatment (DAT) and 100% from 76 to 210
DAT. The tank mix of Molt-X and SuffOil-X provided 100%
control from 76 to 120 DAT, and their stand-alone treatments only
provided partial suppression. Therefore, there was a significant
synergistic effect from their tank mix. Zylam as foliar spray
only provided effective control up to 76 DAT. Cyantraniliprole,
when mixed with CapSil, suppressed CMBS population only
at 76 DAT. This product may need to be applied earlier to have
enough time to become available in the bark tissue. Based on
these results, other products containing pyriproxyfen or other
IGRs should be tested for their efficacy on CMBS so that IGRs
can be incorporated into a CMBS IPM program.

Culture, Cultivation, and Collaboration—
What We Learned from A Scientific Exchange
Program on Tea in China
Yan Chen*1, Jeff Beasley2, Jason Stagg1, Brent
Pemberton3, Donglin Zhang4, and Jason McDonald5

Hammond Research Station, LSU AgCenter, Hammond, LA
70403, Email: yachen@agcenter.lsu.edu; 2School of Plant,
Environmental and Soil Sciences, LSU AgCenter, Baton
Rouge, LA 70803; 3Texas A&M University Agri-Life Research
and Extension Center, Overton, TX 75684; 4Department of
Horticulture4, University of Georgia, Athens, GA 30602; and
5
Great Mississippi Tea Company, Brookhaven, MS 39601
1

Consumption of tea as a healthy beverage has increased sixtimes over the last decade and reached $10.2 billion in 2015.
During the same time, number of tea (Camellia sinensis) growers
in the continental United States has also increased. The U.S.
Tea Association predicts that the tea market will continue to
develop for the next decade. There is a great potential for U.S.
tea growers to profit on domestically-grown and processed
tea. However, information on propagation, production, and
processing is largely unknown although C. sinensis has been
grown in the United States for a long time. A trip to China
was made in Oct. 2016 by a group of four horticulturists from
LSU AgCenter, Texas A&M AgriLife Extension, University of
Georgia, and a tea grower from the Great Mississippi Tea Co.
to visit tea research institute and universities with tea science
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departments in the southeastern region of China, and marketing leaders and tea association in metropolitan Shanghai, and
learn the history, challenges, research findings, and marketing
strategies from them. Information brought back from this trip
helped U.S. researchers plan coordinated efforts in developing
projects and building the tea industry back home.

Performance of Black Diamond™ Crepe
Myrtles (Lagerstroemia indica L.) in Northeast
Texas
Kevin Chretien* and Derald A. Harp

School of Agriculture, Texas A&M University–Commerce,
Commerce, TX 75429

Black Diamond™ (BD) is a new series of crepe myrtle (Lagerstroemia indica L.) selected for its dark foliage. To evaluate
performance in northeast Texas, specimens were planted at three
different locations with three different soil types, a fine sandy
loam in Campbell, TX, a silt loam in Commerce, TX, and a heavy
clay in Greenville, TX. Beds were tilled and no amendments
added. Beds were arranged in a RCBD, with four blocks per
location, and a specimen from each of the following cultivars,
BD Red Hot, BD Crimson Red, BD Best Red, BD Blush, BS
Pure White, and ‘Centennial Spirit’ as a control. Irrigation was
applied weekly using drip irrigation. Plants were scored using
a 0–5 scale for landscape performance and disease incidence.
Physical measures included height, width, leaf color (SPAD),
and leaf temperature. Plants at the Greenville location were
smaller, likely due to high winds at the site, but all other variables were consistent across all study sites. As expected, SPAD
readings were lower in the control, but did not vary across the
BD cultivars, and leaf temperature did not vary. BD Crimson
Red (4.38) and the control (4.27) had the highest performance
scores, while BD Pure White (2.20) was the poorest. BD Pure
White also commonly suffered with powdery mildew and had
the poorest disease rating (3.70). While further evaluation is
needed, BD cultivars, with the exception of BD Pure White,
appear to perform as well or better than existing cultivars in
northeast Texas.

Landscape Trials of Crapemyrtle Bark Scale
(Acanthococcus lagerstroemiae) in Texas
Haijie Dou1, Mengmeng Gu*1, Erfan Vafaie2, and
Michael Merchant3

Department of Horticultural Sciences, Texas A&M AgriLife
Extension Service, College Station, TX 77843, 2Texas A&M
AgriLife Research and Extension Center2, 1710 FM 3053
North, Overton, TX 75684, 3Texas A&M AgriLife Extension
Service, 17360 Coit Rd, Dallas, TX 75252-6599.
1

Crapemyrtle bark scale (Acanthococcus lagerstroemiae) reduces
tree vigor and often causes unsightly sooty mold. Three landscape
trials were conducted in Texas in 2016, and the scale crawler
population was monitored using double-sided tape weekly or
biweekly. In Tyler trial, canopy spray was applied using acephate,
bifenthrin, hort soil + azadirachtin on 12 Apr.and 26 Apr. while
soil drench was applied on 12 Apr. using imidacloprid and diS38

notefuran. The control sprayed with water had two peak crawler
populations in May and July. Imidacloprid and dinotefuran
did not show pest suppression until 1 month after treatment.
Bifenthrin and hort soil + azadirachtin had slight crawler suppression in May, and significant suppression in July, while plants
treated with acephate had higher crawler counts than control.
In McKinney trial, an early season (14 Mar) hort oil canopy
spray did not reduce crawler population significantly through
71 days after treatment. In Dallas trial (application on June 6),
imidacloprid (soil drench) alone and control were compared to
cypermethrin (low & high; spray) and carbaryl (low & high;
spray) with or without imidacloprid. Scale numbers in plots
treated with carbaryl and cypermethrin alone was significantly
higher compared to even the untreated control. A timed counts
of lady beetles indicated that there were fewer lady beetles on
trees treated by carbaryl and cypermethrin. Plants treated with
imidacloprid alone or in combination had even fewer lady
beetles, which may be caused by fewer scales to feed on with
or without the killing effect of carbaryl or cypermethrim. In the
College Station trial, half and full label rates of imidacloprid and
dinotefuran were applied as soil drench on 10 June 10 and again
on 11 Nov. when no significant suppression was observed on
any treatments. Four weeks after the second treatment, crawler
counts were lower in imidacloprid treatments than control or
dinotefuran treatments.

Observations from the First Year of an Olive
Varietal Evaluation in Louisiana
Jason Stagg*

LSU AgCenter, Hammond Research Station, 21549 Old
Covington Highway, Hammond, LA 70403

As an ornamental landscape plant, olives (Olea europaea) offer an unusual silver-green foliage color on an easily-pruned
medium-sized tree. More traditionally, olives are known as
a useful orchard crop for producing culinary olive oil, table/
eating olives, and olive oil-derived products for skin and hair
care. The United States (U.S.) is the world’s largest consumer
of olive oil, but only about five percent is produced domestically. While California has long been the largest domestic olive
producer in the U.S., the last decade has witnessed the growth
of olive orchards in southern states such as Texas, Georgia,
and Florida. Interest in olives is increasing in Louisiana, but
the crop has never been evaluated by a university here. A 2015
survey of Louisiana Master Gardeners indicated high levels of
interest but little specific knowledge about required growing
practices. To help provide insight into this unfamiliar species
in Louisiana, the LSU AgCenter’s Hammond Research Station
(USDA Hardiness Zone 8B) planted a varietal evaluation of
olive trees in May 2015 with the goal of observing establishment success and growth characteristics over a two-year period.
The orchard was completely randomized with four replications
of 15 olive varietals. A traditional orchard spacing layout was
used with 25 feet (7.62 m) between rows and 18 feet (5.49
m) between trees. Orchard rows were raised an average of 12
inches (30.48 cm), drip irrigation was installed, and trees were
minimally staked after planting. A clean orchard floor protocol is
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followed, but excessive weed pressure has required the regular
use of herbicides. The orchard has experienced above-average
annual rainfall totals, two major flood events, and one Arctic
cold front that dropped temperatures to 22 °F (–5.56 °C) on
two consecutive nights. Lab tests will be completed in 2017 to
verify suspected herbicide drift injury, root and foliar pathogen
damage, and black scale (Saissatia oleae) insect infestation on
some trees. Despite the challenging growing conditions, ‘Anglandau’, ‘Arbequina’, ‘Bouteillan’, ‘Grossane’, ‘Manzanilla’,
and ‘Picual’ appear to be the best-established varietals after the
first year. ‘Arbosana’. ‘Frantoio’, ‘Koroneiki’ and ‘Mission’
established well but suffered greater cold damage as evidenced
by splitting bark and/or excessive defoliation. ‘Bouteillan’,
‘Grossane’ and ‘Picual’ lead in ornamental value so far.

frond count were recorded at potting, 7 weeks after treating
(WAT), and 23 WAT. Measurements were subjected to a onetailed t-test where treatments were individually compared to
the untreated control in order to test for a negative impact in
growth. At 23 WAT, palms treated with Freehand or Tower at the
4x label rate had a 17% reduction in final bud height compared
to the control. Palms treated with Tower at 6.0 kg·ha–1 showed
a reduction in growth rate compared to nontreated plants when
evaluating the difference between initial and final growth index
(23 WAT—initial). Tower® applied at 6.0 kg·ha–1 was also the
only treatment that exhibited any visual phytotoxicity, where
70% of the plants treated had 1 to 2 fronds with deformed
fronds. No decrease in growth or phytotoxicity was observed
in plants treated at the label rate of any herbicide.

I Have a Drone, Now What?

Nursery Irrigation Application Distribution in
Overhead Irrigation

James A. Robbins*

University of Arkansas Division of Agriculture CES, 2301 S.
Univ. Ave., Little Rock, AR 72204

The FAA made significant changes in 2016 to the regulations
that allow academic users to fly small unmanned aircraft systems (sUAS). On 4 May, the FAA released a Memorandum
(Educational Use of Unmanned Aircraft Systems) that addresses
“educational use”. The document was released to clarify the
FAA’s position that ‘a person may operate an unmanned aircraft for hobby or recreation . . . at educational institutions and
community-sponsored events’. This Memorandum is interpreted
to include extension and classroom users and should be read
and followed very carefully. On 29 Aug., the FAA released
permanent rules, referred to as ‘Part 107’, for a broad spectrum
of commercial uses (including academic researchers) of sUAS.
For academic researchers, Part 107 provides a simpler and more
rationale pathway compared to the alternative, a ‘Certificate of
Authorization’ (COA).

Evaluation of Phytotoxicity of Preemergent
Herbicides in Container Grown Windmill Palm
(Trachycarpus fortunei)
Jeremy M. Pickens*1 and Stephen C. Marble2

Auburn University, Ornamental Horticulture Research Center,
PO Box 8276, Mobile, AL, 36608, 2University of Florida, Mid
Florida REC, 2725 South Binion Rd, Apopka, FL 32703.
1

Four preemergent herbicides were evaluated for plant safety for
container grown windmill palm (Trachycarpus fortunei). The
products were applied at one, two and four times the highest
label rate at both 1 and 7 weeks after potting. The following
products and rates were evaluated and compared to an untreated
control: dimethenamid-P (Tower®) at 1.5, 3.0 and 6.0 kg·ha–1,
dimethenamid-P + pendimethalin (FreeHand®) at 3.9, 7.8,
and 15.6 kg·ha–1, indaziflam (Marengo®) at .05, 0.1, and 0.2
kg·ha–1, and prodiamine + isozabam (Gemini™) 2.8, 5.6, and
11.2 kg·ha–1. Growth indices, stem diameter, bud height, and
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Mark A. Wilson* and Edward Bush

Louisiana State University, School of Plant, Environmental
and Soil Sciences, 104 Sturgis Hall, Baton Rouge, LA 70803

With the looming idea of further implementation of water use
regulations in Louisiana, the application distribution of the
water being applied to nursery crops by overhead irrigation
becomes even more of a vital topic. With the volume of water
a plant required varying between species of plant and size or
age, in this experiment a standard one acre inch was used and
the base line for application volume. The first step of determining irrigation application distribution is to determine the flow
rates of water feeding the production yard in question. In this
experiment this was done using a wheel driven flow gauge, accompanied by pressure gauge, to check for adequate operation
pressure. This was then followed by equally distributing rain
gauges in a grid pattern over the irrigated area. The yard was
then irrigated for a thirty minutes, and volumes of water were
then collected and recorded. This was repeated over three yards
per nursery on three different main irrigation supply lines. The
numbers were calibrated to represent an hour of irrigation, and
impute into thermal mapping software, to allow for a visual
image of dry and wet zones. In this experiment we found that
most of the nurseries visited were operating below optimal
pressure, and were not applying the necessary volume of water
required to sustain plant growth and development. This may be
in part to the impact irrigation head not being able to perform as
intended due to lower pressure, or maintenance requirements.
However the findings of this experiment showed that growers
in the Louisiana nursery industry are applying less water than
expected and or intended. This allows for modifications and
correcting to be made now prior to any further regulations being
set allowing growers an easier transition period.
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Vegetable Crops Section
Fall Broccoli Cultivar Performance in Central
Mississippi
William. B. Evans* and M. Bates

Mississippi Agriculture and Forestry Experiment Station, Truck
Crops Branch, P.O. Box 231, Crystal Springs, MS 39059-0231
(bill.evans@msstate.edu)

We conducted a commercial cultivar trial for fresh market bunch
broccoli (Brassica oleracea L., var. italica Plenck.) production
at Crystal Springs, Mississippi in Fall 2015 to assess fruit yield
and quality, and to introduce the crop to Mississippi vegetable
farmers looking for an addition to their offerings in direct retail
and local wholesale markets. The site was prepared and managed
for bunch broccoli with transplants spaced six inches apart in
twin rows, one foot apart on narrow, bare ground raised beds
on 42-inch spacing. We tested three early fall planting dates
for ten cultivars using a randomized complete-block design,
with cultivar subplots split on planting date main plots. The
study produced significant plating date by cultivar interactions
for harvested head count and total harvested weight per plot.
Planting date influenced the number of marketable heads harvested, and the yield of cull heads. The cultivar type impacted
yield far more than did the planting date. Cultivars differed in
production of number of both marketable and cull heads/plot,
and in the combined weight of heads in each grade. Cultivars
differed in concentration of maturity among plants in each plot;
planting date also influenced concentration of maturity. The trial
resulted in significant impact to the farming community, with
a subsequent trial of more than 30,000 plants on more than 10
farms leading to market acceptance in multiple retail and local wholesale channels in the state, making it one of our most
impactful cultivar trials in recent years.

Effect of Shade on Plant Growth, Physiology
and Fruit Yield in Bell Pepper (Capsicum
annuum L.)

Mohammad Yamin Kabir*1, Juan Carlos Díaz-Pérez2,
Savithri U. Nambeesan1, and Bhabesh Dutta3
Department of Horticulture, University of Georgia, Athens,
GA 30602; 2Department of Horticulture; 3Department of Plant
Pathology, University of Georgia, Tifton, GA 31793
1

An experiment was conducted with bell pepper ‘Bayonet’ in
Spring 2016 at the Horticulture Farm, University of Georgia,
Tifton, to evaluate the effect of shade level on plant growth,
physiology, and fruit yield. Seedlings were transplanted in the
field in March and shade nets were placed in May. Plants were
grown under five levels of shade (0%, 30%, 47%, 63%, and
80%) using black shade nets; the design was a randomized block.
Shade resulted in taller plants, with larger leaves, and greater
total number of leaves per plant. Leaf water potential (MPa)
increased and photosynthetically active radiation (µmol·m-2·s-1)
decreased as shade levels increased. Increased net photosynthesis
(µmol·m-2·s-1) was observed at 30% shade level. Individual fruit
weight and percent marketable fruit increased with increasing
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shade level. Moderate shade levels (30% or 47%) reduced
sunscald incidence by 17% compared to open field. Therefore,
moderate levels of shade improved plant growth, gas exchange,
plant water status, and fruit yield in bell pepper compared to
open field production.

Low Tunnels Increased Vegetative Growth in
Lettuce and Shortened the Time to Harvest In
Virginia
Ramón A. Arancibia and James Jenrette

Eastern Shore AREC, Virginia Tech, Painter, VA 23420

Rowcovers (low tunnels) have been used successfully in protected
production systems to extend the production season in temperate
climates. Rowcovers increase temperature and protect against
light freezes. Spring and fall lettuce is grown in Virginia by rural
and urban vegetable farmers due to the high value and demand in
local direct sale markets. Because of its short production cycle,
it allows fast reuse of the space which is very important for
urban agriculture, however, production and quality in summer
and open fields is limited due to environmental conditions and
pests. The objective of this study was to determine differences
in growth and time to harvest under low tunnel in comparison
to open field. Three experiments were conducted in Spring (17
Mar. and 16 May) and Summer (19 Aug.) at the Eastern Shore
AREC in Painter, VA. Lettuce cultivars were ‘Adriana’ (butterhead), ‘Red Sail’ (loose leaf) and ‘Monte Carlo’ (cos/romaine).
Transplant were grown in the greenhouse at 20 to 30 °C for
3–4 weeks in soilless media before field planting. Rowcover
increased temperature in all three studies specifically mean and
maximum daily temperature. Time to first harvest and average
increase in head weight under rowcover in the three plantings
dates were 55 days and 44%, 30 days and 50%, and 39 days
and 36%, respectively. The second harvest was 6 and 12 days
after the first harvest in the second and third plantings, and head
weight of non-covered plots were similar to those covered head
from the first harvest. In conclusion, lettuce can be grown during
the summer under rowcover in Virginia and rowcover reduces
the time to harvest and may improve land use efficiency and
sustainability of vegetable farmers and urban agrculture.

The Future of Applied Research and
Extension—Will it Exist in the Future?
Lynn Brandenberger*

Department of Horticulture and Landscape Architecture,
Oklahoma State University, Stillwater, OK 74078 lynn.
brandenberger@okstate.edu

The system that was started in 1862 by the passage of the first
Morrill act, increased in its funding and scope by the Hatch
act in 1887 and the second Morrill act in 1890, and began its
extension mission with the passing of the Smith–Lever act in
1914 has served our country and world well. The food system in
the United States is the envy of the world and has been a major
player in developing the economic powerhouse that is the United
States. But . . . there are some cautions that we must heed if we
are to continue with this great mission. First, much research
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done in Land Grants is driven by outside funding i.e. “Grants.”
Conceptually using grant funds to carry on research is straight
forward, but one aspect of this system is that whoever is paying
the bill has a significant say in the direction that the work will
take. So there is a possibility of conflict between grantors and
local clientele. Second, because Land Grant universities need
external funds to function in today’s tight economy a considerable amount of time and effort will be needed to obtain and
manage those funds. The 2012 Federal Demonstration Partnership faculty workload survey reported that for federally funded
grants, researchers use a little more than 42% of their time on
related administrative activities related to that funding. That is
time not spent on either research or extension activities. Third, a
substantial amount of funding is targeted at more basic research
and not applied research and extension. Currently the system
has managed to keep some balance with the basic versus applied
research question, but it is important for all of us to keep this in
mind as we pursue external funding. Both types are needed to
be able to address the needs of the future. As faculty are lost to
industry, retirements, etc. we need to keep in mind that we need
a balance of basic and applied people in our system to be able to
find the answers and to deliver the technology and information
that our clientele need.

Pre- and Postharvest Evaluation of Processing
Tomato Cultivars in North Carolina
Courtney DeKalb*1, Nicole Sanchez2, Penelope
Perkins-Veazie3, and Christopher C. Gunter4

1,4
Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695; 2Klamath County Extension
Services, Oregon State University, Klamath Falls, OR 97603;
3
Department of Horticultural Science, North Carolina State
University, Plants for Human Health Institute, Kannapolis, NC
28081

The decline of North Carolina’s manufacturing industry has
left many unemployed and infrastructure underutilized in the
rural parts of the state. North Carolina’s Food Processing and
Manufacturing Initiative aims to find new and diverse crops to
supplement this decline. Processing tomatoes have been suggested, as there is a preexisting processor with a salsa product.
Currently, the majority of processing tomatoes are grown in
California where the industry is well established. The objective of the study was to evaluate the feasibility of a processing
tomato industry in North Carolina through cultivar evaluation
and determine their yield, postharvest quality, and their suitability for salsa production. Ten cultivars (HMX2905, HMX2906,
HMX3881, HMX3882, MX3888, HMX4909, HMX7883,
N6402, N6404, and SPESSO6415) were grown in 2015 and
2016 in a randomized complete-block experimental design. The
trials were grown on three commercial tomato grower’s farms
and cultural practice were managed by the grower. Between the
three sites and two years, yield ranged from 1.43 tons/acre to
36.78 tons/acre. ‘HMX2906’ was consistently highest in marketable yield among sites and years. ‘N6402’ consistently had the
highest soluble sugars content (4.75–7.08 °Brix), ‘HMX4909’
consistently fell with the desirable range for pH (< 4.4), and
‘HMX2905’ was the highest in lycopene content (88.86 mg/kg
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to 114.84 mg/kg). Batch sensory tests conducted at the processor
by trained panelists found that ‘HMX2905’ and ‘HMX2906’
were most favored for the salsa product based on flavor and
texture. Processing tomato production in North Carolina is
a possibility but further research is needed to maximize the
potential of cultivars.

Effect of Different Replenishing Methods
in a NFT System on Growth of Four Leafy
Vegetables

Youping Sun1, Lifei Chen1,2, Qiang Liu1,3, and Genhua
Niu*1

Texas A&M AgriLife Research at El Paso, El Paso, TX 79927;
Jielin Agricultural University, Changchun, Jilin 130118,
China; 3Central South University of Forestry and Technology,
Changsha, Hunan 410004, China
1
2

Nutrient solution is commonly replenished with full strength or
partial strength in a recirculating system. Due to environmental
and economic reasons, recirculation and reuse of nutrient solution in a hydroponic system is encouraged. However, limited
information is available on the effect of replenishing methods
on plant growth and quality. A greenhouse experiment was
conducted to examine the growth and quality of four leafy vegetables in a nutrient film technique (NFT) system replenished
with nutrient solution, tap water or reverse osmosis (RO) water
and to quantify the dynamic changes of minerals in the nutrient
solution tanks. Seeds of Brassica rapa var. chinensis ‘Tokyo
Bekana’, ‘Mei Qing’, and ‘Rosie’ (pac choi) and Lactuca sativa
‘Tropicana’ (leaf lettuce) were sown in rockwool cubes and
grown in a growth chamber. Two weeks after sowing, seedlings
were transplanted to the NFT systems. The experiment was
conducted from 2–19 May 2016, using six NFT units, each
with four channels. There were a total of 48 plants per unit. All
tanks of NFT units were filled with 100 L commercial nutrient
solution (158.4 ppm N, Botanicare CNS17 grow formula 3–1–2)
at the start of the experiment. The tanks were replenished with
20 L of nutrient solution, tap water, or RO water every three
to five days, a total of four times. The experiment followed a
randomized design with two replications, one NFT unit as one
replication. The greenhouse was maintained at average temperatures of 26.9 °C during the day and 23.5 °C at night and
average daily light integral was measured at 13.3 mol·m–2·d–1.
The NO3- and P in the tanks decreased to a lower value, while
K+ decreased to close to zero at the end of experiment when
replenished with tap and RO water. Ca2+, Mg2+, and SO42– did
not change or increased over time. Replenishing methods did
not affect the growth of leaf lettuce and ‘Mei Qing’ pac choi;
however, fresh weight of ‘Rosie’ pac choi and both fresh and
dry weight of ‘Tokyo Bekana’ pac choi were reduced when
replenished with RO water. Nitrate concentration of leaf tissue was reduced in leaf lettuce, but not in other species, when
replenished with RO and tap water. Potassium of leaf tissue
was reduced in ‘Tokyo Bekana’ pac choi, but not in other species. The replenishing treatment did not impact the calcium
concentration of leaf tissue, regardless of species. Our results
indicated that species responded to replenishing method dif-
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ferently. N, P, and especially K should be supplemented every
two weeks or sooner when plants are larger.

Trellising and Training Eggplants for High
Tunnel Production
Sanjun Gu*, John E. Beck, and John E. Kimes

Cooperative Extension Program, North Carolina Agricultural
and Technical State University, Greensboro, NC 27410

High tunnels benefit small farmers by extending the growing,
harvesting and marketing seasons of specialty crops. To maximize
the benefits, farmers need to carefully manage the cropping time
and efficiently use the space in a high tunnel. Eggplants are an
important component in Asian and European diets. Information
on high tunnel eggplant production has been limited. The objective of this trial was to exam the effect of trellising and training
on the performance of eggplants in a high tunnel setting. Four
cultivars (Clara, Classic, Mangan, and Orient Express) were
trellised with either Florida Weave system (FW) or Tomato
Rollerhook® system (RH). Suckers of plants with FW were
removed up to the node of the first female flower. Plants with
RH were pruned to one leader by removing suckers all season.
Plant heights were not affected by the trellis types when the first
female flower bloomed. At the end of the season, plants in RH
(153 cm) were much taller than that in FW (103 cm). The RWtrellised plants had higher fruit number and yield—for example,
the total number of fruit and yield of FW was 13.4 and 2.3 kg/
plant, while they were 7.5 and 1.4 kg/plant in RH, respectively.
Significant differences existed among cultivars in terms of the
fruit number, marketable and total yield, and the yield accumulation along the harvest season. ‘Clara’ and ‘Classic’ had significant
higher yield than ‘Mangan’ and ‘Orient Express’. Throughout
the season, ‘Clara’ and ‘Orient Express’ had higher accumulated
yield in FW; while with ‘Mangan’ and ‘Classic’, the accumulated
yield was higher in RH than in FW until the mid-season. While
RH had low yield, its open canopy would potentially reduce
disease incidence and ease plant management. It was suggested
that plants should be trained to two leaders in RH and future
research will be focused on this regard with more cultivars.

Evaluation of Rhizome Size, Planting Date,
and Mycorrhiza on Yield of Ginger (Zingiber
officinale) in Texas

Joseph Masabni1*, Genhua Niu2, and Youping Sun2

Texas A&M AgriLife Research and Extension Center, 1701
FM 3053 N, Overton, TX 75684; 2Texas A&M AgriLife
Research Center, 1380 A and M Circle, El Paso, TX 79927
(jmasabni@ag.tamu.edu)

1

An experiment was conducted to evaluate planting time, ginger
initial weight, and mycorrhiza on total yield of ginger grown
in pots in a greenhouse. Ginger roots were cut to various sizes
ranging from 1–4 oz. Commercial recommendation is to use
2-oz. pieces. Ginger pieces were planted at 2 planting times.
At each planting time, mycorrhiza was added to some ginger
pieces as a treatment. Plants were grown in pots in a greenhouse
in the 2016 growing season. Pots were watered regularly and
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fertigated with 200 ppm nitrogen with each watering. The second
planting in February resulted in almost 75% death of the plants
with or without mycorrhiza. Only the first planting was carried
to harvest in December. There was no difference in harvest
weight of ginger roots in December between the two mycorrhiza treatments. In addition, there was no observed correlation
between initial seed weight and final harvest weight of the ginger
roots. In other words, ginger seed pieces weighing 1.85 oz. or
4 oz. initially resulted in similar harvest weight of about 20 oz.
The average ginger root weight at harvest was 13.8 oz. when
mycorrhiza was added and 16.2 oz. without mycorrhiza. But
this difference was not statistically significant. The experiment
will be repeated in 2017 in a high tunnel with ginger planted in
the soil, not in pots.

Evaluation of Summer Cover Crop Mixes for
Fall Broccoli Production in the Mid-South
Amanda L. McWhirt* and Jackie A. Lee

2301 S. University, Department of Horticulture, University of
Arkansas, Little Rock, AR 72204

Mixes of summer cover crops were evaluated for their impacts on
fall broccoli production in the Mid-southern United States. Cover
crops treatments were planted at in Hope, AK, on 19 May 2016,
and Kibler, AK, on 2 June 2016. Treatments included cowpea
(89.67 kg/ha), buckwheat (78.46 kg/ha), cowpea (67.25 kg/ha)
+ Sudangrass (16.81 kg/ha), cowpea (67.25 kg/ha) + pearl millet
(11.21 kg/ha), buckwheat (56.04 kg/ha) + Sudangrass (16.81 kg/
ha) and buckwheat (56.04 kg/ha) + pearl millet (11.21 kg/ha).
Cover crops were planted in a completely randomized block
design with five replicates of each treatment in 3.65 m x 9.14
m plots. Cover crops were allowed to grow over the summer
and were terminated on 8 Aug. and 11 Aug. in the Hope and
Kibler locations, respectively. Subsequently, Arcadia variety
broccoli was transplanted into white plastic raised beds laid
down the middle of each plot. The SPAD measurements (average of three readings) were collected on most recently matured
leaves at five points during the growing season. At maturity ten
broccoli heads were harvested and assessed for fresh weights
(g) and head diameter (cm). Significant effects (P < 0.05) of
cover crop treatment were seen for both fresh weight and head
diameter with the cowpea treatment having higher weights and
head size than the control at both locations. The SPAD measurements indicated higher (P < 0.05) chlorophyll contents in the
Cowpea treatment relative to most other treatments, however no
statistical difference was found between SPAD measurements
for cowpea and the control. A possible effect of increased plant
tissue nitrogen content due to contribution of nitrogen from the
cowpea treatment may explain increased observed yields in the
cowpea treatment. Head sizes and fresh weights were significantly
lower at the Kibler location due to delayed transplanting date.

Performance of the Smart IrrigationTM App for
Tomato Yield and Quality

Luke Miller*1, George Vellidis2, Wesley Porter2, Erick
Smith1, and Timothy Coolong1
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2360 Rainwater Road, Dept. of Horticulture, University of
Georgia, Tifton, GA 31793; 22360 Rainwater Road, Crop and
Soil Sciences Department, University of Georgia, Tifton, GA
31793
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Numerous tools have been developed to improve irrigation
scheduling in vegetables. Recently, smartphone applications
have been developed that schedule irrigation based on crop
coefficients and real-time weather data. Called the Smartirrigation™ application (smartirrigationapps.org), these tools have
the potential to aid farmers in conserving water and nutrients
for crops. The parameters to determine irrigation in each application are based on crop-specific evapotranspiration (Et)
curves that have been linked to weather stations in Georgia
and Florida. This new application has the ability to use weather
forecasting tools to predict Et for several days in advance, allowing irrigation to be scheduled proactively. To determine the
efficacy of a new Smartirrigation™ application for tomatoes
(Solanum lycopersicum), a trial was conducted comparing it to
a water-balance method and an automated soil moisture based
irrigation system. Tomatoes ‘Red Bounty’ were planted into
raised beds of black plastic mulch. The trial was a randomized
complete-block design with four replications of each treatment.
Total water use, soil moisture at depths of 15, 25, and 36 cm,
as well as yield, °Brix, titratable acidity, and internal pH were
recorded. Our results indicated that the Vegetable App and the
soil moisture-based irrigation system reduced water use 14%
and 50%, respectively, compared to the water-balance method
while maintaining similar yields. Internal quality parameters
did not significantly differ among the irrigation scheduling
treatments, suggesting that water usage may be reduced, while
not affecting quality. Data from this trial will be used to demonstrate the overall utility of the Smartirrigation™ application
for vegetable growers.

The Level and Composition of a Liquid Fertility
Program Affects Productivity of Bell Pepper
Timothy Coolong*1, Kalen Fleming2, and Justin
Shealey3

2360 Rainwater Road, Department of Horticulture, University
of Georgia, Tifton, GA 31793; 2Agriculture Science Bldg.,
Abraham Baldwin Agricultural College, Tifton, GA 31793;
3
Echols County Cooperative Extension, Statenville, GA
1

Bell pepper (Capsicum annuum) is a significant crop for Georgia
growers. Fertility recommendations that are currently in place
may not reflect changes in growing practices that have occurred
in recent years. To determine the appropriateness of current recommendations a trial was conducted evaluating three levels of
nitrogen (N) fertilization (176, 224, and 252 kg·ha–1 N) with two
types of liquid fertilizer and two varieties of pepper (Antebellum and PSS09979325). The trial was arranged in a randomized
complete block design with five replications of 30 plants each.
There were no significant main effects of variety or liquid fertilizer source on yield or nutrient content of peppers. There was a
significant, but minor, interaction between total yield and culls
due to blossom end rot between liquid fertilizer and N level.
However, the main effects of N level had the biggest impact on
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results. As N level increased cull rates due to blossom end rot
increased linearly. Accordingly, yields decreased with increasing
N levels. This suggests that high levels of N fertility may induce
blossom end rot and ultimately reduce yields in spring-planted
bell pepper in Georgia. Foliar N concentrations were affected
by N fertilizer levels, increasing as N fertilizer rates increased.
No other nutrients in the foliage were impacted by treatments.

Multiple Pathogen Resistance Breeding in
Capsicum spp.

Stephen M. Perry*1, Kevin M. Crosby1, Olufemi J
Alabi2, John L. Jifon2, and Daniel Leskovar3

Dept. of Horticultural Sciences, Texas A&M University,
College Station, Texas, TX 77843; 2Texas AgriLife Research
and Extension Center, 2415 East Business 83, Weslaco, TX
78596; 3Texas A&M AgriLife Research & Extension Center,
1619 Garner Field Rd., Uvalde, TX 77801 (stephen_perry@
tamu.edu)
1

Tobacco etch virus (TEV) resistance from a USDA Capsicum
baccatum accession, previously introgressed into interspecific
Hyb133 (Serrano 33 x Cb), was tested for segregation in greenhouse conditions in College Station, TX. Thirty-five families,
10 each, containing Hyb133 were inoculated with a TEV isolate from Weslaco, TX. Inoculum was prepared by macerating
infected leaves in a phosphate buffer with carborundum, and
mechanically inoculated onto plants, each day for six days on
a different leaf. Symptoms were recorded for each plant. The
PI showed initial symptoms, but 9/10 plants recovered, suggesting a potential hypersensitive resistance threshold. Families
containing known susceptible parents and Hyb133, segregated
in an approximate 3:1 ratio, supporting the dominant gene action recorded in our previous data. One Phytophthora capsici
(Pcap) isolate was from a pepper farm in Arizona, and another
from the collection of Ron French in Amarillo, TX—isolated
from pumpkin. Inoculum was prepared using hydrated wheat
berries and plugs of active agar. Inoculum ground and added
to media at a ratio of 1 g of ground inoculum to 1 kg media.
Families created from resistant plants were planted into seed
trays, and at the 5–7 true leaf stage, they were transplanted into
the inoculated soil in 4-inch pots. Pots placed in trays and subirrigated as needed. Symptoms were recorded for 18 weeks.
Multiple families had plants that remained unaffected by Pcap
for the duration of the study. These plants are now being screened
for a third time. A larger population will need to be screened
to identify the gene action and to further this research toward
identifying molecular markers for future breeding.

Posters Section
Cutting Propagation of Softwood and SemiHardwood Vitis aestivalis ‘Norton/Cynthiana’
Grapevines
Andrew Thomas*, Nathan Phillips, and Song Cui

School of Agribusiness and Agriscience, Middle Tennessee
State University, Murfreesboro, TN 37132
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Vitis aestivalis ‘Cynthiana/Norton’ is a native grape cultivar
used for wine production. Known as ‘the Cabernet of the
Ozarks’, V. aestivalis is becoming more popular due to its inherent resistance to some pathogens common in the southeast.
Recent research has demonstrated that mid spring is the best
time to take cuttings for optimal rooting. The objective of the
study was to more precisely determine: 1) the optimal time
window for procuring cuttings to ensure successful rooting;
2) whether juvenile or mature tissue produced more positive results; and 3) which range of cutting diameters would
prove more conducive to propagation of Vitis aestivalis. The
diameter of the cuttings were measured in between the second
and third nodes from the base of the stem and exposed to an
IBA rooting hormone. The cuttings were then placed in pots
using perlite as a medium and placed on bottom heated mist
bench in the university greenhouse. Thirty-six cuttings (18
juvenile/18 mature) were taken every week from 4 May to 6
July 2015, for a total of 10 weeks and 360 cuttings. After six
weeks on the mist bench, each repetition was removed and
the cuttings were checked for callus formation, root initiates,
and the number of roots greater than 1 centimeter. Cuttings
taken from mature tissue rooted more reliably with high
success rates from the end of May to the end of June. However, mortality in rooted cuttings increased significantly in
early- to mid-June, leaving two short windows of optimal viable rooting.

Blackberry Red Drupelet Incidence after
Cold Storage and Associated Fruit Quality
Implications

Melinda H. Yin*1, Margaret L. Worthington1, Bethany
M. Sebesta1, Renee T. Threlfall2, and John R. Clark1
316 Plant Science, Department of Horticulture, University
of Arkansas, Fayetteville, AR 72701; 2Department of Food
Science, University of Arkansas, Fayetteville, AR 72704
1

Nine University of Arkansas blackberry genotypes representing
varied fruit quality characteristics were evaluated for postharvest
responses to different harvest times and cold storage. For each
genotype, berries were harvested at 7 AM, 12 PM, and 4 PM.
At each harvest, fruit temperature was measured in the field.
Fresh fruits were evaluated for firmness after harvest, subjected
to a 5 °C cold storage treatment for 7 days, and then analyzed
for firmness, mass loss, and red drupelet reversion (RDR).
Analysis of variance indicated that for firmness, genotype and
storage main effects were significant but the main effect of
harvest time and interactions were not significant. For mass
loss, only the genotype main effect was significant, and for
RDR only genotype and harvest time were significant. Berry
temperatures at harvest were lowest for the 7 AM harvest, and
significantly warmer at the later harvest times. Genotype A-2453
demonstrated the highest firmness values before and after storage, as well as the least RDR. The 7 AM harvest time resulted
in the least RDR across genotypes. These findings indicate that
generally, blackberries should be harvested earlier in the day to
reduce RDR, but also that there is a significant genotype effect
on this postharvest disorder.
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Activation Efficacy of Preemergence Herbicide
Flumioxazin Under Three Different Irrigation
Systems in Blueberry (Vaccinium spp.) Planted
in Pine Bark Culture
Erick Smith*1 and Mark Czarnota2

Department of Horticulture, University of Georgia, Tifton GA,
31793; 2Department of Horticulture, University of Georgia,
Griffin, GA, 30223

1

Blueberries in South Georgia are planted in sandy soils with
low organic matter. Many growers use pine bark (Pinus spp.)
to amend low organic soils as mulch and through incorporation into the soil. During the first few years after planting and
throughout the life of the orchard weed management is critical
to reduce competition for nutrients and maintain high yielding
plants. Preemergence herbicides (PH) are an effective tool to
reduce weed competition, However, PH need approximately
1.27–2.54 cm of precipitation to activate the herbicide. During
periods of drought, overhead irrigation provides adequate irrigation water to activate PH; however, drip irrigation is commonly
used by growers. At the University of Georgia’s blueberry farm
in Alapaha, GA, a study was conducted to determine if irrigation
delivery type would affect herbicide activity where pine bark
was mulched or unmulched. Southern highbush blueberries
(V. corymbosum L. hybrids) ‘Suziblue’ and ‘Camellia’ where
evaluated. Pine bark treatments were: 1) 11,200 kg·ha-1 of pine
bark incorporated into the soil before planting (no-mulch)
and 2) 11,200 kg·ha-1 of pine bark incorporated with 7.62 cm
surface applied to the bed (mulch). Three irrigation treatments
were evaluated: 1) single drip tape, 2) double drip tape, and 3)
and a micro-emitter. PH, Chateau (flumioxazin), was applied at
the rate of 702 g·ha-1 using a CO2 backpack sprayer calibrated
to deliver 187 L·ha-1. No-mulch and mulch where considered
separate experiments, but where applied simultaneously. Herbicide was applied over the bed as a directed spray to both sides
of the plant. The herbicide band was 1.8 m x 3.66 m in length
over three plants per treatment. In both mulch and no-mulch,
four replications per irrigation treatment were made with applications on 20 Aug. 2014 and 8 Apr. 2015. Overall control,
weed counts, and percent weed cover where taken at 4, 8, and
12 weeks after treatment (WAT), and weed fresh weight was
taken at 12 WAT. Significant differences where seen within no
mulch treatments with % weed cover and weed fresh weight
in 2014, and weed count and fresh weight in 2015. There were
no significant differences seen in overall weed control between
irrigation treatments in either mulch or no mulch.

Descriptive Sensory Attributes of Arkansas
Fresh-market Blackberries Harvested in
Multiple Years

Renee T. Threlfall*1, Daniela M. Segantini2, and John
R. Clark2
2650 N. Young Avenue, Institute of Food Science and
Engineering, University of Arkansas, Fayetteville, AR 72704;
2
316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701
1
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The release of fresh-market blackberry cultivars (Rubus subgenus Rubus) with shipping potential and the consumer drive for
healthy, local foods has increased the commercial availability of
fresh blackberries. Investigating the variation in physiochemical and descriptive sensory attributes in multiple years can help
determine consistent marketable attributes of blackberries.
The physiochemical and sensory attributes of 10 blackberry
genotypes were evaluated in 2014, 2015, and 2016. Five blackberry cultivars (Natchez, Osage, Ouachita, Prime-Ark® 45, and
Prime-Ark® Traveler) and five advanced selections (A-2418,
A-2434, A-2450, A-2453, and A-2491) were harvested at the
shiny-black stage of maturity from the University of Arkansas
Fruit Research Station, Clarksville. In 2014 and 2016, ‘Natchez’
had the largest berries (12.6–14.3 g). In all years, A-2491 had
the highest soluble solids (10.9–11.0%), while A-2418 had the
highest titratable acidities (1.3–1.5%) and lowest soluble solids
(6.6–8.1%). A trained descriptive panel (n = 8–9) evaluated
fresh blackberry attributes including appearance (size of berry
and glossiness), basic tastes (sweet, sour, and bitter), overall
aromatics, and firmness using a 15-point scale (0 = less and 15
= more of the attribute) in duplicate. The interaction between
genotype and year was only significant for the descriptive attribute size of berry. ‘Natchez’ was the largest berry in all years
and A-2453 was the smallest. Regardless of year, glossiness,
sweetness, and sourness of the blackberries were not significantly different. Blackberries evaluated in 2014 were more bitter
than 2016, but more firm in 2015 and 2016. In terms of overall
aromatics, blackberries were more aromatic in 2014 and 2016
as compared to 2015. There was not a difference in bitterness
among the blackberry genotypes. A-2453 was the glossiest and
most firm. ‘Prime-Ark® 45’ was the least glossy. A-2491 was
the most sweet and A-2418 the least sweet. ‘Natchez’ had the
highest overall aromatics, but was the least firm. ‘Osage’ was the
least sour and had the lowest overall aromatics. A-2450 was the
sourest. Identifying the physiochemical and descriptive sensory
attributes for blackberries can be used to evaluate commercial
potential and identify consistent production attributes.

Pitaya Floral and Fruit Development in the
Virgin Islands
Samuel Joseph* and Thomas W. Zimmerman

University of the Virgin Islands Agricultural Experiment
Station, RR#1 Box 10,000, Kingshill, VI 00850

Hylocereus undatus, pitaya or dragon fruit is a climbing winged
cactus which is indigenous to the United States Virgin Islands
and has a delicious sweet fruit. The plants normally flower
from March through October. The goal of this research was too
track flower and fruit development of three varieties of pitaya
overtime during late season floral development in November.
Floral bud and developing fruit length and width were recorded.
Data was analyzed and averages plotted in a graph over time.
The results on the flower development were successful and can
be used to predict flowering date and harvest date. The result
on the fruit development wasn’t as good due to heavy rains at
night during anthesis causing fruits to abort. In conclusion, the
experiment was successful on floral development and will be
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repeated during the spring flowering cycle. This research is
supported by USDA-NIFA Hatch, Insular Tropical Grant funds
and USDA Specialty Crops Block Grant funds administered by
the VI Dept. of Agriculture.

Effects of Phosphorus Rate on Pecan [Carya
illinoinensis (Wangenh.) K. Koch] Seedling
Development

Michael F. Polozola II*, Daniel E. Wells, Wheeler G.
Foshee, J. Raymond Kessler, and Amy N. Wright
Dept. of Horticulture, Auburn University, Auburn, AL 36849

Pecan seedlings are known to have strong tap-rooting tendencies.
This characteristic is a hindrance to containerized production
of pecan trees. In Arabidopsis a reduction of phosphorus (P)
reduced vertical root development and encouraged root branching. An experiment was conducted to determine if decreased
P rates increased root branching and decreased tap rooting in
container grown pecan seedlings. On 25 May 2016, uniform
‘Elliot’ seedlings, with seeds intact, were transplanted from a
sand germination bed into one of 72, 45-cm tall nursery containers filled with horticultural-grade perlite and placed under
30% shade. Containers were irrigated twice daily for a total of
1.25 cm·d–1 of water. Six plants died in the first two weeks of
the experiment and were discarded. Beginning at 14 days after
transplant (DAT) varying P rates (0, 7.5, 15, 22.5, and 30 mg·L–1
P), from modified Hoagland’s solution, were applied in 250-mL
aliquots to randomly-assigned seedlings three times per week
for the duration of the experiment. Each P rate was applied
to eleven seedlings. At 112 DAT, plants were gently removed
from containers and perlite was washed off roots with a gentle
stream of water to minimize root system disturbance. Within 15
min of harvest, root systems were scanned to create .jpg files
which were later analyzed using GiARoots (Georgia Institute
of Technology and Duke University). Roots, stems, and leaves
were separated, dried, and weighed. Foliar P concentrations were
determined using ICP-AES. Network area, network perimeter,
network surface area, network length, and network volume were
determined in GiARoots using previously-generated .jpg files.
The experiment was a completely randomized design and data
were analyzed in JMP Pro 12. Foliar P concentration increased
quadratically as P rate increased. No other measured parameters
were influenced by P rate. Foliar P concentrations were within
a recommended sufficiency range for P rates above 7.5 mg·L-1
P. Results indicate that for the first 112 DAP the pecan seed can
supply adequate P to support seedling growth and development.
Future research is needed to determine if removal of the seed
could cause the root development response that was observed
in Arabidopsis.

Effects of Auxin Concentration on Rooting of
Semi-hardwood Cuttings of Select Cultivars of
Kiwifruit (Actinidia chinensis Planch. and A.
deliciosa A. Chev.)
A.R. King*, D.L. Brown, and T.P. Hartmann

Department of Horticultural Sciences, Texas A&M University,
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College Station, TX 77843-2133

As interest and popularity of the golden kiwifruit (Actinidia chinensis Planch.) increases, it is necessary to study its propagation.
The current experiment was conducted to study the effects of
auxin concentration on the rooting of semi-hardwood cuttings
of three cultivars of golden kiwifruit cuttings (‘AU Golden
Dragon’, ‘AU Golden Sunshine’, and ‘AU Golden Tiger’) and
three cultivars of green kiwifruit (A. deliciosa A. Chev.) cuttings (‘AU Arthur’, ‘CK3’, and ‘AU Fitzgerald’). Treatments
included five different auxin (IBA & NAA) concentrations (0,
1250, 2500, 3750, and 5000 mg·L-1). Cuttings were propagated
for nine weeks then destructively harvested. Rooting percentages
reached or exceeded 90% for at least one treatment of four of the
six cultivars (‘AU Arthur’, ‘AU Fitzgerald’, ‘Golden Dragon’,
and ‘Tiger’). At least one auxin treatment significantly (P ≤ 0.05)
increased rooting percentage and root quality measures for each
cultivar when compared to the control. For all cultivars, rooting
percentage was statistically similar for cuttings treated with
1250 mg·L-1 to those treated with 5000 mg·L-1 auxin. Rooting
percentages for each cultivar were among the greatest observed
when treated with the 1250 mg·L-1 auxin concentration, while
root quality measures did increase in some instances with increasing auxin concentrations.

Evaluation of Selected Pluot Cultivars for
Alabama: Preliminary Results

Elina Coneva*1, A. Svyantek1, Edgar Vinson2, and J.
Pitts2
101 Funchess Hall, Department of Horticulture, Auburn
University, Auburn, AL 36849; 2120 Co. Rd. 756, Chilton
Research and Extension Center, Clanton, AL 35045

1

Pluots and plumcots are relatively new stone fruits on the market
that resemble plums in appearance and texture, but their hybridization with apricots results in a sweeter and very flavorful fruit.
Pluot and plumcot cultivars represent a wide array of colors,
from deep purple to crimson, green and yellow. Recently, there
are more than 80 different cultivars of pluots and plumcots
grown in the United States, most of which originate from the
U.C. breeding program. None of the pluot cultivars have been
tested in research setting in Alabama to date. A trial to compare
the performance of selected pluot cultivars in Central Alabama
was established in Spring 2014 at the Chilton Research and
Extension Center near Clanton, AL, with the purpose to provide
information on the performance of 12 pluot cultivars grafted
on two different rootstocks. Cultivar-rootstock combinations
consisted of ‘Flavor Fusion’/Lovell, ‘Flavor Rouge’/Lovell,
‘Flavorosa’/Citation, ‘Flavor Grenade’/Citation, ‘Flavor Jewel’/
Lovell, ‘Gypzee Pluot’/Lovell, ‘Ruby Kat’/Citation, ‘Flavor
Fal’l/Lovell, ‘Honey Punch’/Lovell, ‘Fall Fiesta’ Plumcherry/
Lovell, and ‘Flavorite’/Lovell. Experimental plot is a randomized complete-block design with five single tree replications.
Data were collected to determine cultivar phenology, vegetative
growth, yield, and fruit quality. ‘Flavor Rouge’, ‘Flavorite’,
and ‘Flavorosa’ bloomed early in the season, while ‘Ruby Kat’
and ‘Honey Punch’ were late. Total yield per tree was highest
for ‘Fall Fiesta’ (22.3 kg/tree), while ‘Fall Fusion’ and ‘Flavor
S46

Grenade’ produced 0.2 and 1.1 kg/tree, respectively in 2016.
Total fruit number per tree was highest for ‘Fall Fiesta’ followed
by ‘Honey Punch’. Research will continue to more completely
evaluate selected pluot cultivars for sustainable production in
Alabama and the Southeast.

Preliminary Report on Biofilm Technology Use
in Rabbiteye Blueberry (Vaccinium virgatum
Aiton syn. ashei) at Harvest in Relation to
Packout and Fruit Quality
Erick Smith*1 and William Lovett2

Department of Horticulture, University of Georgia, Tifton, GA
31793; 2University of Georgia, Extension, Bacon County, GA

1

Fresh market rabbiteye blueberry (RE) produced in the southeastern United States can be severely impacted by heat, humidity,
and mechanical harvest, which may be seen as cracking in some
RE varieties. A biofilm technology called Blūguard has been
reported to reduce cracking and advance maturity in fruits. The
objective of this study was to identify if this biofilm technology
could improve packout and its effect on fruit quality. In 2016,
an on-farm study was conducted in a commercial orchard in
Bacon County, GA. BlūGuard was applied to RE ‘Brightwell’
at two rates, 9.3 L·ha-1 on 15 June (single application) and 4.7
L·ha-1 on 15 and 24 June (two applications) at a volume of 468
L·ha-1 via airblast sprayer. Fruit was mechanically harvested,
stored in lugs for +12 h at 10 °C. A 2.27 kg sample was sorted
(marketable, soft, and trash) from each treatment, and analyzed
for SSC, % acid, weight, and weight loss postharvest. Packout
over the three harvests was increased by 6.7%, with the single
9.3 L application compared to untreated fruit. The 4.7 L applications did not statistically improve packout. Fruit quality was
not affected by the biofilm nor was weight loss. ‘Brightwell’ is
susceptible to cracking; however, cracking was not observed in
the treatments, which could be because of drought conditions in
South Georgia in the 2016 season. In conclusion, over a three
week harvest period, a single application of BlūGuard at 9.3
L·ha-1 did increase the packout by 6.7% for RE ‘Brightwell’.

Microscopic Analysis of Cold Hardiness in
Southern Highbush Blueberry (Vaccinium
corymbosum L. interspecific hybrid) Floral Buds
Lauren E. Redpath*1, Erick Smith2, Anish Malladi1,
Dario Chavez3, Orville Lindstrom3, Jeremy R. Taylor4,
and Mercy Olmstead5
The University of Georgia, Athens, GA; 2The University of
Georgia, Tifton, GA; 3The University of Georgia, Griffin, GA;
4
The University of Georgia Extension, Lanier County, GA;
5
California Strawberry Commission, Watsonville, CA
1

This study observed the floral buds of two southern highbush
blueberry cultivars, ‘Emerald’ and ‘Farthing,’ as they were
subjected to a range of freezing temperatures from dormancy to
budswell from 2015–17 (Nov.–Feb). Floral buds were collected
from a farm in Lakeland, GA, held at –2 °C for 12 h, and then
exposed to a decreasing temperature program of –4 °C an hour,
with removal of floral bud tissue at –3 °C intervals. Samples were
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stored at 4 °C for a week before buds from each temperature (–3
to –21 °C) were collected and either fixed in formaldehyde–acetic
acid–ethyl alcohol (FAA) or prepared for confocal microscopy.
FAA fixed buds were dehydrated with ethanol and embedded in
paraffin. Paraffin embedded buds were sectioned at 10 µm via
rotary microtome. Sections were stained with 0.01% toluidine
blue and viewed under a light microscope. Buds for confocal
microscopy were hand sectioned with a razor blade and stained
with 10 µg of fluorescein diacetate (FDA), which indicates living cells, and 50 µg of propidium iodide (PI), which indicates
damaged or dead cells. Toluidine blue stained buds appeared
light blue with no apparent temperature damage until –12 °C,
where tissue browning was seen on petals and sepals. For paraffin embedded tissue, severity of tissue damage increased with
decreasing temperature where stylar and vascular tissue showed
browning at –15 °C, browning was evident in and around the
placenta at –18 °C, and increased anther browning was seen at
–21 °C in both cultivars. Under confocal microscopy, live cells
were observed at –12 °C and –15 °C for style, anther, and ovule
tissue in both cultivars. Ovules had undamaged tissue as low as
–18 °C; however, by –21 °C no floral tissue remained undamaged. Clear ovule damage was not determined by toluidine blue
staining, but seen through confocal microscopy. In both methods,
outer whorls were the first to succumb to cold damage and were
followed by ovules and style, and then anthers.

Phytochemical Contents Impacted by
Postharvest Storage and Harvest Season of
Primocane Blackberry Genotypes

Renee T. Threlfall*2, Daniela M. Segantini1, John R.
Clark1, Cindi R. Brownmiller2 and Luke R. Howard2

316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701; 22650 N. Young Avenue,
Institute of Food Science and Engineering, University of
Arkansas, Fayetteville, AR 72704
1

Blackberries are naturally rich in phytochemical compounds such
as flavonols, anthocyanins and ellagitannins. Primocane-fruiting
genotypes produce fruit on both current season canes (primocanes) and second-year (floricanes), providing two potential
cropping seasons. The objectives of this study were to investigate
differences in phytochemical content of blackberries harvested
in the two harvest seasons (cane type) of primocane genotypes
and determine the seasonal and postharvest storage impacts on
phytochemical content. Four primocane-fruiting blackberry
genotypes (APF-238, APF-268, Prime-Ark® 45, Prime-Ark®
Traveler) from the University of Arkansas blackberry breeding
program were analyzed. Berries were harvested in June 2016
(floricane-fruiting) and in July/August (primocane-fruiting) at
the shiny-black stage of maturity and placed in 240-g vented
clamshells in triplicate for each genotype. Phytochemical contents
were measured before and after storage at 2 °C (90% RH) for
7 d. Total phenolics (mg gallic acid/100 g fresh weight (FW),
total anthocyanins (mg cyanidin 3-glucoside/100 g FW), total
flavonols (mg rutin/100 g FW), and total ellagitannins (mg ellagic acid/100 g FW) were evaluated. APF-268 had lower total
phenolics, total flavonols and total ellagitannins in berries from
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primocanes versus those from floricanes. APF-238 and ‘PrimeArk® 45’ had higher total anthocyanins in floricane berries (316.0
and 235.4 mg/100g, respectively) versus primocanes (204.5
and 171.7 mg/100g). ‘Prime-Ark® Traveler’ had higher total
ellagitannins in primocane berries (48.9 mg/100g) versus those
from floricanes (33.7 mg/100g). Floricane-fruiting berries had
14% higher total phenolics after storage. Primocane-fruiting
berries had 32% higher total ellagitannins after storage. Berries
from floricanes had 6% higher total phenolics than those from
primocanes and 16% lower total ellagitannins after storage.
APF-268 had a 33% increase in total anthocyanins after storage.
APF-238 had 40% higher total anthocyanins than ‘Prime-Ark®
Traveler’ at harvest and 52% higher after storage. The genotype,
harvest season (primocane-fruiting versus floricane-fruiting),
and postharvest storage impacted phytochemical contents of
fruit from primocane genotypes.

Observations of White Drupelets on Three
Blackberry Cultivars in South Mississippi

Eric T. Stafne*1, Melinda Miller-Butler2, and Barbara
Smith3

Associate Extension and Research Professor, Mississippi
State University, Poplarville, MS; 2Biological Science Lab
Technician, USDA–ARS Thad Cochran Southern Horticultural
Laboratory, Poplarville, MS; 3Research Plant Pathologist,
USDA–ARS Thad Cochran Southern Horticultural Laboratory,
Poplarville, MS

1

White drupelet disorder has long been known as a problem in
blackberry production. Several possible causes have been discussed, such as low humidity, wind, rainfall, high light intensities, UV light, stinkbugs, red berry mites, and some interaction
of some or all of these. In 2016, we observed three cultivars:
Chickasaw, Kiowa, and Sweetie Pie. The early harvests had
the most berries with white drupelets. We found that the sugar
content of extracted white drupelets was substantially lower
than normal drupelets. Sugar concentrations for whole berries
with white drupelets were lower than normal whole berries by
about 1 °Brix, not a significant difference overall. ‘Sweetie Pie’
had a mean percentage of berries that had at least one white
drupelet of 21.9%, whereas ‘Chickasaw’ and ‘Kiowa’ were
both less than 10%.

‘Gumbo’ Southern Highbush Blueberry

Stephen J. Stringer*1, Arlen D. Draper2, Donna A.
Marshall1, Blair J. Sampson1, Hamidou F. Sakhanoko1,
Ebrahiem Babiker1, and John J. Adamczyk Jr.1
USDA–ARS Thad Cochran Southern Horticulture Laboratory,
Poplarville, MS; 2USDA–ARS (retired) Payson, AZ

1

‘Gumbo’ is a new southern highbush blueberry (Vaccinium spp.
hybrid) developed and released by the United States Department
of Agriculture-Agricultural Research Service. The new cultivar
has several advantages for growers in the southeastern United
States over rabbiteye blueberry cultivars, the most widely grown
blueberry in the region. Among these are earlier ripening period
(~2 weeks) than the earliest rabbiteye blueberry cultivars, improved vigor in comparison to other southern highbush blueberry
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cultivars, very good yield potential, and excellent fruit quality.
‘Gumbo’s attributes are expected to provide growers along the
U.S. gulf-coast, and other temperate regions where blueberries
are grown enhanced opportunities to compete in the lucrative
early fresh berry market.

Effect of Nitrogen Fertigation Rate and Foliar
Urea Application on Plant Growth and Nutrient
Status of Encore Azalea ‘Chiffon’
Tongyin Li*1, Guihong Bi1, Eugene K. Blythe2, and
Richard L. Harkess1

Department of Plant and Soil Sciences, Mississippi State
University, Mississippi State, MS 39762; 2Coastal Research
& Extension Center, South Mississippi Branch Experiment
Station, Mississippi State University, Poplarville, MS 39470
1

Plant growth, nitrogen (N) uptake, and carbohydrate composition
of Encore® azalea ‘Chiffon’ in response to different N rates (0, 5,
10, 15, and 20 mM N from NH4NO3) and two types of containers
(a traditional black plastic container and a biocontainer made
from recycled paper) were investigated in this study. Foliar spray
of 3% urea in late fall was applied to one-half of the plants to
investigate its influence on plant N and carbohydrate concentrations. Use of the paper biocontainer increased plant growth
index (PGI) and dry weight compared to plastic containers at
high N rates (10, 15, and 20 mM N). The combination of high
N rates (10, 15, and 20 mM), biocontainer, and urea resulted in
highest plant N concentration. In contrast, spraying urea in late
fall generally decreased leaf concentrations of glucose, fructose,
sucrose, and starch to varying degrees using different container
types and N rates. The decreased carbohydrate concentrations
could be a result of increased N assimilation in response to the
urea application. Leaf accumulated more glucose, fructose, and
sucrose than stem or roots, while higher starch concentrations
were found in roots than in leaf and stems. The paper biocontainer increased N and carbohydrate concentrations mainly by
increasing plant biomass. Foliar urea spray in the fall can be
effective in improving N status of azalea plants without affecting plant biomass.

Effect of Zinc Fertilizer on Celosia Plant
Growth and Leaf Nutrition
Olukunle Kolade* and Derald A. Harp

School of Agriculture, Texas A&M University, Commerce,
Commerce, TX 75429

In Nigeria, Celosia argentea is used as a vegetable, providing a
significant source of dietary nutrients. However, soil zinc levels
in Nigeria are typically low and result in dietary deficiencies.
The purpose of this study is to evaluate celosia growth and leaf
nutrition at various zinc levels. Celosia seedlings were transplanted into 15 cm plastic pots and fertilized with a 20–10–20
GP fertilizer at 100 ppm nitrogen. Pots were arranged into four
blocks with four pots in each block. Plants then received zinc
fertilizer (ZnSO4) at one of four levels, 0, 50, 100, and 150 ppm
zinc. The GP fertilizer and zinc fertilizer were applied once
weekly during the study. Plants were grown for six weeks then
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harvested for analysis. Though plants at 50 and 100 ppm zinc
were taller, 64.2 and 62.9 cm, respectively, than the control
(55.5 cm) and 150 mg ppm zinc (57.8 cm), there was no difference in shoot or root dry weight across all treatments. Leaves
fertilized with zinc had higher zinc than the control, but did not
differ amongst zinc fertilizer treatments. Root zinc was highest fertilized at 150 ppm zinc with 195.4 ppm zinc, followed
by 100 ppm zinc at 153.7 ppm zinc. Fertilized at 50 ppm zinc,
root zinc did not differ from the control. Based on the results of
this study, the addition of zinc fertilizer does not improve plant
growth. However, zinc additions, up to 50 ppm, did allow for
elevated zinc in the leaves and may improve leaf zinc content
for dietary purposes.

Effects of Biochar, Vermicompost, Sulfur and
Fertigation on Petunia (Petunia hybrida) Growth
in Container

Mengmeng Gu*1, Xiuli Liu2, Chunling Zhou3, Meiping
Cai4, and Haijie Dou1
Department of Horticultural Sciences, Texas A&M AgriLife
Extension Service, College Station, TX 77843; 2School
of Landscape Architecture, Beijing Forestry University,
Beijing 100083;3School of Landscape and Forestry, Qingdao
Agriculture University, Qingdao 266109; 4Department of
Horticulture, Fujian Agriculture and Forestry University,
Fuzhou 350002
11

Biochar (pH 10.5; EC 1.1 mmhos/cm) from a bioenergy company
was tested as a component (0, 20%, 40%, 60% and 80%; by vol.)
in container substrate to grow petunia. Vermicompost (0, 5%,
105, 15%, and 20%; by vol.) was added to increase the amount
of small particles and sulfur (0, 4, 8, 12 and 16 g/L) was added
to lower pH. The rest of the mix was a commercial peat-based
substrate. Plants were fertigated at 0, 75, 150, 225, or 300 mg/L
N. Five levels of four factors (biochar-B, vermicompost-V,
sulfur-S and fertigation rate-F) were arranged in a orthogonal
design to investigate the effects of the main factors on growth
and development of petunias for 6 weeks. All four main factors
had significant effect on plant growth index, shoot and root dry
weight and the number of flowers. Treatment B0W20S16F300
had the highest total DW, followed by B20W10S12F300,
B0W15S112F225, B40W20S4F225, and B60W15S4F300.
With appropriate amendments and fertigation, the biochar used
in the study could be incorporated at as high as 60% (volume),
as evidenced in treatment B60W15S4F300.

Growth and Development of Eleven Double
Flowering Oriental Lilium in East Texas
M.A. Maurer*, R.B. Burnett, and B.I. Chema

Department of Agriculture, Stephen F. Austin State University,
P.O. Box 13000, Nacogdoches, TX 75962

Roselily® is a term used for a unique series of double-flowering
Oriental lilies developed by De Looff Lily Innovation that are
pollen-free with a pleasant fragrance. A field study was designed
to evaluate the growth and development of eleven new Roselily®
cultivars in east Texas at two planting dates 8 Mar. and 28 Mar.
2016. The eleven cultivars were ‘Chelsea’, ‘Ciara’, ‘Dalinda’,
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‘Donna’, ‘Juanita’, ‘Leona’, Pamela’, ‘Patricia’, ‘Samantha’,
‘Tasco’, and ‘Viola’. Although stem length was significantly
different between cultivars at harvest all but ‘Chelsea’ was ≥
60 cm (minimum industry standard) at the first planting date.
Similar results were observed at the second planting date with
‘Pamela’, ‘Samantha’ and ‘Viola’ ≤ 60 cm. There was significant difference between quantity of flowers per stem between
cultivars with ‘Chelsea’ producing significantly more flowers
(8 flowers per stem) but were similar between the two planting
dates. Finish time was significantly different between cultivars
with ‘Viola’ the longest time (103 days). Finish time was reduced
about 9 days from the 8 Mar. planting (95 days) to the 28 Mar.
planting (86 d).

Effects of Silica Supplementation on Wellwatered and Water-Stressed Greenhouse
Produced Cut Flowers
Taylor Mills* and B.L. Dunn

Department of Horticulture & Landscape Architecture,
Oklahoma State University, Stillwater, OK 74074

Common usage of soilless substrates in greenhouse production
limits the availability of silicon (Si) to floricultural crops. This
research studied the effects of supplemental Si on plant development, physiology, and nutrient uptake of greenhouse-produced
dahlia (Dahlia ‘Dahlinova Montana’), rudbeckia (Rudbeckia
hirta ‘Denver Daisy’), and gerbera (Gerbera jamesonii ‘Festival
Light Eye White Shades’). Six Si treatments were established
and plants were either well-watered at 10 cb or water-stressed
at 20 cb. Silica treatments included application of diatomaceous
earth (DE) across the top of the pots (top dress) as well as incorporation with 12 pots per treatment per irrigation treatment
along with Metro-Mix 360 media with and without Si already
incorporated in the media. Plants and silica rates were randomized within irrigation treatments. Optimum Si supplementation
was found to vary, depending on species, application method
and rate, and irrigation treatment. No significant effects were
seen in any species when subjected to water-stressed conditions.
Under well-watered conditions, only rudbeckia had significantly
higher shoot weight and mean number of flowers when DE was
applied as a top dress at 60 g compared to the control.

High Tunnel Season Extension for Fall
Zinnia Cut Flower Production in South
Mississippi

Gary R. Bachman*, James M. DelPrince, Christine
E.H. Coker, Patricia R. Knight, and Scott Langlois
Coastal Research and Extension Center, Mississippi State
University, 1815 Popps Ferry Road, Biloxi, MS 38532

The demand for locally grown food has been expanding to
include locally grown specialty cut flowers. This is especially
true for growing in a high tunnel during the shoulder seasons
of early spring and late fall. The goal of this research was to
develop initial information for growing cut flower zinnias under
high tunnel conditions in the fall season. Giant Dahlia Flowered
Mix zinnia seeds were sown 4 Aug. 2016, and transplanted to
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the high tunnel site on 25 Aug. 2016. Harvest of saleable stems
began on 29 Sept. and ended on 8 Dec. 2016, with seven total
harvest dates. Of the 400 linear feet of row only 80 linear feet
was used for the harvest data. The total number of stems harvested numbered 5289 over the 10-week growing period. Over
the course of the trial period the production of salable stems
was greater than nine stems per linear foot of row for each
harvest date. The trial was terminated when the pressure from
powdery mildew resulted in non-salable stems. More work will
be undertaken in the future in looking powdery mildew control
measures to increase the length of season for cut zinnia stems
in south Mississippi.

Influence of Seeding Date on Efficacy of
Granular Preemergence Herbicides for the
Control of Two Common Container–Nursery
Weed Species

S. Christopher Marble*, Cody Stewart, Debalina Saha,
and Annette Chandler
University of Florida, Mid-Florida Research and Education
Center, 2725 S. Binion Rd., Apopka, FL 32703

In container nursery production, weed escapes can begin to
seed before preemergence herbicide applications can be made.
The objective of this trial was to evaluate efficacy of granular
herbicides based upon when weed seeds were introduced into
the container medium relative to herbicide application. Nursery
substrates were overseeded with seeds of either spotted spurge
(Chamaesyce maculata) or bittercress (Cardamine flexuosa)
every two days for 10 days. Herbicides including oxyfluorfen
+ prodiamine (Biathlon®), pendimethalin + dimethenamid-P
(FreeHand®), indaziflam (Marengo®G), oxyfluorfen + pendimethalin (OH2®), and trifluralin + isoxaben (Snapshot®) were
then applied to all pots at labeled rates. One group of pots were
overseeded on the day of treatment and five additional sets of
pots were overseeded at 2, 4, 6, 8, and 10 days after treatment
allowing for comparison of herbicide efficacy when seeds were
sown at 0, 2, 4, 6, 8, and 10 days before (B) or after (A) treatment.
A non-treated control group was included for each species at
each seeding date and used to calculate percent control of each
treatment. Biathlon, FreeHand, OH2 and Snapshot provided
the lowest percent control ratings when bittercress was seeded
either 10 or 8B; no differences were observed when seeds were
sown at 6B through 10A. Marengo provided less than 57%
control of bittercress for seeds sown at 10, 8, 6, and 4B but
over 90% control on all other seeding dates. When comparing
herbicides on each seeding date, Biathlon generally provided
the highest control ratings of any treatment when seeds were
sown at 10 and 8B and few differences were observed at other
seeding dates. For pots seeded with spurge, FreeHand provided
the highest percent control ratings when seeds were sown 10 or
8B and few differences were noted between herbicides or in the
efficacy of each herbicide between different seeding dates when
seeds were sown at 6B through 10A. Overall, few differences
were noted between herbicides when seeds were sown between
4B and 10A. Control achieved at 10 and 8B was determined
to be due in part to some level of early postemergence control
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achieved with dimethenamid-p on spurge and oxyfluorfen on
bittercress. For pots in which no weeds had germinated at the
time of treatment (stages 4B through 10A), few differences were
noted in herbicide efficacy throughout the trial.

Safety of Alcohol in Auxin Solutions Applied to
Stem Cuttings of African Wormwood (Artemisia
afra Jacq. ex Willd.)
James T. Ray*1,2, Eugene K. Blythe1, Guihong Bi2,
Daniel B. Reynolds2, Patricia R. Knight1, and Gary R.
Bachman1
Coastal Research and Extension Center, Mississippi State
University, Biloxi, MS 39532, 2Department of Plant and Soil
Sciences, Mississippi State University, Mississippi State, MS
39762

1

In response to commercial propagators’ inquiries regarding potential phytotoxicity of alcohol used in root-promoting solutions
for cutting propagation, two experiments were conducted using
stem cuttings of African wormwood (Artemisia afra Jacq. ex
Willd.). Solutions were prepared with three rates of isopropyl
alcohol (0%, 25%, and 50%) in combination with three rates
of indole-3-butyric acid (IBA; as water-soluble salts): 0, 1000,
and 2000 ppm in Expt. 1 for application using a basal quickdip; or 0, 100, and 200 ppm in Expt. 2 for application using
complete immersion. Cuttings were rooted under intermittent
mist in a greenhouse. Using the basal quick-dip method in
Expt. 1, none of the alcohol/IBA treatments produced stem or
leaf burn, whereas foliar and stem burn occurred using the total
immersion method in Expt. 2 with solutions containing 25% or
50% alcohol (regardless of IBA rate). In Expt. 1, the greatest
RDWs were produced using the basal quick-dip method with
combinations of 0% alcohol and the two higher rates of IBA and
combinations of 50% alcohol and the two lower rates of IBA.
In Expt. 2, RDW of cuttings treated with the total immersion
method was greatest using solutions containing 0% alcohol and
solutions containing 200 ppm IBA.

Long-Term Performance of Cool-Season
Annuals Fertilized with Slow-Release Fertilizer
or Compost
Derald A. Harp1, Todd Williams2, Aimee Sandifeer2,
and Steve George3

School of Agriculture, Texas A&M University, Commerce,
Commerce, TX 75429; 2Rockwall County Extension Service,
Rockwall, TX 75087; 3Texas AgriLife Extension Service,
Department of Horticultural Sciences, Dallas, TX 75252
1

Experimental gardens were created at the Rockwall County
courthouse and divided into four beds, each divided into two
planting areas, one with 7.5 cm of compost only (CO) and a
second tilled and fertilized with a slow-release (SR) fertilizer
at 129 g·m–2 (Osmocote 15–9–12, 6-month). The planting areas
were separated using steel edging and a 30 cm buffer zone. Once
prepared, each planting area was randomly planted with four
plants of eight cool-season annual cultivars. Planting beds were
covered with 7.5 cm of organic mulch. Plants were watered at
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planting, then on an as-needed basis. Physical and visual data
were collected monthly, including plant height and width, flower
size, SPAD, soil moisture (TDR), and visual ratings of foliage
and flower quality using a 0–10 scale. Disease and pest injury
were scored by estimating the percentage of the plant without
injury. In May, plants were removed, and shoots were removed,
weighed, and dried at 70 °C for 72 hours to determine fresh and
dry shoot mass. During year one, all cultivars were better in
all attributes with the slow-release fertilizer. Plants were taller,
wider, and had higher foliage and flower ratings. During year
two, SR plants were larger (higher dry shoot dry weights and
width), but foliage ratings were similar across both treatments.
Plant height was also similar for all species except for blue pansy.
Though differences remained, plant growth improved drastically
for compost only plants in year two, with foliage ratings and dry
shoot weight increasing by 50% or more in year two.

Micropropagation Protocol Development for
Pearlbush
Guochen Yang* and Zhongge (Cindy) Lu

Department of Natural Resources & Environmental Design,
North Carolina A&T State University, Greensboro, NC 27411

Pearlbush (Exochorda racemosa) is a hardy but difficult ornamental species to commercially propagate. The typical propagation is
by seeds, layers, or softwood cuttings. Conventional propagation
of this species is slow, taking a few years to produce sizable
plants for market. Micropropagation (tissue culture) has proven
to be more efficient than conventional methods for other woody
plant species. Use of tissue culture techniques offer potential
benefits for expediting pearlbush production. The goal of this
study was to develop an efficient micropropagation protocol
to increase production of pearlbush. This study evaluated different plant growth regulators for their influences on axillary
shoot proliferation of pearlbush. Woody plant medium (WPM)
with supplements of 3% sucrose and 0.7% agar was used as
the basic culture medium, and medium pH was adjusted to 5.8.
BA, CPPU, zeatin or thidiazuron (TDZ) at different concentrations were added to the basic WPM as treatments. All cultures
were transferred onto fresh media every 4 weeks and incubated
under a 16-hour photoperiod and a photo flux density of 12.8 ±
4.8 mol·s–1·m–2 light provided by cool white fluorescent tube at
23 °C. The best shoot proliferation was achieved from cultures
containing TDZ. The in vitro rooted shoots were transferred to
peat-lite substrate and acclimatized in the plant tissue culture
laboratory. Micropropagated pearlbush plants are demonstrating normal morphology under normal greenhouse conditions.

Temperature, Moisture Content, CO2
Assimilation and Stomatal Conductance in Leaf
Black Damaged Rose Leaves
Kevin Chretien*1, Derald A. Harp1, Chie Hosotani2,
David Zlesak3, and Steve George4

School of Agriculture, Texas A&M University, Commerce,
Commerce, TX 75429; 2Kagawa University, Takamatsu City,
Kagawa 760-8521, Japan; 3University of Wisconsin, River
1
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Falls, Department of Plant and Earth Science, River Falls,
WI, 54022; 4Texas AgriLife Extension Service, Department of
Horticultural Sciences, Dallas, TX 75252

Rose leaf black is a physiological disorder manifested by ultraviolet (UV) damage to cellular membranes in the leaves of
susceptible cultivars. The purpose of this study was to determine changes in photosynthesis in leaf black damaged leaves.
Three roses were identified on the Texas A&M UniversityCommerce campus with rose leaf black symptomatic leaves. A
light response curve (PPF of 0, 15, 30, 60, 120, 250, 500, 1000,
1500, and 2000 µmol·m–2·s–1) was plotted using LiCor LI-6400
equipped with an LED light source (665 and 470 nm) on three
different sets of leaves on three different plants, 1) normal,
asymptomatic (NA), 2) new, asymptomatic (NeA), and 3) leaf
black symptomatic (LBS). Following on-plant analysis, leaves
were collected and dried to determine moisture content. Leaves
did not differ in surface temperature or moisture content. NA
leaves had higher CO2 assimilation across all light levels (9.29
µmol·m–2·s–1 of CO2) than NeA or LBS leaves (4.69 and 3.01
µmol·m–2·s–1 of CO2, respectively). Stomatal conductance was
also three to four times lower in LBS leaves (0.03 mmol·m–2·s–1),
compared to 0.13 and 0.10 mmol·m–2·s–1 in NA and NeA leaves.
Also, CO2 assimilation increased in NeA and NA leaves with
more light, with NeA leaves reaching their maximum at PPF of
250 µmol·m–2·s–1and normal leaves increasing throughout. CO2
assimilation in LBS leaves continued irregularly up to 1000
µmol·m–2·s–1, and declined at higher light levels. Though further
work is needed to determine the cause, this preliminary work
confirms that the physiological damage associated with rose
leaf black leads to considerable decline in photosynthesis on
an individual leaf basis.

Ten Plant Species’ Response to Saltwater
Inundation and Remediation

M.A. Maurer*1, Rebecca Burnett1, D.L. Creech1, and
Yuhong Zheng2

Department of Agriculture, Stephen F. Austin State University,
P.O. Box 13000, Nacogdoches, TX 75962; 2 Institute of Botany,
Jiangsu Province & Chinese Academy of Sciences, Nanjing,
China 210014
1

Hurricane Ike in 2008 inundated most of Galveston Island with
a 15-foot storm surge. In addition to property impacts, many of
the city’s historic trees were either damaged or destroyed. Ten
plant species were selected for evaluation of salt-water inundation
tolerance and remediation. The 10 plants species were Taxodium
disticum x Taxodium mucronatum ‘T406’, Platanus mexicana,
Eucalyptus amplifolia ‘LLC1’, Quercus virginiana, Hibiscus
hamabo, Bulbine frutescens ‘Orange’, Cuphea hyssopifolia
‘Allyson’, Guara lindheimeri ‘Cherry Brandy’, Lantana camara
‘Dallas Red’, and Plumbago aurculata ‘Imperial Blue’. Plants
were then submerged in a saltwater solution (55 dS/m) for a
period of 24 hours and then removed. Remediation treatments
consisted of untreated control and leaching 1, 7, 14, and 21 days
after submergence. Leachate concentration data from remediation treatments were significantly higher at initial leachate, post
leachate and final leachate compared to the control. The 1-day
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and 7-day leaching treatments were significantly lower than
the 14- and 21-day treatments at the final leachate sampling.
This observation is most likely due to the greater number of
irrigation events that occurred for the 1- and 7-day leaching
treatments. These results may not accurately reflect what might
occur on Galveston Island as the soils are typically sandy and
the growing media for this experiment was pinebark based.
Visual ratings showed that some species such as the Platanus
had immediate response to the salt-water inundation while others like the Eucalyptus did not exhibiting delayed symptoms
after inundation. Ultimately, at the final visual evaluation (35
days after inundation) none of the remediation treatments were
successful for all 10 plant species tested.

Allelopathic Impact of Sugarcane Residue on
Vegetable Seed Germination

Charles L. Webber III*1, Paul M. White Jr.1, Derek S.
Landrum1, and James W. Shrefler2
USDA–ARS, Sugarcane Research Unit, Houma, LA 70360;
Oklahoma State University, Division of Agriculture Sciences
and Natural Resources, Oklahoma Cooperative Extension
Service, Durant, OK 74702

1
2

The chemical interaction between plants, which is referred to
as allelopathy, may result in the inhibition of plant growth and
development. Research indicates that sugarcane field residue
and sugarcane mill bagasse may be allelopathic. Sugarcane
field residue is the harvested plant material that is not brought
to the mill for processing; this includes leaves, immature nodes
and growing tips. The field residue will blanket sugarcane fields
for extended periods, often through the winter and early spring.
Sugarcane mill bagasse is the fibrous material remaining after
removing the sugar from sugarcane at the mill. Typically, mills
are powered by burning a portion of the bagasse; however the
unused bagasse accumulates outside the mill in large mounds.
Research was conducted to determine the allelopathic impact
of sugarcane field residue and sugarcane mill bagasse on vegetable seed germination. The experiment included 2 sources of
sugarcane plant extracts (sugarcane field residue and sugar mill
bagasse), 4 extract concentrations (0.0, 16.6, 33.3, and 66.7 g/L),
3 vegetable species [tomato (Solanum lycopersicum), Chinese
kale (Brassica alboglabra), and cucumber (Cucumis sativus)],
20 seeds per treatment, and 5 replications. The extract solutions were prepared using field residue from the USDA–ARS,
Sugarcane Research Unit, Ardoyne Farm, Schriever, LA. The
bagasse was obtained from the Raceland Raw Sugar Corporation
mill, Raceland, LA. Each of the extract solutions were added to
separate Petri dishes which contained 20 vegetable seeds. The
covered Petri dishes were then placed in a dark growth chamber
at 26.6 °C. After 7 days, the seed germination percentage was
determined for each treatment. The research demonstrated that
the bagasse solutions did not reduce seed germination for kale
or cucumber, but tomato germination was reduced by 13% at the
highest bagasse extract concentration (66.7 g/L) compared to the
control (0 g/L). However, the sugarcane field residue extracts
did decrease seed germination for kale, cucumber, and tomato,
especially at the highest concentrations (66.7 g/L), and in some
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cases (kale and cucumber) stifling radicle development almost
completely. Future research should investigate the effect of these
solutions over longer time periods, later in plant development,
and their potential usefulness in weed control.

Effects of Increased Nutrient Solution
Temperature on Lettuce (Lactuca sativa L.
‘Rex’) Grown Using Nutrient Film Technique
Erin T. Landers*, Daniel E. Wells, and Jeremy M.
Pickens

Department of Horticulture, Auburn University, 101 Funchess
Hall, Auburn, AL 36849

The purpose of this research is to examine the effects of heating
nutrient solution on Lactuca sativa L. ‘Rex’ in an NFT system.
Fifty L. sativa L. ‘Rex’ seeds were sown on 3 Nov. 2016, and
grown on a greenhouse bench for two weeks before being transplanted into an NFT System on 17 Nov. 2016. Two reservoirs
were filled with a nutrient solution consisting of 150, 80, 200,
150, and 35 mg·L-1 of N, P, K, Ca, and Mg, respectively. One
reservoir was heated with aquarium heaters and wrapped in insulation to retain heat. Heaters were attached to interior wall of the
reservoir opposite each other at half the total reservoir depth and
set at 25.5 °C. Each reservoir fed five channels, each containing
five plants placed in every other hole of the channel. Size index
was taken at 14 and 30 days after transplanting (DAT). Fresh
weights were taken with root ball + 1 inch of root and without
root ball. Lettuce treated with heated nutrient solution showed
a significant increase in size index and biomass compared to the
unheated control. Heating nutrient solution increased size index
at 14 DAT 20% from 9.9 to 11.9 and size index at 30 DAT 17.9%
from 21.8 to 25.7. Heating nutrient solution increased weight
of lettuce with root ball 26%, from 76.3 grams to 103.7 g and
lettuce without root ball 33%, from 56.6 g. to 84.9 g.

Evaluation of 21 Cucumber Varieties for Downy
Mildew Resistance in the Virgin Islands
Augustus Laurencin Jr.*1, Stafford M.A. Crossman1,
Vanessa Forbes1, Carlos Montilla2, and Thomas W.
Zimmerman2
Cooperative Extension Service; 2Agricultural Experiment
Station, University of the Virgin Islands, RR1 Box 10,000
Kingshill, VI 00850

1

The effect of downy mildew was studied on production of slicing
and pickling cucumber grown in the US Virgin Islands. Downy
mildew is a foliar disease leading to death of the plant and is
caused by Pseudoperonospora cubensis (Berk. and Curt.). This
research is essential for Caribbean farmers because cucumbers
are a valuable commodity throughout the U.S. Virgin Islands
and can be grown year-round. Downy mildew can be devastating to cucumber production during humid and wet weather.
The objective of this project was to test 21 cucumber varieties
(7 pickling and 14 slicing) that were bred to be resistant or
tolerant to downy mildew. The study was conducted during
the fall rainy season. The experimental design was randomized
complete blocks with three replications. There were 15 plants
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per row, spaced 1 foot within rows and 4 feet between rows.
Leaf damage from downy mildew was measured on a scale of
1–6 and was observed at every harvest. The results indicated
that slicing cucumbers were the most tolerant to downy mildew
based upon production. ‘Summer Dance’ had the highest total
yield and marketable yield of the slicing varieties. ‘Vlasstar’
produced the most fruits of the pickling varieties and ‘Diamant’
had the highest yield of marketable fruit. This research was
funded by the USDA through the V.I. Dept. of Agric. Specialty
Crops Block Grant.

Bell Pepper Fruit Yield as Affected by Colored
Shade Nets
Juan Carlos Díaz-Pérez*1, Kelly St. John-Pikel2, and
Jesús Bautista1

Department of Horticulture, University of Georgia, 2360
Rainwater Road, Tifton, GA 31793; 2Trellis Growing Systems
LLC, 2427 S. Hadley Road, Fort Wayne, IN 46804

1

Recent research in Georgia has shown that under heat stress
conditions black shading nets improve bell pepper marketable
fruit yield and quality. Use of colored shading nets has shown
benefits in some crops although there is little information on
bell pepper responses to colored shade nets. The objective was
to determine the effects of colored shade nets on fruit yield
of bell pepper (‘PS 09979325’). Experiment was conducted
in Spring 2015. Plants were grown on raised beds, with black
plastic mulch and drip irrigation, following University of Georgia Extension Service recommendations. Experimental design
was a randomized complete block with four replications and
five treatments [5 shade treatments (black, red, silver, white,
and uncovered) (Green-tek, Janesville, WI)]. Results showed
that mean and maximal air temperature and midday root zone
temperature were highest in the unshaded treatment. Plant
height and stem diameter were reduced in the unshaded treatment, although plant growth was unaffected by the shade net
color. Chlorophyll index was lowest under the black net. The
incidence of soil borne diseases was greatest in the unshaded
treatment. Leaf net photosynthesis, stomatal conductance, and
Photosystem II efficiency were also reduced in the unshaded
treatment. The PAR ranged from 1851 in the unshaded to 985
µmol·m-2·s-1 in the black treatment. Leaf temperature was highest
in the white and the unshaded treatments. Marketable and total
fruit number and yield and individual fruit weight were reduced
under unshaded treatment compared to all shading nets. There
were no differences in fruit numbers and fruit yields among
colored shading nets. In conclusion, bell pepper plant growth,
leaf gas exchange, and fruit yield were reduced under unshaded
conditions, and there were no differences in plant growth and
fruit yields among colored shading nets.

Carotenoid Accumulation in Peel and Pulp
Tissues of Genomically Diverse Banana
Cultivars in Southeastern United States

Manaz Kargar*1, Floyd M. Woods1, Marisa M. Wall2,
E. Greg Fonsah3, Suzanne Sanxter2, J. Raymond

HortScience 52(9) (Supplement)—2017 SR–ASHS Annual Meeting—3–5 February 2017

Kessler Jr.1, Kalidas Shetty4, Dipayan Sarkar4, Curtis
Jolly5, Ramesh B. Jeganathan6, and Nicholas Larsen7

Dept. of Horticulture, Auburn University, Auburn, AL 36849;
USDA–ARS, U.S. Pacific Basin Agricultural Research Center,
Hilo, HI 96720; 3Dept. of Agricultural and Applied Economics,
University of Georgia, Tifton, GA 31793; 4Dept. of Plant
Sciences, North Dakota State University, Fargo, ND 58108;
5
Dept. of Agricultural Economics and Rural Sociology, Auburn
University, Auburn, AL 36849; 6Dept. of Nutrition, Dietetics,
& Hospitality Management, Auburn University, Auburn,
AL 36849; 7University of Florida, Everglades Research &
Education Center, Belle Glade, FL 33430
1
2

Banana (Musa spp.) is the fourth most important fruit crop
globally with respect to human nutrition. High carotenoid
concentrations in foods is associated with reduced incidence of
non-communicable chronic disease, including certain cancers,
cardiovascular disease, and diabetes. There is a critical need
for identification, determination and selection of carotenoid
enriched banana cultivars adaptable to the southeastern United
States. Additionally, stage of maturity may have a profound
influence on bioactive compounds in banana fruit. However,
there is limited information concerning the effect of maturity
on total carotenoid content of diverse cultivars adaptable to
the southeastern United States This study evaluated nutritional
properties of five cold hardy banana cultivars varying in genotype, ‘FHIA’ (AAAB), ‘Hua Mua’ (AAB), ‘Kandarian’ (ABB),
‘Saba’ (ABB) and ‘Williams’ (AAA) were harvested at full three
quarter stage of maturity and room ripened at 20 °C and 95%
relative humidity. Fruit samples analyzed and compared in peel
and pulp total carotenoid content at four different fruit ripening
stages (mature green, transition, ripe and over ripe). There was
significant (P ≤ 0.05) cultivar by maturity stage interaction for
peel and pulp total carotenoid content. In general, total carotenoid
content was lower in peel when compared to pulp fruit tissue. The
total carotenoid content in peel ranged from (91.8 µg/100gfw)
to (932.8 µg/100 gfw) in cultivars FHIA and Hua Mua in pulp
ranged from (144 µg/100 gfw) to (1908 µg/100gfw) in cultivars
Kandarian and Hua Mua respectively. Preliminary results from
this study illustrate the importance of proper cultivar and maturity
selection of banana cultivars adaptable to Southeastern United
States, for potential local niche market and health enhancement
of diverse populations.

Fungicides and Resistance in Pumpkin
Cultivars Maintain Yield and Provide Effective
Control of Powdery Mildew

T. Casey Barickman*, Thomas E. Horgan, and Jeff C.
Wilson
Mississippi State University, North Mississippi Research and
Extension Center, Verona, MS, 38879

Powdery mildew (Podosphaera xanthii) of cucurbits is a
common and major disease of pumpkin (Cucumis pepo) that
affects seedlings and mature plants. Because powdery mildew
primarily grows on the surface of the leaves, contact fungicides
are usually effective in controlling the disease. Biofungicides
work as a contact fungicide and are becoming more popular
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in disease management strategies because they can be more
environmentally friendly. Therefore, biofungicides may be an
effective preventative treatments for the control of powdery
mildew. The objective of this study was to determine the efficacy
of biofungicide treatments of polyoxin D zinc salt, Bacillus
amyloliquefaciens, and copper octanoate and compare them to
a conventional fungicide spray program of chlorothalonil and
azoxystrobin. To study the combination of biofungicides and
conventional fungicides three pumpkin cultivars were chosen:
‘Gold Medal’ with no powdery mildew resistance, ‘Early Giant’
with intermediate powdery mildew resistance, and ‘Mustang’
with high powdery mildew resistance. The plots were arranged
in a split-plot design with four replications. Results indicate that
chlorothalonil and azoxystrobin treated plants had less disease,
more fruit, and greater fruit yield in all pumpkin cultivars compared to the plants treated with biofungicides. In addition, the
pumpkin cultivar ‘Mustang’ was the healthiest and had greatest
yields when compared to ‘Early Giant’ and ‘Gold Medal’. The
biofungicides in the current study demonstrated minor efficacy.

Fruit Yield of Commercial and Heirloom
Tomato Cultivars under Conventional, No-till,
and Organic Production Systems
Juan Carlos Díaz-Pérez* and Jesús Bautista

Department of Horticulture, 2360 Rainwater Road, University
of Georgia, Tifton, GA 31793

There is increasing interest on tomato production under reducedtillage and organic systems, including the use of heirloom
cultivars. Heirloom tomato cultivars are popular because of
their intense flavor. There are few evaluations of heirloom
tomato cultivars under sustainable systems. The objective of
this study was to determine the fruit yield of commercial and
heirloom cultivars as affected by cropping systems. The study
was conducted at the Horticulture Farm, University of Georgia,
Tifton, GA, during Spring 2012. The soil was a Tifton Sandy
Loam with pH 6.5. The design was a randomized complete block
with split plot arrangement and six replications. Main plot was
cropping system (conventional, no-till, and organic); subplot
was cultivar (‘Amelia’, ‘Brandywine’, ‘Cherokee Purple’,
and ‘Florida-47’). In both the conventional and organic plots,
plants were established on black plastic film mulch on raised
beds (1.8-m centers); the organic plot was in certified-organic
soil. In the no-till plot, plants were planted on cereal rye residue
(plants mowed three weeks before planting). The three plots
were in the same farm at less than 75 m from each other. In the
conventional plot fertilization consisted of 200, 24, and 176 kg/
ha of N, P, and K, respectively. In the no-till and the organic
plots, soil was fertilized with 7 t/ha of organic fertilizer (3–2–3,
Perdue, Inc.) applied prior to planting; additional N and K was
applied with liquid organic fish fertilizer; total nutrients applied
were 252 kg/ha N, 89 kg/ha P, and 192 kg/ha K. Tomato was
harvested at the mature green stage and graded according to
the USDA standards, as marketable and cull. Results showed
that marketable yields were highest in ‘Amelia’ while total
yields were highest in ‘Amelia’ and ‘Florida-47’ (Table 1).
The percentage of culls was greatest in ‘Florida-47’. Fruit were
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heaviest in ‘Brandywine’ and ‘Cherokee Purple’. Marketable
and total yields and fruit weight were lowest in the no-till system; there were no yield differences between the conventional
and organic systems. The percentage of culls was lowest in
the no-till system. Fruit were heaviest in the organic system.
In conclusion, fruit yield varied among cultivars and cropping
systems; ‘Amelia’ had the highest yield across cultivars and
cropping systems. Fruit yield in no-till was severely reduced
in the four cultivars and was the lowest in ‘Brandywine’. The
reduced fruit yields and fruit weight in the no-till system may
be attributed to allelopathic effects of the rye residue on the
tomato plants.

High Tunnel Specialty Crops Survey in North
Carolina
Sanjun Gu*1, Zhifeng Gao2, Xin Zhao3, Arthur N.
Rosales2, and John E. Beck1

Cooperative Extension Program, North Carolina Agricultural
and Technical State University, Greensboro, NC 27410;
2
Food and Resource Economics Department; 3Department of
Horticulture, University of Florida, Gainesville, FL 32611
1

High tunnels have been a proven tool for small farmers in
North Carolina to improve farm profitability by extending the
growing, harvesting and marketing seasons of specialty crops.
An online survey was conducted in 2014 with the objective
to obtain baseline information on farmers’ perception of high
tunnels and the status and challenges of specialty crops production in high tunnels. A total of 116 farmers from 37 counties in
North Carolina participated in the survey. Fifty-five of the 116
surveys were valid for analyses. About 40% of participants have
had at least one year experience in high tunnel production. The
shape of high tunnels could be either a Quonset or Gothic. The
top crops in high tunnels are tomato, lettuce, cucumber, pepper,
carrots, and kale. Almost all participants agreed the benefits
of high tunnels in terms of frost protection, season extension,
better produce yield, and quality, less pests (disease, insect, and
weeds) incidence, and saving on irrigation water. The challenges
in using or choosing to use high tunnels included high cost,
uncertainty of benefits, and lack of knowledge or guidelines for
crops in high tunnels. Only 62% of the participants was aware
of the USDA NRCS High Tunnel Cost Share Program. It was
interesting to notice that while 84% participants had a college
or professional degree, only 2% of them had a college degree in
horticulture. The survey also showed that 26% of farmers were
in the age group of 30–35, an encouraging number compared
to the 2012 Census report, which showed that the majority of
farmers were in their upper 50s. About 72% of the participants
had farmed for less than 10 years and fell in the category of
beginner farmers by the USDA definition. Other valuable information collected from the survey included marketing channels, crops insurance, size of farm land, and farmers’ ethnicity.
The survey provides abundant information for research and
extension professionals on research topics and the design of
educational materials that would benefit small farmers in North
Carolina.
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Impact of Mustard Meal Applications on
Cantaloupe Establishment

Charles L. Webber III*1, Paul M. White Jr.1, and James
W. Shrefler2
USDA, Agriculture Research Service, Sugarcane Research
Unit, Houma, LA 70360, 2Oklahoma State University, Division
of Agriculture Sciences and Natural Resources, Oklahoma
Cooperative Extension Service, Durant, OK 74702

1

Organic weed control in cucurbit crops can be labor intensive
and expensive, and often less than effective, therefore, research
was conducted to determine the efficacy of mustard seed meal
(MSM) to control weeds in cantaloupe (Cucumis melo L.). Field
research was conducted in southeast Oklahoma (Lane, OK) to
determine the phytotoxic impact of MSM application rates (1
and 2 t/a), application patterns (solid and banded), and incorporation level on weed control and crop establishment. The soil
[Bernow fine sandy loam, 0–3% slope (fine-loamy, siliceous,
thermic Glossic Paleudalf)] was prepared for planting by plowing, fertilizing, and forming raised beds. Mustard seed meal was
applied to raised beds 10 ft-long on 3 ft-centers. The banded
application produced a 4-inch-wide, MSM-free area in the bed
center where the crop would later be direct-seeded. The MSM
was then either left on the surface or incorporated into the top
1–2 inches and then direct-seeded with ‘PMR-45’ cantaloupe.
Plant stands and weed control ratings were collected during
the experimental period. Twenty-eight days after planting, the
entire plot was harvested and the fresh and dry plant weights
determined. Total weed control ranged from good (> 80%) to
excellent (greater than 90%) for all MSM treatments. Unfortunately, all MSM applications adversely affected cantaloupe
establishment, independently of application rate, application
pattern, and incorporation level. Injury and mortality occurred
prior to seedling emergence. The MSM was clearly phytotoxic
to germinating and emerging weed species and cantaloupe.
Mustard seed meal has potential as an organic pre-emergent
and preplant-incorporated organic herbicide, but application
rates and application methods must be further refined to control
weeds, while protecting direct-seeded crops such as cantaloupe.

Kale Cultivar Evaluation in Organic High
Tunnels

James W. Shrefler*1, Lynn Brandenberger2, and Hailin
Zhang3

P.O. Box 749, Oklahoma Cooperative Extension Service,
Durant, OK 74702; 2Dept. of Horticulture & L.A., 358 Ag Hall,
Oklahoma State University, Stillwater, OK; 3Dept. of Plant
and Soil Sciences, 369 Ag Hall, Oklahoma State University,
Stillwater, OK
1

Interest in using high tunnels (HT) and organic production on
vegetable farms in Oklahoma has increased in the last 10 years.
Often installed for specific purposes such as early season tomato
production, other uses for HT are being adopted. Previous trials
showed that HT may be useful for producing various species of
cool season leafy greens crop during fall-winter-spring months,
although some crops had limitations such as early bolting. This
work used 1 or 2 cultivars for a given crop. Due to constraints
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of organic certification, insect and disease control measures
are limited and information is needed cultivar susceptibility to
important insect pest and disease problems. Trials began in 2015
to compare cultivars of several greens crops quality and insect
pest and disease susceptibility when grown in HT. Here we
report the results for kale in the first of a two year trial. Organically grown or untreated seed of 12 kale cultivars were obtained
with one provided by three sources and used as separate entries.
Seed were sown in trays in an unheated greenhouse while beds
were prepared in 3 HT with organic approved nutrient sources.
Each HT was a replicate and all cultivars were planted in a
random fashion in late December 2015. Entries were rated for
appearance (color, blemishes, abnormalities and uniformity)
with a 0–10 scale, where 0 = poor and 10 = excellent. Cultivars
were assessed for insect pest incidence, disease incidence and
bolting. Appearance of all cultivars was excellent throughout
March and April. At 17 May 2016, factors which differed for
cultivars included elongation of stalks, leaf texture and leaf shape
(elongated and narrow). Cultivars also differed in susceptibility
to powdery mildew and incidence of aphids and caterpillars.
First year results show that kale cultivars grown in high tunnels
vary in leaf characteristics, plant stature and overall appearance.
Disease and insect pest incidence observations suggest that
cultivars may differ in susceptibility to several common pest
problems. Further trialing will verify these observations. This
project is funded by The Oklahoma Department of Agriculture,
Food and Forestry Specialty Crop Block Grant Program, the
Oklahoma Cooperative Extension Service and the Oklahoma
Agricultural Experiment Station.

Low Tunnels Increased Growth and Spring
Production of Cucumbers in Virginia
Ramón A. Arancibia* and James Jenrette

Eastern Shore AREC, Virginia Tech, Painter, VA 23420

Rowcovers (low tunnels) have been used successfully in protected production systems to protect against cold temperatures
and light freezes in temperate climates. The objectives of this
study were to evaluate the interaction of mulch and low tunnel
on growth and production of cucumbers in coastal Virginia and
to determine the differences in air and soil temperatures under
white and black plastic mulch with and without rowcover.
Three cucumber cultivars (Eureka, Excelsior and Picolino) were
planted at the Eastern Shore AREC, Virginia Tech, on 14 April
2016. Treatments were white and black mulch under low tunnel
covered with spun-bonded rowcover (1.0 oz/yd2). Controls were
white and black mulch without cover. Dataloggers were used
to record micro-environmental conditions. Rowcover increased
growth and production of spring cucumbers in the Eastern Shore
of Virginia. Temperature increased under the tunnels especially
maximum air temperature during the day. Soil temperature were
increased slightly under the rowcover. Vine length, leaf area and
biomass increased with black mulch as well as with rowcover.
With black mulch, rowcover increased total fruit production and
yield by 58% and 45%, respectively. The increase was mainly in
the three first harvests. With white mulch, rowcover increased
fruit production and yield 4.2 and 4 fold, respectively, mainly
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due to lost plants. In conclusion, cucumber performed best under
rowcover and black mulch in spring production and may improve
sustainability of vegetable farmers. White mulch affected plant
stand, growth and production in early spring cucumbers and is
not recommended.

Onion Transplant Production in High Tunnels
Charles L. Webber III*1 and James W.Shrefler2

USDA–ARS, Sugarcane Research Unit, 501 Bull Run Road,
Schriever, LA 70395; 2P.O. Box 749, Oklahoma Cooperative
Extension Service, Durant, OK 74702
1

Onions are important for producers growing for local markets.
Previous work showed that high tunnel onion transplant production can add to enterprise diversity and help overcome problems
associated with dependence on commercial transplants. For
organic growers, high tunnel grown transplants can be a source
of organically grown plants. Previous results in non-organic
systems showed that choice of growing media can facilitate
transplant production. Trials were conducted to evaluate possible
organic growing media for use in transplant production in high
tunnels. Objectives were 1) evaluate onion transplant production
using possible growing media and 2) assess bulb productivity of
onions grown from transplants produced with the media treatments. Within a high tunnel, wooden frames measuring 28 in
x 26 in x 3.5 in were placed on the leveled soil floor and lined
with woven polypropylene horticultural fabric. Boxes were
filled with one of 4 growing media treatments (masonry sand;
sandy loam soil; organic potting mix : sand (2:1); organic potting mix : sand (1:1). Soil was leveled and onion ‘Candy’ was
sown in rows on 26 Oct. 2012. On 28 Mar. 2013, onion plants
were removed from boxes and transplanted into an adjacent high
tunnel. Visual observation of transplants indicated that plants
growing in sand had long, straight roots free of soil particles,
plants grown in sandy loam soil had smaller root systems and
leaves of plants grown in soil were smaller and darker in color.
Onions grown to maturity following transplant had bulb diameters ranging from less than 2 inches. to greater than 3.5 inches.
Diameters of 70% of bulbs ranged from 2–3.5 inches. Growing
media treatments did not affect bulb yields, which averaged
3.7 lb. bulbs / 10 square feet. Frames and growing media were
used for a second trial in Fall 2013, using a similar calendar
and procedures. Onion bulb yields were lower in this trial (2 lb/
ft2) but no differences were detected across the growing media
treatments. In both trials the incidence of bolting was less than
1%. Results suggest alternative growing are useful, which can
have implications with production aspects such as disease and
weed control.

Organic Watermelon Variety Trial
George Boyhan* and Suzanne Stone

Department of Horticulture, University of Georgia, 1111 Miller
Plant Science Bldg., Athens, GA 30602

A watermelon trial was conducted at the Durham Horticulture
Farm in Watkinsville, GA, on certified organic land. Varieties
in the trial consisted of modern F1 varieties and open-pollinated
varieties that are either still widely grown or that are popular
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among organic growers. Seventeen varieties were evaluated
for yield and fruit characteristics. Yields ranged from 22,675
to 67,687 lb/acre with Georgia Rattlesnake having the highest
yield, which did not differ from Cream of Saskatchewan. Yield
is often a function of fruit size and Georgia Rattlesnake produces
a particularly large fruit (26.8 lbs.). There was no appreciable
difference in yield between F1 and open-pollinated varieties.
Organic growers are more apt to sell watermelons by the fruit
rather than by weight. The greatest number of fruit per acre was
with ‘Yellow Doll’, which had significantly more fruit than any
other entry. This was followed by ‘Orangeglo’ and ‘Cream of
Saskatchewan’. Rounding out the top five for greatest number
of fruit were ‘Sugar Baby’ and ‘Blacktail Mountain’.

Protein Variability in Seeds from the Vigna
unguiculata (L.) Walp. Core Collection

J. Bradley Morris*, Ming Li Wang, and Brandon
Tonnis

USDA, ARS, Plant Genetic Resources Conservation Unit,
Griffin, GA 30223

Seed from cowpea [Vigna unguiculata (L.) Walp.] accessions
have potential as a functional vegetable for healthy human
consumption. Protein content (%), seed coat color, seed pattern
color, seed pattern, seed size, and seed texture were evaluated
in 78–111 accessions representing the V. unguiculata core collection. This information will add value to cowpea for use as
a functional vegetable. Seeds from 78–111 cowpea accessions
stored in the USDA–ARS, PGRCU collection were evaluated
for protein content using an elementar protein analyzer, seed
coat color, seed pattern color, seed pattern, seed size, and seed
texture. Many of the cowpea accessions produced significant
protein content (minimum significant difference = 0.4065).
The Indian accession, PI 354729 produced the highest protein
content (25%). PI 354729 also produced small to medium size
and wrinkled seeds with a white seed coat color, mixed seed
pattern color, and a speckled/holstein seed pattern. Most of
the accessions originated from India averaging 22% protein.
However, the majority of the accessions (26) produced a mean
of 23% protein. Small to medium size cowpea seeds produced
the most protein content (24%). Significant correlations were
found between several seed traits and protein content. Protein
content showed significant positive correlations with seed pattern
(r2 = 0.2444**), seed size (r2 = 0.2744***), and seed texture (r2
= 0.3307***). Seed coat color showed a negative correlation
(r2 = –0.186**) with seed pattern. Seed pattern and seed size
showed positive correlations (r2 = 0.1762* and r2 = 0.2202**),
respectively with seed texture. This information will assist
breeders and other scientists in developing superior cultivars
with optimum protein content in many of these cowpeas.

Sugarcane Bagasse Ash as an Amendment for
Greenhouse Seedling Media

Charles L. Webber III*1, Paul M. White Jr.1, Eric C.
Petrie1, and James W. Shrefler2
USDA, Agriculture Research Service, Sugarcane Research

1
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Unit, Houma, LA 70360; 2Oklahoma State University, Division
of Agriculture Sciences and Natural Resources, Oklahoma
Cooperative Extension Service, Durant, OK 74702

Three million tons of sugarcane bagasse are produced each year
in Louisiana from the 380,000 acre sugarcane industry. Bagasse
is the fibrous by-product remaining after removing the sugar,
water, and other impurities from the sugarcane delivered to the
mill. Typically, the 11 Louisiana sugarcane mills use a portion
of the sugarcane bagasse for fuel, producing over 60,000 tons
of sugarcane bagasse ash (SBA) annually. In 2016, research was
conducted to investigate the use of SBA as an amendment to
soilless planting media for the production of vegetable seedlings.
The ash was combined by volume with a commercial soilless
growing media into 5 combinations (0:100%, 25:75%, 50:50%,
75:25%, and 100:0%, SBA and growing media, respectively).
Bean (Phaseolus vulgaris L.) var. ‘Bowie’ and Chinese kale
(Brassica alboglabra) var. ‘South Sea’ were planted in each
of the five different planting mixtures with four replications.
The results indicate that the addition of 25% ash significantly
increased bean emergence and establishment, while 50% ash
increased total fresh and dry weights of kale seedlings without
decreasing kale seedling establishment. As the ash percentage
increased from 25 to 100%, many of bean growth parameters
decreased (plant height and establishment, leaf, stalk, and total
plant weight). Bean plant establishment was the most severely
impacted by increasing ash content, decreasing plant stands from
a high of 76% at 25% ash to 40% establishment at 100% ash
content. Kale plant parameters also tended to decrease as ash
content increased above 25 and 50%. The research demonstrated
the feasibility of substituting 25 to 50% SBA in a standard greenhouse growing medium for bean and kale seedling production.

Variety Performance and Impact of Harvest
Date on Marketable Yield of Snap Bean
Timothy Coolong*1, Jennifer Miller2, and Brooke
Jeffries3

Department of Horticulture, University of Georgia, Tifton,
GA 31793; 2Jeff Davis Co. Extension Service, Hazlehurst, GA
31539; 3Wheeler Co. Extension Service, Alamo, GA 30411
1

Snap beans (Phaseolus vulgaris) are widely grown in Georgia,
accounting for nearly 3640 ha of production in 2015 valued at
over $20 million. Therefore, annual variety trials are conducted
to determine if new introductions provide yield and quality
benefits. Snap beans also have a short growing season with a
narrow harvest window after which beans become large, fibrous,
and unmarketable. However, growers are often confronted with
conditions, which force them to choose to harvest earlier or later
than is optimal. Therefore variety and harvest date trials were
conducted. In the variety trial, 14 varieties were planted in a
randomized complete-block design with four replicates. Plants
were harvested using a one-row mechanical harvester when
mature. To determine optimal harvest time, the variety Caprice
was planted into six-row plots (360 m-long) on a commercial
farm for five consecutive days. Three replicates of each six-row
plot were planted. After 56 days from the third planting date
(optimum harvest date), beans were harvested using a one-row
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mechanical harvester. Field-yields were obtained and all beans
were sorted and graded for marketable yields. In the variety trial,
the varieties Colter, SV1137, Momentum, Caprice, Dominator,
Achiever and BA1006 all performed similarly, with yields ranging
from 425 to 561 bushels/ha in BA1006 and Colter, respectively.
In the harvest date trial, field yields were significantly lower in
beans harvested one and two days earlier than those harvested
on time. Furthermore, the percentage of marketable beans decreased from 77.6% in those beans harvested at an optimal time
to 68.3% and 62.7% in beans harvested one and two days early,
respectively. Marketable yields for beans harvested one or two
days later than optimal were not adversely affected.

Yield and Quality Response of Butternut
Cultigens in North Carolina

Travis E. Birdsell¹, Jonathan R. Schultheis², and
Penelope Perkins-Veazie³

¹North Carolina Cooperative Extension, Ashe County Center,
North Carolina State University, 134 Government Circle,
Suite 202, Jefferson, NC 28640; ²Department of Horticultural
Science, North Carolina State University, 2721 Founders Drive,
264 Kilgore, Raleigh, NC 27695-7609; ³Plants for Human
Health Institute, Department of Horticultural Science, North
Carolina Research Campus, North Carolina State University,
Kannapolis, NC 28081

In butternut squash (Cucurbita moschata), fruit size and fruit
weight can be affected by temperatures and water stress. Butternut cultigen yield and internal nutrient composition over
storage time were evaluated as potential variety selection tools
using 22 cultigens and two climatic locations [Piedmont (PRS)
and Mountains (UMRS)] in North Carolina. In 2015, the UMRS
experienced moderate temperatures and received above average
rainfall, while the PRS experienced high average daily temperatures and minimal rainfall. This resulted in UMRS having larger
fruit size and more fruit per plant for all cultigens. The largest
percentage difference was among processing types. Sampled
cultigens increased in total carotenoid from 31% (‘Honeynut’)
to 49% (‘Polaris’) between weeks 1 and 9 at 55 °F storage. There
are a large number of cultigens available for consideration in
the Southeast. High temperatures and water stress appears to
decrease fruit size and fruit weight.

Screening and Testing for Heritability for
Anthracnose Susceptibility in Southern
Highbush Blueberry Cultivars
Doug Phillips*1, Patricio Munoz2

University of Florida Gulf Coast Research and Education
Center, 14625 County Rd. 672, Wimauma, FL 33598;
2
University of Florida, Department of Horticultural Science,
2211 Fifield Hall, Gainesville, FL 32611
1

Blueberries are an important commercial crop in the United
States, with over 550 million pounds produced in 2014. Florida
has become an important supplier of blueberries for the fresh
market, particularly during the period from March to May. The
success of Florida growers is due in large part to the development of southern highbush blueberry (SHB) cultivars that need
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significantly less chilling hours for fruit production than typical
temperate cultivars. These SHB cultivars and the mild subtropical
winter climate allow growers to harvest when the price point is
high. However, the humid summer conditions that also occur
with the subtropical climate often result in high disease incidence and severity. For example, anthracnose, caused by the
Colletotrichum fungal pathogen, is a disease typically associated
with postharvest fruit rots, but can also produce stem lesions
and dieback in susceptible cultivars. This disease has recently
been reported on two cultivars—Flicker and Scintilla—grown
primarily in central Florida, and the degree of susceptibility
of other cultivars is currently unknown. The objectives of this
research are to screen blueberry cultivars commercially grown
in Florida for susceptibility to anthracnose, develop a small
scale laboratory assay utilizing detached stems that can be used
to rapidly screen advanced selections in the breeding program,
and inoculate seedling populations with a known susceptible
parent to identify segregation of the susceptibility trait. Future
work will identify molecular markers associated with susceptibility to allow for identification and selection of parents that
are not susceptible to anthracnose stem dieback. The screening
for anthracnose susceptibility will be performed using a spray
inoculation of a virulent Colletotrichum isolate onto both whole
plants and detached stems, followed by measurement of incidence and severity of disease over time. Uninoculated control
plants will be utilized to account for any latent infection present
in the plant material. Testing for segregation of the anthracnose
susceptibility trait will be accomplished by inoculating multiple
populations, and then observing them to identify any anthracnose
symptoms. These populations were developed using ‘Flicker’
or ‘Scintilla’ (known to be susceptible) as a parent, along with
assumed resistant parents.

Repatriation of the Carolina African Runner
Peanut, Comparative Yields and Emerging
Specialty Markets
Brian K. Ward* and Richard L. Hassell

Department of Agricultural and Environmental Sciences,
Clemson University Coastal Research and Education Center.,
2700 Savannah Hwy., Charleston, SC 29414

In 2013, 20 of the 40 remaining Carolina Runner-4GP-0921
“Carolina African” (Isleib, 2016) runner peanut seed were given
to Clemson Coastal Research and Education Center (CREC)
from Thomas G. Isleib’s peanut breeding lab at North Carolina
State University. Considering the limited number of seed, an
intense seed increase was undertaken in order to propagate
enough seed to conduct research trials and on-farm production trials. The first year we planted all twenty seed. Of the 20
seed, 12 germinated and produced approximately 1200 seed.
This gathered much attention from both press and the culinary
industry. In 2014, we grew 900 of the 1200 seed and yielded
approximately 60,000 seed; once again interest grew to include
peanut butter, peanut oil, and peanut allergy vaccine companies.
In 2015, 45,000 of the 60,000 seed were planted yielding over
a million seed. In 2016, yield and quality trials began at CREC
and on a large peanut grower’s farm. The second week of May
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2016, one acre at CREC and on Haigler Farms was planted in
a randomized complete-block design with plots consisting of
four replications on 38-inch centers and 3 inches within row
spacing, fertilized with 50 lb/ac N. Commercial cultural practices were followed and the crops harvested during the first
week of November. Location and cultivar were the main treatments. There were no significant differences with replication
or location. There was no significant difference in whole plant
fresh weight or dry weight. A significant difference at the P =
0.0001 level was shown for cultivar. Cultivar FloRunner 511
outperformed Carolina African runner 1043 to 430 grams per
30-inch row subsample. Germination was greater in the Carolina
African runner by 7.5% compared to FloRunner 511; however,
Carolina African runner was more susceptible to virus while
less susceptible to foliar chewing insects. Although the first-year
comparative trials indicated the Carolina African runner peanut
did not perform to the level of the modern FloRunner 511 line,
future testing with spacing, planting date, planting densities, and
fertility are scheduled for 2017. Regardless there is a specialty
market for this historical peanut. High end culinary establishments are paying up to $20.00/lb (Parker, 2017). Even dating
back to 2005 organic runner peanuts were demanding $1.00/lb
in South Carolina compared to commodities pricing of $0.20/
lb. (Cantowine, 2005). Future markets are looking promising
for this peanut line in both conventional and organic markets.

Postharvest Biology and Technology
Physiochemical Attributes Impacted by
Postharvest Storage and Harvest Season of
Primocane Blackberry Genotypes

Daniela M. Segantini1, Renee T. Threlfall*2, and John
R. Clark1
316 Plant Science, Department of Horticulture, University of
Arkansas, Fayetteville, AR 72701; 22650 N. Young Avenue,
Institute of Food Science and Engineering, University of
Arkansas, Fayetteville, AR 72704
1

Primocane-fruiting blackberry genotypes potentially produce
two crops each year, fruiting on current season canes (primocanes) and then second-year canes (floricanes). In Arkansas,
high temperatures during fruit set and at harvest impact the
quality of primocane berries. The objectives of this study
were to investigate differences on physiochemical attributes of
blackberries harvested in two harvest seasons (cane types) of
primocane-fruiting genotypes and determine the seasonal and
postharvest storage impacts on physiochemical attributes. Four
primocane-fruiting blackberry genotypes (APF-238, APF-268,
Prime-Ark® 45 and Prime-Ark® Traveler) from the University of
Arkansas blackberry breeding were harvested at the shiny-black
stage of maturity from floricanes in June and from primocanes
in July and August and placed in 240-g vented clamshells
in triplicate. Data were collected on berries before and after
storage at 2 °C (90% RH) for 7 days. Firmness, percent red
drupelets, soluble solids (SS), pH and titratable acidity (TA)
were evaluated. APF-268 had firmer fruit on floricanes (9.2 N)
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versus primocanes (5.7 N). In general, floricane berries were
firmer (7.1 N) than those from primocanes (5.4 N). The harvest
season impacted the percent red drupelets, which was lower
for APF-238 on floricanes (2.5%) versus primocanes (6.6%)
and was lower for ‘Prime-Ark® Traveler’ primocanes (0.4%)
versus floricanes (4.3%). The SS was higher in berries from
primocanes for APF-238 (12.6%), ‘Prime-Ark® 45’ (12.4%) and
‘Prime-Ark® Traveler’ (11.8%) when compared to berries from
floricanes for APF-238 (10.7%), ‘Prime-Ark® 45’ (8.3%) and
‘Prime-Ark® Traveler’ (9.3%). In ‘Prime-Ark® Traveler’, pH
was higher for berries from primocanes (3.7) versus floricanes
(3.4). ‘Prime-Ark® Traveler’ had less acid fruit from primocanes
(3.9) and APF-238 had more acid (3.3). The TA was impacted
by harvest season, floricane berries were more acid (0.8%) than
those from primocanes (0.6%). Primocane-fruiting berries were
softer than those from floricanes, but primocanes had fruit with
higher SS and lower TA levels. Since consumers prefer low
acid and sweet fruit, studies to improve fruit set and firmness in
primocane-fruiting blackberry genotypes should be increased.

Using Centromeric Histone 3 Sequence Variance
to Build Phylogenies in Penstemon
Xin Ye*1 and Shaun Broderick2

32Creelman St, Department of Plant and Soil Sciences,
Mississippi State University, Mississippi State, MS 39762,
2
2024 Experiment Station Rd, Truck Crops Branch, Mississippi
Agricultural and Forestry Experiment Station, Mississippi State
University, Crystal Springs, MS 39059
1

Penstemon sp. (Schmidel) is a US native wildflower, of which
nearly 300 species have been found across North America. Penstemon’s prolific speciation is thought to be driven by pollinators.
However, the underlying molecular mechanisms in place that
have allowed for prolific speciation are not understood. At the
molecular level, interspecific crosses require that the parental
genomes be recognized by cellular machinery. Centromeric
histone 3 (CENH3), which is localized to chromosome centromeres in eukaryotes, marks the centromere so chromosomes can
segregate properly during cell division by the microtubules. The
N-terminal region of this gene has been shown to diverge rapidly
and is hypervariable. In Arabidopsis, it has been demonstrated
that divergence of the N-terminal tail of CENH3 result in infertility. Chromosomes from the incompatible parents are lost and
no viable seeds are formed. Therefore, the hypervariable region
of CENH3 can act as a reproductive barrier between species.
This suggests that CENH3 could be an underlying molecular
mechanism to allow Penstemon to speciate readily; however,
to date, there are no studies of the gene in Penstemon. Our
research objectives included identifying CENH3 in Penstemon
and obtaining sequencing data from several Penstemon species
to build phylogenies. To do this, we extracted RNA from leaf
tissue from more than 20 diverse Penstemon species. We have
successfully designed degenerate primers that allowed us to amplify a putative CENH3 ortholog in Penstemon, which includes
the hypervariable N-terminal region. This was accomplished
by obtaining CENH3 sequences from an array of dicot plant
species from Genbank, aligning the sequences, and identifying
conserved regions within the gene. The hypervariable region
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within CENH3 was flanked by conserved regions of DNA that
allowed us to design primers. We have successfully amplified
and sequenced putative CENH3 from more than 20 diverse Penstemon species, and we found there was a potential second copy
of CENH3-like gene in P. barbatus. We used Geneious (version
9.1.2) to trim our sequence data and build a phylogeny. Through
this work we will be able to measure the divergence of CENH3
in various Penstemon species and determine if compatibility of
interspecific crossed is correlated with variation within the gene.

Factors Influencing Postharvest Fruit Quality in
Blueberries
Savithri U. Nambeesan*1, Yi-Wen Wang1, John W.
Doyle1, and D. Scott NeSmith2

1111 Miller Plant Sciences, Department of Horticulture,
University of Georgia, Athens, GA 30602; 21109 Experiment
Street, Department of Horticulture, University of Georgia,
Griffin, GA 30223

1

Blueberry is an important crop in Southeastern US, with a farm
gate value of approximately $335 million in Georgia alone in
2014. An increased knowledge of maintaining postharvest fruit
quality and shelf-life would benefit blueberry growers and consumers. In the southeastern United States, two main types of
blueberries are commercially grown, southern highbush (species
complex between Vaccinium corymbosum L. and V. darrowii
Camp) and rabbiteye (V. virgatum Aiton) blueberries. Previous
reports have shown variations in postharvest quality of southern
highbush and rabbiteye fruit depending on the variety. In 2015,
we evaluated eight cultivars, belonging to both southern highbush and rabbiteye blueberries for postharvest attributes such
as fruit shelf-life, texture, soluble solid content and titratable
acidity. Our preliminary data suggests differences in postharvest
shelf-life and fruit quality attributes among cultivars in both
southern highbush and rabbiteye blueberries. Fruit that differed
in shelf-life and fruit quality attributes were evaluated for sugars,
sugar-derivatives, and organic acids content using gas chromatography to identify metabolites that may be critical in extending shelf-life and maintaining higher fruit quality attributes.
Preliminary analyses suggest that certain organic acids such as
quinic acid may be higher in varieties with longer shelf-life. In
addition transcriptome sequencing has been performed on fruit
samples that differ in storage attributes. Data from these studies
will help identify key metabolites and regulatory pathways that
contribute to shelf-life extension in blueberries.

Genetic Control of Rind Thickness in
Watermelon
Cecilia McGregor*

1111 Miller Plant Sciences, Department of Horticulture,
University of Georgia, Athens, GA 30602

Rind thickness is an important trait for watermelon consumers
and shippers. Consumers prefer thinner rinds, while shippers
prefer thicker rinds to prevent damage to fruit during shipping. Rind thickness is significantly correlated with fruit size,
especially with fruit width (r = 0.7), and the major quantitative
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trait locus (QTL) for rind thickness (Qrth2M) co-localizes with
a major QTL for fruit width (Qfwd2-2M). However, the correlation with fruit width does not fully explain the observed
phenotypes, and previous studies suggested additional loci on
chromosomes 5 and 8 associated with rind thickness. We used
two previously described mapping populations to confirm these
QTL and examine interaction between QTL. The ‘Klondike
Black Seeded’ x ‘New Hampshire Midget’ recombinant inbred
line population was grown in the field in 2016 and fruit and
rind data were collected from an average of 3.5 fruit per line
(n = 149). The QTL on chromosome 5 was confirmed (Qrth5;
R2 = 8%) and no significant interaction was observed between
Qrth2M and Qrth5. Because Qrth2M has such a large effect on
rind thickness, it can be difficult to detect smaller effect QTL in
populations segregating for Qrth2M. Therefore we also mapped
rind thickness in the ‘Sugar Baby’ x ‘Calhoun Gray’ F2 population (n = 89), since this population was not segregating for the
Qrth2M locus. A significant QTL explaining approximated 25%
of the phenotypic variation in this population was identified on
chromosome 8 (Qrth8). The next step is to develop and validate
high throughput KASPTM (Kompetitive Allele Specific PCR)
markers for the newly identified loci, to be used in marker assisted selection for rind thickness in watermelon.

Working Group:
National Sweetpotato Collaborators
Phosphorus Availability and Mechanical
Impedance Alter Sweetpotato Storage Root
Length
Arthur Q. Villordon*1, Michael Selvaraj2, Awais
Khan3, and Don LaBonte4

LSU AgCenter Sweet Potato Research Station, Chase, LA
71324; 2CIAT, Cali, Colombia; 3Cornell University, Geneva,
New York (formerly with CIP, Lima, Peru); 4School of Plant,
Environmental and Soil Sciences, Baton Rouge, LA 70803
1

Very little information is currently available about the intrinsic
and environmental cues of storage root length determination in
sweetpotato. While sufficient information is available about the
molecular and environmental triggers of storage root initiation
in adventitious roots, very little is known about signals that
terminate downward storage root growth. Knowledge about the
factors that determine root length is of scientific and practical
importance because root length helps to determine the capacity
of the developing root system to acquire soil-based resources.
We also hypothesize that increased understanding of the determinants of storage root length will reveal insights about factors
that influence storage root shape and sizing. Based on findings
in model systems and other crop species, there is sufficient
evidence to investigate the potential effects of phosphorus and
high mechanical impedance (soil compaction). We conducted
a series of experiments to simulate phosphorus availability
and soil compaction using a sand culture system. Compaction
was simulated in the growing system by adding extra amount
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of sand and pressing down in order to alter the bulk density
and increase root impedance. First we simultaneously tested
the effects of phosphorus omission and simulated compacted
layer using Bayou Belle and Beauregard cultivars. Second, we
tested the effects of phosphorus and compaction individually.
The number of cultivars was increased in the compaction study.
We will present experimental results that showed that omission
of phosphorus and the presence of compacted layer reduced
storage root length. Such findings can lead to follow-up work
that seeks to shed light on the precise mechanisms of storage
root length determination.

Yield Response of Four Sweetpotato (Ipomea
Batatas) Clones to In-row Spacing and Length
of Growing Season

Jonathan R. Schultheis*1, Luis Duque2, Keith Starke1,
Kenneth Pecota1, and Craig Yencho1
Department of Horticultural Science, 2721 Founders Drive,
264 Kilgore, Raleigh, NC 27695; 2Penn State University,
Headhouse 1, Room 107, University Park, PA 16802
1

Four sweetpotato clones (Bellevue, Covington, NC 09-122, and
NC 05-198 were evaluated at three in-row spacing distances
of 8, 12, and 16 inches for root yield and grade response. The
planting was made at the Cunningham Research and Extension
Center, Kinston, NC on 9–10 June 2015, and early harvest was
15 Sept. [98 days after planting (DAP)] and the late harvest
was 13 Oct. (125 DAP). The early harvest simulated when the
marketed crop was especially targeted toward table stock, while
the late harvest targeted a crop that produced more tonnage
aimed more at the processing industry. There were very few
interactions between clone and in-row spacing; however, the
main effects were generally significant for most of the variables
that were analyzed (number and weight of roots produced per
acre, and the number and weight of roots produced per plant
for each root grade (number one, canner, jumbo, total marketable)) and between clones. For the early harvest, more number
one grade roots per acre were produced from ‘NC 05-198’ on a
number and weight basis than ‘Bellevue’, ‘Covington’, and ‘NC
09-122’. Percentage number one roots in the early harvest were
highest for ‘NC -05-198’ (78%), followed by ‘NC 09-122’ (71%),
‘Covington’ (64%) and ‘Bellevue’ (57%). Both ‘Bellevue’ and
‘Covington’ roots sized quicker than the two NC clones, with
the former two clones resulting in greater percentages, numbers
and weights of jumbo roots. In contrast, the two NC clones
produced more canner roots that either ‘Bellevue’ or ‘Covington’. For the early harvest, more total marketable roots were
produced from the two NC clones compared with ‘Bellevue’ and
‘Covington’. However, marketable weight per acre was similar
across clone, the exception being ‘NC 05-198’ and ‘Bellevue’
producing more yield than ‘NC 09-122’. For the late harvest,
more number one roots were produced with ‘NC 05-198’ than
the other clones. Number one root weight was greatest for ‘NC
05-198’, followed by ‘NC 09-122’ and ‘Covington’, with ‘Bellevue’ producing the lowest. The yield trend was similar for total
marketable root weight between clones. There was an average
increase of nearly 10,000 pounds per acre by delaying harvest
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27 days. Number one root percentage dropped in the late harvest
versus the early harvest by 20, 13, 11, and 13 for ‘Bellevue’,
‘Covington’, ‘NC 09-122’ and ‘NC 05-198’, respectively, while
jumbo percentage increased 18, 10, 18, and 15, respectively.
As plant spacing decreased, number and weights of number
one and jumbo roots generally increased, regardless of harvest
time (early versus late). More number one roots (number and
weight) were produced at the 8 inch in-row spacing while root
number and weight were statistically similar at the 12 and 16
inches for either harvest date. Fewer jumbo roots (number and
weight) were produced at the 16 inch in-row spacing than either
the 8 or 12 inch in-row spacings for either harvest date. These
data illustrate the differences between clones and how in-row
spacing influences root yield by grade over time.

Sweetpotato Cultivar Responses to Interactive
Effects of Temperature, Drought, and Carbon
Dioxide

Shasthree Taduri*1, Ajaz A. Lone1, Stephen Meyers2,
Mark Shankle2, and K. Raja Reddy1

Mississippi State University, Mississippi State, MS and
Pontotoc Ridge-Flatwoods Branch Experiment Station, North
Mississippi Research and Extension Center, 8320, Hwy. 15
South, Pontotoc, MS

1
2

Among the abiotic stress factors, temperature, drought and carbon dioxide (CO2), are the main factors affecting crop growth,
development, and yield. The objective of this study was to examine the morpho-physiological trait differences among three
contrasting sweetpotato cultivars (Beauregard, Hatteras, and
LA 1188) for heat and drought stress. Sunlit environment plant
growth chambers, known as Soil-Plant-Atmosphere-Research
chambers, were used for this study. In this experiment, eight
treatments were imposed and consisted of two levels of CO2
(410 and 760 µmol·mol–1), two levels of temperature (30/28
and 38/30 °C), and two levels of drought stress [well-watered,
100% evapotranspiration (ET), and 50% ET]. A control treatment
consisted of 30/22 °C, 400 µmol·mol–1 (CO2), and well-watered
plants. All treatments were imposed at planting with the exception of irrigation treatments which were imposed at 36 days after
transplanting (DAP) and continued to 83 DAP. Growth and
developmental parameters and plant-component dry weights
were measured at the end of the experiment. Gas exchange,
pigments and cell membrane stabilities were measured several
times during the experiment. Treatment variables significantly
affected all the measured parameters in all cultivars and cultivars
differed significantly for many of the measured parameters.
Well-watered conditions favored stem and leaf growth more
than storage root growth. Elevated carbon dioxide ameliorated
some of the damaging effects of drought and high temperature in
all cultivars. Elevated temperature depressed storage root yield.

Genetic Mapping of Nematode Resistance in a
Sweetpotato Bi-parental Mapping Population

Bonny M. Oloka*, Victor A. Amankwaah, Amber D.
Harmon, Meri Reeber, Ana Pecota, Kenneth Pecota,
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Sharon Williamson, Bode Olukolu, and G. Craig
Yencho

214 Kilgore Hall, Department of Horticultural Science, North
Carolina State University, Box 7609, Raleigh, NC 27695-7609

Sweetpotato is a staple food crop providing important calorie
and energy requirements particularly in sub-Saharan Africa
and parts of Asia. In sub-Saharan Africa, local landraces are
the major genotypes grown in small plots and they comprise
cream or white-fleshed roots that have high dry-matter content
(28% to 30%) and low sugars. However, the full potential of
sweetpotato has not yet been recognized globally due to the
crop’s complex genetics, limited genomic resources and a wide
array of biotic and abiotic stresses. This research will contribute
to the development of modern breeding tools for faster genetic
gains in the crop. Experiments were conducted to: 1) phenotype the ‘Tanzania’ x ‘Beauregard’ (TB) mapping population
for root-knot nematode (RKN) resistance, 2) develop a genetic
map using the TB mapping population, and (3) identify single
nucleotide polymorphisms (SNPs) and QTL associated with
RKN resistance in sweetpotato. 244 F1 progenies, two parents
and four checks were assayed for RKN resistance in a completely
randomized design with five replications and under greenhouse
conditions. Nematode infection was measured by counting and
scoring the galls that developed in the root system. Individuals
were genotyped-by-sequencing and genotype-specific barcoded
reads were identified. After aligning unique reads to reference
diploid ancestral genomes, SNPs calling was performed using
the GATK HaplotypeCaller. Preliminary results suggest that
multiple genes are involved in conferring resistance to RKN in
sweetpotato and the genotype ‘Tanzania’ is a reliable source of
resistance. The linkage map will be important for QTL analysis,
setting the stage for marker-assisted selection for RKN resistance
in sweetpotato.

In-field Sweetpotato Skin Strength
Enhancement as a Result of Main Stem and
Root Separation by the Harvest-assist Vine
Puller-chopper Machine

Anirudh Akula*, J.A. Macialek, and M.D. Boyette

Department of Biological and Agricultural Engineering, North
Carolina State University, Raleigh, NC 27695

Sweetpotato roots skin very easily at the time of harvest and
some literature recommends that de-vining be done about a
week prior to harvest in order to control the root growth and also
toughen the skin by initiating skin setting. Previous research has
resulted in developing a harvest-assist sweetpotato vine pullerchopper machine to snatch and separate the main stem from
the individual roots below the soil. The effect of the main stem
removal by the vine puller-chopper machine on increasing the
skin strength of the sweetpotato roots was investigated during
the 2016 harvest season. Three fields each of Covington and
Beauregard varieties nearing harvest were chosen as test plots,
and randomly selected rows from each plot were “snatched”
by the vine puller-chopper machine. Three hills were randomly
selected and dug from the “snatched” rows and three hills were
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also dug from the untouched rows to get a simultaneous control measurement. Three roots from each selected hill of the
“snatched” and untouched rows were sampled for measuring
the skin strength 0, 3, 6, 9, 12, and 15 days after running the
vine puller-chopper machine. Skin strength was measured using
a modified version of the Halderson Periderm Shear Tester and
Torquometer. The torsional force required to shear the periderm
in the equatorial region under the minimum normal loading were
both recorded. Results from this study showed that a 6–15 day
skin setting period after the main stem removal significantly
increased the sweetpotato skin strength. It was observed that
‘Beauregard’ had a better response and a greater increase in skin
strength compared to ‘Covington’. The torque values required
to shear the skin peaked close to 400 mN-m for ‘Beauregard’
around day 15 with the normal force required being around 12
kg (25 pounds). For ‘Covington’, the peak was close to 300
mN-m with 7 kg (15 pounds) normal force. The untouched roots
required almost the same forces to shear throughout the 15 day
study which was around 60 mN-m with a 2.5 kg (5.5 pounds)
normal force for Beauregard and around 40 mN-m with a 1.7 kg
(3.8 pounds) normal force for ‘Covington’. Soil type, moisture,
and rainfall did not seem to have any effect on the skin setting
for both varieties. The increased skin strength as a result of the
main stem removal by the vine puller-chopper would help reduce
the skinning damage to the roots during mechanical harvesting
and the quantification from this study would help better design
the sweetpotato mechanical harvesting equipment to further
reduce root damage.

Evaluation of Dry Matter, Starch, Sugar,
β-carotene Content and Amylase Activities
in the Tanzania x Beauregard Mapping
Population

Victor A. Amankwaah*1, Bonny M. Oloka1, Ragy
Ibrahem1, Sharon Williamson1, Jeremy Machacek1,
Kenneth Pecota1, Bode Olukolu1, Van-Den Truong2,
and Craig Yencho1

214 Kilgore Hall, Department of Horticultural Science, North
Carolina State University, Box 7609, Raleigh, NC 276957609; 2322 Schaub Hall, USDA–ARS Food Science Research
Unit, Department of Food Bioprocessing, and Nutrition
Sciences, NCSU, Raleigh, NC 27695-7624
1

Sweetpotato is one of the major crops in the world and a versatile
crop in sub-Sahara Africa (SSA) in terms of food security. Consumers are becoming more conscious about the health benefits of
orange-fleshed sweetpotato (OFSP) varieties. Sweetpotato breeders in West Africa, especially Ghana, are challenged by breeding
for varieties that have appreciable levels of β-carotene, high dry
matter content, and low sugars to satisfy consumer preference
on sweetpotato as a food staple. Changes in sugars and amylase
activities occur in most genotypes by curing, storage, and cooking. The specific objective of this study is to assess the quality
traits as well as α-and β-amylases activities in the Tanzania x
Beauregard (TB) mapping populations. The TB mapping population has Tanzania and Beauregard varieties as parents with 245
progenies. The two parental clones vary significantly in quality
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traits and are segregating for these traits. The mapping clones
were planted as five-plant plots with a spacing of 0.3 m x 1 m.
Samples of three marketable roots were selected for evaluation
right after harvesting, curing and storage (10–12 weeks). Data
collection and analysis are in progress. Initial results on the
uncured samples have revealed that 44.64% of the genotypes
had yellow flesh color same as ‘Tanzania’ while 22.75% had
orange flesh color like ‘Beauregard’. The rest of the progenies
had flesh colors varying between those of the two parents. Dry
matter contents had a normal distribution with a range from
18.94% to 36.0 6%. Transgressive segregation was observed for
dry matter contents exhibiting higher levels than ‘Tanzania’, the
parent with high dry matter content. Correlation for different
traits will be determined based on the chemical components
analyzed by the near infrared spectroscopy method and amylase
assay on the collected samples. This study contributes to the
efforts on developing new sweetpotato varieties with high beta
carotene and high dry matter content that are non-sweet to meet
the preference of consumers in West Africa.

Evaluating the Effects of the Environment
on Physiological Properties of Sweetpotato
(Ipomoea batatas)

T.F. Arnold*1, Arthur Q. Villordon1, T.P. Smith1, Don
LaBonte2, and D.H. Picha2
LSU AgCenter Sweet Potato Research Station, Chase, LA
71324, 2LSU AgCenter School of Plant Environmental and
Soil Sciences, Baton Rouge, LA 70803
1

Multi-year, multi-location on-farm research has been conducted
to evaluate physiological characteristics of sweetpotatoes grown
in different locations across the southeastern United States. It is
widely known, but not previously documented, that sweetpotatoes grown under different environmental conditions can vary
in quality. Understanding the differences that exist because of
location and environment are important as processors need a
uniform product. Three varieties were evaluated, Beauregard,
Bayou Belle, and Orleans. The roots were grown with different
temperatures and watering regimes (irrigation and rainfall). The
harvests ranged from August to November. Roots were evaluated green, immediately after curing, and at six-week intervals
during the storage season from each site for the first year and at
10-week intervals during the storage season from each site for
the second year. A weather sampling station was positioned at
each site and hourly it recorded: air temperature and humidity,
soil temperature and moisture at different depths, and rainfall/
overhead irrigation amounts. Four sites were used for evaluation:
Elberta, AL; Grand Prairie, LA; Wynne, AR; and Sikeston, MO.
The parameters being evaluated include density (specific gravity), sugar content, dry matter, starch content (alcohol insoluble
solids), carotenoid content, amino acid content, and phenolic
content. The study was conducted over two years. This project
will seek to determine how the quality of sweetpotato roots
differs among different environmental conditions during long
term storage. Knowing this will help predict long term storage
quality based on environmental conditions.
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Viral Distribution Titers of SPVG, SPVC,
SPFMV and SPV2 (Potyviridae) in ‘Beauregard’
Sweetpotato (Ipomoea batatas)
Herrera Favio* and C.A. Clark

Department of Plant Pathology and Crop Physiology,
Louisiana State University Agricultural Center. Baton Rouge,
LA 70803

Sweetpotato [Ipomoea batatas (L.) Lam.] is an important crop
for food security. Plant viruses have shown to affect yields in
sweetpotato due to their accumulation in cultivars. The most
common plant viruses that affect sweetpotato in the United
States belong to the Potyviridae family. Sweet potato feathery
mottle virus (SPFMV) was first described in 1978, being the only
reported in the United States until 2001. With the improvement
of molecular biology techniques, Sweet potato virus G (SPVG)
and Ipomoea vein mosaic virus -now named Sweet potato virus
2 (SPV2), have been characterized. Recently, due to their differences at the P1 region, the former species SPFMV-C (common
strain) was re-categorized as Sweet potato virus C (SPVC). To
avoid sampling in a destructive manner, leaves are commonly
taken to screen for potyvirus presence in the field, however,
next generation sequencing evidence suggests that SPVC, SPFMV and SPVG are efficiently replicated in fibrous roots, but
SPV2 has higher titters on expanding tuberous roots.. To test
the hypothesis of which part of the plant is better to screen for
potyvirus presence, primers from the CP region for SPFMV
and SPVC were redesigned and the housekeeping gene COX
was utilized in a rt-qPCR experiment. Sweetpotato ‘Beauregard’ virus tested plants were graft inoculated with isolates of
each of the main four potyviruses (SPVG, SPVC, SPFMV and
SPV2) and the combination of the four together were compared
against natural infected plant ‘Beauregard’ generation 7 (B14G7). Samples were compared at one, three and five weeks in
leaves, stems and roots based on degree growing days.

Evaluating the Shape and Size Characteristics
of Sweetpotatoes Using Laser Image Analysis
Amber Tsirnikas* and Michael D. Boyette

Department of Biological and Agricultural Engineering, North
Carolina State University, Raleigh, NC 27695

There are many factors that may influence shape in sweetpotatoes, such as variety and generation, soil chemical and
physical properties, soil moisture, weather, cultural practices,
etc. It is proposed that the shape and size of sweetpotatoes can
be enhanced with certain sources of nitrogen fertilizer and application rates. The varieties Beauregard, Bellevue, Covington,
Evangeline, NC 05-198, and NC 09 122 were planted in July
and harvested 26 Oct. 2016, at the Cunningham Research
Station in Kinston, NC. Each variety was treated with either
CaNO3 preplant and CaNO3 layby, CaNO3 preplant and urea
layby, urea preplant and urea layby at the rate of 45 lb/acre or
no preplant and no layby at 45 lb/ac rates. Each of the four applications was replicated four times. A population (n = 50–75)
of individual sweetpotato for each replication was scanned by
a laser scanner to determine the length, maximum diameter,
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Length-to-width ratio, volume, surface area, curvature, taper,
and roundness. These factors were statistically analyzed to
determine the correlation between shape and nitrogen source/
application in each of the six varieties. Knowing how different
nitrogen sources and application affects the shape and size of
different sweetpotato varieties for this eastern North Carolina
area, will allow growers to manipulate these factors to obtain
a higher percentage of consumer desired sweetpotato shapes
with higher grower returns while avoiding over fertilization.

Interactive Effects Nitrogen Nutrition and
Ultraviolet-B Radiation on Sweetpotato Growth
and Development
Zigeng Chen1, Shasthree Taduri2, Mark Shankle3, Wei
Gao1 and K. Raja Reddy2

Colorado State University, Fort Collins, CO; 2Mississippi State
University, Mississippi State, MS; 3Pontotoc Ridge-Flatwoods
Branch Experiment Station, North Mississippi Research and
Extension Center, 8320, Hwy 15 South, Pontotoc, MS
1

In spite of the success of the Montreal Protocol, the stratospheric
ozone level will not return to 1998s levels until mid-century
because of the remaining chlorofluorocarbon and other ozone
depleting substances in the atmosphere. Therefore, ground-level
ultraviolet (UV)-B will still stay in a high level for the next
several decades and be a significant factor on the growth and
development of sweetpotatoes. Interactive effects of UV-B and
other growth- and yield-limiting stress factors such as nitrogen
have not been thoroughly investigated. An experiment was
conducted in greenhouse conditions to determine the interactive effects of UV-B and nitrogen on ‘Beauregard’ sweetpotato
growth, development, leaf photosynthetic, and other physiological characteristics. Six treatments were used, comprising two
UV-B levels (0 and 10 kJ) and three nitrogen levels (100%, 60%,
and 20%) under optimum water conditions. The treatments were
imposed at planting and continued up to 70 days. Plant growth
and development were assessed by harvesting four plant in each
treatment at 10, 20, 40, and 70 days after planting. Even though
developmental events less affected by UV-B, plants grown in
optimum nitrogen and 0 UV-B had greater leaf area and total and
storage root dry weights than did plants grown in lower nitrogen
and UV-B levels. The decreased leaf area and dry weights of all
components (including storage roots) may be due to diverting
photosynthates for UV-B protecting mechanisms. The UV-B
screening compounds typically increased under UV-B treatments. In addition, flower morphology has been modified by both
nitrogen and UV-B treatments. Therefore, projected changes in
ground-level UV-B radiation and variable soil nitrogen will have
implications for sweetpotato production in the coming decades.

Impact of Palmer Amaranth (Amaranthus palmeri)
Removal on Sweetpotato Yield and Quality
Stephen Smith*, Katie M. Jennings, and David W.
Monks

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695

S63

Palmer amaranth (Amaranthus palmeri) is the most troublesome weed in North Carolina sweetpotato production. Palmer
amaranth reduces yield and quality of sweetpotato. A field study
was conducted in 2016 to determine the influence of Palmer
amaranth removal timing on ‘Covington’ sweetpotato storage
root yield and quality. Treatments included hand removal of
Palmer amaranth at 2, 3, 4, 5, 6, 7, 8, and 9 weeks after transplanting (WAT) sweetpotato. Plots were maintained weed free
for the remainder of the growing season after Palmer amaranth
removal. Weed removal timing had a significant effect on
sweetpotato storage root yield and quality. Yield and quality
were greatest when Palmer amaranth was removed 2 WAT. Yield
and quality of sweetpotato storage roots decreased as removal
timing was delayed.

Weed Management in Sweetpotato

Mark Shankle*, Stephen Meyers, Trevor Garrett, and
Jeff Main
Pontotoc Ridge-Flatwoods Branch Experiment Station,
Mississippi State University, Mississippi State, MS 38863

Field research was conducted at the Pontotoc Ridge-Flatwoods
Experiment Station near Pontotoc, MS, to determine the effect
of Linex on sweetpotato crop response and weed control during the 2014–16 growing seasons. The trial was a randomized
complete block with four replications. Plots were 10 x 30 ft.
having three 40-inch rows. Beauregard B-14 sweetpotato slips
were transplanted on 30 June 2014, 9 July 2015, and 17 June
2016. Preemergence (PRE) treatments were applied on 30 June
2014, 8 July 2015, 16 June 2016, and postemergence (POST)
treatments were applied within one day of transplanting (DAP)
in all years. Lay-by treatments were applied on 23 July 2014,
5 Aug. 2015, and 8 July 2016. Treatments include Linex 1.5 or
2.0 pt/ac applied PRE and POST, Valor 2 oz/ac PRE followed
by (fb) Command 2.67 pt/ac POST fb cultivation + Dual Magnum 0.8 pt/ac at lay-by, Command 2.67 pt/ac fb cultivation +
Linex 1.5 pt/ac at lay-by, Command 2.67 pt/ac fb cultivation +
Linex 2.0 pt/ac at lay-by, and an untreated weedy check. Weed
control ratings were made at three weeks after planting (WAP),
one week after lay-by (WALB), and preharvest for crabgrass
(Digitaria sanguinalis) and slender pigweed (Amaranthus
viridus L.) control. Ratings for crop tolerance (injury) were
made at 1 and 3 WAP, 1 WALB, and preharvest. Sweetpotatoes
were harvested on 24 Oct. 2014, at 116 DAP; 22 Oct. 2015, at
106 DAP; and 12 Oct. 2016, at 117 DAP. Sweetpotatoes were
graded to determine No.1, canner, cull, and jumbo yields. Total marketable yield was recorded as the sum of No.1, canner,
and jumbo yields. Data were subjected to ANOVA and means
separated by Fisher’s protected LSD (α = 0.05). Sweetpotato
injury was 16% or less for all treatments at 1 WAP in all years.
Injury was not observed at 3 WAP in 2014 and was 10% or
less for all treatments at 3 WAP in 2015 and 2016. At 1 WALB
injury was not observed in 2014 and injury was less than 13%
for all treatments containing a lay-by application of Linex in
2015. However in 2016 treatments containing a lay-by application of Linex had injury from 22% to 25% at 1 WALB. No
injury was observed for any treatment at preharvest in all years.

HortScience 52(9) (Supplement)—2017 SR–ASHS Annual Meeting—3–5 February 2017

Slender pigweed control was at least 90% for all herbicide treatments at 3 WAP in 2014 and 2015. All treatments containing
a cultivation/lay-by treatment controlled pigweed at least 96%
at 1 WALB in 2014 and 2015. Pigweed control at pre-harvest
with Linex applied alone ranged from 76% to 84% and 81% to
100% in 2014 and 2015, respectively. All treatments containing a cultivation/lay-by treatment controlled pigweed at least
94% at preharvest in 2014 and 2015. Pigweed was not rated in
2016. Crabgrass control was 100% for all herbicide treatments
at 3 WAP in 2014 and ≥ 90% in 2015. in 2014 and 2015, Linex
applied alone controlled crabgrass at least 90% and 75% at 3
WAP and preharvest, respectively. In 2016, crabgrass control
ranged from 58 to 89% with Linex applied alone at 3 WAP and
from 33 to 83% at preharvest. Crabgrass control was greater
with POST applications of Linex compared to PRE applications.
All treatments containing Command and a lay-by/cultivation
treatment controlled crabgrass 100% at 1 WALB and ≥ 99% at
preharvest in all years. In 2014, No. 1 yield ranged from 320 to
568 boxes/ac for the weedy check and Command 2.67 pt/ac fb
cultivation + Linex 2.0 pt/ac at lay-by, respectively. In 2015,
No. 1 yield ranged from 118 to 209 boxes/ac for Linex 2.0 pt/ac
POST and Command 2.67 pt/ac fb cultivation + Linex 1.5 pt/ac
at lay-by. In 2016, No. 1 yield ranged from 42 to 426 boxes/ac
for the weedy check and Command 2.67 pt/ac fb cultivation +
Linex 2.0 pt/ac at lay-by, respectively. In 2014, total marketable
yield ranged from 431–733 boxes/ac for the weedy check and
Linex 1.5 pt/ac POST, respectively. In 2015, total marketable
yield ranged from 264–398 boxes/ac for the weedy check and
Command 2.67 pt/ac fb cultivation + Linex 2.0 pt/ac, respectively.
In 2016, total marketable yield ranged from 104–764 boxes/ac
for the weedy check and Command 2.67 pt/ac fb cultivation +
Linex 1.5 pt/ac, respectively.

Herbicide Efficacy Trials in California
Sweetpotato
C. Scott Stoddard*

University of California Cooperative Extension, 2145 Wardrobe
Ave., Merced, CA

Weed control methods in commercial California sweetpotatoes
are characterized by the use of preplant weed management
coupled with a limited number of registered herbicides, cultivation, and hand hoeing when appropriate. Annual weeds are the
single largest category in commercial sweetpotato fields; common
species include the nightshades (Solanum spp), redroot pigweed
(Amaranthus spp), purslane (Portulaca oleracea), puncturevine
(Tribulus terrestris), and barnyard grass (Echinochloa spp).
Of these, redroot pigweed is the dominant and most pervasive
species. Unfortunately, very few preemergent herbicides are
registered for sweetpotatoes in California, and are frequently not
used as they require water incorporation from rain or sprinklers
to be effective. Both Dual Magnum (S-metolachlor) and Valor
(flumioxazin) are two such examples. As a result, postemergence
herbicide use dominates. Postplant applications of glyphosate
(Roundup) with hooded sprayers are commonly used, and while
still effective, concerns about weed resistance to glyphosate,
especially with Amaranthus species, necessitate continual evaluS64

ation of weed management options in sweetpotatoes. In 2016,
a new certified organic herbicide, “Suppress” (caprylic + capric
acid), was evaluated under similar methods as glyphosate at 3%,
6%, and 9% v/v; weeds were significantly reduced even at the
3% concentration using a banded application down the center
of the bed. Also in 2016, a USDA IR4 field trial evaluated the
herbicide fluridone (Sonar, Brake) applied to preformed beds
prior to and after transplanting. Application rates were 9.6, 19.2,
and 38.4 fl oz/acre. Devrinol (napropamide) and Dual Magnum
were used for comparison, and the test included both weedy
and hand-weeded control plots. At no rate did fluridone provide
adequate pigweed or puncturevine control, which were the
dominant weed species at this location. Crop phytotoxicity was
severe at the 19 and 38 fl. oz. rates, and yield was significantly
reduced as compared to the hand weeded check plot. Devrinol
applied preplant incorporated had marginal weed control, but
was excellent when applied at lay-by. Under conditions typical for California, fluridone was an unacceptable herbicide for
sweetpotatoes, while Suppress showed good potential for both
conventional and organic producers.

Management of Soil Insects in Sweetpotato in
Louisiana
T.P. Smith*1, J.M. Beuzelin2, C. Gregorie1, T.F.
Arnold1, and D.M. May2

LSU Agricultural Center Sweet Potato Research Station,
Chase, LA 71324; 2 LSU Agricultural Center Dean Lee
Research Station, Alexandria, LA

1

Soil insects can damage sweetpotato throughout the production
cycle of the crop in the southeastern United States, including
cucumber beetles or rootworms (Diabrotica spp.). Cucumber
beetles have been the most prevalent insect pest present in
sweetpotato production fields in Louisiana during the last several years. They can cause damage throughout the production
season and several insecticide applications (including preplant
and foliar applications) are needed to maintain populations and
damage below threshold levels. Soil insect feeding damage
compromises the aesthetic quality of sweetpotato roots, often
leaving them unsuitable for market. Producers currently rely
on traditional labeled soil insecticides and best management
practices to manage soil insects in commercial fields. Several
insecticides currently labeled for use on sweetpotato in Louisiana
were evaluated at the Dean Lee Research Station in Alexandria,
LA, and the Sweet Potato Research Station in Chase, LA, during
2016, in field trials, for their efficacy against cucumber beetles
and other soil insects. Damage ratings were variable across both
locations with more damage occurring at the Dean Lee location.

Comparison of Yield and Quality of
Conventional Versus Organic Sweetpotato in
Charleston, South Carolina

Brian K. Ward*1, Phillip Wadl2, and Livy Williams III2
Department of Agricultural and Environmental Sciences,
Clemson University Coastal Research and Education Center,
2700 Savannah Hwy., Charleston, SC 29414, 2USDA–ARS

1
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U.S. Vegetable Lab., 2700 Savannah Hwy., Charleston, SC
29414

Sweetpotato production has dramatically declined in South
Carolina over the past two decades. There is an initiative to
reinvigorate the industry through the South Carolina Department of Agriculture, Clemson University and the United States
Department of Agriculture, ARS USVL. This initiative is market
driven and rooted in breeding and cultural practices. In 2016,
trials were implemented in Charleston, SC, that included 25
sweetpotato lines in conventional bare ground and organic
plasticulture settings. Fertility and cultural practices were kept
consistent. Although this initiative and research are in the preliminary stages, observations revealed germplasm x cultural
practice interaction revealed interesting and convoluted findings. Conventional, collectively yielded higher yield as a whole,
however; insect damage and quality yielded differential results
with the most pronounced difference being in insect damage.
This research and findings will be reevaluated in 2017.

Biomass Studies of Ten Sweetpotato Varieties in
the Virgin Islands
Thomas W. Zimmerman* and Carlos Montilla

University of the Virgin Islands Agricultural Experiment
Station, RR#1 Box 10,000, Kingshill, VI 00850

Ten sweetpotato varieties were established in raised beds with
drip irrigation on March 7, 2016 to evaluate biomass over time.
The varieties included: B-14, Bonita, Charleston Scarlet, Francia,
Liberty, Murasaki-29, Ruddy, Toquecita, VIP, and White Jewel.
Harvest and data collection occurred at 18-day intervals up to
90 days and then 15-day intervals to day 120. Tuberous root
swelling was observed at day 54. ‘Charleston Scarlet’ had the
greatest leaf/stem biomass of 892 g dry weight (DW) at 105
days and the lowest was ‘Toquecita’ at 186 g DW. Marketable
tuberous roots were obtained by day 72, but at a low percentage.
‘Toquecita’ was the first to have jumbo sized tuberous roots by
90 days and 60% of the varieties had jumbo sizes by 105 days.
‘Charleston Scarlet’ had the most roots per plant at 120 days
while ‘Francia’ had the least. Weevil damage to roots was first
observed in ‘Toquecita’ at 72 days and 50% of the varieties by
day 105. By day 120, over 50% of the ‘Francia’ and ‘Toquecita’
roots were unmarketable due to weevil damage. ‘Charleston
Scarlet’, ‘Liberty’, ‘Murasaki-29’, ‘Ruddy’, and ‘White Jewel’
had less than 10% of the tuberous roots damaged unmarketably
by weevils at the 120-day harvest. This research is supported
by USDA–NIFA Hatch funds.

Using a Low-cost 3D Scanner for Nondestructive Measurement of Surface Area
and Volume of Storage Roots in Postharvest
Research
Arthur Q. Villordon1 and Don LaBonte2

LSU AgCenter Sweet Potato Research Station, Chase, LA
71324; 2LSU AgCenter School of Plant, Environmental and
Soil Sciences, Baton Rouge, LA 70803

1

The non-destructive measurement of surface area and volume is
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an important consideration in sweetpotato postharvest research.
Surface area is routinely used for estimating rates of heat, water
vapor, and gas transfer and for estimating the speed of cooling
and peeling operations. The surface area to volume ratio can
also be calculated, an important consideration for studying
and modeling transpiration and water loss. Current methods
for measuring these characters, e.g., water displacement and
shrink-wrapping, are considered destructive approaches. Commercial systems for capturing plant shape based on regular RGB
cameras can measure some parameters like projected plant
area but fail to exploit the full potential of 3D shape analysis.
Advances in sensors and algorithms and more recently from
the gaming industry and 3D printing have spurred the development of low-cost sensor systems. Laser scanning devices
are currently available for coarse measurement like estimating
biomass or canopy. However, relatively expensive laser scanners
with higher resolutions are needed for observation of smaller
objects like fruits and other storage organs. Thus, there is a
need for low-cost 3D imaging techniques to address the tradeoff between efficiency of image acquisition and the cost of the
sensor system with sufficient accuracy. In this presentation, a
low-cost infrared-based 3D scanner will be used to demonstrate
the generation of 3D models and acquisition of parameters like
length, area, and volume of sweetpotato storage root samples
used in an ongoing postharvest study. Data on the association
of some 3D-based measurements and storage root weight loss
will be presented. The advantages and disadvantages of this 3D
scanner will be discussed.

Variation in β-carotene and Phenolics Levels
in In-house Hybrids during Storage and
Processing

Ananda Nanjundaswamy*, Lydia Batey, Victor Njiti,
Qun Xia, and Franklin Chukwuma
Department of Agriculture, Alcorn State University, Lorman,
MS 39096

Apart from being an important food crop worldwide, especially
in developing world, sweetpotato has been gaining popularity
as a low calorie food. After wheat, rice, and potato, sweetpotato ranks on the top ten important food crops. Sweetpotato,
although known as a rich source of starch, contains a suite of
biochemical compounds ranging from phenolics to carotenoids
that are known to benefit human and animal health. Considering the health and nutritional benefits of these biochemicals,
it is important to assess their stability and bioavailability during storage and after processing of raw sweetpotato. This will
enable us to choose the best storage conditions as well as best
processing methods. In the present study, three in-house hybrids
were stored at three different temperatures and, periodically,
samples were collected and analyzed for β-carotene, vitamin C,
and total phenolics. The initial β-carotene for in-house hybrids
2-7, 1-1, and 7 are 20.92, 7.45 and 15.72 mg/100 g, respectively
(dry weight basis). The total phenolics were 31.29, 21.09, and
3.19 mg/g and vitamin C was 151.97, 178.47, 179.31 mg/g,
respectively.
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Sweetpotato Skinning Injury Influences
Consumer Willingness-to-Pay

Alba J. Collart1, Stephen L. Meyers*2, and Jason K.
Ward3

Department of Agricultural Economics, Mississippi State
University, Mississippi State, MS 39762; 2North Mississippi
Research and Extension Center- Pontotoc Ridge-Flatwoods
Branch Experiment Station, Mississippi State University,
Pontotoc, MS 38863; 3Department of Agricultural and
Biological Engineering, Mississippi State University,
Mississippi State, MS 39762
1

The objective of this study was to investigate consumer preferences and willingness-to-pay for sweetpotatoes with different
levels of skinning injury. A non-hypothetical (real) experimental auction was conducted to collect data con consumers’
willingness-to-pay for five categories of sweetpotatoes. Blind
and labeled rounds of bidding for each product were conducted.
During the blind rounds participants did not know the actual
percentages of skinning injury, whereas during the subsequent
labeled rounds participants were told the actual percentages
prior to bidding. Ten 1-hour-long experimental sessions were
conducted during two days. Each session included between six
and 18 participants, with a total of 88 participants recruited.
Results suggest three main findings. First, the same product
ranking based on bids held across blind and labeled treatments—even during blind rounds when consumers did not know
the actual skinning injury percentages and inferred product
quality from visual inspection alone. Second, consumers had
a positive willingness-to-pay for all levels of skinning injury.
They were willing to pay the most for sweetpotatoes with 0%
to < 1% skinning injury (between $1.50 and $1.72 per lb.)
and the least for sweetpotatoes with 7.6% to 10% (between
$0.75 and $0.90 per lb.). Third, consumers bid higher for the
three categories of sweetpotatoes with the lower skinning
injury levels (0% to 5%) during labeled rounds compared to
blind rounds, whereas they bid higher for the two categories
of sweetpotatoes with the higher injury levels (5.1% to 10%)
when the actual percentages of skinning injury were unknown.
Potential marketing implications for producers are that 1) they
could conduct cost-benefit analyses to estimate the economic
viability of marketing sweetpotatoes with skinning injury in
the fresh market, and 2) they could focus on marketing other
product attributes, such as local or organic, for sweetpotatoes
with relatively high skinning injury (> 5%).

Sweetpotato Genotypes and Textural
Characteristics of French Fries

Ai Sato1, Van-Den Truong1,2, Rong Reynolds2,
Suzanne Johanningsmeier1,2, Kenneth Pecota3, and
Craig Yencho3

Department of Food, Bioprocessing and Nutrition Sciences;
USDA–ARS, SEA Food Science Research Unit; 3Department
of Horticultural Science, North Carolina State University,
Raleigh, NC 27695

1
2

Sweetpotato french fries (SPFF) are growing in popularity but
limited information is available on SPFF textural properties in
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relation to chemical constituents. In this study, 16 sweetpotato
(SP) genotypes with varying flesh color (orange, yellow, and
cream) were processed into French fries to determine the relationship between chemical components, instrumental measurements
and sensory texture attributes. Dry matter (DM), starch, sugar
and oil contents, and α- and β-amylase activities were analyzed
in raw SP and SPFF. Peak force and overall hardness describing
instrumental textural properties of SPFF were measured using
a texture analyzer. Descriptive sensory analysis was conducted
to characterize SPFF from the 16 genotypes based on 10 texture
attributes evaluated by a trained panel. Results showed that
DM and starch contents in raw SP were significantly correlated
(P < 0.01) with instrumental peak force and overall hardness
(r = 0.41–0.68), and with sensory hardness, fracturability and
crispness (r = 0.63–0.90). Total sugar content was negatively
correlated with instrumental peak force and overall hardness (r =
–0.62 to –0.69), and positively correlated with sensory moistness
and cohesiveness (r = 0.76–0.77). Activities of amylases and
oil content had no significant correlation with instrumental and
sensory textural properties of SPFF. Instrumental measurements
were positively correlated with sensory attributes of hardness,
fracturability and crispness (r = 0.68–0.96) and negatively correlated with oiliness, moistness and cohesiveness (r = –0.61 to
–0.91). Therefore, DM, starch and total sugar contents of raw
SP and instrumental texture measurements of SPFF could be
used as indicators to select SP genotypes for processing into
SPFF. These results would be beneficial to breeding programs
in developing new SP varieties for improved SPFF quality to
meet the increasing consumer demands.

Fifty Shades of Orange: Yield Performance and
Consumer Evaluation of Sweetpotato Selections
in Canada
Valerio Primomo1, Amy Bowen1, and Don LaBonte2

Vineland Research and Innovation Centre, Vineland Station,
Ontario, Canada, L0R 2E0, 2School of Plant, Environmental,
and Soil Sciences, Louisiana State University Agricultural
Center, Baton Rouge, LA 70803

1

The main objective of Vineland’s sweetpotato breeding program in the 2016 planting season was to evaluate the top four
selections in eight Canadian environments. The sweetpotato
selections were evaluated using a randomized complete-block
design with four replications at two grower locations in British
Columbia, two in Manitoba, two in Ontario, one in Quebec
and one in Nova Scotia. All selections were compared to the
commercial varieties Covington and Orleans. Each plot was
evaluated for yield (No. 1s, canners, jumbos, and culls), skin
color, flesh color, color distribution, shape, shape uniformity,
percent dry matter, and sugar (glucose, sucrose, fructose, and
maltose) content. In addition, sensory attributes that drive
consumer preference for three different cooked sweetpotato
products (fried, baked, pureed) were identified and the top
selections as well as others with different characteristics were
profiled and placed on the preference maps.

Getting to Know Your Sweetpotato Fans
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Michael D. Boyette*

Department of Biological and Agricultural Engineering, North
Carolina State University, Box 7625, Raleigh, NC 27695

Not long ago, sweetpotatoes were a seasonal and largely localized food resource. Now, sweetpotatoes are enjoyed year-round
and in places far removed from where they are grown. The
growth in all sweetpotato market segments in recent years has
been due in large measure to the year-round availability of good
quality roots. It is now common for sweetpotatoes to be held
for as long as 10 months with minimal loss in quality because
of modern, very sophisticated storage facilities. These facilities are able to maintain the precise temperature and humidity
throughout rooms containing as many as two million pounds
of roots because of proper air flow and ventilation fans. The
proper selection, use, and maintenance of the fans in a sweetpotato storage facility are thought by some to be more art than
science. Not so! Fans follow very precise rules of engineering
that if known and followed, can yield excellence results with
a minimum of cost and upkeep.

Development and Application of Novel
Biotechnological Approaches for Sweetpotato
(Ipomoea batatas) Virus Resistance in
Mississippi

Chunquan Zhang*, Yan Meng, Kyler Holmes, Kaekin
Travis, and Victor Njiti
School of Agriculture and Applied Sciences, Alcorn State
University, Lorman, Mississippi, MS 39096

Sweetpotato (Ipomoea batatas L.), a member of Convolvulaceae
family, is an important crop for food security. As one of the top
three vegetable crops grown in Mississippi, one major limitation to sweetpotato production is the cumulative effect of virus
infection leading to cultivar decline and yield losses. Among
many sweetpotato infecting viruses, Sweetpotato feathery mottle
virus (SPFMV) and Sweetpotato leaf curl virus (SPLCV) are the
two most wide spread viruses in Mississippi causing both yield
losses and reduced quality. Two biotechnological approaches
have been utilized to address the viral disease problem in this
research: producing virus-free sweetpotato seedlings and generating novel virus resistance sweetpotato lines. To produce
virus-free sweetpotato seedlings, we use meristem-tip culture
technology combined with heat treatment to provide farmers
with healthy propagating materials that are free of detectable
viruses. In this study, totally 13 lines of sweetpotato have
been collected and processed using meristem tip culture for
virus removal. Following laboratory treatment, field practices
for virus-tested sweetpotato have been conducted since 2015.
Currently, a tiered virus-free sweetpotato program is being
established for limited resource farmers in Mississippi. The
second approach for sweetpotato viral disease management
in our study is to develop transgenic sweetpotato plants with
virus resistance to these two viruses. Conserved genetic sequences of SPFMV and SPLCV were used for RNA silencing
based virus resistance engineering. The SPFMV and SPLCV
dual resistance genetic segment was introduced into a binary
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vector for expression to induce gene silencing in transgenic
sweet potato. Expression of transgenes has been achieved by
using Agrobacterium-mediated transformation and biolistic
particle delivery system. Calli induced from transformed leaf
and petioles showed positive signs of transgene expression by
Polymerase chain reaction. Further investigation on transgenic
plants regeneration and resistance to virus infection under field
conditions will be discussed.

Potential Risk of Herbicide Carry-over to
Sweetpotato

Trevor Garrett, Mark Shankle*, and Stephen Meyers
Pontotoc Ridge-Flatwoods Branch Experiment Station,
Mississippi State University, Mississippi State, MS 38863

Field research was conducted in 2016 at the Pontotoc RidgeFlatwoods Experiment Station near Pontotoc, MS, to determine
the effect of a burndown application of LeadOff® (rimsulfuron
+ thifensulfuron-methyl) on sweetpotato injury and yield. The
trial was a randomized complete block with four replications.
Plots were 10 x 40 ft having three 40-inch rows. Beauregard
B-14 sweetpotato slips were transplanted on 20 June 2016.
Treatments included LeadOff® at 1.5 or 3.0 oz/ac applied at 21
or 42 days before transplanting (DBT) and an untreated check.
Ratings for crop tolerance (injury) were made at 1, 2, 4, 5, and 7
weeks after transplant (WAT). Sweetpotatoes were harvested on
26 Oct. 2016, at 118 days after transplanting. Sweetpotatoes were
graded to determine No.1, Canner, Cull, and Jumbo yields. Total
marketable yield was recorded as the sum of No.1, Canners, and
Jumbo grade yields. Data were subjected to ANOVA and means
separated by Fisher’s protected LSD (α = 0.05). Throughout the
growing season no sweetpotato injury was observed with 1.5 or
3.0 oz/ac rates of LeadOff® when applied at 42 DBT. However,
when LeadOff® was applied at 21 DBT sweetpotato injury was
13 and 18% at 2 WAT with 1.5 and 3.0 oz/ac rates, respectively.
Sweetpotato injury with LeadOff® at 3.0 oz/ac applied at 21
DBT increased and was greater than 37% at 5 WAT. The No. 1
sweetpotato yield ranged from 81 to 206 boxes/ac with LeadOff®
at 3.0 oz/ac applied 21 DBT and LeadOff® at 1.5 oz/ac applied
42 DBT, respectively. Total marketable yield ranged from 200
to 407 boxes/ac with LeadOff® at 3.0 oz/ac applied 21 DBT
and LeadOff® at 3.0 oz/ac applied 42 DBT. The No.1 and total
marketable yields with all treatments of LeadOff® were greater
than the untreated check except for the treatment of LeadOff®
at 3.0 oz/ac applied 21 DBT, which was less than the check.

Remote Sensing and Management of Drip
Irrigation in Sweetpotato Research Plots in
Louisiana: Lessons Learned and the Way
Forward
Jeffrey Gregorie* and Arthur Q. Villordon

LSU AgCenter Sweet Potato Research Station, Chase, LA
71324

Irrigation scheduling is an important management practice
in sweetpotato production. This presentation reports on the
management of drip irrigation in sweetpotato using remotely
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sensed soil moisture and rainfall data to remotely adjust the
frequency and duration of irrigation events. The study was conducted at the Sweet Potato Research Station, Chase, LA. The
soil at the site is classified as fine-silty, mixed, thermic Typic
Glossaqualfs. Soil moisture and rainfall events were monitored
using a wireless cellular data logger (Trade name: EM50G). The
subsurface drip irrigation system was monitored and operated
using an irrigation controller (Trade name: IrrigationCaddy ICW1). The irrigation control was connected to a WiFi network,
which allowed it to be accessed remotely from any computer or
smart device. The controller was attached to a flow meter and
six valves that turned on and off water to each plot. Water was
delivered to the plots using an underground pressure sensitive
drip tape (Trade name: Netafim Streamline) with 20 cm spacing
between emitters. Operating pressure was regulated to 82 kPa
allowing each emitter to produce 0.91 lph (136.27 lph/30 m).
Irrigation was initiated when volumetric water content (VWC)
at the 15–20 cm depth approached 14% VWC. Based on prior
calibration for this soil type, the target management regime
was 18% to 20% VWC (50% of field capacity). A non-irrigated
strip showed 30% to 50% reduction in total yield. In general,
the remotely sensed soil moisture and rainfall data provided
sufficient real-time data to adjust irrigation events. However,
during the later bulking stage (after 50 days), the expanding
storage roots and root system interfered with the placement of
the soil moisture sensors. This interference can be minimized
if the sensors are inserted in the soil layer least likely to be
interfered with by the root system.

Working Group:
Watermelon Research Group
Watermelon Variety Trial Results from Georgia
in 2016
Timothy Coolong*

2360 Rainwater Road, Department of Horticulture, University
of Georgia, Tifton, GA 31793

Watermelons (Citrullus lanatus) were the number two ranked
vegetable in Georgia in terms of value in 2015. Due to the size of
this industry, annual variety trials are necessary to make informed
recommendations to growers. In Spring 2016, 35 varieties of
seedless and seven varieties of seeded watermelons were trialed
in Tifton, GA. Seedlings were transplanted into black plastic
mulch with drip irrigation on 29 Mar. 2016. Plants were grown
using standard production practices and harvested three times.
Individual fruit were weighed and counted. A subset of five fruit
per replicate was evaluated for firmness, soluble solids content,
hollow heart, and hard seeds. The highest yielding variety was
Kingman, with a yield of 171,000 kg·ha-1. Other high yielding
varieties included Embasy, Summer Breeze, Warrior, and Wolverine. The varieties with the greatest percentage of 36-count
fruit were Summer Breeze, Sugar Fresh, and Exclamation, while
the variety with the greatest percentage of 45-count fruit was
Secretariat. ‘Sweet Dawn’ was the earliest maturing variety
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evaluated. Average fruit weight ranged from 9 kg per fruit for
‘Joy Ride’ and ‘Talca’ for to 6 kg per fruit for ‘ORS12.154a’.
Soluble solids ranged from 10.4% in ‘Excursion’ to 12.0% in
‘Summer Breeze’. For seedless melons, the variety SV8443WL
was the highest yielding entry, though it was not significantly
different than five other varieties. Average fruit weights for
seeded melons ranged from 9.9 to 16.2 kg per fruit. Continued
annual evaluation of watermelons will occur in Georgia in order
to make informed recommendations for growers.

Watermelon Variety Trial Results from the
Southeastern United States

Timothy Coolong*1, Gilbert Miller2, Joshua Freeman3,
and Jonathan R. Schultheis4
2360 Rainwater Road, Department of Horticulture, Tifton,
GA 31793; 264 Research Road, Edisto Research and Education
Center, Blackville, SC 29817; 3155 Research Road, North
Florida Research and Education Center, Quincy, FL 32531,
4
264 Kilgore Hall, Department of Horticulture, Raleigh, NC
27695
1

In Spring 2016, 31 varieties of seedless watermelons (Citrullus
lanatus) were trialed in Georgia, Florida, South Carolina and
North Carolina. A severe infestation of fusarium wilt (Fusarium
oxysporum) limited the trial in North Carolina. In the three
remaining states, ‘Kingman’ was the highest yielding variety,
though it was not significantly different from 10 other entries.
‘Summer Breeze’ had the highest yield of 30-count fruit, while
‘Kingman’ had the highest yields for 36-count fruit. The varieties Affirmed and Secretariat had the highest yields of 45-count
fruit. ‘ORS12.154’ was the most productive variety for 60-count
fruit. ‘SV7112’ had the greatest numerical yield for the first
harvest, though this was not significantly different from 14
other entries. In terms of the percentage of total yield that was
picked in the first harvest, ‘SV 7112’, ‘Sweet Dawn’, ‘Excursion’, and ‘HMX5626’ produced more than 40% of their total
yield in the first harvest. Hard seeds were low in all varieties
except for grafted Fascination, which had averaged nearly 10
hard seeds per fruit. Total soluble solids content ranged from
10% in ‘Excursion’ to 11.6% in ‘Summer Breeze’. By combining data from several states were are able to identify varieties
which are well adapted to a range of growing environments.

Watermelon (Citrullus lanatus) Yield and
Quality Response to Grafted and Non-grafted
Plants
Keith Starke* and Jonathan R. Schultheis

North Carolina State University, Department of Horticultural
Science, 2721 Founders Drive, 264 Kilgore, Raleigh 276957609

Interest in growing grafted watermelon has increased in the
United States in recent years due to their many reported benefits,
including resistance to Fusarium wilt. Three on-farm studies
were conducted in 2016 to evaluate watermelon yield and quality response to grafted and non-grafted plants using different
production systems; drip-irrigated plasticulture; non-irrigated
bareground, and linear-move overhead irrigation. One study
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(drip-irrigated plasticulture) consisted of three treatments; grafted
(standard population, 20 plants per plot), non-grafted (standard
population, 20 plants per plot) and grafted (reduced population,
13 plants per plot). The other two studies compared two treatments; standard population grafted versus standard population
non-grafted. Grafted plants had a triploid watermelon scion
(‘Fascination’) paired with ‘Carnivor’ rootstock, an interspecific
squash hybrid; while the non-grafted treatment used ‘Fascination’. A randomized complete-block design was used in each
study, with three replications at overhead irrigation study and
four replications at the other two locations. Plantings at dripirrigated plasticulture and non-irrigated bare ground study sites
were 24 May 2016, and 25 May at overhead irrigation study
site. Five harvests were made at the drip-irrigated plasticulture
and non-irrigated bare ground study sites and two harvests at
the overhead irrigation site. Data were analyzed per location
for weight and fruit number for the following watermelon size
categories: < 9.0 lb, 9.0–13.5 lb, 13.6–17.5 lb, 17.6–21.5 lb and
> 21.5 lb, as well as, total and marketable yields. Non-grafted
plants (20 plants per plot) had higher yields (weight and number,
whether numerically or statistically) in all watermelon size categories including total and marketable weights when compared
to grafted (standard population, 20 plants per plot) or grafted
(reduced population, 13 plants per plot) for the studies conducted
on black plastic with drip irrigation, and grown on bare ground
with no irrigation. High variability in the data at overhead irrigation study prevented us from drawing any distinct differences
between the grafted and non-grafted treatments. Overall, study
results showed that non-grafted plants out yielded grafted plants.

Early Season Crop Development, Yield,
and Fruit Quality of Standard and Mini
Watermelons Grafted to Several Cucurbit
Rootstocks

Matthew B. Bertucci*1, Katie M. Jennings1, David W.
Monks1, David L. Jordan2, Frank J. Louws3,4, Jonathan
R. Schultheis1, W. Bradfred Thompson1, and Keith
Starke1

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695; 2Department of Crop and
Soil Sciences, North Carolina State University, Raleigh, NC
27695; 3Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695; 4NSF Center for
IPM, North Carolina State University, Raleigh, NC 27695
1

The primary benefits of watermelon grafting include increased
resistance to soil borne diseases and an associated increase in
yield. However, there has been relatively little research to investigate the performance of grafted watermelon in the absence of
disease or abiotic stress. This study was designed to determine
the effect of grafting on early season crop development, yield,
and fruit quality in standard and mini watermelon. Two field studies were conducted at the Cunningham Crops Research Station
in Kinston, North Carolina in 2015 and 2016. Scions included
two triploid watermelon: ‘Exclamation’ standard watermelon
and ‘Extazy’ mini watermelon. Grafting treatments included a
nongrafted control as well as 20 commercial rootstocks of four
S69

species: Cucurbita maxima, Cucurbita pepo, Cucurbita maxima
x Cucurbita moschata¸ and Lagenaria siceraria. Data were
collected each week on vine length, leaf count and leaf area for
the first three weeks after transplanting. Yield was determined
using both total yield as well as marketable yield. Marketable
yield included fruit weighing ≥ 9 lb for ‘Exclamation’ and fruit
weighing 3–7 lb for ‘Extazy’. Fruit quality was determined
by scouting a subsample of fruit for hollow heart, measuring
flesh firmness, and by measuring °Brix and lycopene content in
postharvest analysis. Grafting had a significant effect (P < 0.05)
on leaf area, total yield, and marketable yield for both standard
and mini watermelon. Results indicate that nongrafted plants of
both standard and mini watermelons had leaf area similar to the
top performing grafted plants at three weeks after transplanting. Total yields were highest in the nongrafted plants for both
standard and mini watermelons. Marketable yields were highest in nongrafted plants for standard melons, but there was no
significant difference in marketable yield between grafted and
nongrafted plants in the mini watermelons. Based on the results
of this study, in the absence of disease pressure or abiotic stress,
grafting does not enhance early season crop development nor
increase yields in standard or mini watermelons.

Evaluation of Yield and Fusarium Wilt
Resistance of Grafted Seedless Watermelons in
Indiana

Wenjing Guan*, Daniel S. Egel, and Dennis Nowaskie
Southwest Purdue Agricultural Center, Vincennes, IN 47591

Watermelon production is threatened by Fusarium wilt, a widely
distributed soilborne disease that can cause yield losses up to
100%. Vegetable grafting that combines a scion cultivar with
desirable aboveground horticultural traits with a rootstock offering targeted disease resistance is a culture practice to manage soilborne diseases. However, the high cost of the grafted
transplants has slowed acceptance of this technique in Indiana.
The high transplant cost might be mitigated by reducing plant
populations considering grafted plants are often more vigorous
than the non-grafted ones. Two field trials were conducted in
2016 at the Southwest Purdue Ag Center. Trials were conducted
in a field infested with Fusarium wilt and another field without
disease pressure. Seedless watermelon ‘7197’ and ‘Fascination’
were grafted onto hybrid squash rootstock ‘Carnivor’ (Cucurbita
maxima × C. moshata). Non-grafted plants were included as
controls. In the Fusarium wilt trial, plants were grown in three
in-row spacing (3, 4, and 5-ft), and a constant between row
spacing (8-ft), which corresponded to 1815, 1361 and 1089
plants/acre. A split-split-plot design was used in the trial. A
randomized complete-block design and one plant spacing (4-ft
in-row and 8-ft between-row) was used in the trial conducted
in the field without Fusarium wilt. Variety and spacing did not
have significant impacts on total and marketable yields in the
Fusarium wilt trial. But grafted plants had significantly higher
yields and larger average fruit size compared with non-grafted
plants. Fusarium wilt symptoms were evaluated using a Horsfall–
Barratt scale, and areas under disease progress curve (AUDPC)
were calculated. The values of AUDPC was significantly higher
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for non-grafted plants compared with that of the grafted plants,
with the difference more pronounced for ‘7197’ than ‘Fascination’. In the trial conducted in a field without Fusarium wilt,
no significant differences in total and marketable yields were
detected between grafting treatments. In addition, grafting and
variety did not show significant impacts on fruit quality attributes (fruit size, total soluble solids, flesh firmness, and rind
thickness). This study confirmed that grafting is effective in
controlling Fusarium wilt. However, grafting may not show any
benefit without Fusarium wilt pressure. Studies with larger plot
size are warranted to further test the spacing effects on yields
of grafted and non-grafted watermelon plants.

Comparison of Grafted Versus Ungrafted
Organic Diploid and Triploid Watermelon Yield
and Quality under Enhanced Native Pollinator
Habitat
Brian K. Ward*1, Richard L. Hassell1, Mimi M.
Jenkins1, B. Merle Shepard1, and Amnon Levi2

Department of Agricultural and Environmental Sciences,
Clemson University Coastal Research and Education Center,
2700 Savannah Hwy., Charleston, SC 29414; 2USDA,
ARS, U.S. Vegetable Laboratory, 2700 Savannah Highway,
Charleston, SC 29414

1

This study was initiated to determine if enhancing a commercial
watermelon field with planting of wildflowers would increase the
frequency and diversity of native bees, in turn aiding in successful
watermelon pollination. The study was conducted on a certified
organic field and consisted of a randomized complete-block
design including the following watermelon cultivar scions and
rootstock combinations, respectively: Quetzali, Melody, Crimson
Sweet scions and Carnivor, Super Shintosa and Bulldog rootstocks. Of the 22 species of wild flowers planted in this study in
tiers between plots over the past two years it was noted that the
four species including Coreopsis tinctoria, Gaillardia pulchella,
Zinnia elegans, and Cosmos sulpureus had the highest frequency
and diversity of native bee visitation and will be moving on in
year three as drive/spray/harvest row fall seeded along with winter rye wind breaks. As in the first year, the greatest number of
bees belonged to the genera Lasioglossum, Megachile, Bombus,
Halictus, Agapostemon and Melissodes, respectively. Different
from last year, where only ‘Crimson Sweet’ was grafted onto
‘Super Shintosa’ and the grafted far outperformed the ungrafted
controls, all grafted watermelon combinations did not perform
as well as the ungrafted controls. However, ‘Bulldog’ rootstock
proved to be the better of the rootstock combinations across all
scion rootstock combinations.

Pollenizer Placement Considerations Effects
on Watermelon (Citrullus lanatus) Yield and
Quality
Jonathan R. Schultheis* and Keith Starke1

North Carolina State University, Department of Horticultural
Science, 2721 Founders Drive, 264 Kilgore, Raleigh 276957609
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Use of pollenizers is a necessary and a critical consideration
to optimize yields when producing triploid watermelons. Consideration is this study was given to placement of the pollenizer directly in the triploid plant cell using different pollenizer
cultivars. The objective of this study was to compare the yield
when using various pollenizers and their arrangements with
triploid plants. Treatment included the pollenizer plant planted
directly in the triploid cell (Deuce) or interplanted (IN) within
row at or between every third triploid plant. There were three
pollenizer cultivars; Sangria (consumable, large diploid fruited
cultivar), SP6 (dedicated pollenizer), and SP7 (dedicated pollenizer that reportedly produces more flowers than SP6). The
triploid cultivar used in this trial was Fascination. Six pollenizer
treatments included; 1) Deuce with Sangria, 2) Deuce with SP7,
3) Deuce with 1/2 plants Sangria and 1/2 plants Sangria, 4) IN
with Sangria, 5) IN with SP7 and 6) IN with SP6. Treatments
were replicated four times. Planting was on polyethylene mulch
with drip irrigation on 11 May 2016. There were six harvests
beginning 10 July and concluding 1 September. Plots were 30-ft
long, three-row plots. In-row spacing between triploid plants
was 3 ft, resulting in 30 plants which fruits were harvested per
plot. Each treatment was replicated four times. Harvests 1 and
2 (early), harvests 3 and 4 (mid), harvests 5 and 6 (late) and
cumulative harvests (harvests 1–6) were analyzed using the Proc
mixed procedure for fruit weight and number and average fruit
weight. Results across early, mid, late and cumulative harvests
were very consistent across treatment for both fruit weight and
number. The highest yields were obtained when SP7 was either
IN or in a Deuce planting arrangement. SP6 had lower yields
when IN compared with SP7, regardless if SP7 was planted as a
deuce or IN with the triploid plants. Using one-half the pollenizer
plants with Sangria rather than SP7 as the sole pollenizer in a
deuce arrangement reduced yields. The lowest yield (weight and
number) was obtained with Sangria as the sole pollenizer either
when IN or planted in the deuce arrangement. The use of SP7
resulted in the highest yields compared with the other pollenizer
cultivars, even when placed directly with the triploid plant in the
transplant cell (deuce). The results of this study illustrates that
the deuce plant arrangement and may be an alternative pollenizer
placement option without reducing triploid yield.

Regulation of Citrulline Metabolism in
Watermelon

Vijay Joshi*, Diwas Silwal, and Daniel Leskovar

Texas A&M AgriLife Research and Extension Center, Texas
A&M University, Uvalde, TX 78801

Watermelon, being one of the most citrulline abundant plant
species, holds the key to explore biochemical and molecular
regulation of citrulline metabolism. Although citrulline is
considered as a potent osmolyte and radical scavenger against
drought/salt stress, it has not been evaluated for its functional
role under such conditions. Using published RNAseq expression
data-set (Guo et al., 2015) we identified two genes that showed
progressive down-regulation along with citrulline accumulation
during the fruit development. Both of these genes showed high
homology to arabidopsis/rice amino acid transporters (Amino
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Acid Permeases; AAPs) implying their possible role in citrulline uploading and transport. We analyzed citrulline content in
the matured fruits as well as stem, leaves and developing fruits.
The three dimensional distribution of citrulline and its association with other primary metabolites also supported the possible
role of membrane bound transporters in unloading these amino
acids in the developing fruits. Gene expression analysis of the
watermelon AAPs and the genes involved in the biosynthesis
of citrulline from different tissues indicated the possibility of
long distance transport of citrulline from site of synthesis to
sink/developing fruits. Significant polymorphism for citrulline
in the rind and flesh tissues from various cultivated and wild
diploid lines, which are used to develop RIL populations, was
observed. We will use selected RIL population that showed
differential citrulline accumulation in the parental lines for
mapping loci involved in the citrulline partitioning. We are in
a process to characterize the mechanism of regulation and long
distance transport of citrulline during fruit development and
under drought stress.

Nuclear Magnetic Resonance (NMR)
Spectroscopy Reveals Wide Variation in Root
Metabolites of Watermelon Accessions and
Cultivars
Mihail Kantor*1, Arezue Boroujerdi1, Camelia
Kantor1, and Amnon Levi2

Claflin University, 400 Magnolia Street, Orangeburg, SC
29115; 2USDA, ARS, U.S. Vegetable Laboratory, 2700
Savannah Highway, Charleston, SC 29414
1

Nuclear magnetic resonance (NMR) was used to study the
metabolic profiles of different watermelon lines and to highlight
metabolic variation between several Citrullus lanatus var. citroides (CLC) accessions and Charleston Gray. Three days old plant
roots were collected and analyzed using one-dimensional (1D)
(1) H NMR spectroscopy. AMIX and MatLab software were
used to highlight the significant changing metabolites between
the PI 189225 and Charleston Gray. The significantly changing metabolites present in higher concentration in PI 189225
were L-Asparagine, L-Valine, L-Glutamine, O-phosphocholine,
L-Isoleucine, L-Arginine, L-Glutamate, Ethanolamine and
L-Choline. In Charleston Gray, two metabolites were present
in significantly higher quantities (Malate and Glucose) when
compared to PI 189225. Not all significant changing metabolites
could be identified using Chenomx database, thus they were
labeled as “unknowns.” Further studies will be performed to
identify the “unknown” metabolites. In summary, this study
is the first (to our knowledge) to describe the methodology of
metabolite extraction from watermelon roots. It uncovers the
full roots’ metabolomic profile of the cultivated watermelon and
of the wild watermelon, while also highlighting the metabolic
differences between the two.

Candidate Genes Regulating Watermelon Fruit
Size and Shape
Reeve D. Legendre*1 and Cecilia McGregor1

S71

1111 Miller Plant Sciences Bldg., 1Department of Horticulture,
University of Georgia, Athens, GA, 30602

Fruit size and shape in watermelon is important primarily due
to changing consumer preference from larger fruit to smaller
fruit. To detect if fruit size and shape are determined pre- or
post-anthesis, correlations of length and width measurements
revealed relationships between ovary, immature and mature
fruit size and shape. Ovary length was strongly correlated with
immature length (r = 0.62) and mature length (r = 0.64), and
immature fruit length was more significantly correlated to mature
fruit length (r = 0.84). Ovary width was weakly correlated with
immature width (r = 0.21) and mature width (r = 0.21), while
immature width was strongly correlated with mature width (r
= 0.63). Ovary FSI was strongly correlated with immature fruit
shape index (FSI) (r = 0.88) and mature FSI (r = 0.89), and immature and mature FSI were very highly correlated (r = 0.92).
The results suggest that length is controlled pre-anthesis, while
some aspects of width are controlled post-anthesis. Control of
fruit size and shape in watermelon is governed primarily by
co-localized quantitative trait loci (QTL) for fruit width (Qfwd2
-2M; Qfwd3) and fruit length (Qfl2-2I; Qfl3M) on chromosomes
2 and 3. Reanalysis of previous data did not detect any significant interactions between the loci on the two chromosomes. To
identify candidate genes underlying the QTL, genes controlling
fruit size and shape in tomato and cucumber were BLASTed
onto the watermelon genome using the BLASTP (E-score < 10 x
e-5) procedure. Three candidate genes Cla011257 from the SUN
family on chromosome 3, Cla013414 from the OFP family and
Cla013275 from the WOX family on chromosome 2 were identified. KASPTM primers (LGC Genomics LLC, Middlesex, UK)
were developed for markers NW0249883 and UGA3_26851312
for selection of fruit width and fruit length, respectively. The
utility of the markers for marker assisted selection were validated
in a genetically diverse cultivar panel.

Narrow-sense Heritability of Citrulline,
Arginine, and Lycopene in Two Diverse
Watermelon Populations

Jordan L. Hartman*1, Penelope Perkins-Veazie2, and
Todd C. Wehner1

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695-7609; 2Plants for Human Health
Institute, North Carolina State University, Kannapolis, NC
28083
1

Watermelon (Citrullus lanatus) has the greatest concentration
of the physiological amino acid, citrulline, and the carotenoid,
lycopene. The relevance of citrulline in human metabolism has
led to increased research on human health since it improves
blood pressure and circulation. The effectiveness of citrulline is as effective when supplemented with watermelon juice
compared to extracted citrulline alone. Citrulline functions as
a mediator of drought stress in plants, acting as a scavenger of
radical oxygen species. Thus, its concentration in the leaves varies with degree of stress due to high light intensity and drought.
Other than ripeness, flesh color, and grafting, few genetic or
environmental factors have been identified that affect citrulline
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content in the fruit. It is important to estimate narrow-sense
heritability to inform plant breeders to design efficient selection
programs, and to determine the cost of cultivar improvement. In
2015, parents of two populations, NCSFW (small fruited) and
NCHYW (high yielding), (NSF = 300, NHY = 300) were grown
in one location (Castle Hayne, NC), from which 300 fruit were
harvested individually for seed extraction. Heart tissue samples
were scooped from each fruit and frozen, blended, and assessed
for quality (°Brix, pH, lycopene, citrulline, arginine). In 2016,
half-sib families resulting from each parent plant were seeded.
Families were used if the parents were of qualifying ripeness
(°Brix 8 and greater, pH 5.5-6.5), resulting in 251 families
(NSF = 76, NHY = 175). The experiment was a randomized complete block with two locations (Clinton, NC; Kinston, NC) and
two replications. Four fruit were harvested from each plot, of
which the three ripest were sampled for quality analysis. Sweetness (°Brix) and acidity (pH) data were recorded, and purees
of fruit were pooled within plot by weight (within 0.1g). Fruit
quality data were recorded (°Brix, pH, lycopene, citrulline, arginine). Potential interactions were investigated with citrulline
compared to °Brix, pH, lycopene, and arginine. Narrow-sense
heritabilities were calculated for each population, using both
parent-offspring regression and estimation of the variance of
half-sib family means.

Breeding Short Internode Watermelon Varieties
for Organic and Direct Market Production
Suzanne Stone*, George Boyhan, and Cecilia
McGregor

1111 Miller Plant Science Bldg., Department of Horticulture,
University of Georgia, Athens, GA 30602

Most modern varieties have been developed for conventional,
high-input agricultural systems. Because organic growers face
unique challenges, breeding varieties that are suited for organic
growing conditions and direct marketing are warranted. We propose that compact varieties can be used to address key challenges
in organic and direct-market watermelon production: compact
plants require half the field space of traditional vine-types and
the non-sprawling growth habit provides open row middles for
season long weed control and repetitive harvesting. Previous
experiments demonstrated that compact plants require 15%
to 25% less time to hand weed than vine types when weeds
are controlled through the entire growing season. The short
internode trait from ‘Companion’ was introgressed into two
vine-type varieties with excellent fruit quality: orange-fleshed
‘AU-Golden Producer’ and cream-fleshed ‘Cream of Saskatchewan’. The segregating F2 generation after the second backcross
was evaluated in 2016 for fruit size and soluble solids content
(SSC). In the orange-fleshed family, compact BC2F2s had a fruit
size ranging from 5.8 to 25.6 lbs and mean SSC greater than the
10 °Brix market standard. Compact BC2F2s in the cream-flesh
family had a fruit size ranging from 6.3 to 22.3 lbs and mean
SSC of 8.9 °Brix (likely because they were overripe). Plants
that produced fruit in the target size and sweetness range were
selected for advancement in the breeding program. The results
indicate that compact plants are capable of producing large,
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high quality fruit comparable to the vine-type recurrent parent

Evaluation of a New Fungicide for Management
of Fusarium Wilt of Watermelon
Nathan Miller*, Mike Adams, and Lina QuesadaOcampo
Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695

Fusarium wilt of watermelon, caused by Fusarium oxysporum f.
sp. niveum, is an economically important watermelon disease in
the United States and worldwide. This disease has traditionally
been controlled in the United States with resistant varieties, crop
rotation, and soil fumigation. The development of new pathogen
races and restrictions on fumigants have limited Fusarium wilt
control. New fungicides that can be used in this system would
benefit Fusarium wilt management. This study examines the
use of 10 fungicides in their ability to control Fusarium oxysporum in vitro. Prothioconazole and ADEPIDYN fungicides
were among the most efficacious, and were tested against 98
isolates to monitor fungicide resistance development. In addition, a subset of 50 isolates were sequenced for genes associated
with fungicide resistance to ADEPIDYN. These two fungicides
were additionally tested in field trials in 2015 and 2016 to test
efficacy, rates, and application methods. Both fungicides were
able to significantly reduce disease instance in both years. In
2015, a fungicide drench followed by a spray application was
superior to reducing Fusarium wilt incidence. In 2016, there
was no difference between the drench application by itself and
the drench treatment followed by an additional spray treatment.
Fungicides examined in this study could complement existing
management practices to effectively reduce Fusarium wilt of
watermelon incidence.

Evidence for Secondary Spread of Fusarium
Wilt of Watermelon in Transplant Trays

Daniel S. Egel*1, Judith Santini2, Curtis Marchino1,
and Sara Hoke1
Department of Botany and Plant Pathology; 2Department
of Agronomy, Purdue University, 915 W. State St., West
Lafayette, IN, 47907
1

We have observed Fusarium wilt of watermelon in new transplant
trays with virgin soilless mix. The most likely explanation for
these disease outbreaks is seed transmission of the pathogen,
Fusarium oxysporum f.sp. niveum. The distribution of diseased
seedlings in such transplant trays should be random. However,
the observed distribution of diseased seedlings often seems
clustered. We describe two outbreaks of Fusarium wilt in commercially produced watermelon transplants. In both outbreaks,
we assessed the distribution of diseased seedlings in transplant
trays. Our hypothesis was that the distribution of diseased plants
is clustered, not random. We performed a one-tailed t-test for
the hypothesis that the mean for diseased plant distances is less
than the mean distance for random cells. We repeated this test
comparing each transplant tray with 10 independent samples
having a random distribution of cells (P < 0.05). In outbreak one,
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12 of 19 trays had a mean distance for diseased plants less than
the mean distance for all 10 random samples. In outbreak two,
3 trays out of 10 had smaller mean distances than at least 9 of
the 10 random samples. Our conclusion is that the distribution
of transplants with Fusarium wilt in transplants trays is often
clustered, not random. We believe the most likely explanation
for the clustered distribution of Fusarium seedlings is the seed
transmission of Fusarium wilt and subsequent polycyclic spread
of the disease, possibly by splashed soilless mix or via conidia
often observed on the plant surface. As far as we are aware, this
is the first report to suggest the polycyclic spread of Fusarium
wilt of watermelon.

Assessment of Watermelon Rootstock
Resistance to Fusarium oxysporum f.sp. niveum
When Subjected to Meloidogyne incognita
Cody L. Smith* and Joshua H. Freeman

North Florida Research and Education Center, University of
Florida, 155 Research Road, Quincy, FL 32351

Rate of occurrence of soil borne pathogens in watermelon such
as Fusarium oxysporum f.sp. niveum (FON) and Meloidogyne
incognita (RKN) has steadily increased since the phase out of
methyl bromide in 2005. The loss of this efficacious soil fumigant
has focused research in new and different directions, specifically
toward the use of grafted watermelons. Commercially available
cucurbit rootstocks have resistance to either Fusarium wilt or
root-knot nematodes, but a cultivar with combined resistance is
not yet available. An issue of concern is that root-knot nematodes
and Fusarium wilt often occur in the same production areas.
Literature also states that when both pathogens invade the same
host plant a synergy may cause the resistance to Fusarium wilt
to fail. Given the nematode susceptibility of currently available
FON resistant rootstocks, commercial application may be risky if
nematodes are present. The purpose of this experiment was to test
the durability of Fusarium wilt resistance when rootstocks were
subjected to M. incognita. For the experiment, the susceptible
cultivar ‘Fascination’ was used as a scion and grown individually as a control. ‘Bulldog’ and ‘Carnivor’ were the Fusarium
wilt resistant rootstocks with one demonstrating resistance to
root-knot nematode (‘Bulldog’) and the other having susceptibility (‘Carnivor’). The scion and rootstock/scion combinations
were subjected to four treatments: 1) non-inoculated, 2) FON
inoculated, 3) RKN inoculated, and 4) FON/RKN inoculated.
Incidence of Fusarium wilt was collected twice for the experiment
and root gall index was collected at ninety days after planting
(DAP). At 90 DAP ‘Carnivor’ exhibited significant root galling
while ‘Bulldog’ did not. Even though it was infested with RKN,
‘Carnivor’ did not exhibit FON symptoms. These Data indicate
that for ‘Carnivor’ RKN infestation does not compromise its’
resistance to Fusarium wilt.

Development of Microsatellites and Population
Analyses of Phytophthora Capsici Infecting
Vegetable Crops
Camilo H. Parada-Rojas and Lina Quesada-Ocampo
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Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695-7616

Phytophthora capsici is a devastating oomycete that affects
solanaceous, cucurbitaceous, fabaceous, and other crops in
the United States and worldwide. The release of the P. capsici
genome allows for design of robust markers for genetic studies.
We surveyed and characterized simple sequence repeats (SSRs)
in the P. capsici transcriptome using an in silico approach. A
total of 1855 SSRs were identified, representing 9.36% of the
total number of sequences examined. A subset of 50 SSR primers
was evaluated in a diverse set of P. capsici isolates using agarose gels. Confirmation of polymorphism by fragment analysis
revealed variations in the repeats of 11 SSR primers in 30 P.
capsici isolates from different states, host, mating types, and
fungicide sensitivities. P. capsici isolates seemed to clustered
geographically by state. Preliminary phenotypic evaluations of
P. capsici isolates from North Carolina indicates variation on
fungicide sensitivity in vitro to mefenoxam, fluopicolide, and
dimethomorph. North Carolina hosts P. capsici populations of
both mating types A1 and A2, with A2 mating type being the
most predominant. The identified SSRs will facilitate the genetic
characterization and complement phenotypic characterization
of P. capsici populations, which may assist in deployment of
disease management strategies.

Screening Cucurbit Rootstocks for Varietal
Resistance to Meloidogyne incognita and
Rotylenchulus reniformis

Cody L. Smith*1, Joshua H. Freeman1, Nancy KokalisBurelle2, William P. Wechter3
North Florida Research and Education Center, University of
Florida, 155 Research Road, Quincy, FL 32351; 2USDA–ARS
Horticultural Research Laboratory, 2001 South Rock Road, Ft.
Pierce, FL 34945; 3USDA–ARS Vegetable Laboratory, 2700
Savannah Highway, Charleston, SC, 29414
1

Fusarium wilt (caused by the fungus Fusarium oxysporum f.sp.
niveum) has been a problem in the production of watermelon for
decades. One method for combatting this pathogen in the field
is to graft a susceptible, high yielding scion on to a Fusarium
wilt resistant rootstock. A concerning issue with rootstocks
resistant to Fusarium wilt is that they have not been tested for
their susceptibility to plant parasitic nematodes, more specifically
the southern root-knot nematode (Meloidogyne incognita) and
the reniform nematode (Rotylenchulus reniformis). Preliminary
findings have demonstrated that many of these Fusarium resistant
rootstocks are highly susceptible to root-knot nematode and
other plant parasitic nematodes. Research was conducted during
the spring and fall of 2015 and 2016 to evaluate the resistance
to root-knot nematode in rootstocks with known resistance to
Fusarium wilt. Seven rootstocks were evaluated in the spring and
six in Fall 2015. Ten rootstocks were evaluated in the spring of
2016 and twelve in Fall 2016. A highly susceptible interspecific
hybrid (Cucurbita maxima x C. moschata) rootstock ‘Carnivor’
was included as a positive control in both years and seasons. In
2016, RGI was evaluated at 30, 60, and 90 DAP in addition to
root and soil samples at 90 DAP. Results from 2015 correlated
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with 2016 and demonstrated that several Citrullus lanatus var.
citroides rootstocks (‘Bulldog’, USVL 246, USVL 252, USVL
360) being developed by USDA–ARS Vegetable Lab and
‘SP-6’ a pollinizer from Syngenta exhibited resistance plant
parasitic nematodes when compared to the susceptible control.
When compared to the control, these rootstocks also had less
M. incognita and R. reniformis per gram of root. These findings
indicate that rootstocks may soon be available to manage both
Fusarium wilt of and root-knot nematode in grafted cucurbit
production system.

Influence of Grafting on the Critical Period for
Weed Control in Grafted Watermelon

Matthew B. Bertucci*1, Katie M. Jennings1, David W.
Monks1, David L. Jordan2, Frank J. Louws3,4, Jonathan
R. Schultheis1, Stephen Smith1, Nicholas A. Basinger1,
and Matthew D. Walsdchmidt1

Department of Horticultural Science, North Carolina State
University, Raleigh, NC 27695; 2Department of Crop and
Soil Sciences, North Carolina State University, Raleigh, NC
27695; 3Department of Entomology and Plant Pathology, North
Carolina State University, Raleigh, NC 27695; 4NSF Center for
IPM, North Carolina State University, Raleigh, NC 27695
1

Grafting watermelon allows growers to combine a rootstock
with a desirable trait (e.g., disease resistance, drought tolerance)
with a high-yielding or high-quality scion. Primary benefits of
grafting include increased resistance to soilborne pathogens and
an associated increase in yield. However, no research has determined the critical period for weed control (CPWC) in grafted
watermelon and nongrafted watermelon. The objective of this
study was to determine the CPWC in grafted and nongrafted
watermelon using a mixed weed population of large crabgrass
(Digitaria sanguinalis), common purslane (Portulaca oleracea),
and yellow nutsedge (Cyperus esculentus). Two field studies
were conducted at the Horticultural Crops Research Station in
Clinton, North Carolina in 2015 and 2016 to determine the critical
period of weed control. ‘Exclamation’ a triploid watermelon was
used as the scion in all grafting treatments. Grafting treatments
included two Cucurbita maxima x Cucurbita moschata rootstocks
‘Carnivor’ and ‘Kazako’, as well as a non-grafted control (‘Exclamation’). Weed establishment and removal timings were 0,
2, 3, 4, 6, and 11 weeks after watermelon transplanting (WAT).
Marketable yield (fruit weighing ≥ 9 lb) and fruit count were
measured over two harvests. A subsample of fruit from each plot
were evaluated for hollow heart disorder. Grafting treatment and
timing of weed establishment and removal had a significant effect
(P < 0.05) on marketable yield and fruit count. Neither grafting
nor timing of weed establishment or removal had a significant
effect on the incidence of hollow heart in watermelon fruit.
Because watermelon is a high value per acre crop, the CPWC
was determined as the period when weeds must be controlled in
order to achieve 100% weed-free yield. Results indicate weeds
must be controlled from 0–32 days after transplant (DAT) to
avoid loss in yield for all grafting treatments. Thus, the CPWC
did not differ between grafted and nongrafted watermelon.
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Evaluation of Chateau® (Flumioxazin) and
Fierce® (Flumioxazin + Pyroxasulfone) for Rowmiddle Weed Control for Seedless Watermelons
in Indiana
Wenjing Guan1,2, Daniel S. Egel1, Stephen C. Weller2,
and Dennis Nowaskie1
Southwest Purdue Agricultural Center, Vincennes, IN 47591;
Horticulture & Landscape Architecture, West Lafayette, IN
47907

1
2

The relatively short residual of preemergent herbicides creates
challenges for season-long weed control of seedless watermelons. Two new herbicides Chateau® (Flumioxazin) and Fierce®
(Flumioxazin + Pyroxasulfone) add additional herbicide modes
of action and may provide additional choices for pre-emergent
weed control on row-middles of seedless watermelon. Chateau®
has been granted special local needs labeling (24c SLN) for use
in fruiting vegetables and muskmelons and watermelons to some
states. However, neither of these products has been registered
to use in Indiana. The objective of this project is to evaluate the
effectiveness of weed control and potential crop injury of using
these two herbicides on seedless watermelon in Indiana. The
experiment was conducted at the Southwest Purdue Ag Center
with soil type Ade loamy fine sand in 2016. The five treatments
are: 1) Untreated control, 2) Strategy® banded (3 pts/acre), 3)
Chateau® banded (3 oz/acre), 4) Fierce® banded (3.75 oz/acre),
and 5) Chateau® applied over the plastic (3 oz/acre). Treatments
were applied with a hooded sprayer the day before transplanting.
Percentages of weed coverage in row middles were recorded at
25 days after transplanting (DAT). No difference was noticed
among herbicide treatments, while weed coverage of the control
plot was significantly higher. Herbicide damage was observed
with Chateau® over the plastic treatment. Tissues of the affected
seedlings were brittle and easily broken. Leaves were deformed
and growth was stunted. Vine lengths of watermelons in the
Chateau® over the plastic treatment were significantly shorter
than all other treatments (α ≤ 0.05) at 13 and 25 DAT, but the
difference was not visually detectable at 40 DAT. Total yield in
weight was significantly less in the Chateau® over the plastic
treatment (α ≤ 0.1) as compared to the untreated control, grower
standard, and Fierce® banded treatment. No significant differences
were detected in the first harvest, although numerically, yield
from the Chateau® over the plastic treatment was the lowest.
0.2 inches of rain occurred immediately after transplanting and
might have contributed to some of the chemicals being washed
into the transplant holes resulting in damage to the transplants.
Our results indicated the potential risk of applying Chateau®
over the plastic.

Strip Tillage Improves Soil Biological Activity,
Fruit Yield and Sugar Content of Triploid
Watermelon
Daniel Leskovar*, Yahia Othman, and Xuejun Dong
Texas A&M AgriLife Research and Extension Center, Texas
A&M University, Uvalde, TX 78801

Tillage practices are critical for sustaining soil quality neces-
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sary for successful crop growth and productivity. A three-year
study (2012-2014) was carried out to evaluate the influence of
strip and conventional tillage practices and three water status
levels [T1 = 100% of evapotranspiration (ET) demands, T2
= 0.75T1and T3 = 0.5T1] on plant morphology, physiology,
yield and quality of triploid (seedless) watermelon (Citrullus
lanatus cv. Magestic). Soil chemical and biological properties were also assessed at the end of the experimental study.
Tillage practices (strip or ST and conventional or CT) started
in 2009 and were carried out to 2016. Irrigation was established using a center pivot system. Photosynthesis rate (Pn),
stomatal conductance (gs), and chlorophyll content index
(SPAD) were measured at flowering, fruit development and
harvest stage and vine length at the harvest stage. Total marketable yield and fruit quality (firmness and sugar content)
were determined during the harvest period. Soil chemical and
microbial analysis was conducted at the end of the experimental
period (March 2015). No significant differences (P = 0.05) were
found between water deficit treatments in vine length, SPAD,
Pn, gs, fruit firmness, and sugar content during the three-year
study, except for vine length in 2013. But, marketable yield
from T1 treatment was significantly higher (P = 0.03) than T3
in 2013. Vine length and SPAD measured from the ST plots
were higher than CT, especially in 2012. Interestingly, marketable yield from ST was 8.6, 9.7, and 14.9 t·ha-1 higher than CT
in 2012, 2013 and 2014, respectively. Additionally, fruit sugar
content under ST was statistically higher (P = 0.05) than those
from CT. After 6 years of tillage practices (2009–15) in the
same site, ST increased total bacteria by 49%, active bacteria
by 27%, active and total fungi by 37%, nematodes by 275%,
and electrical conductivity by 14% compared to CT. However,
ST significantly increased root-feeding nematodes (harmful to
plant roots) and reduced phosphorus and nitrate-N compared to
CT. Although long-term studies aimed at assessing soil quality and cumulative yield are required to further validate our
results, yield and fruit quality (sugar content) responses were
consistent across three years and with promising abundance of
soil microbial activities.
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Cucurbitacins and Citrulline in Wild
Watermelon (Citrullus lanatus var. Citroides)
Fruit
Penelope Perkins-Veazie1, Guoying Ma1, Marlee
Trandel1, and Amnon Levi2

North Carolina State University, Department of Horticulture
Science, Plants for Human Health Institute, Kannapolis NC
28081; 2USDA–ARS, Vegetable Crops Laboratory, Charleston
SC 29414

1

Cucurbitacins are chemicals that add bitter flavor to the cucurbits, such as cucumber, zucchini, and watermelon. These
chemicals can act as anti-feeding deterrents and many of them
have been found to be cytotoxic, with potential use as chemotherapy drugs. Citrulline and arginine are amino acids that act
as vasodilators (relaxers of smooth muscle cells); L-citrulline
is most prevalent in cucurbits and especially watermelon. Wild
watermelon (C. citroides or C. amarus) originates from the
Kalahari Desert in Africa and is of interest for use as rootstocks
in grafted watermelon. This study was done to determine if the
fruit from various C. citroides accessions showed differences
in amount and type of free cucurbitacins, cucurbitacin glycosides, and in citrulline. Fruit of 48 accessions were harvested
from plots in Charleston SC, transported to Kannapolis, and
flesh removed from the center of the fruit. Two to six fruit were
used per accession. Flesh was homogenized and extracted first
with water then with chloroform to capture both glycosolated
and free cucurbitacins. Extracts were dried and dissolved in
methanol and run on HPLC equipped with DAD (230 nm)
and a Synergi 4UHydro RP 80A 250 x 4.6 mm column using
a 25 to 75% methanol gradient and flow rate of 0.8 mL/min.
Total cucurbitacin and cucurbitacin glucoside content ranged
from 8 to 131 mg/100 g FW. The free cucurbitacins B, E, and I
were detected at amounts of 1.2–3.4, 0–4.6, and 0–3.1 mg/100
FW, respectively. PI296341, which has been used as a rootstock
with an Extazy scion, had 3.1, 3.8, 0.8, and 19 mg/100 g FW
for B, E, I, and total cucurbitacins, respectively, and 62 mg/100
g FW of citrulline. Citrulline and arginine content, determined
on a separate sample, ranged from 3 to 295 mg/100 g FW.
Domestic watermelon contains 200 to 300 mg/100 g FW of
citrulline and arginine, indicating a wide range of citrulline and
arginine is present among C. citroides accessions. The varied
profiles for cucurbitacin assays indicate that cucurbitacin glucosides contribute as much or more than free cucurbitacins to
the cucurbitacin profile of C. citroides accessions.
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Fruits and Berry Nursery Management
Training in Kyrgyzstan
Dilip Nandwani* and Sochinwechi Nwosisi

College of Agriculture, Human and Natural Sciences,
Tennessee State University, Nashville, TN 37209

Most of the nursery growers in the Kyrgyz Republic are not
formally educated on agricultural development. As a result,
they rely on their experience within the field to make nursery
management decisions. Technical assistance and training in
modern agricultural practices in fruit and berry propagation and
nursery management to growers, extension agents and nursery
managers in Kyrgyzstan were delivered. The Association of the
Nurseries in Kyrgyzstan works with state departments of the
Republic, legalizes fruit and berry varieties, and enters them into
the national register. The Association cooperates with farmers
and grower organizations who are interested in developing the
green economy and saving local old and unknown varieties of
fruit and berry plants. Six nurseries—Meerim, Temir-Bakyt,
Star Plus, Hafisa, Kizil Alma, and Barskoon in Issyk-Kul oblast
received trainings on fruit and berry nursery management. Thirtyone nursery growers were trained in fruit tree grafting, pruning,
nursery management, natural pest and disease control, plant
spacing, water management, and modern agricultural practices
on marketing seedlings. The training was held in both in the
classroom (theoretical) and in the nursery (hands-on) on fruit
and berries—namely apple, blackcurrant, pear, plum, apricot,
cherry, raspberry, gooseberry, and strawberry. This paper presents
findings and issues in fruit and berry nursery production and
management practices in Kyrgyzstan. It was observed during
nursery visits that growers use old and traditional techniques
in grafting, propagation, and raising seedlings. Diseases and
insect pests were observed in the greenhouses. High humidity,
temperature, and light were not managed and plant growth and
fruits were stressed. The use of shading, ventilation, and sanitization in the hoop house was advised and grafting techniques
in fruit crops demonstrated.
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Developing Capacity in Agricultural Extension
Services Delivery and Master–Trainer Skills in
the Calabar Region of Nigeria
Dilip Nandwani* and Sochinwechi Nwosisi

College of Agriculture, Human and Natural Sciences,
Tennessee State University, Nashville, TN 37209

Extension facility is a prime function of the agricultural development projects (ADPs) in Nigeria. Agricultural extension services
where obtainable, however, are frequently scarce and practices
out-of-date, particularly in rural areas. The extension agents
(EAs) for the Cross River Agricultural Development Program
(CRADP) perform duties for 220,523 growers (a mean of 1:1917
EA-to-farmer ratio). The EAs also fall short of expertise and
the ability to properly track and access the influence of their
services. Extension agents often partake in sanctioned practices
in the field because no potent channel is set to detect their actions. Instruction on conquering challenges of record keeping is
required using contemporary methods to enhance farming as a
trade. The CRADP aimed training to increase the number of EAs
serving farmers, and enhance their capacities as well as adopt
a robust extension service delivery, program/impact monitoring, other service and economic sustainability measures. The
Farmer-to-Farmer expert conducted six training workshops for
EAs in Ogoja, Ikom, and Calabar regions of Cross Rivers State,
Nigeria. The training program included classroom lectures on
agricultural extension services delivery and monitoring, record
keeping, communication, and creating spreadsheets. Over 123
EA’s (male, female, and youth) received training on extension
practices, monitoring, and evaluation. Increased knowledge
and understanding of agricultural extension and education and
how it affects the farmers’ quality of life were the immediate
impacts of training noticed.
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Part 1: Workshops/Special Sessions
—Workshops—
their natural history (especially its unusual pollination biology)
and would likely benefit from timely, applied information about
selection of appropriate species, propagation, and landscape
management (especially new, emerging pests and diseases).

Tuesday, September 19, 2017

Ficus: An Introduction to Its Natural
History, Propagation, Selection, and
Landscape Management

1:00 PM – 1:15 PM

Propagation of Ficus

Coordinator: Donald R. Hodel

Richard Criley*

University of California Cooperative Extension, Alhambra, CA, USA

University of Hawaii, Honolulu, HI, United States

Moderator: Donald R. Hodel

University of California Cooperative Extension, Alhambra, CA, USA

Objectives: The workshop objectives are to introduce the audience to the remarkable world of ornamental landscape species
of the large and diverse genus Ficus, including its unusual
natural history, propagation, selection of appropriate species,
and landscape management.

Description: Ficus, one of the largest and most diverse genera of
woody plants, comprises about 750 species of mostly trees but
also some shrubs and vines. In subtropical and tropical areas and
indoors everywhere, species of Ficus are much used and highly
valued as landscape subjects, typically as trees for shade, park,
homes, and streets but also as shrubs for groundcovers, borders,
hedges, and topiary, and vines for covering walls, barriers, and
other structures. The vast diversity in habit, from vines to trees,
and environmental adaptation, from deserts to rain forests, means
that there is a species of Ficus for nearly every landscape situation. Many people who study, grow, and/or maintain species of
Ficus in landscape settings are probably not too familiar with
their natural history (especially its unusual pollination biology)
and would likely benefit from timely, applied information about
propagation, selection, and landscape management (especially
new, emerging pests and diseases).
12:45 PM – 1:00 PM

Ficus: An Introduction to Its Natural History,
Propagation, Selection, and Landscape
Management
Donald R. Hodel*

University of California Cooperative Extension, Alhambra, CA, USA

Ficus, one of the largest and most diverse genera of woody
plants, comprises about 750 species of mostly trees but also
some shrubs and vines. In subtropical and tropical areas and
indoors everywhere species of Ficus are much used and highly
valued as landscape subjects, typically as trees for shade, park,
homes, and streets but also as shrubs for groundcovers, borders,
hedges, and topiary, and vines for covering walls, barriers, and
other structures. The vast diversity in habit, from vines to trees,
and environmental adaptation, from deserts to rain forests, means
that there is a species of Ficus for nearly every landscape situation. Many people who study, grow, and/or maintain species of
Ficus in landscape settings are probably not too familiar with

Many species of Ficus are used in interiorscaping and landscaping. Their growth habits range from prostrate groundcovers to
shrubs, trees, and vines. Nearly all are easily propagated by the
usual vegetative techniques of cutting, layering, grafting, and
micropropagation. Fewer are propagated by seed as pollination
requires specialized wasps, but some of those that do seed have
become invasive. Ficus are suitable subjects for plant propagation
classes as many, such as F. elastic Roxb., F. rubiginosa Desf. ex
Vent., and F. benghalensis L. can be propagated by single node
cuttings as well as by stem cuttings and air layers. Aerial roots
are characteristic of some species, which also signal ease of
rooting. Many of the selections used in interiorscapes have been
tissue-cultured, giving rise to diverse forms, some of which are
more compact and better branched. Photo: rooted, single-node
cutting of F. benghalensis.
1:15 PM – 1:30 PM

Australian Ficus of Exceptional Landscape
Merit
Seth Menser*

City of Portland, Portland, OR, USA

The Australian continent is an incredible place, filled with flora
and fauna found nowhere else on Earth. Extreme diversity can
be found across the country, from the oldest rainforest on Earth
at Daintree to the arid, endless flats of the Nullarbor Plain. In
This presentation we will take a journey Down Under and
discover the rich diversity of the native Ficus that flourish in
these various conditions and highlight a few select species that
have an enormous potential to become exceptional subjects in
the landscape horticultural world. The genus Ficus in Australia
is represented with 44 known species. Most species are concentrated in the northeastern rainforests of Queensland. However, a
handful of lesser known species can be found growing as rock
figs and scrubby fire-resistant trees in the eroded, red-sandstone
escarpments of the Kimberley region of northwest Australia,
which is the home of the oldest land on Earth. It is a true land
of extremes. Sun-scorched, bone-dry conditions persist for over
half of the year and fire is a constant part of the ecosystem. In
summer, the monsoons begin and a torrent of storms wreaks
havoc on the land. It is in this region and in this climate that we
find some of the most evolved and unusual species of Ficus in
the world. It is also home to the plants we will discover in this

An asterisk (*) in front of a name indicates the presenting author.
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presentation. From F. aculeata A. Cunn. ex Miq., F. podocarpifolia Corner, F. subpuberula Corner, Ficus coronulata Miq.,
and F. platypoda A. Cunn. ex Miq., to the world’s smallest Ficus
(and perfectly named) F. lilliputiana D.J. Dixon, we will examine
the landscape horticulture applications of these Australian Ficus
of exceptional merit.
1:30 PM – 1:45 PM

Acanthococcus lagerstroemia, an Emerging
Potential Threat to Ficus carica
Mengmeng Gu*

Texas A&M AgriLife Reseach & Extension, College Station, TX, USA

Haijie Dou

Texas A&M University, College Statiton, TX, USA

Erfan Vafaie

Texas A&M AgriLife Research & Extension, Overton, USA

Michael Merchant

Texas A&M AgriLife Research & Extension, Dallas, TX, USA

Zinan Wang

Louisiana State University, Baton Rouge, LA, USA

Yan Chen

Louisiana State University Agriculture Center & Research Station,
Hammond, LA, USA

James Robbins

University of Arkansas Cooperative Extension, Little Rock, AR, USA

Crape myrtle bark scale (CMBS), Acanthococcus lagerstroemiae
Kuwana, is a devastating new scale pest from Asia causing severe
damage on crape myrtles and potentially other significant horticultural crops, including the edible and ornamental landscape
fig, Ficus carica L. USDA/APHIS only recognized CMBS as a
“new” U.S. record in 2014. However, this exotic pest has been
established in north Texas since 2004, and has rapidly spread to
13 states (WA, NM, TX, OK, AR, LA, MS, TN, AL, GA, SC,
VA, and NC). In 2016 this pest was confirmed on four more host
genera in addition to three native American plant species. An
increasing concern is that CMBS will likely continue to spread
much further, threatening the utility, aesthetics, and health of
crape myrtles and other important horticultural and agricultural
crops, including figs, and even native ecosystems. This presentation will introduce the biology, life cycle and management
strategies for CMBS.
1:45 PM – 2:00 PM

Management of Gall Wasps and Lobate Lac
Scale on Ficus
Zhiqiang Cheng*

University of Hawaii, Honolulu, HI, USA

Bishnu Bhandari

University of Hawaii, Honolulu, HI, USA

Matthew Kellar

University of Hawaii, Honolulu, HI, USA

Chinese banyan (Ficus microcarpa L. f.) and weeping banyan
(Ficus benjamina L.) are common ornamental landscape trees
grown in many tropical and subtropical regions of the world,
including Hawaii. In Hawaii, a new invasive insect pest, lobate
lac scale (Paratachardina pseudolobata Kondo & Gullan), first
detected on Oahu in 2012, attacks F. benjamina. Damage includes
twig and branch dieback, foliage thinning, sooty mold, and death
of the entire plant when infestation is severe. Lobate lac scale, and
two gall wasp species, the leaf gall wasp (Josephiella microcarpae
Beardsley & Rasplus), and the stem gall wasp, an undescribed
Josephiella species newly discovered in 2012 in Hawaii, attack
F. microcarpa. Gall wasp damage includes progressive branch
dieback that may eventually cause tree mortality. Considering
the heavy infestations of both gall wasp species in Hawaii and
lobate lac scale on Oahu, and high likelihood of these invasive
species to spread to neighbor islands in Hawaii and other areas,
it is critical to identify effective means to control these pests. No
natural enemies of these pests been observed in Hawaii; thus,
we focused on low-risk systemic insecticides for control. For
gall wasps, we evaluated the efficacy and persistence of two
systemic insecticides, imidacloprid and emamectin benzoate,
with or without phosphorous acid amendment, delivered through
trunk injection, using 45 F. microcarpa on University of Hawaii
at Manoa campus. Although both systemic insecticides had some
effect against leaf gall wasp for up to 18 months post treatment,
only emamectin benzoate had effect and persisted against stem
gall wasp for up to 14 months. Phosphorous acid amendment
did not provide any benefits for F. microcarpa to mitigate wasp
infestations. For lobate lac scale, we evaluated the efficacy
and persistence of preventive treatment using imidacloprid
and emamectin benzoate, delivered through trunk injection,
using 45 F. microcarpa, and those of curative treatment using
imidacloprid on ten F. benjamina. We found that imidacloprid
delivered via trunk injection was very effective in preventing
lobate lac scale infestation for at least 22 months post treatment,
and also in reducing lobate lac scale infestation curatively for
at least 20 months. In summary, trunk injection of emamectin
benzoate could be a feasible strategy to control stem and leaf gall
wasps on F. microcarpa, while trunk injection of imidacloprid
is an effective preventive and curative strategy against lobate
lac scale on F. microcarpa and F. benjamina.
2:00 PM – 2:15 PM

Ficus Branch Dieback
A. James Downer*

University of California Cooperative Extension, Ventura, CA, USA

Indian Laurel-leaf fig (Ficus microcarpa L. f.) and its numerous
forms and cultivars are iconic street trees in California. Until
about ten years ago they were disease free. In 2005 symptoms
started to appear on street trees in Santa Monica, Los Angeles
and other Southern California coastal cities. Canopy thinning,
tip dieback leading to branch dieback, complete tree defoliation
and death were wide spread by 2015. In 2012, Mayorquin and
others identified the following species of Botryosphaerales class

An asterisk (*) in front of a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S83

Workshops
fungi to be causing canker disease in this fig: Botryosphaeria
dothidea (Moug.) Ces. & De Not, Neofusicoccum luteum
(Pennycock & Samuels) Crous, Slippers & A.J.L. Phillips,
N. mediterraneum Crous, M.J. Wingf. & A.J.L. Phillips, and
N. parvum (Pennycock & Samuels) Crous, Slippers & A.J.L.
Phillips. Typical fruiting bodies found in cankered wood are
perithecia (teleomorphic stages) and pycnidia (anamorphs).
No conidia are formed on coastal infections. Recently, in another development, F. microcarpa in the Coachella Valley in
the California low desert were observed with the disease sooty
canker, typically associated with the pathogen Neoscytalidium
dimidiatum (Penz.) Crous & Slippers, which is a known human
pathogen of skin in tropical countries, but unknown to cause
human disease in California. N. dimidiatum is thermophyllic,
occurring in trees growing in very hot desert landscapes, and
causes spreading cankers on the main stem and major branches.
Unlike the disease in coastal regions, young branches appear not
to be affected initially. N. dimidiatum only produces conidia and
the teleomorphic Botryosphaeria stage is not observed where it
occurs. Adequate control of these diseases in Ficus is unknown;
however, it is recommended to prune out affected branches early
and to maintain sanitized pruning equipment to help prevent
disease spread. Stress factors, such as age, pruning, wounding,
and other damaging horticultural practices, might predispose
trees to these diseases.

hardship for all who work in the industry, leading to increased
poverty, reduced food security and contributing to surges of
immigration from Latin America to the United States. At the
same time, advancements in sensory analysis allow researchers
to identify important molecules in aroma and flavor, making
it possible to link sensory attributes to specific qualities traits
and field and postharvest methods, which can lead to improved
cultural and processing practices, and eventually better quality
coffee. The workshop will provide a brief history of coffee as
a cultivated crop as well as updates on three main focuses of
research and development, including challenges and opportunities in breeding, pest control and sensory analysis.
3:00 PM – 3:15 PM

History of Coffee and How It Became a Part of
Morning Routines Around the World
Leonardo Lombardini*
Texas A&M Univ, College Station, TX, USA
3:15 PM – 3:30 PM

The Coffee Breeding Program in Hawaii
Chifumi Nagai*

Hawaii Agriculture Research Center, Kunia, HI, USA

3:30 PM – 3:45 PM

Improving the Quality and Alleviating Genetic Diversity of Arabica Coffee Accessions
from the Catie Collection in Costa Rica
the Threats to the World’s Coffee
Patricia Klein*
Texas A&M University, College Station, TX, USA
Supply
Coordinator/Moderator: Leonardo Lombardini

3:45 PM – 4:00 PM

Center for Coffee Research & Education, College Station, TX, USA

Objectives: Update ASHS attendees about recent progress on
coffee science and provide interaction and networking opportunities for scientists working (or interested) in coffee.

Description: With 2.25 billion cups consumed every day, and
170 billion dollars spent on coffee annually, directly involving
25 million producers and providing the main source of income
for an estimated 100 million people worldwide, coffee is one of
the world’s most culturally and economically important agricultural commodities. Hawaii produces some of the finest gourmet
coffees in the world, mainly due to the tropical environment and
the rich volcanic soil, which provide an ideal location for coffee to grow. Yet, despite coffee’s tremendous significance, the
industry is facing serious obstacles. It is estimated that world’s
production levels must double to meet demand by 2050, yet
disease epidemics and climate change effects have reduced the
acreage of high-quality coffee around the world just in the last
decade alone. Prevalent diseases, climate change issues, narrow
genetic diversity are just a few issues badly in need of research.
The coffee berry borer (Hypothenemus hampei) is a major pest in
most coffee-growing regions around the world and was recently
found on Hawaiian coffee farms. These serious threats cause

Analysis and Assessment of the Lipid Fraction
of Coffea arabica Beans—An NMR Approach
Emmanuel Hatzakis*

The Ohio State University, Columbus, OH, USA

The lipid fraction of coffee is a very complex mixture composed
mainly of triacylglycerols, diacylglycerols, free fatty acids and
phospholipids. In contrast to other vegetable oils, coffee oil has
also a remarkably high content of unsaponifiable fraction, which
consists mainly by terpenes and sterols. Although the lipid fraction accounts of around 15% of the mass of an Arabica coffee
bean and contains a high concentration of several potentially
bioactive compounds, which also affect the organoleptic properties of the coffee beverage, only a small number of studies
have been published in this area. In this study we employed
multinuclear and multidimensional NMR spectroscopy as a rapid
and reliable tool for the quantitative analysis and the evaluation
of the non-polar part of Coffea arabica. A number of gradientselected two-dimensional NMR techniques were applied for a
systematic two-dimensional analysis of the various components
in coffee oil. Quantification was achieved by integration of the
appropriate diagnostic signals in the NMR spectra and using an
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internal standard as well as the ERETIC method. Our results
indicate that multinuclear (1H, 13C, 31P) NMR spectroscopy can
be a valuable tool for the determination of several bioactive
compounds in coffee oil and can be used for quantifying the
impact of typical processes such as roasting or storage under
different conditions. The influence of factors such as the water
activity and the geographical origin of the coffee seed can be
also determined.
4:00 PM – 4:15 PM

Implementation of an IPM Program to Fight
Against the Coffee Berry Borer in Hawaii
Andrea Kawabata*

University of Hawaii at Manoa, Honolulu, HI, USA

power of $200 billion. Overall, young consumers are unique
from older generations in that their values, beliefs, social norms,
and communication methods are very different. Not only are
they influencing demand for products, but they are influencing
production methods and sustainability initiatives as well. This
workshop explores various components related to young consumers in the horticulture industry from the consumer perspective
and from the farmer’s perspective. An overview of marketing
tactics to reach Millennial consumers will be provided. Branding
strategies on plants to attract Gen X and Y consumers will also
be discussed. A summary of consumers’ interest in sustainable
landscape attributes and perceptions of landscape aesthetics and
maintenance requirements will be presented. The marketing and
production methods and the perceptions of younger farmers
towards technology adoption will be discussed.

4:15 PM – 4:30 PM

3:00 PM – 3:20 PM

Craig Bateman*

Chengyan Yue*

Prevention and Rapid Response of the Coffee
Berry Borer in Papua New Guinea
University of Florida, Gainesville, FL, USA

Coffee is the backbone of the national economy in Papua New
Guinea (PNG). Throughout the country, over three million
people depend on coffee as the main source of income in PNG,
and almost half of all rural households grow and harvest it.
Unfortunately, PNG coffee is under threat of the coffee berry
borer (CBB). Once the berry borer establishes in Papua New
Guinea, the coffee industry could disappear because CBB control measures are too costly for most growers in the country.
We developed a program to strengthen the PNG extension and
rapid response network to prepare for the arrival of CBB. In
particular, we established a molecular identification lab for
coffee pests and pathogens. Within six months of operation,
the lab positively identified CBB from the central highlands of
PNG. Eradication measures are currently underway, while the
training program is being expanded to improve communication
and extension involvement with rural communities.

The Changing Face of the
Horticulture Industry
Coordinator/Moderator: Alicia Rihn
University of Florida, Apopka, FL, USA

Objectives: The objective of this workshop is to explore issues
related to changes occurring in consumer horticulture and production agriculture. Presentations will feature an understanding
of issues surrounding marketing to Millennials, branding plants,
sustainable landscape design, and the production and marketing
decisions made by younger farmers.

Description: Traditionally, the core consumers of ornamental
horticultural goods were older women, but as younger consumers graduate and enter the workforce, they are becoming
the future of the horticulture industry with a collective buying

Marketing Tactics to Increase Millennial Floral
Purchases
University of Minnesota, St. Paul, MN, USA

Shouli Zhao

University of Minnesota, St. Paul, USA

Alicia Rihn

University of Florida, Apopka, FL, USA

Millennial consumers (born 1977–94) pose a unique marketing
challenge to green industry stakeholders. For instance, they are
the first generation to be connected to the internet their entire
lives and they resist traditional marketing efforts. As a result,
marketers must identify and utilize new technologies to communicate with this group. A sample of 3011 Millennial consumers
participated in a national online survey in 2016 to determine
the best marketing practices to increase their floral purchases.
Results indicate that Millennials have different perceptions of
flowers than previous generations and often overlook flowers as
gifts. Reminders and promotions are one means of improving
their purchase likelihood. We explored the best ways of using
technology and social media to communicate with and remind
Millennials about floral products.
3:20 PM – 3:40 PM

Branded Plant Appeal to Gen X and Gen Y
Bridget Behe*

Michigan State University, East Lansing, MI, USA

With rising concerns that plant sales are not as robust among Gen
X and Gen Y consumers. Brands help to create the perception of
added value while also differentiating products from competitors.
We conducted an online survey in May 2014 to investigate the
role of age cohort and brand recognition on the likely to buy
(LTB) rating of two herb and two vegetable transplants. About
equal numbers from three age cohorts (Boomers, Gen X, and
Gen Y) were represented in the sample of 566 plant purchasers.
We observed that more Boomers had seen (recognized) Brand
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P, whereas more Gen X and Gen Y participants had seen Brand
L. Subjects who had seen the plant brands before the study
had a higher mean LTB rating for branded plants compared
with those who had not seen the plant brands before the study.
Furthermore, both Gen X and Gen Y were more LTB branded
plants compared with Boomers.

Wednesday, September 20, 2017

Among Young Consumers

Coordinators: Lucy Bradley

The National Initiative for Consumer
Horticulture: Examining Research
on the Social, Environmental, and
Economic Benefits of Consumer
3:40 PM – 4:00 PM
Horticulture
Acceptance of Sustainable Landscape Attributes
North Carolina State University, Raleigh, NC, USA

Hayk Khachatryan*

University of Florida, Apopka, FL, USA

Sheri Dorn

University of Florida, Apopka, FL, USA

Gail Langellotto

University of Georgia, Griffin, GA, USA

Alicia Rihn

Younger consumers are more environmentally conscious than
older generations. Thus, the use of sustainable attributes is one
means of reaching this customer group. An online survey and
choice experiment was conducted to investigate consumers’
interest and willingness-to-pay for sustainable landscape attributes. Consumers had distinct preferences for turfgrass to
non-turfgrass landscape designs. Sustainable landscape features such as smart irrigation, low maintenance and pollinator
attractive habitat were positively correlated with preferences.
Additionally, financial incentives were among statistically significant attributes to improve adaptation of sustainable landscape
practices. Comparisons across age groups and implications for
relevant stakeholders will be discussed.
4:00 PM – 4:20 PM

The Ideal Landscape: Aesthetic versus
Maintenance Perceptions
Alicia Rihn*

Oregon State University, Corvallis, OR, USA

Moderators: Lucy Bradley

North Carolina State University, Raleigh, NC, USA

Natalie Bumgarner

University of Tennessee, Knoxville, TN, USA

Objectives: To share the results of the National Initiative for
Consumer Horticulture gap analyses conducted on the social,
environmental, and economic impact of consumer horticultureTo
gather input on implications and next steps.

Description:The National Initiative for Consumer Horticulture
(NICH) will present the results of a gap analysis of research on
the environmental, social, and economic benefits of consumer
horticulture. Representatives of each of the three committees
will present the results of their research, the gaps identified,
and the research needed to move strategically forward with the
goal of increasing awareness and educating people about the
value of consumer horticulture.

University of Florida, Apopka, FL, USA

9:45 AM – 10:15 AM

University of Florida, Apopka, FL, USA

Bridget Behe

Economic Benefits of Consumer Horticulture

Hayk Khachatryan

Often consumer perceptions of curb appeal (aesthetics) and
landscape maintenance do not align. To date, very few studies
quantify how these two factors relate and at what point consumers will trade-off between them. We utilized a conjoint analysis
to determine consumer perceptions of landscape aesthetics and
maintenance requirements with different landscape designs
varying in their turfgrass to non-turfgrass composition. The
study was conducted online and in an experimental lab. Overall,
participants perceived turfgrass as requiring less maintenance
than non-turfgrass landscape designs. However, landscapes
with higher percentages of turfgrass were perceived as the least
aesthetically pleasing. Landscapes without any turfgrass (100%
non-turfgrass plants) were perceived as requiring the most
maintenance and were also considered less aesthetically pleasing
than those with a mixed ratio. Implications for the landscape
services and related industries will be discussed.

Michigan State University, East Lansing, MI, USA

Jill Calabro

AmericanHort/HRI, Washington, DC, USA

Debbie Hamrick*

North Carolina Farm Bureau, Raleigh, NC, USA

Consumer horticulture is a driver of the agricultural production economy. The Economic Committee is helping to shape
a unified vision of the role of consumer horticulture in our
economy and livelihood that can be shared with industry and
external stakeholders. Credible, standardized messages will
help to frame the economic impact and benefits of the industry
in the same way. In order to convey the economic benefits of
consumer horticulture to industry and external stakeholders,
multidisciplinary research findings have been aggregated into
an infographic that identifies the economic impact of plants at
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work, at home, in commercial settings and in parks and public
gardens. The infographic, titled #PlantsDoThat, uses the concept of “Our Town” as a visual representation to tell the story
of where and how consumer horticulture impacts the lives of
residents. Other #PlantsDoThat infographics are currently in
development for indoor plants at home, in offices and schools.
The committee is also identifying gaps in industry economic
impact and market data to inform private and public investment
and management action. A survey tool is under development
through interviews with industry members to identify needs
and inform research planning. The committee is comprised of
university and private economists, extension agents, industry
and agricultural non-profit staff and private industry management and owners. Committee members are located in 14 states
and represent industry expertise in production, marketing
and economics of crops such as bedding plants, cut flowers,
foliage and flowering potted plants, perennials, nursery crops,
urban agriculture, indoor intensive agriculture and local foods.
The committee works virtually, meeting monthly by conference call.
10:15 AM – 10:45 AM

Environmental Benefits of Consumer
Horticulture
Julie Weisenhorn*

University of Minnesota, St. Paul, MN, USA

A gap analysis was performed to evaluate the available research regarding the environmental benefits of gardens and
landscapes. Some of the article databases and indices that
were accessed include: AGRICOLA which covers citations
and abstracts for articles from over 600 periodicals, as well
as USDA and state experiment station and extension publications, and selected books from 1970–present; CAB Abstracts
which covers agriculture in the broadest sense from 1973–
present; University of Minnesota Garden, Landscape and
Horticulture index, which includes articles about gardens and
plants over 430 core titles; LexisNexis for newspaper articles;
University of Minnesota Agriculture and Environmental database, which the renowned AGRICOLA, ESPM, and EIS
databases and provides full-text titles from around the world,
including scholarly journals, trade and industry journals, magazines, technical reports, conference proceedings, government
publications, and more. General keywords used for searches
included “horticulture,” “consumer horticulture,” variations
on “garden” and “environment;” and “climate change.”
Citation abstracts were reviewed and those most pertinent
were stored on Zotero, a free citation manager that Zotero automatically senses content (PDFs, images, audio, video, etc.)
accessed, allows the user to add it to their library and enables
groups to share and access materials easily. A summary of
research techniques, findings, and gaps identified will be
presented.

10:45 AM – 11:15 AM

Social and Community Benefits of Consumer
Horticulture
Pamela Bennett*

Ohio State University Extension, Springfield, OH, USA

In order to develop strategies to meet the goals of the NICH,
current research relating to the social and community benefits of
horticulture was identified as well as gaps in the research. The
first step was to develop a matrix to track the various journal and
popular press articles, websites and other resources. The next
step was to divide the task of reviewing these resources among
committee members. Following the review, committee members
will identify the critical areas where research is needed to further
the efforts of the NICH. A summary of research techniques,
findings, and gaps identified will be presented.

Advances in Genomic Analyses and
Genetic Modification Technologies
for Woody Horticultural Species
Coordinator: James Leebens-Mack

University of Georgia, Athens, GA, USA

Moderator: Dilip Panthee

North Carolina State University, Mills River, NC, USA

Objectives: The objective of this workshop is to 1) learn how
researchers use genetic modification to assist breeding of woody
horticultural species, and 2) discuss how genetic modification can
be used for a broad range of genetic improvement applications.
Description: Long-lived woody ornamentals and fruit and nut
trees pose a challenge for traditional breeding and improvement
programs. Reference-quality genome assemblies and annotations
are becoming a foundational resource for an increasing number
of species. Reference genomes enable genome-wide association
analyses and marker-assisted breeding programs. However, the
long generation time of most woody horticultural species remains
a major limitation for efficient cultivar improvement through
marker-assisted breeding. At the same time, genetic modification has been an effective tool for improvement of some longlived woody species. This workshop highlights how reference
genomes are being developed and used to identify targets for
both traditional breeding and gene editing in woody horticultural
species. Strategies for successful genetic modification including
CRISPR-based gene editing will be presented as well.
1:45 PM – 2:05 PM

A Chromosomal Assembly of the Flowering
Dogwood (Cornus florida) Genome Serves As
a Reference for Woody Horticultural Species
across the Cornales
James Leebens-Mack*

University of Georgia, Athens, GA, USA
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Chung-Jui Tsai

University of Georgia, Athens, GA, USA

Magdy Alabady

University of Georgia, Athens, GA, USA

Qiuyun Xiang

North Carolina State University, Raleigh, NC, USA

Timothy Rinehart

USDA-ARS, SHL, Poplarville, MS, USA

Phillip A. Wadl

USDA-ARS, U.S. Vegetable Laboratory, Charleston, SC, USA

Despite the economic value of horticultural species in general
and woody ornamentals in particular, the availability of genomic
resources for these plants are quite sparse relative to crop species. The Cornales Genome Project is generating a high-quality
reference genome assembly and annotation for Cornus florida
‘Appalachian Spring’ (Flowering Dogwood). This resource
along with genome sequence and gene space assemblies for
Asian kousa dogwood and Hydrangea macrophylla, transcriptome atlases and high-density markers form a foundation for
comparative genomics research and marker-assisted breeding
for dogwoods, hydrangeas and related woody ornamentals.
Powdery mildew has been identified as a major threat affecting flowering dogwoods across its natural range and within
the nursery and landscape industry. As a test case for genomeempowered improvement of an economically important crop,
a comparative gene network approach is being employed to
identify candidate genes associated variation in mildew resistance and susceptibility across flowering dogwood cultivars.
2:05 PM – 2:25 PM

Comparative and Functional Genomics in
Cornus (Dogwoods)
Qiuyun Xiang*

North Carolina State University, Raleigh, NC, USA

Cornus L. consists of approximately 55 species that are all
horticulturally valuable trees, shrubs, or rarely perennial
herbs with woody rhizomes, such as C. florida, C. kousa, C.
mas, C. officinalis, C. sericea, C. sanguinea, C. controversa,
and C. canadensis. The ornamental value is largely attributed
to the spectacular structure or color of inflorescences, fruits,
stems, or leaves. Some species are highly popular garden
plants, especially C. florida. Natural populations of C. florida
is however severely threatened by fungal diseases. Through
analyses of genotyping by sequencing (GBS) and non-targeting
metabolite profiling using LC-MS for populations growing
in divergent natural environments, we identified loci under
natural selection for local adaptation as well as loci and metabolites associated with disease. Furthermore, we also found
fungal sequences detected by GBS in a plant was predictive
of the disease condition. To understand the genetic control of
inflorescence architectural variation and flower development
in Cornus, we conducted comparative transcriptome analyses

to identify candidate genes and evaluated the roles of putative
key regulators through comparative gene expression analyses
and genetic transformation. We found evidence supporting LFY,
TFL1, and AP1 homologs in Cornus work together to regulate the
determinate inflorescence development, but differential expression patterns of TFL1 and AP1 among species were important
to the variation of inflorescence architectures among heads,
umbels, dichasia, and elongated complex form. We also found
evidence supporting an important role of MADS-box B class
genes PI and AP3 homologs in flower development of Cornus
and that proper expression of CorAP3 is critical to the origin
of explosive pollen release uniquely evolved in the herbaceous
perennial dogwood species occurring in circumboreal region.
During the study of Cornus, we established an agrobacterium
mediated stable genetic transformation system of C. canadensis
(bunchberry) for validating gene functions. The transformation system in C. canadensis also provides a valuable tool for
genetic manipulation to create new varieties of dogwoods that
are horticultural interesting. Using the system, we generated a
heat tolerant bunchberry that is sterile and can be a potential
new ground cover garden plant for the south.
2:25 PM – 2:45 PM

Genome Editing in Woody Species
Chung-Jui Tsai*

University of Georgia, Athens, GA, USA

The CRISPR genome editing technology is revolutionizing
all facets of biology, from medicine to agriculture. It enables
generation of transgenic null mutants with unprecedented precision and efficiency—a welcome breakthrough for outcrossing
woody perennials with long generation cycles. In this talk, I
will present case studies of CRISPR genome editing in the
woody model plant Populus for targeted mutations of multigene family members as well as tandemly arrayed genes. An
underappreciated obstacle in genome editing of outcrossing
species is the frequent occurrence of sequence polymorphisms
that can render CRISPR genome editing ineffective. However,
sequence polymorphism data are usually inaccessible from current genome portals, and are not considered in popular gRNA
design programs. I will discuss genomic resources and variantsensitive bioinformatics pipelines that we have developed to
address the genome editing challenges of outcrossing, hybrid
or polyploid species. Emerging applications beyond targeted
mutagenesis, and critical gaps in our ability to harness this
powerful technology will also be discussed.
2:45 PM – 3:05 PM

The American Chestnut Research and
Restoration Project
Alllison Oakes

SUNY College of Environmental Science and Forestry, Syracuse, NY,
USA
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William Powell

State University of New York, Syracuse, NY, USA

Erik Carlson*

SUNY College of Environmental Science and Forestry, Syracuse, NY,
USA

The American chestnut (Castanea dentata) was a keystone species of North America, making up over a quarter of the forests
east of the Mississippi river. The arrival of Cryphonectria parasitica on Asian chestnut stock in the late 1800s introduced the
chestnut blight to the continent, which devastated the chestnut
population. The American Chestnut Research and Restoration
Project has achieved pure American chestnuts able to withstand
the chestnut blight chestnut by inserting the gene for oxalate
oxidase into American chestnut embryos. The oxalate oxidase
enzyme breaks down the oxalic acid secreted by Cryphonectria
parasitica, the tree builds a wound periderm, and the infection
is contained as merely a small, superficial canker instead of
girdling and eventually killing the tree, allowing both organisms to live communally and reach reproductive maturity;
presence of the transgene in resulting offspring also confers full
blight resistance. As the American Chestnut Research and
Restoration Project nears its goal of a publicly-available, fully
blight resistant tree, performing environmental and safety testing and increasing tree production are top priorities. We will
present our current findings on how non-target organisms may
be affected by the inclusion of a novel transgene in American
chestnut.
3:05 PM – 3:15 PM

Future Prospects for Genome Analyses and
Genetic Engineering of Woody Species
Timothy Rinehart*

USDA-ARS, SHL, Poplarville, MS, USA

Open discussion of prospects for advancing improvement of
woody horticultural species through genomic technologies and
genetic engineering.

Strategies for Mitigating
Invasiveness of Native Species
Coordinator/Moderator: Michael Schnelle

Oklahoma State University, Stillwater, OK, USA

Objectives: To explore methods of reducing “weediness” of
native species via cultural management techniques as well as
breeding efforts.
Description: Plants indigenous to the United States can sometimes become invasive under the right conditions. Presenters
will address problematic genera and then practical strategies
for mitigating damage from these species.

3:30 PM – 3:45 PM

Plants of the Great Plains with Potential to
Become Invasive
Michael Schnelle*

Oklahoma State University, Stillwater, OK, USA

Various species native to the Great Plains can become invasive
under certain conditions. This talk will encompass genera such
as Juniperus, Chasmanthium, and others that can threaten other
native flora and fauna in some situations. Practical solutions
will be addressed.
3:45 PM – 4:00 PM

Native “Pests” of the Deep South
Chris Marble*

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Native plant species are often promoted because of the many
benefits they provide including providing food and habitat for
wildlife, less inputs and maintenance, adaptability to local
climatic conditions, increased tolerance to pest species, and
aesthetic appeal. The nursery industry has been a major avenue
for invasive plant introductions in the past. Several authors have
estimated that over 80% of invasive woody plants were once
introduced, at least in part, for ornamental purposes, which is
another selling point for native plant enthusiasts. Invasive plant
species are by definition non-native, but many of the most economically important weed species in natural areas, landscapes,
and in agricultural production are native to the areas in which
they “invade” or become weedy pests. This presentation will
focus on several of the most prolific native “pest” species in
the U.S. Deep South—ranging from Eclipta to Liquidambar to
Smilax, and many species in between. This presentation will
focus on not only how the biology of these species allows them
to become invasive and outcompete other indigenous species,
but will also discuss the changes we have made to our environment that allow these species to proliferate and become more
problematic than they once were.
4:00 PM – 4:15 PM

Reforming a Seedy Character—Prunus
caroliniana
John Ruter*

University of Georgia, Athens, GA, USA

Carolina laurel cherry (Prunus caroliniana) is native to the
southeastern Coastal plain from North Carolina westward to
eastern Texas. The species has been planted extensively in the
southeast as an ornamental tree or as a hedge. Unfortunately,
Carolina laurel cherry naturalizes readily and is now found in
a variety of habitats, both natural and disturbed. Flowering occurs in the late winter/early spring before new leaves emerge
and fruit ripens in the fall/winter. Fruit is eaten by migratory
birds and seed is dispersed. Seedlings readily germinate in the
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understory of forests and landscapes in the spring. As there are a
limited number of cultivars available, selections with improved
form and sterility are needed for the landscape trade. In 2008,
seed was collected and treated with gamma radiation at rates
ranging from 0 to 150 Gy. The LD50 for seedling survival was
between 50 Gy to 100 Gy. Three sterile plants were selected
in 2012 from the M1 population totaling 63 seedlings. The M2
seed was collected in Fall 2012 and 1700 seedlings were grown
to flowering size. In 2015, ~160 seedlings which showed no
fruit production were planted in the field in Watkinsville, GA ,
for further evaluation.
4:15 PM – 4:30 PM

Induced Sterility As a Management Strategy for
Invasive Species
Kenneth Leonhardt*

University of Hawaii at Manoa, Honolulu, HI, USA

This presentation will describe the techniques and the process of
converting prolific seed producing landscape ornamentals into
sterile or nearly sterile forms. Oryzalin and colchicine have been
used to double chromosomes while guard cell measurements and
flow cytometry have been used to determine ploidy conversion
and identify chimeras. Complete sterility has been achieved in
three Cassia species and up to 95% reduction in seed production
has been achieved in Delonix and Spathodea species.
4:30 PM – 4:45 PM

Breaking Bad: Native Aquatics Edition
Lyn Gettys*

Description: The onset of dormancy at an appropriate time
followed by sufficient chilling are essential for normal bud
development and spring budbreak in many temperate fruit
crops, and the dormancy cycle is directly related to blooming,
fruit set, and vegetative growth. Weather data has indicated a
tendency of extended growing seasons, warmer winters, and
an earlier return of spring-like conditions in recent years. As a
result, some geographical regions where fruit crops are planted
have encountered delayed dormancy and an insufficient number
of chilling hours, leading to uncertainty in budbreak and fruit
cropping, especially in the Southeastern commercial production
regions. This uncertainty is causing the use of extra chemical
sprays (e.g., hydrogen cyanamide) and/or adjusted horticultural
practices (e.g., pruning), in hopes of manipulating bud development and phenology in a manner that ensures sufficient cropping.
Many questions regarding the regulation of leaf/flower bud
development, however, still remain unanswered, as do those on
the mechanism of manipulations used to stimulate dormancy and
break. This workshop is designed to exchange information on
research advances in bud development and manipulation studies in fruit crops with a chilling requirement and foster research
collaborations that will address the need to develop solutions
to bud development/break issues caused by inadequate chilling
and/or delayed dormancy.
3:45 PM – 4:05 PM

Historical Trends in Chill Hour Accumulation
and Peach Bud Response to Hydrogen
Cyanamide
Tom Beckman*

University of Florida Fort Lauderdale Research and Education Center,
Davie, FL, USA

USDA-ARS, SEFTNRL, Byron, GA, USA

Although most nuisance-level populations of aquatic plants are
exotic in origin, some native species can become problematic
as well. Dense vegetation, regardless of provenance, can inhibit
the use and function of water bodies. For example, they may
block aces to recreational areas, reduce carrying capacity in flood
control canals, and otherwise disrupt water usage. In the presentation I will introduce and describe some of our native aquatic
plants that can “break bad” and become management targets.

Bud Biology and Manipulation of
Chilling Requirement in Fruit Crops
Coordinator/Moderator: Chunxian Chen
USDA-ARS, SEFTNRL, Byron, GA, USA

Objectives: The workshop focuses on research advances in
chilling requirement of fruit crops and manipulation of the bud
dormancy and break cycle. The four topics are: 1) impact of
inadequate chilling on production; 2) effect of chemical sprays
and/or horticultural practices on bud physiology; 3) mechanisms
of manipulations to alter bud phenology; 4) genetic and genomic
perspectives on chilling requirement.

Chunxian Chen

USDA-ARS, SEFTNRL, Byron, GA, USA

Long held records for (low) chill hour accumulation have recently been broken several times in the southeastern U.S. peach
(Prunus persica) production areas. Long term historical average
chill hour accumulation through 15 Feb. in middle Georgia has
dropped significantly over the last 15 years. Trends in chill hour
accumulation will be discussed along with its import for both
commercial production and breeding priorities. In the most
recent episode of low chill hour accumulation in the middle
Georgia peach production area, a new all-time record appears
to have been set, resulting in an inadequate chill hour accumulation for every commercial peach cultivar typically utilized
in this production area. Some high chill cultivars received less
than half of their required chilling resulting in widespread late
bloom in combination with poor fruit set and vegetative bud
break. Trees of nine high-chill cultivars displaying almost no
bud break from last year’s shoots were used to study the effect
of a late spray application (13 Apr.) of hydrogen cyanamide on
bud break. Cultivars tested differed significantly only in their
lateral bud response, in terms of number of buds broken and
peak time of bud break. ‘Ta Qiao’ showed the strongest response
to hydrogen cyanamide applications, whereas ‘Julyprince’ the

An asterisk (*) in front of a name indicates the presenting author.
S90

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Workshops
weakest. Peak impact on lateral bud break occurred in two weeks
on long shoots (40–60 cm) and in three weeks on short shoots
(15–30 cm). Across all cultivars tested, at the respective peak
week the number of lateral buds that emerged on long shoots
of treated trees was more than twenty times of that of untreated
trees, whereas the number produced on short shoots of treated
trees was about eight times of that of untreated trees; and at the
seventh week after treatment the differences between treated
and untreated trees became approximately two and four times,
respectively, as more buds on untreated trees emerged at a slower
pace. Almost no flower bud (< 1 per shoot) opened prior to dry
and drop on both treated and untreated trees. This experiment
demonstrates that a late application of hydrogen cyanamide can
help promote earlier and more lateral bud break, but had little
effect on flower bud break or fruit set.
4:05 PM – 4:25 PM

Insufficient Winter Chilling in Peach:
Horticultural Ramifications and
Recommendations
Gregory Reighard*

Clemson University, Clemson, SC, USA

Temperate deciduous fruit trees such as peach and nectarine
(Prunus persica) require winter cold to complete endodormancy
so that flowers set and leaves emerge normally in the spring.
Climate aberrations in recent years has resulted in inadequate
winter cold for some traditional late blooming (high chill requirement) cultivars with the result being poor flower set and irregular
vegetative bud break. The past two Southeastern winters have not
provided sufficient cold for as much as half of the commercial
peach cultivars. With on-site weather data and models to calculate
chill hours, units or portions, the amount of winter chilling can
be monitored and several horticultural practices can be implemented to lessen or avoid a crop loss. Southeastern U.S. peach
growers can access from NOAA projected January–February
temperatures in El Nino or La Nina years to determine if chilling
might be insufficient. At this time dormancy breaking chemicals
such as hydrogen cyanimide, potassium nitrate or calcium ammonium nitrate should be considered for use. Timing and rates
are critical for these compounds. Other management tools may
be necessary if dormancy issues persist into late winter. These
include prune as late as possible to delay cambial activity as
the inadequately chilled buds are biologically sluggish. Retain
more interior short shoots as those buds have lower chilling
requirement. On trees with no visible flower bud activity, do
not prune until vegetative buds emerge to determine if sufficient
new shoots will develop for next years’ crop. Do not thin marginally chilled trees until fruit begin actively growing so that
good fruit can be differentiated from those that will never size
(i.e., buttons). Trees with no crop and have poor vegetative bud
break can be treated in spring with dormancy breaking agents
as a salvage treatment to prevent tree decline or death. Future
dormancy breaking technologies and replacement of cultivars
with ones having lower chilling requirements will be necessary

to grow peaches successfully in an increasing warmer climate
in the 21st Century.
4:25 PM – 4:45 PM

CBF-transgenic Apple: A Model for Studying
the Interaction between Cold Hardiness,
Dormancy, and Growth
Michael Wisniewski*

USDA-ARS, AFRS, Kearneysville, WV, USA

Timothy Artlip

USDA-ARS, AFRS, Kearneysville, WV, USA

John Norelli

USDA-ARS, AFRS, Kearneysville, WV, USA

CBF or DREB transcription factors are involved in plant adaptation to low temperatures and osmotic stress (drought and salt)
in plants. Overexpression of these transcription factors in plants
has been to shown to affect other developmental processes,
such as growth, flowering, and dormancy. Several laboratory
and field studies have been conducted on the overexpression
of a peach, and native apple CBF genes in apple. Results have
demonstrated that overexpression of a peach CBF gene in apple
improves cold hardiness but also has a significant impact on,
shoot growth, the onset of dormancy and leaf senescence, and
the timing of spring bud break. Interestingly, similar effects
have not been observed when native, apple CBF genes have
been overexpressed in apple, despite high levels of homology
between the apple and peach CBF genes. The RT-qPCR analysis
has indicated that several genes related to growth and dormancy
are impacted by the overexpression of CBF and that promoters
from these genes contain C-repeats (the binding site for CBF)
and other stress and environmental-associated motifs. Reciprocal
grafting studies of transgenic and non-transgenic rootstock/scion
combinations have revealed that when transgenic ‘M.26’ is used
as a rootstock it does not impact cold hardiness or dormancy
of non-transgenic ‘Royal Gala’ scions but does impact growth.
Collective studies indicate that the functional role of CBF in
fruit trees is complex and impacts several developmental processes. Overexpression of CBF in apple may serve as a model
for studying the integration of cold hardiness, dormancy, and
growth in fruit trees.
4:45 PM – 5:05 PM

Genetics of Chilling Requirement in Peach
Ksenija Gasic*

Clemson University, Clemson, SC, USA

Douglas Bielenberg

Clemson University, Clemson, SC, USA

Chilling requirement (CR) is the minimum cold exposure necessary for dormant bud break in woody plants and therefore is a
major limiting factor for growth of many temperate-zone plants in
tropical and subtropical regions. Together with heat requirement
(HR), CR affects the bloom date (BD) and susceptibility to late
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spring frosts. Chilling requirement, HR, and BD are among the
most important factors to consider when selecting cultivars for
local climatic conditions to ensure sustainable and profitable
production. The quantitative traits CR, HR and BD are highly
variable in peach. Climate variations in recent years are causing
insufficient chilling resulting in poor bud break and inconsistent
leafing and bloom. Incomplete CR fulfillment also may lead to
the higher flower-bud drop and abnormalities in fruit morphology. Dormancy maintenance and release in peach is governed
by the family of MADS-box genes. The QTL mapping in peach
and related Prunus species showed overlap between CR and
BD associated regions, and candidate gene studies suggested
conservation of the flowering control gene networks across
Prunoideae. Climate resilient peach would have low CR and high
HR. To achieve that combination, we need to clarify the CR, HR,
and BD phenotypes. While BD is relatively easy to phenotype,
by being a product of CR and HR it potentially incorporates
independent variation in those two traits, complicating efforts
to identify genetic loci for breeding. Generally, CR dominates
large scale BD variation between years and between cultivars.
However, the role of HR variation as a cause of BD variation
has been less appreciated. Attempts to quantify HR from field
data is complicated by the ability of chilling temperatures to
reduce the HR for bloom in a range of chilling above a minimum
critical value up to a saturating chilling value. These minimum
and saturating chilling accumulations are not known for most
cultivars. Large scale phenotyping of CR has been done in a
few cases for mapping families, but not at the level of minimum
and saturating chill values. Potential HR variation in base and
optimal temperatures for heat accumulation in cultivars needs
to be determined to understand if there is a different quantitative HR (similar to variation in CR). Analysis of the US peach
breeding germplasm for genetic variation in CR associated
regions in peach and potential limitations in breeding for CR,
HR and BD will be discussed.

asiaticus (Clas) including interveinal chlorosis of young leaves,
similar in symptomology to manganese (Mn) and zinc (Zn)
deficiencies that develop early in the growing season, followed
by amorphous mottling of older leaves which develop later in
the growing season. Nutrient deficiency-like symptoms develop
in HLB-affected trees, including potassium (K), phosphorus
(P), magnesium (Mg), calcium (Ca), Mn, Zn, and iron (Fe).
HLB causes fibrous roots to decline within a few months after
infection and before foliar symptoms develop. Fibrous roots are
responsible for the bulk of nutrient uptake and their decline likely
explains the deficiency symptoms that develop in the canopy.
Research has demonstrated that HLB symptoms can be reduced
by ground and/or foliar applications of micronutrients, especially
Mg, Mn, Zn, and boron (B). Water management is also a critical
factor in maintaining vigor and productivity of citrus affected
by HLB. These responses have promoted development and use
of enhanced foliar nutritional programs in Florida and other
areas of the world. Efficacy of these programs have been a topic
of considerable discussion and debate. Fertilization programs
have varied considerably among growers, and have consisted of
various rates and application schedules of essential macro- and
micronutrients and irrigation management.
4:00 PM – 4:15 PM

Nutrient Uptake in Huanglongbing-affected
Plants
Tripti Vashisth*

University of Florida, Lake Alfred, GA, USA

4:15 PM – 4:30 PM

Effect of Foliar Essential Nutrient Applications
on Growth and Yield of Sweet Orange Affected
by HLB
Kelly Morgan*

University of Florida, Immokalee, FL, USA

Effect of Nutrient and Water
Management on Citrus
Huanglongbing (HLB)

4:30 PM – 4:45 PM

Citrus Root Distribution and Turnover as a
Result of Different Management Practices

Coordinator: Kelly Morgan

Catherine Simpson*

University of Florida, Immokalee, FL, USA

Objectives: 1) Presentation of the latest field scale data on nutrient
and water management effects on HLB; 2) Discussion of future
research questions relative to cultural management impacts of
HLB on citrus production; 3) Discussion of related experience
relative to nutrient and irrigation practices in commercial groves.

Description: As most citrus growers are well aware that
Huanglongbing (HLB) or Citrus Greening is one of the most
devastating citrus diseases in many parts of the world. The
disease is widespread in Florida, Texas, Brazil, Mexico, and
other major producing areas causing significant concerns about
the economic viability of these citrus industries. Leaf chlorosis
develops as a result of infection with Candidatus liberibacter

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Julian Gonzales

Texas A&M University Kingsville, Weslaco, TX, USA

David E. Ruppert

Texas A&M University Kingsville, Kingsville, TX, USA

Mamoudou Setamou

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Shad Nelson

Texas A&M University, Kingsville, Kingsville, TX, USA

Managing water resources in times of drought is essential for
crop production and managing tree stress in arid and semi-arid
environments. Management practices such as groundcovers,
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mulch, and water conserving irrigation practices can be used
to not only conserve water but help maintain and promote tree
health and the growth of deeper root systems. Citrus in southern Texas are particularly vulnerable to drought because of
periodic droughts and shallow feeder root systems adapted to
the predominantly used flood irrigation method. This traditional
flood irrigation method allows for large amounts of water to be
lost through evaporation or infiltration past the effective feeder
root zone that leads to non-optimal tree water use efficiency.
Furthermore, water conservation practices have been difficult to
implement in south Texas because water is inexpensive and the
cost of switching to water-saving irrigation methods such as drip
or microjet sprinkler irrigation systems is prohibitive. This led to
the development of a new orchard planting design using raised
beds adapted to a flood irrigation management system between
bed rows. Raised bed plantings in tandem with the use of plastic
mesh groundcovers has been found to increase soil moisture
retention further in the soil profile, increase soil temperatures,
and provide a better soil environment for root development. To
analyze the impact these management practices have on root
development, distribution and turnover, soil cores were taken
and in-growth cores were installed in March 2016. Root area,
fibrous root length density, fine roots, coarse roots, and root
diameter were analyzed at the 0-15cm depth and 15-45cm depth
to determine if distribution further down in the soil profile was
promoted by groundcovers and raised beds. Results have shown
that trees grown on raised beds with the groundcover have higher
root area, and fibrous root length density which corresponds to
higher aboveground biomass. Furthermore, roots of trees grown
on raised beds with groundcovers have more roots in the lower
15–45 cm depth than trees in the other treatments.
4:45 PM – 5:00 PM

Clues Emerging Regarding the Relationship
of Nutrition and Root Health in HLB-infected
Trees
Jude Grosser*

University of Florida, Lake Alfred, FL, USA

5:00 PM – 5:15 PM

Water Use and Irrigation Scheduling Effects
on HLB-affected Citrus Trees Grown on Sandy
Soils
Davie Kadyampakeni*

University of Florida, Lake Alfred, FL, USA

Improved knowledge of citrus water use and soil moisture
distribution in Huanglongbing (HLB) [Candidatus Liberibacter
asiaticus (CLas)] affected groves is critical for devising appropriate recommendations for optimizing water use and sustaining
citrus yields. Two studies were conducted 1) to investigate soil
moisture movement and water use patterns in HLB affected
groves in central, south-central and southwest Florida using 1)
daily irrigation (Daily), 2) Institute of Food and Agricultural

Sciences (IFAS) recommended scheduling, and 3) irrigation
scheduled half the number of days between irrigation recommended by IFAS (Intermediate); and 2) determine water use
patterns of ‘Hamlin’ and ‘Valencia’ orange trees infected with
CLas. In the field study, water use pattern was largely of the order
Daily > IFAS > Intermediate. Moisture contents were similar
among irrigation schedules varying between 5 to 20%, 1 to 14%
and 5 to 25% at 15-, 30-, and 45-cm soil depths, respectively,
increasing with depth. The greenhouse study of HLB-affected
and non-affected trees showed a significant reduction in water
use by citrus trees affected by HLB. These findings should help
in refining limits for available water contents and estimating
irrigation water demand to sustain citrus productivity of HLB
infected trees.

Hawaiian Medicinal Plants and Their
Health Amelioration Properties
Coordinator: Hideka Kobayashi

Kentucky State University, College of Agriculture, Food Science, and
Sustainable Systems, Frankfort, KY, USA

Objectives: The objective of this workshop is to provide the premier interdisciplinary and multidisciplinary forum for researchers, students, and educators with the most updated information
on Hawaiian plants used in human health amelioration.

Description: Remotely isolated, the Hawaiian Islands are a hot
spot in biodiversity, including many unique plant species that
have been utilized by indigenous people for food, clothing,
and medicine. Additional notable plant species (canoe plants)
such as taro (Colocasia esculenta), noni (Morinda citrifolia,
and kava (Piper methysticum) were brought to the islands from
the Pacific along with human migration. With a vast number
of native and few introduced species, Hawaii is also noted for
its rich tradition in native medicine. Popularity of such plants
has substantially increased in the last few decades, and commercial products as a form of food or dietary supplements are
widely available. The workshop will focus on three medicinal
plants such as kava, noni, and ohelo (Vaccinium reticulatum),
known for their use in traditional Hawaiian medicine and health
amelioration properties.
4:00 PM – 4:30 PM

Bioactive Constituents from Fermented Noni
(Morinda citrifolia) Juice
Leng Chee Chang*

University of Hawaii at Hilo, Hilo, USA

Yanzhang Wei

Clemson University, Clemson, USA

Marisa Wall

USDA ARS, Hilo, HI, USA

Tamara P. Kondratyuk

Daniel K. Inouye College of Pharmacy, Hilo, HI, USA
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John M. Pezzuto

Long Island University, Brooklyn, USA

Noni (Morinda citrifolia) has been used medicinally by Polynesians for over 2000 years. The ripe fruit and fermented
juice are favored as a modern remedy for diabetes, high blood
pressure, and certain types of cancer. Noni juice is marketed
and consumed as a novel food ingredient or botanical dietary
supplement in the United States. However, it is important to
identify the active constituents which contribute to the fruit’s
biological activities. We produced fermented noni juice exudates
(fNE) from Hawaii-grown noni fruit and conducted bioassayguided fractionation of the organic extract of fNE. Noni fruit at
the firm, yellow-white maturity stage were placed into sterile
3.8-L glass jars (1.5 to 2.0 kg fruit per jar) with lids, and stored
in the dark at 22 °C in a walk-in chamber for 16 days. During
this time, juice exuded from the fruit and the naturally fermented
juice was removed and pasteurized at 85 °C for 3 minutes. The
fNE (10 L) was frozen, freeze-dried, and extracted with ethyl
acetate and n-butanol successively. A series of iridoid glycosides
and other components were isolated from the organic extract.
Their structures were determined by spectroscopic methods,
including 1D and 2D nuclear magnetic resonance (NMR) and
mass spectrometry. Iridoid glycosides were obtained as major
constituents in the fermented exudates, and some exhibited
induction of the phase 2 enzyme quinone reductase-1. Most
notably, the iridoid glycosides rhodolatouside, and rhodolatouside B demonstrated strong inducing effects. These results
suggest that these juices display both antioxidant capacity and
induction of phase II enzyme activity, and that fNE may possess
cancer chemopreventive activity with no or low hepatotoxicity.
Additionally, we have demonstrated that fNE exhibits antitumor
activity through direct inhibition of tumor cells and activation
of the immune system in a mouse tumor model. Overall, these
results encourage the conduct of translational research from
the laboratory to preclinical practice with the ultimate goal of
addressing important healthcare concerns and improving the
health of cancer patients.
4:30 PM – 5:00 PM

Cytoprotective Actions of Flavokawains from
Kava (Piper methysticum G. Forst)
Aaron Jacobs*

University of Hawaii at Hilo, Hilo, USA

Kava (Piper methysticum Forst. f., Piperaceae) has been utilized
for centuries in Pacific Island communities for medicinal, social
and ceremonial purposes. Traditional methods of kava preparation involve the extraction of powdered material to produce an
aqueous emulsion that is consumed by drinking. Kava has a
number of effects (sedative, anticonvulsant, immunomodulatory,
and others). These are attributed to the secondary metabolites
present in kava extracts, which include several unique lactones
(kavalactones), alkaloids and chalcones (flavokawains). Notably,
flavokawains A and B (FKA, FKB) possess anticancer activity
in mammalian cell culture and in preclinical models of breast,

bladder and prostate cancers. However, flavokawains have also
been suspected to either cause, or to facilitate liver damage. To
better understand how FKA and FKB interact with the liver,
and test for any distinct effects between the two compounds, we
studied their actions on the human hepatocyte cell line, HepG2.
We report that FKB exhibits significant toxicity to hepatocytes
at low-mid nM concentrations, but that FKA is minimally toxic
over a much wider concentration range. In addition to cell toxicity, we also studied how flavokawains affect cell signaling
and gene expression in hepatocytes. Both compounds cause a
marked enhancement in the heat shock and antioxidant signaling
pathways. These pathways mediate the expression of genes that
protect against protein damage, oxidative stress, and cell death.
Accordingly, we find that a brief exposure of hepatocytes to
flavokawains helps to prevent cell death caused by subsequent
oxidative stress. Of the two compounds, FKA elicits a greater
degree of protection against oxidative stress in human liver cells,
and also has no apparent toxicity at the concentrations tested.
We therefore suspect that cultivars with high FKA and low FKB
content may be most appropriate if to be used or promoted for
cancer chemoprevention, in order to minimize risk of hepatoxic
effects from FKB. Further testing will be necessary to evaluate
the full significance of FKA exposure on the liver.
5:00 PM – 5:30 PM

Gauging Health-protective Polyphenol
Bioavailability Using the Hawaiian Ohelo Berry
Mary Ann Lila*

Plants for Human Health Institute, North Carolina State University,
Kannapolis, NC, USA

When it comes to capturing health-protective benefits from
functional foods or superfruits, the concentration of bioactive
phytochemicals in the plant or food is not nearly as important as
the bioavailability of those phytochemical in the human body.
There’s an enormous gap between recommended levels of fruits
and vegetables for human health and the actual amounts that
consumers purchase and eat, so, finding approaches that deliver
more phytoactive compounds in every serving is essential. Using
the blueberry and its wild relatives as a model for investigation, we have adapted novel strategies to determine absorption
and bioavailability of polyphenolic phytochemicals in humans
after ingestion. Vaccinium reticulatum (ohelo), a wild relative
of cranberry and blueberry that is abundant at higher altitudes
around volcanic regions of Hawaii Volcanoes National Park,
has provided an excellent model for investigating the metabolic
fate, stability, absorption and bioavailability of anthocyanins,
proanthocyanidins, and other polyphenolic compounds in Vaccinium fruits that are well known for their cardioprotective,
neuroprotective, and anti-diabetic properties. A model of the
human gastrointestinal tract (TIM-1) that mimicked the biological
environment from the point of swallowing and ingestion through
the duodenum, jejunum, and ileum (but not the colon) was used
to monitor the stability and bioaccessibility of anthocyanins
wild berryfruit. TIM-1 revealed that most anthocyanins were
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bioaccessible between the second and third hours after intake,
and that delivery of the bioactives in a protein matrix protected
their stability. Alternatively, biolabeled anthocyanins and other
flavonoids generated in vitro from berry and grape cell cultures
were administered to in vivo (rodent) models, allowing measurement and tracking of the absorption and transport of berry
constituents and clearance through the urinary tract and colon.
This strategy permitted us to track deposition of radiolabeled
flavonoid metabolites into brain tissues. Finally, semi/untargeted
metabolite profiling in human fluids (blood, urine, and feces)
by LC-MS methods has provided our team with highly detailed
information on metabolic signatures after consumption of wild
berries. Each of these transformative strategies provide unprecedented markers of intake/exposure to active phytochemicals,
and suggest methods for high throughput phenotyping to select
fruits with exceptional bioavailability in humans.

development in response to the conditions. We have collected
environmental data in structures on farms and at a research station over several seasons. Nearby outside data are available so
that correlations between internal and external conditions can
be described. We also have survey information about practices
used by growers to manage the environment. Together with
crop planting and harvest dates, this information can form the
basis of an environmentally-based approach to crop scheduling
in winter high tunnel production. We will discuss development
of a scheduling tool using this approach

High Tunnel Temperature and
Nutrient Management

High tunnels are proven profitable season extension tools for
specialty crop farmers. This low-tech, low-cost structure with
one layer of polyplastic film will advance one hardiness zone
in the Midwest and extend the growing season for about four
to six weeks. In the Southeast (cold hardiness zones 7 and 8),
our research indicated that the cold hardiness zone would be
advanced by 1–1.5 hardiness zones when row covers were applied for frost protection. The number of frost free days was
extended by at least six weeks, when compared to that in the
open field. The grow degree days (GDD) at 10 °C was increased
by more than 110% from November to February, and by 100%
at 4.4 °C. Soil temperature under black plastic mulch remained
above 5 °C throughout the winter. Without prompt ventilation,
air temperatures inside a high tunnel could easily reach over
38 °C in deep winter on sunny days. Including low tunnels in
a high tunnel greatly increased the number of GDD and soil
temperatures, however, the low temperatures in low tunnels
were actually lower than that without low tunnels. The addition
of low tunnels did not mitigate freezing damage to strawberry
fruit and open blossoms. The characteristics of high tunnel/low
tunnel microclimate would provide the baseline information
on management strategies for high tunnel crops. Temperature
managements strategies for high tunnel cool and warm season
vegetables, and strawberries will be discussed.

Coordinator/Moderator: Lewis Jett

West Virginia University, Morgantown, WV, USA

Objectives: The objective of this workshop is to provide updates
on information related to temperature and fertility management
of high tunnel cropping systems.

Description: Commercial high tunnel production of many
specialty crops is rapidly expanding across the United States,
with more than 5000 high tunnels in production. Best management practices specific to successful high tunnel crop production include optimum temperature and nutrient management.
Growers using passively heated and vented high tunnels
must maintain an optimal microenvironment for crop production. In addition, nutrient management of diverse high tunnel
crops has not been extensively researched with many recommendations being extrapolated from field-based fertilization
programs. This workshop brings together information from
diverse geographical regions and seasons of high tunnel production to evaluate temperature management and fertilization
of high tunnel crops.
4:00 PM – 4:15 PM

Crop Growth and Environment in Indiana
Winter High Tunnel Production
Elizabeth T. Maynard*

Purdue University, West Lafayette, IN, USA

Scheduling, planting, and harvesting of crops for fall and winter
production in high tunnels is a key part of production planning.
In field vegetable production, historical climate information is
used for planning planting and harvest dates, and then actual
conditions in the growing season can be used to adjust planting
and expected harvest dates. A similar approach could be used
in tunnels if we could predict conditions inside the structures
based on outside conditions, and had information about crop

4:15 PM – 4:30 PM

High Tunnel Temperatures—Characteristics
and Management Strategies
Sanjun Gu*

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA

4:30 PM – 4:45 PM

Using Infrared Heat Strips to Extend the
Spring and Fall Season Even Further in a
High Tunnel
Harlene Hatterman-Valenti*

North Dakota State University, Fargo, ND, USA

Kyla Splichal

North Dakota State University, Williston, ND, USA

According to the Farmer’s Almanac the last spring frost and
first fall frost for both Absaraka, ND, and Williston, ND (east
and west sides of North Dakota) were 15 May and 22 Sept.
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with 128 growing days. With this in mind, the number of vegetables crops that can be successfully grown is limited even
when utilizing a high tunnel. However, in the high tunnel with
the use of infrared heat strips to warm the soil and a low tunnel
(frost blanket), the pepper crop was kept alive and allowed to
ripen fruit even though minimum high tunnel air temperatures
dropped to 19.6 and 28 °F at the Williston Irrigation Research
Extension Center near Williston, ND, and Horticulture Research
site near Absaraka, ND, respectively. Differences between
pepper cold injury under the low tunnel and the low tunnel
+ soil heating was more striking at Williston. A second trial
evaluated container grown lettuce and spinach at the Absaraka
location in March and April using the infrared heat strip with
and without a low tunnel and a low tunnel without soil heating. Soil heating without a low tunnel did little to protect the
greens from the very low minimum temperatures in the high
tunnel. In contrast, greens within the low tunnels were alive
and growing, and with soil warming dry matter accumulation
was even greater.
4:45 PM – 5:00 PM

High Tunnel Production on the Semi-arid,
Windy Texas High Plains: Worth the Cost and
Effort?
Russell Wallace*

Texas A&M University, Lubbock, TX, USA

The semi-arid Texas High Plains is a region where agronomic
and horticultural crops are grown under many adverse weather
events including large hail, heavy rain, high winds, and dust
storms, and with soil pH ranging from 7.3–8.2. The Ogallala Aquifer provides a source for irrigation, though there
has been a steady decline in the level over the past several
decades. Large-scale commercial vegetable production
continues to decline due to these adverse conditions and long
distance transportation costs; however, small farm and local
production is on the rise. Many small farm producers are interested in high tunnels to mitigate potential weather risks and
increase production and quality of their produce. High tunnel
purchases have increased significantly over the past seven years;
however, not without significant issues including crop selection
and rotation, heat stress, labor issues and high tunnel costs,
maintenance, and repairs. High tunnel production is relatively
new to the High Plains, and preliminary results suggest that
growers without high tunnels understand their benefits, but
there is hesitancy to purchase tunnels due to increased risk
of costs, labor, and risk of damage to the structure and plastic
cover from high winds and hail. Additionally, a high percentage of non-high tunnel producers require more information
prior to making the decision to purchase a high tunnel. Other
survey results will be presented on grower’s perceptions of
the benefits and pitfalls of high tunnel production on the Texas
High Plains.

5:00 PM – 5:15 PM

Integrated Approaches to Improving Soil and
Nutrient Management for High Tunnel Organic
Vegetable Systems: A Case Study in Florida
Sandy Soils
Xin Zhao*

University of Florida, Gainesville, FL, USA

High tunnels are a production tool offering an intermediate
level of environmental control that has been increasingly
adopted by U.S. vegetable growers in the last decade. In the
southeastern states including Florida, high tunnel systems may
offer multifaceted benefits for sustainable vegetable production
such as protection from extreme weather events, early harvests,
extended growing seasons, reduced pest and disease problems,
and increased crop yield and/or quality. In a recent assessment
of protected culture industry in Florida, high tunnels accounted
for the largest component of the various types of protected
structures employed by fresh fruit and vegetable producers. A
long-term high tunnel vegetable system research project was
initiated in Spring 2015 at the University of Florida Plant Science
Research and Education Unit in Citra, FL. Given the sandy soil
conditions associated with limited water and nutrient retention
capacity, different management practices, such as use of compost,
cover crop, crop rotation, cultivar selection, have been applied
to explore the integrated approaches to improving soil fertility
and quality and crop productivity in high tunnel organic vegetable cropping systems. Studies have been focused on organic
tomato and spinach production. Microclimate conditions were
monitored and compared between high tunnel and open field
systems to further understand the seasonal and environmental
factors in relation to nutrient management and crop performance
for organic vegetables in high tunnels.

Precision Breeding
Coordinators: Michael Dossett

BC Berry Cultivar Development Inc., Abbotsford, BC, Canada

Theodore Kisha

USDA-ARS, Pullman, WA, USA

Objectives: The objectives of this workshop are to define and
introduce precision breeding concepts and regulatory hurdles as
well as to promote discussion regarding the future of precision
breeding tools in development of horticultural crops.
Description: Technological advances over the last two decades
have made precision breeding of horticultural crops a reality,
but their success ultimately is dependant on whether precision
breeding makes economic sense, and on consumer acceptance
and regulatory hurdles. There are several different approaches to
precision breeding and achieving the desired goals in an improved
variety. This workshop will explore the areas that show the most
promise as well as the challenges that still exist for precision
breeding of horticultural crops. This session will conclude with
discussion and a 30-minute working group meeting.
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4:00 PM – 4:15 PM

Concept of Precision Breeding
Dennis Gray

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Zhijian Li

USDA-ARS, Kearneysville,, WV, USA

Robert N. Trigiano*

University of Tennessee, Knoxville, TN, USA

Sadanand Dhekney

University of Wyoming, Sheridan, WY, USA

The term “precision breeding” (PB) was coined in 2004 by Dr.
Tony Conner at the New Zealand Institute for Crop & Food
Research and described a simple concept—the manipulation
of discrete desirable traits for plant improvement by transfer
of controlling genetic sequences identified among species that
are sexually compatible. However, the knowledge and tools
required to accomplish PB were still in development in 2004 so
that little actual progress occurred. Only recently has it become
possible to create precision-bred plants and this capability is
increasing rapidly worldwide. The advent of tools, such as
those for genome sequencing, transcriptome analysis and gene
editing, as well as a host of other technologies, has not only
facilitated PB, but, importantly, allowed the concept of PB to
be explained simply and clearly in light of basic biological
terminology. Therefore, the following mechanisms, some of
which still are commonly disputed as being unsafe or to cause
‘undesirable consequences’, can be explained and managed
in context of the natural plant lifecycle. First, PB utilizes the
comparatively stable plant mitotic cell division cycle to insert
target DNA. This avoids the plant’s meiotic pathway, which,
by evolutionary design, is meant to introduce random variation
into plant populations. Second, the introduction of more than
one copy of a desired genetic insert is of no biological consequence considering recent discoveries that the plant genome is
already rife with multiple copies of genes and their regulatory
sequences. Third, similarly, whether or not an insert disrupts an
existing genetic element is of little consequence because such
disruptions commonly occurs in nature via the evolutionary
mechanisms of variation—crossing-over and transposition,
which are well-known to commonly disrupt existing genetic
sequences during meiosis and lead to lethality. Fourth, as with
conventional breeding, individual plants expressing desired
traits must be selected from a larger population of modified individuals. Compared to any other method of plant improvement,
only PB provides precise transfer and selection of specific traits
among related species. In a sense, PB is akin to the selection
of mutations (sports) formed during mitosis that have led to
improved cultivars. However, PB provides precise manipulation of traits that need not be visualized to in order to select, or
may not occur, in sports. Taken as a whole, PB is functionally
similar, but significantly more benign than any other method

of plant genetic improvement because it specifically transfers
only desired traits that preexist in natural populations.
4:15 PM – 4:30 PM

Precision Breeding in Perennial Crops
Amit Dhingra*
Washington State University, Pullman, WA, USA

Precision agriculture is the need of the hour as we face the
daunting challenge of feeding a burgeoning population. Confounding that situation is the fact that resources such as water
are becoming limited. Further, global climate change is creating new forms of biotic and abiotic stresses that threaten food
production. There is an urgent need to develop and deploy crops
that can be resilient and remain productive with reduced inputs.
Traditional approaches of developing new crops is inefficient
and cannot keep pace with the changing realities of agriculture.
While the primary focus remains on subsistence crops such as
cereals, the challenge is greater for perennial crops that sustain
many a people and large economies. Given these scenarios
there is a need to utilize precise and efficient approaches in
perennial crop improvement. In this workshop, method and
approaches to improve perennial horticultural crops via FastTrack Breeding, horticultural management, in vitro procedures
and Genome Editing will be discussed. With the help of a few
selected examples, techniques involved in precision breeding
of perennial crops will be illustrated.
4:30 PM – 4:45 PM

Regulatory Issues with Plant Breeding
Technologies
John Cordts*

Cordts Consulting, Beltsville, MD, USA

The U.S. government oversight and regulation of various
products of modern biotechnology began in the mid-1980s with
the publication of the Coordinated Framework for Regulation
of Biotechnology. This framework described in general terms
how various U.S. Agencies, primarily USDA, FDA, and EPA,
would work together to ensure the safe development and use
of genetically engineered (GE) organisms. Most of the early
work with plants involved development of pest and herbicide
resistant commodity crops as most developers identified these
as the most potentially profitable products. With relatively
few exceptions (e.g., papaya, plum, apple, potato) high costs
associated with regulatory compliance, however, have limited
the development of smaller market GE crops. After 30+ years
of experience, regulation, and oversight, the US government is
working to make significant revisions to some of its regulations
that should facilitate the use new breeding technologies in the
development of new plant varieties. These new technologies
will be discussed and considered in light of both current and
proposed regulatory revisions, hoping to provide guidance to
developers using these technologies.
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Maintaining Healthy Landscapes
Under Drought and/or Permanent
Water Restrictions

5:20 PM – 5:35 PM

Assessing the Potential of Non-traditional Water
Sources for Landscape Irrigation
Raul Cabrera*

Coordinator/Moderator: Janet S. Hartin

Rutgers Agricultural Research and Extension Center, Rutgers
University, Bridgeton, NJ, USA

University of California Cooperative Extension, Davis, CA, USA

Objectives: Many states have enacted legislative action and/
or executive orders than permanently reduce allocated water
for landscape irrigation in and out of drought. In California,
a maximum allowable water application of 45% of reference
evapotranspiration (ETo) was enacted for newly installed
moderate to large size landscapes. Water suppliers in many
other states have been mandated to permanently reduce potable
water supplies to residential, commercial, industrial, and institutional properties on a permanent basis, as well as banking
a minimum of a three-year water supply. The proposed workshop will provide a forum for researchers/educators from five
universities to present updates on topics related to maintaining
healthy landscapes under drought and/or water restrictions and
allow for an exchange of information relevant to a large group
of stakehlders across the nation during a panel discussion following the presentations.

Thursday, September 21, 2017

Advances in Orchid Cultivar
Development and Production
Coordinator/Moderator: Kenneth Leonhardt

University of Hawaii at Manoa, Honolulu, HI, USA

Objectives: Exchange and discuss information and data on the
current trends in variety development and cultivation advances
of the most popular orchid genera for both potted plant and cut
flower cultivation.

Description: Five speakers from five separate universities
with extensive knowledge and expertise in their specific topic
will present 15 minute talks followed by participation in a 15
minute panel discussion in which questions and perspectives
from workshop attendees will be addressed.

Description: This is the first year of existence for the Orchid
Working Group (OWG) and it is fitting that an orchid workshop be held at this ASHS conference being held on the Island
of Hawaii, long known as the Orchid Isle. Potted orchids are
#1, according to the USDA Floriculture Crops 2015 Summary.
Potted flowering plants for indoor or patio uses were valued at
$810 million, with orchids continuing to lead this category with
$288 million in sales value (over 35% of all potted flowering
plant sales), up 5% from 2014.

4:15 PM – 4:35 PM

10:00 AM – 10:15 AM

Janet S. Hartin*
University of California Cooperative Extension, Davis, CA,
USA

Kenneth Leonhardt*

Landscape Irrigation Research in California

4:35 PM – 4:50 PM

Landscape Tree Responses to Deficit Irrigation
in the Southwest
Ursula Schuch*

University of Arizona, Tucson, AZ, USA

4:50 PM – 5:05 PM

Techniques & Technologies for Turfgrass
Irrigation Management
Michael Dukes*

University of Florida, Gainesville, FL, USA

5:05 PM – 5:20 PM

Developing Native Plants for Low-water
Landscaping
Larry Rupp*

Utah State University, Logan, UT, United States

History and Significance of Orchids in Hawaii
University of Hawaii at Manoa, Honolulu, HI, USA

The first orchids made their way to Hawaii around the mid-1800s
via Asia, and by the end of the 19th century, wealthy individuals
and even Hawaiian royalty maintained orchid collections. Soon,
the average Hawaii resident learned they could grow orchids with
little effort in Hawaii’s perfect climate. Since that time, Hawaii
has enjoyed a long and glorious history with orchids, including
research recognized internationally for its excellence, commercial cultivation with international sales and the development
of hundreds of award winning cultivars by hobbyist breeders.
Almost every community in Hawaii has an orchid society. This
presentation will highlight people, events and accomplishments
of significance in the history of orchids in Hawaii.
10:15 AM – 10:30 AM

Effects of Short-term Nitrogen Application on
Flowering of Phalaenopsis Varied with Size of
Cultivars
Yao-Chien Chang*

National Taiwan University, Taipei, Taiwan

Phalaenopsis (Phalaenopsis spp.) is now the most important
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indoor potted plant worldwide. Results in the literature regarding whether growers can delay or advance its spiking by high
or low nitrogen (N) level, respectively, have been controversial.
The aim of this study is thus to investigate how short-term N
application or starving affect tissue carbon-nitrogen (C:N) ratio
and flowering of Phalaenopsis. Nutrient solutions with four N
levels, namely, high (28.6 mM N), normal (14.3 mM N), low
(1.43 mM N), and deficient (0 mM N), were applied to two
Phalaenopsis cultivars in their last eight weeks of vegetative
growth at 30 to 28˚C and the same fertilization regimen was
carried onto their reproductive growth stage at 20 to 18 °C. A
significant difference of tissue N concentration is detected in
both cultivars eight weeks after treatment: Higher N level in
nutrient solution resulted in higher tissue N concentration and
lower C:N ratio. The roots and shoot both had a negative N gain
in the low N and deficient N treatments during the reproductive
stage of the two cultivars, indicating that stored N was utilized
for inflorescences development when N supply was limited.
All plants spiked and flowered but differed slightly in time and
quality of flowering. High N delayed the spiking of the small,
purple-flowered Phalaenopsis (Phal. Sogo Lotte ‘F2510’) by
8.9 days but did not affect the large, white-flowered Phalaenopsis (Phal. Sogo Yukidian ‘V3’). Plants in low N and deficient
N treatments spiked only 1–2 days earlier than the normal N
treatment in both cultivars. Nitrogen levels did not affect flower
count of the large-flowered ‘V3’ but number of flowers in the
small-flowered ‘F2510’ was reduced by two and three in the
low N and deficient N treatments, respectively. The longevities
of the first flower and whole inflorescence were not affected by
N levels in both cultivars. It is concluded that effects of shortterm N application on spiking and flowering of Phalaenopsis
mainly depend on the size of stored N pool, such that flowering
performance of miniature-type Phalaenopsis is more likely to
be lightly manipulated by short-term N application but not those
of standard-type Phalaenopsis.
10:30 AM – 10:45 AM

Hybridizing Spathoglottis; New Directions for
Creating Colorful Orchids for the Landscape
and for Potted Flowering Plants
R. Spowart*

V.S. Orchids, Manila, Philippines

The breeding objectives with the genus Spathoglottis are to
create hybrids with the vigor and hardiness of S. plicata, flowers with the form of S. tomentosa, the size of S. kimballiana,
the arrangement of S. affinis and be carried on strong, upright
spikes similar to those of S. unguiculata. Flowers of all colors
and patterns on plants that bloom profusely over a long season
are desired. Plants are to be suitable for landscape uses and as
potted flowering plants. In order to accomplish these objectives, hundreds of crosses were made in all combinations with
the above mentioned species, in addition to S. plicata alba, S.
philippinensis, S. parsonsii and S. vanoberberghii and a few
hybrids available from the trade. Over 50,000 flowering hybrid

seedlings were evaluated, with the best ones used in the next
generation of crosses. The heritability and segregation of various
characteristics will be discussed.
10:45 AM – 11:00 AM

Fusarium: The New and Powerful Pathogen of
Orchids
Janice Uchida*

University of Hawaii, Honolulu, HI, USA

In the past few years the number of orchids infected with Fusarium has increased tremendously. There are over 10 species
that have been associated with different orchid genera. Eight
have been confirmed as pathogens and a few more need to be
tested. The symptoms caused these Fusarium species include:
leaf spots, large rots, and kill of the leaves; bulb spots and loss
of bulbs; flower spots and rots; spots on young shoots and loss
of shoots; Cane or pseudostem rots; root rots and plant decline;
Fusarium diseases have been found on Dendrobium species,
Cymbidium, Cattleya and hybrids, Miltonia, Odontoglossum,
Epidendrum, Oncidium, Phalaenopsis, Vanda, and many others.
Intergenerics are also infected. Seedlings growing close together
share diseases with ease, as splashing water spread the spores
from one plant to another. Tissue infected with Fusarium form
spores on the outside of the plant. These spores are splashed
from one area to another or one plant to others. As long as the
environment is moist, the spores will germinate and penetrate
the new clean plant. It will penetrate the epidermis and grow
internally. The fungus feeds on the host plant and many parts
are killed. Seedlings are easily infected and many die from
Fusarium diseases. These diseases may resemble those caused
by Pythium or Phytophthora. To control these diseases, avoid
purchasing weakened or disease plants. Check for healthy
roots if possible. Fungicides can be used and thus far, Rally
(myclobutanil) is effective but must be sprayed before infection. Keep the environment dry and if possible water early in
the morning and not in the late afternoon, to prevent moisture
during the night. Remove any dead or dying plants, as well as
diseased leaves and flowers.
11:00 AM – 11:15 AM

Use of Growth Regulators to Induce Outof-season Flowering and to Improve Flower
Quality in Dendrobium Orchids
William Sakai*

University of Hawaii at Hilo, HI, USA

Dendrobium orchids have a sympodial growth form with new
pseudobulbs arising from the rhizome at the base of the previous
pseudobulb. In the University of Hawaii cut flower dendrobiums the new pseudobulbs begin growth in March to June with
inflorescences flowering from the top 3–4 nodes in September
to December. The pseudobulb remains dormant until March
to June, when new inflorescences develop from the next 3–4
nodes down from the top, and flower in June to August. New
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pseudobulbs also begin growth March to June with flowering
from September to December. Each pseudobulb usually produces
at least 3 years of inflorescences with the last year producing
shorter inflorescences on leafless pseudobulbs. A 10-mL drench
of 500 ppm 6-benzylaminopurine (BA) to rhizome and roots at
the base of the latest pseudobulb, in early July results in new
pseudobulb growth and cut flower spray production 5 to 5-1/2
months later in early December. Treatment to part of the crop
every two weeks from September through December could result
in spray production from February through May. A 450 ppm BA
spray applied to the upper leaves of mature pseudobulbs of potted
dendrobiums produced more sprays per pseudobulb (1.2 versus
0.7 for control), more flowers/spray (15.5 versus 9.5) and more
total flowers per nine pseudobulbs (170 versus 57). To develop
a more uniform crop, mature and immature pseudo bulbs can
be treated with transcinnamic acid (TCA) along with the BA
to stop pseudobulb growth so the BA will be more effective. A
1-mL spray of 30 mg/L TCA to the tip of immature pseudobulbs
resulted in 9 of 9 flowering versus 3 of 9 for controls. Treatment
with 450 B concurrent with the TCA treatment resulted in 1.33
sprays per pseudobulb versus 0.33 for untreated controls and
18.83 flowers per spray versus 11.00.
11:15 AM – 11:30 AM

Breeding Dendrobium Orchids in Hawaii
Teresita Amore*

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA

Dendrobium orchids have become the single most valuable
commercial flower in Hawaii, given their combined uses for cut
flower, lei, and blooming potted plants. Highlights of more than
65 years of research on cytogenetics and breeding of dendrobium
at the University of Hawaii will be presented. Utilization of
key species and taxonomic sections of importance is critical in
development of superior amphidiploid stud plants. Challenges
and successful applications of amphidiploidy in cultivar development will be discussed.

Integrating Cover Crops,
Conservation Tillage Techniques,
and Insectary Strips for Sustainable
and Organic Vegetable Production
Systems
Coordinator/Moderator: T. Casey Barickman
Mississippi State University, Verona, MS, USA

Moderator: Brian Ward

Clemson University CREC, Charleston, SC, United States

Objectives: To introduce how the use of cover crops, reduced
tillage techniques, and insectary flowering strips can be integrated
to increase vegetable crop productivity, suppress pest and weed
densities, and increase overall soil health.

Description: Conventional tillage practices such roto-tilling
and other conventional soil management techniques can cause
costly nutrient losses because of runoff and leaching, and serious depletion of soil organic matter. Cultivating can facilitate
crop establishment, but prolonged bare-soil periods increase
the risk of erosion and crusting, depress soil biological activity
and open niches for weed growth. Alternatively, cover crops
and conservation tillage techniques help producers sustain
healthy soils, which are the foundation for organic vegetable
production. These sustainable farming practices can be used to
obtain high crop yields, while building and maintaining high
soil quality for long-term production capacity. Cover crops and
insectary flowering strips play a key role in organic vegetable
production because they protect and feed the soil, improve tilth,
promote nutrient availability and balance, reduce weed pressure,
and provide habitat for beneficial insects. Additionally, organic
exudates from living cover crop roots sustain beneficial rootzone bacteria and fungi during off-seasons in annual vegetable
rotations. Conservation soil tillage practices, such as no-till and
strip/zone tillage techniques disturb the soil as little as possible,
retaining a cover of crop residue. This residue left on the soil
surface can suppress weeds, retain soil moisture, and reduce
erosion. As organic matter increases over time, soil fertility
improves and biological diversity increases. This workshop will
discuss cover crop planting dates and cultivar selection, reduced
tillage techniques for improving soil health, and management
of weed and insect densities.
10:00 AM – 10:20 AM

Effect of Planting Date and Cultivar on
Cereal Rye Development and Termination for
Conservation Tillage Systems
Ajay Nair*

Iowa State University, Ames, IA, USA

Kristine M. Neu

Iowa State University, Ames, IA, USA

Cover cropping-based strip-till systems have gained grower
attention because of their capacity to enhance soil health and
suppress annual weeds. A successful establishment of cover
crops is a necessary to utilize benefits of strip tillage systems
in vegetable production. The most widely used cover crop in
such systems is cereal rye. The fall-planted cereal rye can be
terminated using a roller-crimper rather than incorporated using
tillage, as is typical on organic vegetable farms. Many organic
growers have embraced the chevron patterned roller crimper
as a promising method of termination to address this issue.
Unfortunately, many farmers are concerned about the potential
delay of planting their cash crop. This concern is due to the
requirement that cereal rye be at the anthesis (flowering) stage
for successful termination. This presentation will highlight the
effect of planting date and performance of five cereal rye cultivars (Aroostook, Elbon, Prima, Wheeler, and Wrens Abruzzi)
under Midwest growing conditions. Data was collected on
plant survival, soil temperature, cover crop biomass, carbon to
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nitrogen ratio, soil coverage, kill after roller crimping, weed
biomass, and dates of anthesis. Our research found that biomass
was not significantly different among cultivars. One exception
was ‘Aroostook’, which produced approximately 1906 kg·ha-1
more biomass than ‘Prima’. No significant difference in biomass
was found between the September and October planting dates.
Significant differences in the carbon to nitrogen ratios were
found among cultivars which cereal rye residue degradation.
Each cultivar reached 50% anthesis within a window of five
days with ‘Aroostook’ flowering on May 17, 2016 and ‘Prima’
and ‘Wheeler’ flowering on 21 May 2016.This research serves
as a decision making tool for Midwest organic growers who
want to select the best cereal rye cultivar to use in their reduced
tillage production systems.
10:20 AM – 10:40 AM

Managing Cover Crops in Strip-tilled Organic
Vegetables
Anusuya Rangarajan*

Cornell University, Ithaca, NY, USA

Ryan Maher

Cornell University, Ithaca, NY, USA

Brian Caldwell

Cornell University, Ithaca, NY, USA

Daniel Brainard

Michigan State University East Lansing, MI, USA

Margaret McGrath

Cornell University, Riverhead, NY, USA

Zachary Sexton

Cornell University, Riverhead, NY, USA

Mark G. Hutton

University of Maine, Monmouth, ME, USA

A comprehensive soil health management plan integrates multiple
practices, such as cover cropping, organic soil amendment and
reducing tillage. Ideal minimum tillage systems for vegetables
must provide good seed-soil contact, soil temperatures, moisture
and fertility to support desired quality, yields and timeliness
of harvest. In more northern climates, no-tillage systems have
constraints for vegetables, due to cooler soils, poor soil seed
contact and few weed control options. In organic systems, nutrient availability can further limit success. For the last 10 years,
we have focused on improving strip till systems for vegetables
grown in northern climates. Zone or strip tillage systems can
overcome many of the constraints of no-till but growers are
concerned with rotations, equipment, and weed, surface residue
and fertility management. Integrating cover crops within strip
tillage is a key challenge. Our research program is focused on
designing strip tillage systems for vegetables, both conventionally and organically grown. Currently, we are evaluating the
effects of overwintering legume cover crops (none, hairy vetch,
or crimson clover) grown in mixture with cereal rye on N availability and weed suppression in an organic strip-tilled cabbage
system. Cover crops were planted in the fall at three research

locations, either in mixes or in alternating strips of legume and
rye. In spring, cover crops were then managed by flail mowing
and retained on soil surface, flail then removal of aboveground
biomass, or flailing and incorporated with rototilling. Measures
included cover crop biomass and total N and C:N ratio, weed
biomass prior to planting, soil inorganic nitrogen three weeks
after planting, time required to hand weed, final weed biomass
and crop quality and yield. Vetch planted without rye provided
less than half the above ground biomass, but significantly higher
total N contribution (125 lb/acre) compared to vetch with rye
(100 lb/acre). Cabbage yields were also highest with the vetch
only cover crop, regardless of cover crop management strategy
(moving, removal, incorporation). The treatments without rye
included were easier to plan and manage over the season. The
rye–clover cover crop had the highest overall biomass but resulted
in lowest yields regardless of cover crop management strategy.
An sidedress N application increased performance of all cover
crop combinations except the vetch only treatments, indicating
N was limiting under all other management strategies. While
cabbage yields were similar when cover crops were either planted
in mixes or strips, the latter were easier to plant and manage.
10:40 AM – 11:00 AM

Impacts of Strip Tillage and Compost on Soil,
Weeds, and Crops in a Long-Term Organic
Vegetable Experiment
Zachary D. Hayden*

Michigan State University, East Lansing, MI, USA

Carolyn Lowry

University of New Hampshire, Durham, NH, USA

D. Corey Noyes

Michigan State University, East Lansing, MI, USA

Sam Hitchcock Tilton

Michigan State University, East Lansing, MI, USA

Daniel Brainard

Michigan State University, East Lansing, MI, United States

Conservation agriculture practices such as reduced tillage, cover
cropping, and compost additions may help build soil organic
matter and provide important services within vegetable cropping
systems; however, these practices can also present management
challenges, particularly in organic systems. A long-term field
experiment was initiated in 2009 comparing full width conventional tillage (CT) to strip tillage (ST) under two rates of
dairy compost addition (0 or approximately 3 dry tons/hectare/
year). The experiment was transitioned to organic management
beginning in 2012, and in 2014 a three-year organic sweet
corn–broccoli–snap bean rotation was implemented via subplots
within the main tillage and compost treatments. Vegetables were
preceded in each year by cereal rye (Secale cereale L.) and hairy
vetch (Vicia villosa Roth; sweet corn and broccoli only) cover
crops zonally planted to between-crop row and in-row areas,
respectively. Effects on vegetable yield and quality, soils, and
weed management were evaluated. Over the course of the experi-
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ment, ST resulted in equivalent or higher total yields of sweet
corn and snap beans relative to CT, but resulted in equivalent
or lower total yields of broccoli. In 2015, significantly higher
total snap bean yields and marketable broccoli yields in ST were
associated with reduced seed corn maggot damage in beans and
lower incidence of brown bead in broccoli. Compost application resulted in equivalent or higher broccoli and bean yields,
but equivalent or lower sweet corn yields (along with apparent
nutrient deficiency symptoms). Potential soil organic matter
benefits from ST were tempered by in-season reductions in soil
inorganic N availability in some years. While cover crop residues in ST provided weed suppression, high residue conditions
also presented occasional challenges for managing problematic
summer annuals later in the season. Use of finger weeders in the
crop row, and rolling cultivators between-row were tested and
found useful for improving weed management where residue
was present. Long-term investigations of the cumulative impacts
of conservation practices within typical organic vegetable crop
rotations are important for gaining a more complete understanding of potential on-farm outcomes over time.
11:00 AM – 11:20 AM

Rotational No-till and Insectary Strips for
Organic Cucumber Production
Gladis Zinati*

Rodale Institute, Kutztown, PA, USA

Andrew Smith

Rodale Institute, Kutztown, PA, USA

Joe Ingerson-Mahar

Rutgers University, New Brunswick, NJ, USA

The striped cucumber beetle is a major pest of crops in the Cucurbitaceae family across the United States and North America.
They cause economic damage by direct feeding on plant roots,
stems, flowers, leaves and fruits and indirectly through the
transmission of bacterial wilt (Erwinia tracheiphila), which can
result in up to 80% yield loss. Providing beneficial habitat for
natural enemies in agroecosystems can be an effective strategy
to reduce insect pest densities. A research trial was established
at Rodale Institute to assess the effect of insectary strips, cover
crops and natural and plastic mulches on cucumber yield,
quality, and pest management. In this workshop, Gladis Zinati
will discuss methods for reduced tillage for organic cucumber
production, present results on the impact of cover crop management on crop yield, soil and weed management, and the use of
insectary flowering strips to attract beneficial insects (such as
ground beetles, spiders, parasitoids, and others) that predate or
parasitize striped cucumber beetles. Cucumber beetle densities
were higher on cucumber plants where insectary strips were
installed but lower in plots with natural, rolled cover crop mulch
than in plastic. These fields contained a diverse community of
ground beetles with high densities found in the insectary strips.
The insectary strips appear to provide ideal habitat for ground
beetles and may be most beneficial in tilled fields that provide
no cover protective favored by ground beetles.

The Status and Future of Strawberry
Industry in the United States
Coordinator/Moderator: Jayesh Samtani

Hampton Roads AREC, Virginia Tech, Virginia Beach, VA, USA

Coordinator: Curt Rom

University of Arkansas, Fayetteville, AR, USA

Objectives: The objectives of this workshop are to i) highlight
strawberry production practices across the different regions of
the United States and determine needs and challenges based
on the region; ii) utilize information and knowledge gained as
a source to direct future research and extension programs to
ensure a sustainable U.S. strawberry industry.

Description: The United States (U.S.) is the world’s largest
producer of strawberries. Strawberries have been an important
national horticultural crop with value of utilized production
varying between $2.3 and $2.8 billion during the past 3 years.
Strawberries rank third in value of utilized production of fruit
behind grapes and apples. In 2016, an estimated 92% of the
crop was produced in California, 7% in Florida, with all other
states combining for approximately 1%. Other important production states include North Carolina, Oregon, and Washington.
Smaller-scale production occurs throughout the U.S. for local and
regional markets. Approximately 10 to 12% of the U.S. supply
of strawberries is imported. U.S. consumption has increased during the past two decades with increasing production and import
allowing commodity-like year-round supply. Consumption is
expected to continue to increase. As there are new developments
in strawberry production technology and management, increasing production in nontraditional areas, and new developments in
cultivars, this workshop has been designed to give a benchmark
status of the industry from several U.S. regions and states, and
looks forward to the future development of the industry.
2:00 PM – 2:05 PM

Introduction to the Workshop
Curt Rom*

University of Arkansas, Fayetteville, AR, USA

Jayesh Samtani

Hampton Roads AREC, Virginia Tech, Virginia Beach, VA, USA

Strawberry production practices vary by region and thus understanding the challenges, needs, and opportunities for each region
in the United States is pivotal to enable development of general
and regional specific educational tools. Speakers invited to talk
at the workshop have extensive experience working with this
crop in their respective regions, and attendees will be encouraged
to ask pertinent questions after speaker talks. We anticipate that
at the end of the workshop attendees will become be aware of
production practices of strawberries across the different regions
of the country and will be able to identify threats, priorities, and
challenges for each of the strawberry production regions. Opportunities for improving and expanding strawberry production
in the United States will be discussed.

An asterisk (*) in front of a name indicates the presenting author.
S102

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Workshops
2:05 PM – 2:15 PM

California Strawberry Production Trends
Steven A. Fennimore*

University of California, Davis, Salinas, CA, USA

California continues to be the major producer of strawberries
in the United States and supplies about 79% of the volume.
Recent acreage trends have declined from 40,816 in 2013, to
the current 36,141 acres in 2017. Nearly all of the strawberries
are annual plantings with 30,074 acres planted in the fall for
winter, spring and summer harvest. Summer plantings for fall
harvest are projected to be 6,067 acres for 2017. Fall plantings
in the fruiting fields are made using bare root plants from high
elevation nurseries. Summer plantings are made with frigo plants
that have been cold-stored after digging. Organic produced
strawberries for 2017 include 3307 acres of fall plantings and
740 acres of summer plantings. Approximately 75% of California
strawberries are harvested for fresh market and the remaining
25% are frozen for processing. Most California strawberries are
consumed domestically, but about 16% are exported with the
major markets being Canada, Mexico, Japan and Hong Kong.
Recent acreage surveys find that about 59% of the acreage is
planted with University of California (UC) varieties. Among the
major UC varieties are Monterey, San Andreas, Fronteras, and
Cabrillo. About 38% of the acreage is planted with proprietary
varieties while the remainder of the acreage is planted with
University of Florida and publicly available varieties. The major
challenges for California strawberry producers include labor
shortages, fumigant regulations and high land costs. Farm labor
availability is a major problem in California and with 100% of
the fruit picked by hand. There is much interest in mechanical harvesting of strawberry fruit, but so far, no commercial
harvesting machines have come into widespread use. Methyl
bromide is no longer available for use in fruit productions fields
for soil disinfestation and has been replaced by chloropicrin
and 1,3-dichloropropene. However, fumigant use regulations
require buffer zones near sensitive sites like hospitals and
schools, which complicates the placement of strawberry fields.
There is much interest in developing nonfumigant production
systems for strawberry and among these methods anaerobic soil
disinfestation is the most promising so far. It is likely that work
on developing nonfumigant production systems will continue
for the foreseeable future.
2:15 PM – 2:25 PM

Northwest Strawberries—Perennially Proud of
Processing Quality
Chad E. Finn*

USDA-ARS, Corvallis, OR, USA

The Pacific Northwest (PNW) region of North America, including Oregon, Washington, and British Columbia has been a major
producer of strawberries, especially for the processing market.
While the western PNW has an ideal climate for the production
of the highest quality berries, historically it was far removed

from the population centers in the East. As canning, and later
freezing, technologies were developed, the industry grew as
they had access to these distant markets. The industry has always focused on high quality fruit for processing. This starts by
growing cultivars that were selected for their processing quality,
including easy to “cap” as picked, solid, bright-red internal and
external color, ability to maintain texture after being frozen and
thawed, and outstanding intense flavor with high sugars and,
as critical, high acids level, which stabilizes anthocyanins. Officially there are about 1500 ha producing about 15 million kg
of fruit. All of the processing production is in a perennial matted
row system, with no fumigation. The main processing cultivars
are Tillamook, Tote, and Hood and for the local fresh market
the day-neutrals Albion and Seascape and the short-days Hood,
Rainier, Puget Crimson, and Shuksan. The new cultivars Charm,
Sweet Sunrise, and Marys Peak are being extensively trialed.
The industry has always relied on the willingness of buyers to
pay a premium for PNW fruit ($0.15–0.25 more per pound) as
the yields here are not competitive with production systems in
California. As major portions of the food industry have increasingly been unwilling to pay this premium, the production and
acreage has steadily declined from about 6000 ha in the early
1990s to its current level. The last processing plant in British
Columbia closed around 2010 and since that time the province’s
mix has changed to nearly 100% ‘Albion’ for the fresh market.
More of the Washington industry has done a similar shift to
supplying fresh fruit into the Puget Sound population centers.
The long term trend is towards more fresh market. However,
there will be a processing niche as along as large processors (i.e.
premium ice cream) are willing to pay a premium for the best
fruit and as long as strawberry picking and packing stretches
out the season for laborers who move onto other crops in the
region once strawberries are done.
2:25 PM – 2:35 PM

Strawberry Production in the Upper Midwest:
Modernizing Traditional Practices to Increase
Yields and Harvest Windows
Andrew Petran*

University of Minnesota, Saint Paul, MN, USA

Almost all commercial strawberry growers in the Upper Midwest utilize the matted row system, in which June-bearing
strawberries are managed as perennial crops in straw mulch.
June-bearing cultivars are characterized by short-day flower
induction periods; buds are initialized in autumn before the
plants go dormant, followed by flower and fruit development
in the long days of the following spring. This results in a 4- to
6-week harvest window in June, hence the common name.
Midwestern yields using this technique are low—8500 lb/acre/
year on average—but the short harvest window allows growers
to focus on other crops throughout the rest of the summer and
fall. Growing day-neutral cultivars, which can offer extended
seasons and higher yields, has historically been unviable in the
Upper Midwest. Poor plant performance including unreliable
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yields, soft fruit, lack of winter hardiness and vulnerability to
disease kept these cultivars from being utilized in this region of
the United States for decades. However newer-release cultivars,
in combination with adjusted cultural practices, allows Upper
Midwestern growers the opportunity to grow day-neutral strawberries for the first time. In University of Minnesota research
along with grower collaborator trials, cultivars Portola, Albion,
Monterey, and Seascape produced reliably from July to the end
of October during the 2013–16 growing seasons. When managed as annuals in a raised bed, white-on-black plastic system
with low tunnel coverings, scaled yields ranged from 20,000 to
38,000 lb/acre/year. It is believed that reduced weed competition
from the plastic mulch in addition to reduced fungal pressure
under low tunnel coverings and more vigorous genetics in the
recent cultivars lead to the better adaptation of day-neutrals in
Upper Midwestern climates. Ongoing day-neutral research in
the Upper Midwest has grown considerably since 2013. Current
projects include testing low tunnel plastic types for differences
in fruit marketability and pesticide effectiveness, inoculation of
plants with arbuscular mycorrhizal fungi for possible increases
in annual yield, the effect of native wildflowers on pollination
efficiency and fruit weight, and performance of biodegradable
films as a replacement for white-on-black plastic mulch. Challenges still remain for adoption of this technique, including fears
about spotted wing drosophila, tarnished plant bug, and how the
extended season will conflict with farm plans that divert labor
to other crops after the June-bearing season ends.

though some grow ‘Strawberry Festival’ and ‘Camino Real’.
June-bearing types typically produce higher yields before high
temperatures decrease production. There is interest in research
of heat-tolerant varieties that do well in southern climates. Soil
pH can be a concern, especially in regions where pH may be
as high as 7.5 to 8.0. Soil amendments including sulfur, compost or using high acid fertilizer formulations may be needed.
Strawberry pests in the region include insects like spider mites,
aphids, Thrips, lygus bugs, crickets, and lepidopteran pests.
Economically-damaging fruit diseases include Botrytis, Powdery
mildew and Colletotrichum; and root diseases like Rhizoctonia
and Phytophthora. Strawberry sales are targeted primarily for
retail markets (farmer’s markets, roadside stands, CSAs, u-pick
operations) or sales of jams and jellies. Fresh market sales occur
from February through May or when high temperatures decrease
production. Large-acreage growers (over 20 acres) contract
with local wholesalers and retailers for use in various products
including ice cream, jams, and jellies. While there continues to
be small increases in mid-south strawberry acreage, there are
also many new challenges facing growers and increased training
opportunities and continued research for the region are needed.
2:45 PM – 2:55 PM

Current Status and Future of Strawberry
Production in the United States: Northeast and
Mid-Atlantic States
Marvin Pritts*

Cornell Univ, Ithaca, NY, USA

2:35 PM – 2:45 PM

Current and Future Status of Strawberry
Production in the Mid-Southern United States
Russell Wallace*

Texas A&M University, Lubbock, TX, USA

Mid-south strawberry production in states like Arkansas,
Louisiana, Mississippi, and Texas is low (about 250–300 acres
each) compared to California, Florida, and North Carolina.
Most strawberry production occurs on family-run operations
with five acres or less, and production occurs with a diversity
of other vegetable and small fruit crops. While a few growers
continue raise strawberries using perennial matted-row systems,
annual plasticulture production has increased significantly.
Until recently, using black plastic was limited due to concerns
of excessive heat and lower yields. A few growers produce
using white on black plastic to reduce heat exposure. While
most production occurs in open fields, high and low tunnel
production is on the rise. Tunnel production allows for early
fall and/or spring production, higher yields, and quality, and
protect crops from adverse weather conditions including high
winds, hail, and heavy rainfall. In the mid-south, strawberry
planting occurs from mid-September through November using
bare root plants; however, planting with strawberry plugs is
slowly on the rise. While day-neutral varieties like ‘Albion’ are
common, most small, retail producers prefer June-bearing types
including the consumer-popular ‘Chandler’ and ‘Camarosa’,

Most strawberry growers in the northeastern United States (U.S.)
produce with the same basic system that has been used for more
than 100 years. The perennial matted row involves planting
cold hardy short-day varieties in spring, establishing a row of
mother and daughter plants during the summer, overwintering
the plants, then fruiting them in spring. The planting is renovated
and allowed to fruit for an additional year or longer. Yields per
hectare are low compared to annual production systems that now
dominate in the southeastern and western U.S., but adoption
of annual production methods in northern climates has proven
challenging. The unpredictable climate and extreme temperature
variations have made raised beds, plasticulture and plug production of short-day cultivars very risky in all but the most southern
areas of Pennsylvania, Maryland and New Jersey. Northern
adapted cultivars of day neutral strawberries amenable to annual
production (e.g. ‘Tribute’ and ‘Tristar’), while flavorful, are
small and low yielding. The more recent development of largefruited and flavorful cultivars from California (e.g. ‘Albion’)
coupled with low tunnel technology and wavelength-selective
plastics, have provided new opportunities for both annual and
extended season production in the northeastern U.S. Growers
are now trialing ‘Albion’ and other Californian day neutrals in
raised beds, mulched with white-on-black plastic, and covered
with translucent plastics that shield the plants from ultraviolet
light, diminish infrared light, but allow most visible light to
penetrate. Plastic can be lowered easily when the temperature

An asterisk (*) in front of a name indicates the presenting author.
S104

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Workshops
drops or when heavy rain is forecast and raised when the weather
improves. These cultivars can be overwintered and allowed to
produce a spring crop the following year before they are removed.
Better management of temperature and moisture has greatly
decreased disease pressure and has allowed growers to harvest
fruit from June until November, and even later in some areas.
The extended season opens up opportunities for northeastern
growers to access markets that previously were not accepting
of local fruit because of the short season of availability. Also,
because of the expense of fumigation, growers are paying more
attention to crop rotation and factors that influence soil health.
Spotted-winged drosophila and tarnished plant bug have been a
challenge in some locations, but not all. Northeastern strawberry
growers are on the cusp of growing strawberries in a completely
different way than in the past.
2:55 PM – 3:05 PM

Current Status and Future of Strawberry
Production in the Southern Region of the United
States
Gina Fernandez*

North Carolina State University, Raleigh, NC, USA

Strawberry production in the southeastern states of North Carolina (NC), South Carolina (SC), Virginia (VA), Georgia (GA),
and Alabama (AL) contribute significantly to fruit economies
in this region. Collectively, the growers in these states produce
strawberries on more than 2300 acres with an estimated annual
value of $47,158,000. The majority of the strawberry crop is destined for Pick-Your-Own (PYO), retail, and wholesale markets,
making these states the third most significant fresh market region
in the United States behind California and Florida. Annual hill
plasticulture is the predominant production system, where the
plants are set in the fall and harvest is about 6–7 months later in
the following spring. ‘Camarosa’ and ‘Chandler’ are the primary
cultivars used for annual hill (spring) production. A few farms set
fruit in the fall, produce a crop that fall and again in the spring.
These farms use an annual hill plasticulture system in tandem
with tunnels, rowcovers or both to allow for season extension.
‘Albion’ is the primary cultivar used for fall/spring production.
In the mountainous regions of these states, a few growers utilize
matted row as their primary method of production. Throughout
the region, the typical acreage per farm is small, less than five
acres/farm and those growers are focused on producing for
local, direct sales on-farm and PYO markets. However, in NC
and SC, there are a small group of growers that produce fruit
for wholesale markets, and they typically produce more than 10
acres of strawberries per farm. These large growers utilize the
shipping quality berries ‘Camino Real’ and ‘Camarosa’. Most
states in the region report that acreage will likely continue to
increase due to local food demands and potential reach to east
coast markets. Consistent concerns are labor demands, clean
plant supply, disease and insect management. Future potential
practices include adoption of newer cultivars, labor reducing
and season extension technologies.

3:05 PM – 3:15 PM

The Florida Strawberry Industry: Current
Status and Future Prospects
Carlene Chase*

University of Florida, Gainesville, FL, USA

Strawberries are an important crop in Florida ranking second to
tomatoes among the vegetable, melon, and berry crops. Although
Florida’s strawberry production is ranked second to California,
Florida is the leading producer of winter strawberries in the United
States. However, the economic sustainability of the industry has
been challenged in recent years by increasing competition from
Mexico for the winter strawberry market. Increasing early yields
to take advantage of higher prices has been proposed to address
this problem. Breeding and selection for early and heat-tolerant
cultivars and evaluation of cultural practices that mitigate heat
stress during early planting are current emphases aimed at enhancing early yields. Technology that increases the efficiency
of labor and thus decreases the cost of labor is also warranted.
Increasing crop diversity by adding crops to provide longer
term opportunities for workers or adding organic production to
attract price premiums are alternative production systems that
strawberry growers may want to consider.

Grant Writing: Listen, Learn, Apply,
and Get Funded!
Coordinator/Moderator: Wendy Hamilton

New Mexico State University, Las Cruces, NM, USA

Objectives: 1) Learn what information to assess before writing
a grant proposal. 2) Understand the language of grantwriting—
terminology matters. 3) Develop the skills needed to prepare
professional, competitive, compelling, and successful grant
proposals. 4) Recognize why many proposals are not funded
by thinking like a reviewer.
Description: Competition for U.S. public and private grant
funding is stiff yet securing project funding is critical to career
success. This workshop will cover often overlooked strategies
for successful grantwriting. Learn what you should always do
before writing a proposal, during proposal development, and
before submission. Listen, learn, apply, and get funded!

Grant Writing: Listen, Learn, Apply, and Get
Funded!
Wendy Hamilton*

New Mexico State University, Las Cruces, NM, USA

Competition for public and private grant funding is stiff, yet
securing project awards is critical to the success of a research,
teaching, or non-profit career. Whether you are new to grant
writing or frustrated with the process, this workshop will provide often overlooked strategies for successful proposals. Learn
what should always be done before writing, during proposal
development, and prior to submission. Learn, listen, apply,
and get funded!

An asterisk (*) in front of a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S105

Workshops

NRSP10: Bioinformatic and Database
Resources for Specialty Crops
Coordinator: Dorrie Main

Washington State University, Pullman, WA, USA

Moderator: Mike Kahn

Washington State University, Pullman, WA, USA

Objectives: This workshop will showcase informatics tools and
databases developed or under development for specialty crops by
the USDA funded National Research Support Project 10. Specific
databases include the Genome Database for Rosaceae (GDR),
the Citrus Genome Database (CGD), the Genome Database for
Vaccinium (GDV) and the Cool Season Food Legume Database
(CSFL) as well as various informatic tools such as the FieldBook
App for phenotype data collection and GenSAS, an all in one
online tool for annotation and curation of genome sequences.
Users of these tools and databases will demonstrate the utility of
these resources and we will have an open discussion about other
resources the specialty crop community would like developed.

Rosaceae crop researchers accessing NRSP10 databases and
bioinformatics tools (www.citrusgenomedb.org and www.
rosaceae.org). One of many examples of advances supported
is QTL discovery through to candidate gene identification for
fruit size in sweet cherry using Genome Database for Rosaceae
resources. Such discoveries are readily extended within the same
crop with comparative mapping tools such as CMap and across
crops with Synteny Viewer using candidate gene and candidate
locus approaches. Tree fruit SNP marker arrays established in
recent years have expanded genetics research capability with
revelations of genome-wide recombination and genetic diversity
patterns. Opportunities beckon for software-based solutions
that allow researchers—and breeders—to “experience” crop
germplasm as holistic genotypes.
2:25 PM – 2:40 PM

Using Tripal As a Project Database
Margaret Staton*

University of Tennessee, Knoxville, TN, USA

2:40 PM – 2:55 PM

2:00 PM – 2:10 PM

NRSP10 Resources for Small Fruit Research

What Is NRSP10 and What Can It Do for
Specialty Crop Research

Nahla Bassil*

USDA-ARS, NCGR, Corvallis, OR, USA

Dorrie Main*

Washington State University, Pullman, WA, USA

2:55 PM – 3:10 PM

Using Gensas for Specialty Crop Commmunity
Genome Annotation

2:10 PM – 2:25 PM

NRSP10 Resources for Translational Tree Fruit
Research

Jodi Humann*

Washington State University, Pullman, WA, USA

Cameron Peace*

Washington State University, Pullman, WA, USA

3:10 PM – 3:25 PM

Stijn Vanderzande

Using Fieldbook and Other Free Apps
for Specialty Crop Field and Lab Data
Collection

Washington State University, Pullman, WA, USA

Amy Iezzoni

Michigan State University, East Lansing, MI, USA

Trevor Rife*

Sook Jung

Kansas State University, Manhattan, KS, USA

Washington State University, Pullman, WA, USA

Dorrie Main

3:25 PM – 3:40 PM

Washington State University, Pullman, WA, USA

USDA NIFA’s National Research Support Project 10 (NRSP10)
houses and develops tools for translational research breakthroughs in genetics and genomics for the valuable U.S. crops
of citrus, stone fruit, and pome fruit. In the age of Big Data,
bioinformatics is critical for extracting jewels from the ore.
Translational research immediately upstream of application
in crop genetic improvement and germplasm management is
particularly well resourced by NRSP10. SNP array development, linkage map construction, trait locus discovery, causal
gene identification, and locus-specific marker development
are outcomes commonly targeted and achieved by Citrus and

A Breeders Perspective on Using the Breeding
Information Management System for Fruit
Breeding
Ksenija Gasic*

Clemson University, Clemson, SC, USA

3:40 PM – 3:55 PM

Open Discussion on Direction of NRSP10
Mike Kahn*

Washington State University, Pullman, WA, USA
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Applications of Remote Sensors in
Horticulture
Coordinator/Moderator: Arturo Duarte Sierra
Universite Laval, Quebec, QC, Canada

Objectives: To describe advanced tools in remote data collection including: crop area estimation; canopy measurements;
crop yield estimation; stress measurements; and phytochemical
content estimation.
Description: Remote sensors, on planes, drones, or space platforms, provide information of important parameters and processes
that occur on the ground level. This data of high frequency and
low cost, combined with meteorological, topographic information, and systems of geographic information, are a powerful tool
in the optimization of horticulture management.
4:00 PM – 4:30 PM

Application of Remote Sensing to Monitor
Crop Input Needs in Controlled Environment
Agriculture Systems
Krishna Nemali*

Purdue University, West Lafayette, IN, USA

Precision agriculture using ‘remote sensing’ is being successfully used in conventional agriculture by US farmers. In spite
of its potential use in controlled environment agriculture, the
application of remote sensing is currently limited to research
activities at academic institutions. Cost of inputs for production
including energy for supplemental lighting/cooling, fuel for
heating, fertilizers and water can be quite high in controlled
environment agriculture due to intense nature of cultivation.
Monitoring input use and adjusting them based on plant need is
crucial to improve production efficiency. I will describe affordable and reliable remote sensing technologies to monitor crop
input use. Specifically, techniques to monitor crop growth rate,
supplemental light use, crop nitrogen status, crop temperature
and crop water status in controlled environment agriculture
will be discussed.

Novel Means of Funding for
Horticultural Projects Around the
Globe
Coordinator/Moderator: Michael Schnelle

Oklahoma State University, Stillwater, OK, USA

Objectives: Determine funding streams to initiate horticutural
projects outside the United States.
Description: Many horticulturists have skill sets that could be
invaluable to horticultural growers and/or consumers in other
countries. However, university or industry-based scientists
often are unaware of sources of financial backing that could be
utilized to defray significant expenses required to initiate and
maintain horticultural projects abroad. Speakers will review

less commonly sought after funds and will provide examples
of successfully funded projects around the world.
4:00 PM – 4:20 PM

Less Common Funding Streams for
Horticultural Projects in the Greater Middle
East
Michael Schnelle*

Oklahoma State University, Stillwater, OK, USA

Scientists in horticulture and allied professions often find it
challenging to secure funding to conduct short or long-term
projects in the Greater Middle East. While funding sources such
as USAID and others are offered on an annual basis, they are
highly sought after and thus less likely to secure due to their
competitive nature. However, numerous other funding streams
exist but often go untapped by academicians. Examples of less
orthodox funding methods and countries in which such projects
materialized will be highlighted.
4:20 PM – 4:40 PM

Searching for International Grant Funding
Opportunities: Exploring Possibilities
John Griffis*

Florida Gulf Coast University, Ft Myers, FL, USA

Although horticulture researchers are often interested in projects
and programs with international components, they frequently
find that funding to support these projects can be difficult to
secure. Some of the traditional sources that do fund international projects and cooperators, such as certain USDA grants,
are highly competitive with very low rates of applicant success.
However, there are numerous other sources for international
project funding, some with very few applicants. Several of these
other sources of international grant funding opportunities, such
as the UNCCD, will be presented and discussed.
4:40 PM – 5:00 PM

International Opportunities from the United
States and East Asia
Mengmeng Gu*

Texas A&M AgriLife Reseach & Extension, College Station, TX, USA

There are many programs in the United States and East Asia,
providing financial support for international engagement. Such
engagement may include scientific exchange, studying abroad,
hosting visiting scholars, advising or co-advising graduate
students, and sabbatical. I have been to two scientific exchange
trips, led three study abroad trips, hosted six visiting scholars,
and co-advised two graduate students. These activities proved to
be mutually beneficial to hosts and guests. For example, crapemyrtle bark scale (Acanthococcus lagerstroemiae) is an exotic
pest that has spread to many southeastern U.S. states in recently
years and caused severe damage to landscape aesthetics, and thus
reduce nursery sales of crapemyrtles. Scientific exchange trips
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have enabled us to witness this pest in its native country and
establish collaboration with scientists to combat it in the United
States. Although my experience has been mainly from China,
funding opportunities from other countries will be explored.

4:30 PM – 4:45 PM

Use of Plastic Mulches in Strawberry
Production: Growers’ Experiences and Opinions
Jessica Goldberger*

Washington State University, Pullman, WA, USA

5:00 PM – 5:20 PM

Global Horticultural Linkages

4:45 PM – 5:00 PM

L. George Wilson*

New Technology in Postharvest Plastics

North Carolina State University, Raleigh, NC, USA

The identification of horticultural components of international
agricultural and community projects can provide opportunities
for horticultural scientists’ engagement. Likewise, horticultural
projects should seek ways to integrate other disciplines in their
programs.

Jeffrey Brecht*
University of Florida, Gainesville, FL, USA
5:00 PM – 5:15 PM

Recycling Technology for Agricultural Plastics
Gene Jones*

Southern Waste Information Exchange (SWIX), Tallahassee, FL, USA

5:15 PM – 5:30 PM

Technology Update for Agricultural
Plastic Use

Update from the International Committee of
Plastics in Agriculture

Coordinator/Moderator: Josh Freeman

Bernard Le Moine*

University of Florida, Quincy, FL, USA

Objectives: The objectives of this workshop are to present members with updates on new technology that has been introduced into
agricultural plastics. Topics to be included are plasticulture films,
survey of plasticulture use in strawberry, postharvest packaging
plastics, agricultural plastics recycling efforts, and an update
from the International Committee of Plastics in Agriculture.
Description: Plastics are used in nearly all facets of agriculture,
from the initiation and production of the crop, to delivery to
consumers. The technology incorporated into agricultural plastics
has changed, bringing numerous benefits to end users. The use of
these plastic materials has improved productivity and efficiency
for growers, reduced postharvest loss for retailers, and improved
shelf life for consumers. Though agricultural plastics are important to production and consumption of horticultural crops, their
production relies mostly on non-renewable resources, and they
must be stewarded properly after use to avoid environmental
contamination. This workshop will describe recent advances in
agricultural plastic use and recycling efforts.
4:00 PM – 4:15 PM

New Technology in Plasticulture Films—
Impermeable Films for Soil Fumigation
Josh Freeman*

University of Florida, Quincy, FL, USA

4:15 PM – 4:30 PM

New Technology in Plasticulture Films—
Degradable Films
Carol Miles*

Washington State University, NWREC, Mount Vernon, WA, USA

International Committee of Plastics in Agriculture, Levallois Perret,
France

Beyond Shovelomics: Unraveling the
Secrets of the Root System and the
Rhizosphere
Coordinator/Moderator: Arthur Villordon

Louisiana State University Ag Center, Chase, LA, USA

Objectives: 1. Provide an overview of advances in the understanding of the root system and the rhizosphere. 2. Highlight
advances in the study of root systems and the rhizosphere in
some horticultural species. 3. Examine current challenges in the
study of root development and the rhizosphere in horticultural
species. 4. Stimulate research collaborations through interactions
and networking among the participants.

Description: Knowledge about root architecture and the rhizosphere in horticultural species is limited, and measurements
of root systems and the rhizosphere are often overlooked in
horticultural research. One of the main reasons for this is methodological. The study of root systems and rhizosphere dynamics
has always been tedious, and the accuracy of measurements has
been inconsistent. As a consequence, there are gaps in knowledge
about root system adaptations to biotic and abiotic stress as well
as the response of soil microbial communities to rhizosphere
modifications in horticultural species. There is a need for more
information about emerging methods for studying root systems
and the rhizosphere as well as discussions about the advantages
and disadvantages of these methods as applied in horticultural
research. One of the goals of this workshop is it to provide an
overview of available tools and approaches for studying root
systems and the rhizosphere in horticultural species. The ad-
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vantages and disadvantages of each approach as well as other
methodological considerations will be discussed.
4:15 PM – 4:35 PM

Want to Peek at Tree Roots? From Rhizotrons
to Aeroponics, How We Peek at Apple Roots and
Learn What They Do
Gennaro Fazio*

USDA ARS, Geneva, NY, USA

Apple rootstocks have a substantial influence on yield, fruit
quality and profitability of a modern apple orchard. Most of the
rootstock selection traits used to identify a superior rootstock are
measured indirectly on grafted scions. Selection could be more
efficient if we could peek at the underground root machinery
directly instead of relying exclusively on scion measurements.
For example, in Geneva® apple rootstocks we have discovered
a segregating fine root trait which may be associated with nutrient uptake, hormone (cytokinin) production, water uptake,
etc. However, this trait is very difficult to observe in vivo
and measurement of roots dug out from soil is very difficult
and prone to error due to variable soil properties. Timing and
length of growth is another example of a difficult to phenotype
underground trait that is associated with whole tree source-sink
metabolism and resulting yield potential. Mini-rhizotrons have
been around since the 1990’s, and while the Geneva breeding
program has used one of those systems to study apple roots,
the system’s field of view has prevented high throughput phenotyping of root systems, requiring major investment in time
to analyze thousands of pictures each capturing an area smaller
than 3 cm2 within clear viewing tubes which have 2500 cm2 in
total viewing surface. This task has been drastically simplified by the adoption of larger format (425 cm2) root scanning
equipment (CI-602, CID Bio-Science) and the building of high
density rhizotron containers featuring banks of 18 clear tubes
fitted into plastic fruit bins able to accommodate several small
apple trees. The task of measuring root growth, morphology,
gene expression, nutrient uptake and physiology has also been
somewhat simplified by growing the roots of small apple trees
in aeroponics systems (dark containers that spray a mist of
nutrient solution onto the roots while suspended in air). This
system allows for nutrient pulse treatments and harvesting roots
for analysis of metabolic compounds and gene expression by
RNA sequencing—something that was very difficult to do in
soil media conditions. We discuss current research and results
leveraging these new root peeking systems.
4:35 PM – 4:55 PM

Exploring the Rhizosphere Via Metabolic
Profiling
Rachel Leisso*

USDA-ARS, Wenatchee, WA, USA

Mark Mazzola

USDA-ARS, Wenatchee, WA, USA

Microbial dynamics and plant-microbe interactions in the rhizosphere have long been topics of interest in horticulture, due to
their influence on plant disease and role in nutrient acquisition.
Information regarding plant rhizodeposits that impact rhizobiome and chemistry is limited to date and typically focuses on
a few particular pathways. Metabolic profiling is a technique
that enables both the characterization of metabolites produced
by plant roots as well as indirect assessment of microbial
activity. This technique evaluates levels of small molecules
from multiple pathways simultaneously using methods such as
gas-chromatograph-mass spectrometry, liquid-chromatographymass spectrometry, or nuclear magnetic resonance spectroscopy.
Metabolic profiling has almost limitless potential with regard to
improved understanding of horticulturally regulated aspects of
the rhizosphere, including precision phenotyping of soil environments, rhizosphere microbial engineering, new chemistries for
disease control, and plant breeding efforts. For this workshop,
both conceptual as well as methodology considerations for
the application of metabolic profiling to the rhizosphere will
be discussed. To provide a knowledge basis and a conceptual
framework, forms of rhizodeposition and functional attributes
of rhizodeposits, as well as metabolic profiling of rhizodeposits, will be discussed. Second, the merits and challenges of
both “targeted” versus “untargeted” metabolic profiling, and
the metabolic profiling of axenic plant rhizodeposition versus
the “holobiont”, along with the implications for interpretation
in each with be examined. Options for performing metabolic
profiling research where equipment availability is limited will
be considered.
4:55 PM – 5:15 PM

Deciphering Rhizosphere Microbial
Communities Using Modern Sequencing
Tools
Sarah L Strauss*

University of Florida IFAS, Immokalee, FL, USA

It has long been assumed that soil microbes impact plant growth
and nutrient uptake. However, in the last 10 years, innovations
in sequencing technology have allowed a greater exploration
and understanding of the interactions between plants and soil
microbial communities. The primary drivers for this knowledge
are next-generation sequencing (NGS), also called massively
parallel sequencing, and shotgun metagenomics. NGS allows
for the sequencing of an entire human genome in one day, or
all the bacterial 16S rRNA in one soil sample in a few hours,
while shotgun metagenomics provides a PCR-free method to
sequence all the microbial genomes in a single sample. With
NGS, for example, we can identify the differences in the bacterial community composition of two rhizosphere samples,
however, with shotgun metagenomics we can also determine
the differences in functions of those rhizosphere microbial
communities. For this workshop, the uses and limitations of
NGS and shotgun metagenomics for rhizosphere studies will
be discussed. Rhizosphere extraction methods, the difficulties
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in accounting for sample heterogeneity, and the computational
steps will be examined. Correlating sequence data, both NGS and
shotgun metagenomics, with horticultural data has the potential
to dramatically increase our understanding of rhizosphere and
plant interactions.
5:15 PM – 5:35 PM

Found in Translation: Phosphorus Availability
and Mechanical Impedance Alter Sweetpotato
Storage Root Length and Shape Attributes

New Frontier in Subtropical and
Tropical Fruit Crop Improvement:
Germplasm Collection, Evaluation,
Utilization and Impacts of Genetic
Engineering
Coordinator: Hideka Kobayashi

Kentucky State University, College of Agriculture, Food Science, and
Sustainable Systems, Frankfort, KY, USA

Objectives: Objectives of this workshop are to: 1) Introduce
participants to new and lesser-known fruits such as papeda and
dragon fruit; 2) Provide networking opportunities for researchers, educators and students in different disciplines, including
pomology, tropical horticulture, plant hunting and germplasm
collection, genetic engineering, horticulture science and possibly
sociology; and 3) Identify the needs and assess the hurdles for
future opportunities of tropical pomology.

Arthur Villordon*

Louisiana State University Ag Center, Chase, LA, USA

Michael Selvaraj

International Center for Tropical Agriculture, Cali, Colombia

Awais Khan

Cornell University, NYSAES, Geneva, NY, USA

Don LaBonte

Louisiana State University AgCenter, Baton Rouge, LA, USA

Based on work in plant model systems, there is evidence that
point to the root tip as the site of phosphorus (P) sensing.
Despite this information, very little translational research
has been conducted to determine the role of P in storage root
length (RL) determination in sweetpotato (Ipomoea batatas L.
Lam) and other root crops. In these crop species, knowledge
about the factors that determine RL is of scientific and practical importance because RL helps to determine storage root
shape and sizing. Available data also implicate the role of soil
mechanical impedance (soil compaction) in determining RL.
First, we studied the effect of P availability on storage RL in
sweetpotato cv. Bayou Belle. We found that the omission of
P reduced storage RL and length:width ratio (LWR) by 45%
and 43%, respectively, compared to the control treatment (P =
15 ppm). Spatial omission of P progressively reduced storage
RL and LWR after 50 days of growth. In a second study, the
effect of a compacted layer in the bottom half of the growth
medium (penetrometer resistance = 2000 kPa) was investigated in sweetpotato cultivars Bayou Belle and Beauregard.
The presence of a compacted layer and P reduced storage RL
by 43% and 34% in ‘Beauregard’ and ‘Bayou Belle’, respectively. However, there was a cultivar-specific variation in RL
in the presence of P when the compacted layer was absent.
This response suggests a possible genotype-specific variation
in P requirement. These results demonstrate the importance of
translating relevant root architecture findings in appropriate
plant models to horticultural crops. The results of the current
study can lead to follow-up work that seeks to shed light on
the precise mechanisms of storage root length determination
in sweetpotato and other root crops.

Description: Fruits currently available on the market are the
culmination of continuous efforts to collect, select, and improve
germplasm since the beginning of human history. In addition
to traditional breeding and selection of spontaneous mutants,
scientists are now using molecular techniques to artificially
induce mutation and further improve existing germplasm
to combat serious obstacles such as virus infection. Despite
significant improvement in size, color, taste, and disease and
insect resistance of commonly available fruits, consumers have
largely developed a thirst for something different and unusual.
In response to their demand, researchers continue to look for
fruits that are currently neglected or underutilized. This workshop
will look at challenges and opportunities that tropical pomology
is currently facing, using three tropical fruit crops as a model.
4:15 PM – 4:45 PM

Pitahaya or Dragon Fruit Production in the
United States: Challenges, Opportunities, and
Future Prospects
Ramiro Lobo*

University of California Cooperative Extension, San Diego, CA, USA

Pitahaya or Dragon Fruit (Hylocereus spp.) is a drought tolerant,
vining cactus native to Tropical America and adapted to various
climatic conditions around the world. Research conducted over
the past 10 years and the expansion of acreage planted demonstrated that pitahaya or dragon fruit is a viable crop alternative
for commercial production in subtropical environments in the
continental United States, primarily California and Florida,
and in Hawaii. This presentation will provide an overview of
pitahaya production in California, review research progress
to date, discuss opportunities and challenges for growth and
future prospects for the crop in light of increased competition
for markets from imported fruit.
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4:45 PM – 5:15 PM

Papeda, the Mysterious Fifth Column of the
Citrus World
David Karp*

University of California–Riverside, Los Angeles, CA, USA

The group of Citrus species described by W.T. Swingle and P.C.
Reece in 1967 as Subgenus Papeda is a crucial but little-known
part of citrus cultivation and germplasm resources. Native to
southern and eastern Asia, they have acrid pulp and large, broadly
winged petioles, and include such species as C. micrantha, the
seed parent of the true lime; C. hystrix (kaffir lime), whose leaves
are important in Thai cooking; C. ichangensis, a parent of C.
junos (yuzu); and C. macroptera (satkara), important in Bengali
cuisine. David Karp is Associate in the Agricultural Experiment
Station at the University of California, Riverside, where he has
studied, photographed (and tasted!) the papedas. He will provide
an up-to-date review of papeda taxonomy and nomenclature,
including descriptions of the main species; phylogenic relationships, as indicated by recent genetic analyses; cultivation in
the United States and abroad; economic and culinary uses; and
quarantine issues related to the demand for these exotic species.
5:15 PM – 5:45 PM

Development of Genetically Modified Papaya
and Its Impact

development and or commercial adoption of GE papaya has
occurred elsewhere. Continued research and development is
necessary to prevent future disasters or reduce economic losses
from emerging diseases including new virus races or severe
pests. Cultivar improvement for other commercial traits is also
needed to compete effectively for domestic and foreign markets.
With technological advancements in genomics, biotechnology
and molecular techniques there are increasingly better tools
including germplasm identification, characterization, molecular
breeding and transformation for tropical fruit crop improvement
and management.
Friday, September 22, 2017

Advances in LED Lighting
Technology and Applications to
Horticultural Research
Coordinators: Dean A. Kopsell

The University of Tennessee, Knoxville, TN, USA

Roberto G. Lopez

Michigan State University, East Lansing, MI, USA

Christopher J. Currey

Iowa State University, N/A, IA, USA

J.Y. Suzuki*

Moderator: Dean A. Kopsell

Development of genetically engineered (GE) papaya ringspot
virus (PRSV)-resistant ‘Rainbow’ papaya resulted from a collaboration of public sector scientists responding to a need to
preserve an important agricultural industry in Hawaii. Nearly
twenty years following its introduction, ‘Rainbow’ has been
well adopted and represents as much as 77% of the papaya
acreage in the state according to the latest data available. A
number of other cultivars have been and are being developed
from the same virus resistant line to meet niche market demands and for improved marketability, thus widening use of
this technology. Management practices in Hawaii have enabled
continued coexistence of GE and non-GE papaya production
to meet customer preferences worldwide. Although the U.S. is
not considered a major producer of papaya, which is among the
top five most traded tropical fruit, U.S. papaya exports ranks
among countries with far greater production volume. Canada is
an increasingly important export market for Hawaii’s ‘Rainbow’
papaya outside of the U.S. mainland. The recent acceptance of
‘Rainbow’ into Japan has opened prospects for regaining share
on a lucrative, international market for Hawaii’s papaya lost
previously due to the damaging effects of PRSV on production.
Although Rainbow papaya plays an essential role for Hawaii’s
agriculture and is well adopted by local farmers, shippers and
a large number of consumers, GE technology itself is not fully
accepted at the local, national nor international level. However,

Objectives: The objective of this workshop is to discuss the most
recent technology and applications of LEDs in research and
commercial settings. Light-emitting diode (LED) technology
is being adopted as both sole-source and supplemental lighting
for horticultural plant production in controlled environments.
Opportunities now exist to apply LED technologies to increase
the efficiency of specialty crop production and maximize product
quality. What is lacking is research support for these industries.
This technology allows for specific control of light quality to
eliminate spectra outside the photosynthetic action spectrum to
maximizing photosynthetic efficiency. Reducing abiotic light
stress may have dramatic impacts on plant growth and development, physiology, and energy fluxes within metabolic pathways.
Work by many research groups around the country, and around
the world is establishing important plant responses to different
wavelengths of light from LEDs. Nick Klase, co-founder & CEO
of Fluence Bioengineering, has agreed to speak at the workshop
to discuss the latest advances in controlled environment lighting
using LEDs. The company supplies innovative LED lighting to
specialty crop markets world-wide. The workshop will also be
highlighted by a roundtable discussion group of our CE group
members to share their experiences with LED lighting and to
discuss current and future applications. As producers select
LEDs as a lighting option, they will need more information on
the delicate management needed to maximize crop production
and quality parameters.

USDA ARS Daniel K. Inouye US Pacific Basin Agriculture Research
Center, Hilo, HI, USA

The University of Tennessee, Knoxville, TN, USA
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Description: The workshop will discuss recent technology and
applications of LEDs in research and industry. The featured
speaker will be Nick Klase, CEO of Fluence Bioengineering,
who will discuss the latest commercial LED advances. A roundtable discussion group of CE members on current and future
applications will precede the business meeting.

Advances in LED Lighting Technology and
Applications to Horticultural Research

our teaching methods with others. To address this, an ignite
format workshop utilizing a fast, fun, and informative presentation format will provide a venue for 15 society members
to present their teaching tips within three minutes and using
only oneslide. Following each presentation, the audience will
have three minutes to discuss the topic and ask questions. This
exciting and fun format provides for a unique presentation style
that is both informative and engaging.

Nick Klase*

8:00 AM – 8:05 AM

The objective of this workshop is to discuss the most recent
technology and applications of LEDs in research and commercial settings. Light-emitting diode (LED) technology is
being adopted as both sole-source and supplemental lighting
for horticultural plant production in controlled environments.
Opportunities now exist to apply LED technologies to increase
the efficiency of specialty crop production and maximize product
quality. What is lacking is research support for these industries.
This technology allows for specific control of light quality to
eliminate spectra outside the photosynthetic action spectrum to
maximizing photosynthetic efficiency. Reducing abiotic light
stress may have dramatic impacts on plant growth and development, physiology, and energy fluxes within metabolic pathways.
Work by many research groups around the country, and around
the world is establishing important plant responses to different
wavelengths of light from LEDs. Nick Klase, co-founder & CEO
of Fluence Bioengineering, has agreed to speak at the workshop
to discuss the latest advances in controlled environment lighting
using LEDs. The company supplies innovative LED lighting to
specialty crop markets world-wide. The workshop will also be
highlighted by a roundtable discussion group of our CE working
group members to share their experiences with LED lighting and
to discuss current and future applications. As producers select
LEDs as a lighting option, they will need more information on
the delicate management needed to maximize crop production
and quality parameters.

Brian Pearson*

Co-founder & CEO, Fluence Bioengineering, Austin, TX

Teachers Ignite!

Coordinator: Brian Pearson

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Moderator: Andrew R. King

Texas A&M University, College Station, TX, USA

Objectives: To provide a workshop platform where society
members can share teaching tips, ideas, and experiences to
enhance student learning and scholarship of teaching and learning. The ignite format utilized for this session will foster an
exciting and engaging workshop environment and allow for a
relatively large number of topics to be presented.
Description Although we may develop and implement unique
and new teaching strategies that lead to enhanced teaching
effectiveness, we may not often have the opportunity to share

A Quiz Each Week?
University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Development and delivery of online undergraduate and graduate
courses can oftentimes be overwhelming and challenging. Two
common challenges faced in online teaching environments are
1) how to encourage student engagement and interaction with
course materials, and 2) how to aid students in identifying key
lesson topics. To address both of these challenges, weekly interactive reinforcement quizzes were created and presented at
the end of each lecture using Articulate Quizmaker© software
in two separate courses. Although simple in their implementation, reinforcement quizzes have been positively received by
students with most agreeing that they encouraged interaction
with lesson topics and helped identify key concepts.
8:05 AM – 8:10 AM

Utilizing an International Immersive
Experience to Assist in Educational Food
System Program Development
Liz Felter*

University of Florida, Orlando, FL, USA

International educational experiences can be utilized to foster
improvements in global competencies and the sharing of information and ideas. An immersive international trip of 25 Extension agents to Italy was conducted in 2016 to examine adoption
and behavior change necessary in creation of an interdisciplinary
educational program focused on international food systems.
Survey results of participants indicated a multidisciplinary
approach was necessary for successful development of a food
systems program. Similar international immersive experiences
can be designed and implemented to assist in development of
educational food system programming and to aid in a greater
understanding of interdisciplinary needs for successful program
development.
8:10 AM – 8:15 AM

Mentors Ignite!
Alex Rajewski*

University of Georgia, Athens, GA, USA

Teaching at the university level can take on many forms. Although formal lectures are typically emphasized, discussion
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and lab sections are also common. However, in the current
administrative framework, it can be difficult for graduate students in the sciences to gain meaningful teaching experience
by teaching lab sections or discussions. Fortunately, graduate
students frequently participate in mentor-mentee relationships,
and these can be valuable ways to gain and hone teaching
abilities. This workshop presentation will discuss some of the
unique challenges and solutions faced by graduate students as
they mentor undergraduates, high school students, and even
peers. Additionally, I will briefly discuss ways to be a more
effective mentor and how to translate these skills into more
formalized teaching styles.
8:15 AM – 8:20 AM

Teaching on the Edge of Forever
Kent Kobayashi*

University of Hawaii at Manoa, Honolulu, HI, USA

For my TPSS 300 Tropical Production Systems course, the graduate teaching assistant (TA) and I collaborate as “co-instructors”
in planning the course. We go over the specific topics to be
covered, adding or deleting topics, and setting the sequence
of the topics. The TA is required to present four lectures and
two laboratories on topics of their choice. They develop their
own notes for the lectures and plan their own activities for
each laboratory. Small group discussion is the primary teaching
technique that is used in this class in addition to lectures and
class discussions. This helps facilitate peer teaching because
the students are more apt to speak up and share knowledge and
experiences than in a class discussion. Students do a virtual
field trip assignment in which they select a farm or nursery,
interview the owner or manager, take pictures, write a report,
and give a PowerPoint presentation about the farming enterprise.
Students can work individually or in pairs on this assignment,
which promotes student cooperation and collaboration. I have
guest lectures by graduate students, extension agents, and
former students. Graduate student speak on their research or
an area of their expertise or personal horticulture experiences.
Graduate students gain some teaching experience, which is
needed because our department has only two graduate TAs.
This helps fulfill the requirement of graduate students having
to present a lecture in a course—one lecture for MS students
and three for PhD students. Guest lectures by extension agents
have been introduced in the class because of their expertise
and students having a career interest in being an extension
agent. Extension agents, especially junior extension agents,
gain some experience in teaching students besides their typical
stakeholders. Former students in my class who are working
in the horticulture industry are invited to come back to guest
lecture in my class. This not only provides information about
their enterprises but also insights and tips for current students
on preparing for employment.

8:20 AM – 8:25 AM

Challenge Question Rubrics
Kimberly Moore*

University of Florida/IFAS, Fort Lauderdale, FL, USA

With the push to develop more classes for online delivery,
there is a need to look at ways to strengthen soft skills in asynchronous online courses. Using challenge questions where a
problem is introduced and students solve it strengthens critical
thinking, problem solving, and group work. To effectively grade
challenge assignments, a rubric was developed that scores the
introduction to the problem, data associated with the problem,
the solution to the problem, and the quality of the presentation
including literature cited.

8:25 AM – 8:30 AM

The 10 Plants That Changed Minnesota
Mary Meyer*

University of Minnesota, Chaska, MN, USA

At the University of Minnesota, more than 200 Freshman
Seminars, small discussion-oriented classes designed just for
first-year students, are offered each year. For five years, the
Freshman Seminar HORT 1901, 10 Plants that Changed Minnesota: Growing Solutions to How the World Lives Today has
been offered. Using guest lectures, field trips to historic sites,
readings and individual projects, students learn an appreciation for plants and their importance in Minnesota. Students
prepare individual reports on environmental issues, an online
project and a book report with an environmental emphasis allowing the class to meet the University of Minnesota liberal
education theme for the environment. The 10 Plants That
Changed Minnesota project began in 2012 with more than
500 public nominations of plants to receive this designation.
A panel of experts from around the state selected the winners: alfalfa, American elm, apple, corn, purple loosestrife,
soybeans, turfgrass, wheat, white pine, and wild rice based on
economic, environmental, cultural, historical and landscape
prominence. The 10 Plants That Changed Minnesota book was
published by the Minnesota Historical Society Press in March
2017 along with a 70-page 10 Plants Teacher’s Handbook of
Activities that meets Minnesota middle and high school academic
graduation standards. Teacher training at 12 sites in greater Minnesota for middle and high school teachers, 4H Leaders, Master
Gardeners and home school teachers are scheduled throughout
2017. This project represents an idea that developed into an
academic university class, along with activities for middle and
high school students and teachers to address the issue of plant
blindness with the objectives of increasing the awareness, appreciation, and importance of plants in our lives.
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8:30 AM – 8:35 AM

Thoughts on Integrating Your Teaching,
Research, Extension, and Service

Dennis Ray*
University of Arizona, Tucson, AZ, USA
How do new faculty develop an effective teaching program, and
integrate it with their research, extension, and service obligations?
Unfortunately, individuals often try to separate these different
aspects of their job, yet if effectively integrated all aspects are
easier. We will discuss our experiences, and I will present a few
thoughts from a seasoned horticulturalist who has served in
faculty and administrative roles, and on promotion and tenure
committees at various levels.
8:35 AM – 8:40 AM

March Madness Meets Plant Identification
Braden Hoch*

Kansas State University, Manhattan, KS, USA

Let’s be honest. March Madness often distracts students midsemester. So, instead of ignoring it, why not incorporate it?!
Based off the industry model, Shrub Madness, we launched
Plant Madness in our Landscape Plants II course. The students
have similar experiences as the “Big Dance,” such as filling out
brackets, “Selection Sunday,” and then competing. The objective of the activity is to introduce specific cultivars (new and
underused), along with providing another opportunity for them
to develop and enhance their public speaking skills, in addition,
a chance to be creative and competitive.
8:40 AM – 8:45 AM

Accessing Grade Retention in a Subtractive
Grading System

I will [very] briefly discuss the 10 possible Home Labs and
what their basic requirements are along with the grading rubric.
Students can present their findings either in a written lab report,
a powerpoint presentation, or even a video.
8:50 AM – 8:55 AM

Student Preference in Course Content Delivery
Cynthia McKenney*

Texas Tech Univ, Lubbock, TX, USA

In order to enhance both online and face to face education,
many faculty have incorporated a wide variety of technological advances. Given different student learning styles, students
may request teaching materials be provided in a format they
specifically prefer rather than the methods in which the faculty
is investing their creative efforts. This presentation will provide
preliminary data on student content delivery preferences; potentially allowing faculty to invest their creative efforts most
effectively.
8:55 AM – 9:00 AM

Active Learning: Examining Techniques to
Transform a Course from Instructor-based to
Learner Centered
Harlene Hatterman-Valenti*

North Dakota State University, Fargo, ND, USA

Presentation will discuss learner-centered approaches identified
during Gateways-ND (five-year National Science Foundationfunded faculty and staff instructional development program)
workshops. Examples will demonstrate the use of small group
discussions, scaffolding, hands on activities, group projects, and
student inquiry to drive learning instead of extensive lecturing.
9:00 AM – 9:05 AM

Russell Plowman*

Individual Test-group Test

Texas Tech University, Lubbock, TX, USA

Students in PSS 1411 Labs start the semester with a perfect
score. The maximum number of points are posted on the students BlackBoard site. The student must attend labs and turn in
assignments to maintain these scores. Points are deducted for
points lost on a graded assignment.
8:45 AM – 8:50 AM

Home Labs System

Tim Pannkuk*

Sam Houston State University, Huntsville, TX, USA

Many students are capable of completing multiple choice exams
quickly and effectively. Students who do complete early are allowed to re-take the same exam during the same class hour in a
group with 3-4 other students. Group exams potentially allow
students to earn extra points on top of their individual exam.
9:05 AM – 9:10 AM

Karen Panter*

Engaging Learners through Relevancy

University of Wyoming, Laramie, WY, USA

Horticultural Science (PLNT 2025), our introductory, 3-credithour horticulture course, has been taught online every fall since
about 2002. In order to incorporate some hands-on work into
the on-line class the Home Labs system was devised. Home
Labs are short laboratory-type projects students can do in their
homes or communities. There are 10 possible and students are
required to pick any three to accomplish during the semester.

Kauahi Perez*

University of Hawaii at Manoa, Honolulu, HI, USA

Relevancy can be defined as the condition of being connected
with the matter at hand. In an educational context, relevancy
refers to learning experiences that are either directly applicable to
the students or that have connections to real-world issues, problems, and contexts. The key to instilling educational relevance
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is creating an experience, which can take many forms. In just
three minutes, you will be given some tips to create engaging
learning experience for your students.
9:10 AM – 9:15 AM

Hands-on Learning Using the Campus Farm to
Teach Vegetable Production
Jacqueline Ricotta*

Delaware Valley University, Doylestown, PA, USA

At Delaware Valley University, a small four-year, liberal arts
and agricultural institution outside of Philadelphia, the campus
farm and accompanying greenhouses and high tunnels provide
the infrastructure to teach hands-on horticulture production
skills within a four-year degree program that includes a full
complement of liberal arts, communication and writing courses.
Electives allow the student to tailor their Horticulture degree to
business, hydroponics, organics, or a number of other options.
Students seed transplants, evaluate greenhouse, set up planting
bags and irrigation, transplant, tie and sucker, oversee fertility

and injector systems, and harvest. Records are kept to estimate
profitability of the system. Another project, called “The Farmer’s
Apprentice” is a competition among students to produce the
most saleable product throughout the semester from 40 square
feet of a raised bed in a cool season crop greenhouse. Students
choose lettuces, kale, radishes, beets, spinach, bok choi, onions
and other crops to plant and maintain. They are responsible for
watering, fertility, weed and insect control, harvest, and record
keeping. Once the weather permits, field labs have included
laying plastic and drip irrigation, transplanting plants they have
grown from seed with a water wheel transplanter, setting up
sprinkler irrigation, cutting and planting potatoes, and in the fall,
separating garlic heads and planting cloves and spreading leaf
or straw mulch. Students are also allowed to drive the tractors
and adjust the implements when supervised by the professor
and the farm manager. Students enjoy and benefit from these
academic yet real-life activities, and upon graduation, have the
both the skills and knowledge to farm or to enter any number
of careers within the agricultural industry.

—Special Sessions—
Tuesday, September 19, 2017

Exotic Fruits for Hawaii

Coordinator/Moderator: Nahla V. Bassil
USDA-ARS Corvallis, Corvallis, OR, USA

Objectives: Give an overview of exotic fruit crops that are
adaptable to Hawaii’s climate and conditions.
8:30– 9:20 AM

Overview and Economic Benefits of
“Ultra-exotic” Tropical Fruit in Hawaii
Ken Love*

Hawaii Tropical Fruits Growers, Captain Cook, HI, USA

9:20 AM – 10:00 AM

The USDA Tropical Fruit and Nut Collection at
Hilo, Hawaii
Tracie Matsumoto*

USDA ARS Daniel K. Inouye U.S. Pacific Basin Agricultural Research
Center, Hilo, HI, USA

Success in SCRI

Coordinator: Megan O’Reilly

Institute of Food Production and Sustainability, N/A, USA

Moderator: Thomas Bewick

USDA-NIFA, Washington, DC, USA

Objectives: Provide an opportunity for SCRI awardees to share
the progress of their research projects; Potential new applicants

to SCRI to get some helpful ideas and strategies for success;
Share discussion about the review process for SCRI and feedback about the program
2:00 PM – 2:05 PM

Introductory Remarks
Thomas Bewick*

USDA-NIFA, Washington, DC, USA

2:05 PM – 2:30 PM

Clean WateR3: Helping Growers Conserve
Water and Money
Sarah White*

Clemson University, Clemson, SC, USA

Fresh water resources are precious and limiting in many areas
of the United States. Use of recycled water for specialty crop
production may help reduce strain on limited potable water
resources while supporting continued producer economic viability over coming years. Industry-wide use of alternative
water resources is limited by infrastructure costs and concerns
related to contaminant (e.g. disease, pesticide, and salt) presence.
The Clean WateR3 (R3 = Reduce, Remediate, Recycle) team of
research and extension faculty is developing a suite of online
tools (model systems) to aid the producer decision process. The
foundational data for these web-based tools are from on-farm and
laboratory research evaluating a suite of treatment technologies
(best management practices) and current water management
practices that can be used independently or in combination to
address individual needs of specialty crop operations throughout
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the United States. We will discuss progress to date on the project
and how we assess (and share) milestones toward achieving
project objectives. Team building and organization are a critical component of project success; we will discuss the approach
taken for the Clean WateR3 team and how we have (re)organized
project flow to best utilize team expertise to accomplish goals.
Successful outreach is the foundational component of the project as a whole, we will discuss our successes and how we are
working to improve sharing information with our stakeholders
to encourage adoption or change in practice.
USDA-NIFA-SCRI # 2014-51181-22372
2:30 PM – 2:55 PM

chromosome 11. To date we have identified 15 experimental
walnut genotypes which exhibit enhanced levels of resistance
to one or more of the pathogens cited above. These genotypes,
and their potential to serve as rootstocks, are in various stages of
propagation and/or field-testing at five sites across the California
walnut growing region.
2:55 PM – 3:20 PM

Rear and Release Psyllids As Biological Control
Agents—An Economical and Feasible Mid-term
Solution for Huanglongbing (HLB) Disease of
Citrus
Tom Turpen*

Identification and Development of Diseaseresistant Walnut Rootstocks

Citrus Research and Development Foundation, Inc, Lake Alfred, USA

Daniel Kluepfel*

USDA ARS, Davis, USA

In 2015, California produced 603,000 tons of walnuts on 315,000
acres with a farm-gate revenue of almost $1 billion. California is
the world’s largest exporter of walnuts with over 60% of domestic
production shipped abroad, largely to Europe and the Pacific
Rim. Most commercially cultivated walnut trees, grown for nut
production, are grafted onto rootstocks that are susceptible to
root diseases that cause an estimated 18% annual yield loss worth
$241 million to the industry. The central goal of our project is
to identify, characterize and ultimately deploy disease resistant
walnut rootstocks. To achieve this goal we are using an integrated
approach that encompasses disease resistance -screening, in vitro
and traditional plant propagation, genomics, and conventional
breeding strategies. Our target pathogens (diseases) include
Agrobacterium tumefaciens (crown gall), Phytophthora spp.
(crown/root rot), Pratylenchus vulnus (root lesion nematode),
Armillaria mellea (oak root fungus) and two emerging diseases:
Thousand Cankers disease and Lethal Paradox Canker. In this
work we have exploited the Juglandaceae germplasm collection
in the USDA-ARS National Clonal Germplasm Repository in
Davis, California which is the largest assemblage of wild Juglans
spp in North America. In this collection we identified several
Juglans species whose open pollinated progeny exhibited a
high level of disease resistance to the key soil borne rootstock
pathogens being examined in this project. We also generated, and
clonally propagated, a breeding population of 600 interspecific
hybrid progeny from two J. microcarpa x J. regia crosses. This
breeding population has entered our disease resistance screening
pipeline for crown gall, crown/root rot and root lesion nematode
resistance. Initial resistance screening data has revealed that the
breeding population segregates for resistance to at least two of
the pathogens examined. We also produced reference quality
genome sequences for both J. microcarpa and J. regia and employed them in Genotyping-by-Sequencing (GBS) of each of
the 600 progeny. Using the GBS data, we generated a genetic
map for both J. microcarpa and J. regia containing ~50 SNP
markers for each of the 16 chromosomes and have tentatively
identified one major QTL for A. tumefaciens resistance on

For the past five years the Citrus Research and Development
Foundation (CRDF) has led a diverse group of scientists in an
ambitious effort to create an option to replace existing psyllid
populations with a population of insects incapable of spreading
HLB disease. This project is the first nationally coordinated
program grant from the National Institutes of Food and Agriculture with this type of technology mission. Novel methods of
controlling insects that spread disease have been pioneered for
human health. Our team has sought to apply several of these
tools of biotechnology to agriculture thereby creating HLB
interventions that are ultimately based on biological control
methods. If these solutions are successful, they are likely to be
among the most cost-efficient and environmentally sustainable
choices available. A background on the origin and structure of
this “nuPsyllid” project and an overview of the outcomes will
be presented. Barriers in the development of disease management intervention using these strategies will be identified and
recommendations will include areas of future research emphasis.
3:20 PM – 3:45 PM

Researchers and Stakeholders Shape Advances
in Management of Tree and Vine Trunk-disease
Complexes
Kendra Baumgartner*

USDA ARS, Davis, USA

The grapevine trunk-disease complex limits grape production
and vineyard longevity worldwide. Every vineyard in California
eventually is infected by one or more trunk diseases. The causal
fungi, which are taxonomically unrelated Ascomycetes, infect
and then degrade the permanent woody structure of the vine;
some species also attack almond and pistachio. With a grant from
the USDA Specialty Crop Research Initiative, we addressed
shared priorities of tree crop and grape industries: developing
new detection methods, identifying sources of resistance in
the germplasm, and encouraging disease prevention in young
plantings. New molecular tools from pathogen-specific studies
(genome sequences, genetic transformation protocols, host biochemical and transcriptomic responses to infection) established
a foundation for unifying experiments on mixed infections that
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typically occur in the field. By expanding the search for sources
of resistance to table grapes and to new pistachio cultivars, we
accelerated the availability of resistant plant material as a longterm disease-management approach. Studies on grower usage and
perceptions of preventative practices brought new perspectives
to disease management and helped shape outreach materials in
economic terms, which resonate more clearly with growers.
New online resources (disease-management plans, economic
tools, DNA sequence database) now target a wider range of
practioners; not just growers, but also pest control advisers,
diagnosticians, and extension agents, all of whom influence
disease management.
3:45 PM – 4:10 PM

Development of Genetic Tools for Pecan
Jennifer Randall*

New Mexico State University, Las Cruces, NM, USA

Carya illinoinensis is a large deciduous nut tree native to North
America and grown extensively throughout diverse environmental areas in the United States and recently introduced to other
continents. Domestication of the pecan tree is rather recent
with commercial orchards first being planted in the late 1800s
and the development of genetic tools is essential for effectively
addressing key constraints to stable and high quality nutmeat
production. Genetic variation within this species allows for
differential adaptation in wide ranges of environments; thus,
understanding the genetics of several genotypes will allow for
identification of the genetic elements controlling specific traits.
PacBio and illumina sequencing platforms are being used to
obtain genome sequence of four pecan cultivars each with traits
that will allow for marker development. Specific mapping populations are being generated and linkage maps and SNP markers
will be evaluated. Genetic markers are being developed for key
traits such as tree architecture, efficient nutrient uptake/transport,
scab disease resistance, salinity tolerance, drought tolerance,
and nut quality. Progeny from select crosses are currently being cloned using micropropagation techniques and the clones
will be planted in Georgia, Oklahoma, Texas, and New Mexico
to evaluate the impact of environment with the genetics from
these crosses. Markers and RNASeq studies are currently in
progress to understand the molecular mechanisms that control
the issues due to alternate bearing, scab disease resistance, and
salinity tolerance that impact the production of pecan. A website that will allow access to databases is being developed and
will be made available to different levels of industry including
links for breeders, plant pathologists, pecan growers, nurseries,
and researchers. The impacts from these efforts will allow for
generation of improved cultivars and rootstocks for all U.S.
growing regions in a substantially shorter time which will ultimately allow growers and other portions of the pecan industry
to realize economic benefits. Also, understanding the regional
adaptation of these pecan trees will ultimately alter the current
management systems that may result in environmental benefits
such as reduced water and pesticide usage. The presentation will

also include approaches of grantsmanship, project management,
and working with advisory boards.

The Favored Strawberry, by Awardwinning Directors Larry Foley and
Dale Carpenter—Viewing and Q&A
Session
Moderator: Curt Rom

University of Arkansas, Fayetteville, AR, USA

Objectives: This film is an outcome and product of the National
Strawberry Sustainability Initiative. The film is about an hour
in length and will be followed by a Q&A session. It is an enjoyable documentary with history, lore, science, and fun. It is a
“consumer level” PBS quality film that would be enjoyable for
ASHS members as well as their attending family. The film has
received four Mid America Emmy Nominations, as follows: Best
Cultural Documentary-Larry Foley/Dale Carpenter, Outstanding
Program Writing-Larry Foley, Outstanding Music-Jim Greeson
and Outstanding Photography-Hayot Tuychiev.
10:15 AM – 10:18 AM

Introduction
Curt Rom*

University of Arkansas, Fayetteville, AR, USA

10:18 AM – 11:15 AM

Screening of The Favored Strawberry
11:15 AM – 11:30 AM

Panel Discussion
John Lea-Cox

University of Maryland, College Park, MD, USA

Peter J. Nitzsche

Rutgers Cooperative Extension, Morristown, NJ, USA

Curt Rom

University of Arkansas, Fayetteville, AR, USA

Russell Wallace

Texas A&M University, Lubbock, TX, USA

Career Explorations

Coordinator/Moderator: Brian Pearson

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Objectives: To provide a workshop where society members can
explore career options through interactions with individuals
employed in and/or represent careers in: private industry, Extension, public/private gardens, landscape design, early career
academia, and federal research programs. Following a short oral
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presentation from each speaker, workshop attendees will be given
time to meet with each speaker during an informal one-on-one
breakout session to further explore available career options.
10:15 AM – 10:30 AM

Federal Research Institution Career
Representative

age of more than 22,000 jobs in Horticulture and Agriculture
per year within five years of the study. More jobs are becoming
available yet less people know about, and are pursuing careers
in these respective fields.

Food and Nutritional Security in the
Developing World: Challenges and
Opportunities

Joseph Albano*

USDA-ARS, Fort Pierce, FL, USA

Coordinator/Moderators: Elizabeth Mitcham

10:30 AM – 10:45 AM

University of California, Davis, CA, USA

Extension Agent Career Representative

Bhimanagouda Patil

Texas A&M University, College Station, TX, USA

Liz Felter*

University of Florida, Orlando, FL, United States

Moderator: Roland Ebel

Universidad Autónoma del Estado de México, Toluca, Mexico

10:45 AM – 11:00 AM

Objectives: To have dialogue about global food and nutrition
security issues and asses the impact of horticulture is certain
countries using case studies

Industry Representative
Holly Little*

Acadian SeaPlants, Sacramento, CA, United States

12:00 PM – 12:10 PM

Introductory Remarks

11:00 AM – 11:15 AM

Public and Private Garden Career
Representative

12:10 PM – 12:35 PM

The Nexus of Food Security & Nutritional
Security, Sustainability and Hunger:
Multidisciplinary Educational and Research
Opportunities and Challenges

Brian Trader*

Longwood Gardens, Kennett Square, PA, USA

11:15 AM – 11:30 AM

Bhimanagouda Patil*

Early Academia Career Representative

Texas A&M University, College Station, TX, USA

Margaret Worthington*

G.K. Jayaprakasha

University of Arkansas, Fayetteville, AR, USA

Texas A&M University, College Station, TX, USA

Neil Knobloch

Seed Your Future—An Update
on the Movement to Encourage
More People to Pursue Careers in
Horticulture

Purdue University, West Lafayette, USA

Coordinators: Susan Yoder

Seed Your Future, Kennet Square, USA

John Dole

North Carolina State University, Raleigh, NC, USA

Objectives: Over a year ago, a partnership was announced
between the American Society for Horticultural Science, Longwood Gardens, Ball Horticultural Company and more than
150 other industry partners with the purposes of raising public
awareness about horticulture and encouraging more people to
pursue careers working with plants. The 2015 Employment
Outlook Study (https://www.purdue.edu/usda/employment/)
from USDA’s National Institute of Food and Agriculture (NIFA)
and Purdue University, showed there would be a future short-

In the last decade, the global triple burden of malnutrition, hunger,
and obesity has increased rapidly, due to increasing populations
and degrading ecosystems. To overcome this daunting burden,
we must diversify the agricultural system. For example, staple
crops, usually cannot grow in challenging environments and
often provide high-calorie but low-nutrient food. By contrast,
underutilized, regional food crop species can play an important
role in reducing food insecurity and combating malnutrition.
Additionally, underutilized crops can provide important sources
of calories, trace elements, vitamins, minerals, and healthpromoting phytochemicals. It is clear that these crops have the
potential to improve health and reduce food insecurity. However,
the current system of agriculture has many remaining critical
challenges, including a heavy dependence on discipline-specific
approaches and a lack of systems-wide approaches. A systems
approach that includes crop improvement, market linkages,
value addition, improvements to nutrition and health-promoting
properties, as well as ready-to-use novel and innovative food
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technologies, is critical to address food insecurity and sustainability. A systems approach incorporating trans-disciplinary
strategies can critically strengthen the links among approaches
examining diversity, characterization of phytochemicals, crop
improvement, and sustainable uses. This approach can enable
improved value based on nutrition, health-promoting properties,
and marketability, and thus provide higher economic returns to
the communities cultivating these underutilized crops around
the world. This type of table-to-farm approach will provide a
foundation for the value chain of underutilized vegetable and
field crops. In addition to systems-wide research approaches,
addressing food insecurity will require outreach and formal
education about conservation, sustainability, and climate resilience, as well as understanding the role of locally grown crops
to address food and nutritional security issues. We have developed a unique, multi-state and multi-disciplinary course “The
Nexus of Food Security & Nutritional Security, Sustainability
and Hunger” to address this issue. The project is supported by
the USDA-Challenge Grant 2014-70003-22356.
12:35 PM – 1:00 PM

New Trends in Food Security at USAID: The
Role of Horticulture

ties for smallholder producers and entrepreneurs that contribute
to agriculture sector growth. Horticulture has much to offer
climate-smart development, particularly through the diversity
of its crops and farming systems. Horticulture crop production, harvesting, sales and marketing are often dominated by
women, offering great potential for interventions to empower
them. During the first phase of Feed the Future, challenges were
encountered in linking horticulture research and development
activities, as well as in scaling and commercializing new technologies and delivering them to farmers. Lessons learned from
USAID horticulture development projects should feed back to
the USAID research projects, in order to refine technologies
so they can better overcome adoption constraints and achieve
full scaling potential.
1:00 PM – 1:25 PM

Innovative Technologies to Enhance Availability
of Nutritious Foods in Bangladesh
Angelos Deltsidis*

University of California, Davis, CA, USA

Amrita Mukherjee

University of California, Davis, CA, USA

John Bowman*

Mohd Rezaul Islam

Richard Brettell

Michael Reid

USAID, Washington D.C, USA
ACIAR, Canberra, Australia

The first five years (2011–16) of the U.S. government’s Feed
the Future program, a Presidential Initiative of Barack Obama
for global food security, has ended. It will be redesigned in
2017. The next generation of Feed the Future activities may
have emphasis on new areas, such as reducing urban poverty,
more postfarmgate support, enhancement ofyouth employment,
and food/farm hygiene to name a few. In a recent horticultural
conference in Malaysia, supported by USAID and the World
Vegetable Center, the relationship of horticulture to new food
security trends at USAID was discussed at length by USAID staff,
and contractors, NGOs and horticulture researchers supported by
USAID. This talk encompasses some of the group’s vision and
recommendations that were captured in a “white paper” focusing on: “Horticulture to Feed the Future.” Horticulture plays a
critical role in food safety, urbanization, youth, and resilience
to climate change. Horticulture offers a unique contribution to
the challenge of feeding and nourishing people who do not have
enough to eat and who are malnourished—estimated at one and
two billion, respectively. Vegetables and fruits present unique
opportunities for the combination of high economic return
and high micro-nutrient delivery. This talk briefly summarizes
the contributions of horticulture in the first phase of Feed the
Future, and the lessons that can be taken forward to the next
phase of this initiative. Horticulture is highly relevant to the
focus areas of Feed the Future, and has a fundamental role in
improving nutrition by virtue of the high nutrient content of
vegetables and fruit. It provides extensive economic opportuni-

University of California, Davis, CA, USA
University of California, Davis, CA, USA

Elizabeth Mitcham

University of California, Davis, CA, USA

Studies have suggested that there has been little improvement
in the nutritional status of the Bangladeshi population over the
past 20 years despite significant progress in cereal production.
Thus, rates of malnutrition in Bangladesh are among the highest
in the world, and undernutrition is exacerbated by low dietary
diversity. Bangladesh has a plethora of vegetables, fruits and
nuts that are important in daily diets. Horticultural crops are
consumed only during a short period due to inadequate storage
facilities and transportation means, leading to high percentages
of loss. In addition, many smallholder farmers do not have access to sunny land areas to grow horticultural crops due to the
prevalence of ponds and other flooded areas. A collaboration
between the Horticulture Innovation Lab at the University of
California, Davis (UC–Davis) and the Nutrition Innovation Lab
at Tufts University is implementing three technologies with
potential to increase the availability of nutritious horticultural
crops; a small-scale CoolBot® cold room, a UC–Davis Chimney
Solar Dryer, and Floating Gardens. Cooling is the most efficient
way of delaying the spoilage of fresh fruits and vegetables by
slowing their metabolic rate. CoolBot® regulated cold rooms,
which operate with household type air conditioners, can be
installed in rural areas to provide moderate cost cold storage.
Drying fruits and vegetables can stabilize and allow for storage of products that have not been sold or consumed due to
gluts in supply. The tropical weather of Bangladesh makes the
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drying process cumbersome with high rates of spoilage due to
torrential rains and high air humidity. A solar dryer invented
at UC–Davis, which has a chimney attached on one end of the
drying table, facilitates airflow and reduces drying times while
improving the quality of the dried products. The floating garden
was developed for use in certain regions of the country where
seasonal flooding and aquaculture reduce the land available
for cultivation of horticultural crops. The floating garden is
placed in sunny spots of household fishponds and can produce
adequate amounts of fresh fruits and vegetables for a family.
The implementation, operation and economic feasibility of these
three technologies will be discussed. Successful adoption of
these technologies is expected to support household nutrition
and inclusive economic development.
1:25 PM – 1:50 PM

Building Horticultural Postharvest Capacity
and Entrepreneurship—Experiences from
Rwanda and Burkina Faso
Gurbinder Gill*

Agribusiness Associates, Davis, CA, USA

Agribusiness Associates is implementing horticultural postharvest projects in Rwanda and Burkina Faso. Our model is
based on a three-pronged approach: 1) Capacity building of
local horticultural experts in postharvest handling, storage
and processing technologies; 2) Building a Postharvest Center
that conducts adaptive research on innovative technologies.
The center also serves as a home for regular training events,
demonstrations of technologies and provision of goods and
services; and 3) Promote adoption of postharvest technologies
through entrepreneurship development of local agribusinesses.
The project is starting three Postharvest Centers in Rwanda and
one in Burkina Faso. Our goal is to develop a replicable model
for Postharvest Centers that are self-sustainable. Overall, our
work in postharvest innovations and interventions will help
farmers and agribusinesses gain better return on investments
by adopting appropriate technology and reducing postharvest
losses. The projects have been initiated by the Horticulture
Innovation Lab, funded by the U.S. Agency for International
Development as part of the U.S. government’s global hunger
and food security initiative called Feed the Future initiative
and led by the University of California, Davis.
1:50 PM – 2:15 PM

Insect Exclusion Netting As a Profitable and
Affordable Technology for Smallholder Growers
to Produce Healthy Vegetables Under Tropical
Climates
T. Martin*

Cirad UR Hortsys, Montpellier, France

L. Parrot

Cirad UR Hortsys, Montpellier, France

E. Deletre

Cirad UR Hortsys, Montpellier, France

James Simon

Rutgers University, New Brunswick, NJ, USA

William Baird

Michigan State University, East Lansing, MI, USA

The use of Insect Exclusion Netting (IEN) to protect vegetables
in tropical areas leads to increased yields (with a higher percentage of marketable produce), while significantly reducing the
use of synthetic insecticides or eliminating their application
altogether. As such, the use of netting technology has generated
significant interest among growers (particularly smallholder
farmers), grower associations and netting manufacturers. The
use of such IEN with green bean, tomato and other high value
vegetable crops is of particular interest as this technology can
be combined with biological control methods—enhancing
exporter compliance with increasingly more-strict pesticide
minimum residue levels. Although some growers now use and
promote IEN, questions remain to be answered to better predict
the probability of success for their broader and long-term adoption. Given the promise that this technology holds to improve
crop yields and quality, and thus farmer profits, our team (in
concert with the Horticulture Innovation Lab, U.C.–Davis) meet
with Kenyan exporters, grower groups, smallholder farmers,
private sector partners including commercial net manufacturer
and biological control agent providers to help identify what is
needed to determine if IEN are appropriate to scale-up; as well
as what information gaps exist in order to judge the potential
for scale-up. This will be accomplished through observations,
discussions and by listening to lessons learned by those using
this technology. To do so, high tunnels/net-houses covered by
AgroZ® Net were deployed in 30 smallholder farmer fields,
which address three key concerns: 1) the return on investment
in relationship to crops grown (e.g., green bean, tomato and/or
cabbage); 2) barriers to sustained adoption of the technology,
including (a) broad awareness of the technology’s availability
and potential impact, (b) grower access to innovative loan or
savings programs that provide the investment capital needed
to purchase the technology; and 3) the long-term commitment
and investment by the prime partner manufacturer to provide
the IEN and addressing future designs improvements. In addition, secondary issues that have been addressed include (i) the
optimum physical design and engineering of support structures
such as tunnels and net-house kits; (ii) the range of specialty
crop that can be profitably grown under the nets; and (iii) the
cost-effectiveness of combining proven biological control agents
with net technology.
2:15 PM – 2:40 PM

Farmer-led Innovation in Irrigation for
Smallholder Vegetable Production in Uganda
Kate Scow*

University of California, Davis, Davis, CA, USA
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Abraham Salomon

University of California, Davis, Davis, CA,USA

Dry season vegetable production is a high priority in largely
rainfed (> 97%) agricultural systems of Uganda. Irrigation
opens up new markets and helps endure unpredictable rainfall
patterns. Using a participatory approach, farmers and our team
consider different alternatives, and then design and implement
irrigated vegetable production systems and associated marketing
schemes. We build on local capacity for irrigation among farmer,
university, extension, non-governmental, and private industry
stakeholders. We also focus on needs of smallholder women
farmers who are often excluded from irrigation and marketing
developments. The project is implemented at six “innovation
sites” in eastern Uganda and brings together multi-disciplinary
research teams (farmers, researchers, local NGOs, government,
and university students) to co-develop technologies that build
on existing, locally relevant farmer knowledge as a foundation
and expand this with technologies and practices appropriate for
small scale horticulture in the region. Particular examples include
on-farm water storage, improved conveyance systems, drip
irrigation, moveable sprinklers, managed infiltration/drainage,
and irrigation strategies/schedules. An output is a framework
for local public and private sector organizations to create, expand, and disseminate different irrigation innovations. We are
evaluating agronomic, economic, market, and gender impacts
and implications of the different innovations and exploring scaleout options for the most promising technologies. Identification
of promising innovations in dry season vegetable production,
combined with tools to assess their benefits and sustainability,
will strengthen smallholder farmer enterprises targeted to both
local markets and family consumption.
2:40 PM – 3:05 PM

African Indigenous Vegetables, a Neglected
Treasure, for Improved Nutrition and Income in
Eastern and Southern Sub-Saharan Africa
Stephen Weller*

Purdue University, West Lafayette, IN, USA

James Simon

nutrient deficiencies as part of a diversified and balanced diet.
This project is focused on developing and identifying the most
effective agricultural intervention methods toward improved access, affordability, availability, and adoption of AIVs. The core
AIV species studied in this project include, but not limited to,
Amaranthus sp., Brassica carinata, Cleome gynandra, Hibiscus sabdariffa, Moringa oleifera, Solanum scabrum and Vigna
unguiculata. Two basic interventions commonly employed by
development organizations are being quantitatively evaluated
for effect on AIV consumption, namely, improving AIV nutrition
education of consumers and improving productivity of growers.
Evaluation of nutrient content in AIVs has been conducted to
identify whether each AIV can be considered as nutrient dense,
with nutritional content being confirmed through field studies
in Kenya, Tanzania and Zambia, to bolster nutrition education
intervention activities, as well as to identify the potential for
each to improve the nutrition status of people deficient in one
or more micronutrients. Experiments have established best
management practices including selecting AIV varieties for
horticultural performance and nutrition content, precise crop
production inputs and soil management, managing plant pests and
improving post-harvest shelf-life and quality. Results are being
used to develop production and consumption intervention and
training activities with the goal to improve the nutrition status
of people deficient in one or more micronutrients. Surveys in
Zambia and Kenya of 600 AIV producers and 150 intermediaries
identified bottlenecks in productivity and availability that have
helped guide our focused production interventions. Additionally,
500 households, in both Kenya and Zambia, with at least one
woman of childbearing age and at least one child, were surveyed
to determine factors affecting whether AIVs are consumed or
produced and sold in these communities. Within the survey
populations, four groups of 125 households each will be selected,
based on survey results, and provided with either: 1) nutrition
education intervention activities, 2) production intervention
activities, 3) both types of intervention activities, or 4) neither
(control group). Consumption and production surveys conducted
following intervention activities will quantitatively evaluate
effects of each intervention approach on nutritional status and
improved production and income generation related to AIVs.

Rutgers University, New Brunswick, NJ, USA

Daniel Hoffman

Rutgers, The State University of New Jersey, New Brunswick, USA

Ramu Govindasamy

Rutgars, The State University of New Jersey, New Brunswick, USA

Rohan Byrnes

Rutgers, the State University of New Jersery, New Brunswick, USA

Fekadu Dinssa

The World Vegetable Center, Tainan, Taiwan

Naman Nyambinda

AMPATH, Eldoret, Kenya

African Indigenous Vegetables (AIVs) are recognized for their
ability to generate income for smallholder farmers and alleviate

Exhibitors’ Workshop I: New
Innovations

Objectives: ASHS Exhibitors presentations on new technologies and/or products.
2:00 PM – 2:20 PM

The LI-6800: Advancements in Gas Exchange
and Fluorescence Measurements, Presented by
LI-COR Biosciences
Eric Price*

LI-COR Biosciences, Lincoln, NE, USA
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2:20 PM – 2:40 PM

better understand how to do their part. Participants will include
Mr. Glenn Sako (County of Hawaii’s Department of Research
& Development), State Representative Joy San Buenaventura
(Puna district), and Mr. Mike Formby (Chief of Staff, Representative Colleen Hanabusa, U.S. Congress).

A Change of View: Using Root and Canopy
Imaging to Expand Your Research, Presented
by CID Bio-Science, Inc.
Andrea Melnychenko*

CID Bio-Science, Inc., Camas, WA, USA

10:15 AM – 12:15 PM

County of Hawaii—Agricultural Grants

2:40 PM – 3:00 PM

Glenn Sako*

The Latest Innovations from Apogee
Instruments

County of Hawaii’s Department of Research & Development

Schuyler Smith*

10:15 AM – 12:15 PM

Apogee Instruments, Logan, UT, USA

Joy

Joy San Buenaventura*

State Representative, Puna District

Thursday, September 21, 2017

10:15 AM – 12:15 PM

Lobbying Congress

International Horticultural News
and Opportunities—What’s in it for
You?

Mike Formby*

Chief of Staff, Representative Colleen Hanabusa, U.S. Congress

Coordinator: John Griffis

Florida Gulf Coast University, Ft Myers, FL, USA

Objectives: The International News & Opportunities section
appears in most every month of the ASHS Newsletter. But there
is a great amount of background that goes each article plus
many sources for opportunities. Find out what is involved,
what kinds of opportunities exist, how to start the process, and
much more in this session.

Advocating Locally for Public
Support of Horticulture
Coordinators: John Dole

North Carolina State University, Raleigh, NC, USA

Carl Sams

The University of Tennessee, Knoxville, TN, United States

Thomas Björkman

Cornell University, Geneva, NY, United States

Moderator: Susan Miyasaka

University of Hawaii at Manoa, Hilo, HI, USA

Objectives: ASHS members can help maintain public support
for the work we do by advocating with local politicians and
their staffs. Members can be very effective, even as far from
Washington, D.C., as Kona. This workshop will help members

Career Presentation: Driscoll’s
Global Career Opportunities
Logan McCollum*

Driscoll’s, Watsonville, CA, USA

Joy Starts Here! – Please join us for an interactive session
highlighting Driscoll’s, and our global career opportunities!
Joy begins with a delicious berry, and our consistently sweet
berries start with the Joy Makers! See how Driscoll’s Joy Makers use science, sense, and imagination to create pure berry
joy. Strawberries that are firm, but not too crunchy. Raspberries that are sweet and juicy, but not mushy. Blackberries that
are huge, beautiful, and burst in your mouth with juicy flavor.
And blueberries that are flavorful, but not tart. These near
perfect berries don’t happen by accident. Growing perfectly
fresh, beautiful, delicious berries is as much of an art as it is
a science. The Joy Makers are the artists behind those berries.
Working together as a team of agronomists, breeders, sensory
analysts, plant health scientists, and entomologists, the Joy
Makers research and develop the very highest quality berries.
The Joy Makers work with Mother Nature to develop the best
berries possible using proven natural traditional breeding processes such as hand cross-pollination (Driscoll’s Berries are
not genetically modified) and to ensure that those fresh, tasty,
colorful berries make their way to berry lovers the world over.
Come Share the Berry Joy!

An asterisk (*) in front of a name indicates the presenting author.
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Special Sessions

Exhibitors’ Workshop II: New
Innovations

Objectives: ASHS Exhibitors presentations on new technologies and/or products.
1:00 PM – 1:20 PM

Cold Chain Innovations: Adapting the CoolBot
for Smallholders around the World, Presented
by Horticulture Innovation Lab
Angelos Deltsidis*

University of California, Davis, CA, USA

1:20 PM – 1:40 PM

New Products & Innovations from Spectrum
Technologies
Denton Schwiesow*

Spectrum Technologies, Aurora, IL, USA

Resume Review Session II

Objectives: Bring your resume or CV for one-on-one constructive
feedback sessions with a professional. Slots will be scheduled
closer to the conference date in 20 minute segments.
Friday, September 22, 2017

The Path to Publication: Tools for
Successful Academic Writing
Coordinators: Laura Kaderabek

North Carolina State University, Raleigh, USA

Kauahi Perez

University of Hawaii at Manoa, Honolulu, HI, USA

Objectives: The objectives of this workshop are to 1) provide
students with techniques to maximize writing productivity, 2)
explore the differences between writing for journals vs. extension publications, 3) discuss collection and management of
data with the goal of transforming of data into information, and
information into knowledge, 4) provide a greater understanding
of statistical analyses and the best ways to effectively present
data and statistics for publication, and 5) provide a brief overview of the most logical path for graduate students and early
career academics in publishing with ASHS.
12:00 PM – 12:25 PM

Techniques to Improve Writing and Output for
Research and Extension
Amy Fulcher*

University of Tennessee, Knoxville, TN, USA

This presentation will provide tools and techniques for students
to maximize writing productivity through writing groups, setting writing goals, and writing accountability to dramatically
improve writing productivity. We will also discuss writing to
reflect a split appointment (research and extension) in scientific
writing, which is crucial not only for publication success, but to
both extension based and research based advisors’ perception
of your dossier.
12:25 PM – 12:50 PM

From Data to Information to Knowledge: How
to Get the Most out of Your Research
Marc van Iersel*

University of Georgia, Athens, GA, USA

Data collection is a crucial part of the scientific process: without
data, plant science cannot progress. However, it is only a small
part of this process. It is crucial to start with a well-developed
hypothesis and careful consideration of which data to collect
to test your hypotheses. And since plants are unpredictable, it
is necessary to maintain flexibility: if unexpected responses
occur, hypotheses may need to be revisited and different data
may need to be collected. If unexpected effects are observed,
think about how to quantify those effects. This requires an open
mind and careful observation during the study. After data collection is finished, careful interpretation of the collected data is
also crucial: this is the part of the scientific process where data
is converted into information. And presenting this information
in a larger, scientific context helps to produce new knowledge,
which is in many cases the ultimately goal of the scientific
process. When presenting your data, it is important to do so in
a context that addresses your hypotheses. And if your study took
an unexpected turn, it is perfectly OK to change your hypotheses
halfway through or even after data collection has been finished.
That flexibility allows scientists to present the most interesting
information possible to their audience. Use your data to tell a
story that helps your audience understand your reasoning. That
is easier said than done. Perhaps the most painful part is to
decide which data NOT to present. After spending much time
collecting data, it is tempting to present everything. However,
if some of your data do not help you address your hypotheses,
including these data will likely confuse, rather than enlighten,
your audience. In many papers, data interpretation and presentation is limited to determining how different treatments affected
the measured variables. Although that approach can be used to
describe results, it rarely helps to explain the observed effects.
If the parameters to be measured during a study are carefully
selected, it may be possible to develop testable hypotheses to
explore the mechanism behind the observed effects. That often
involves looking for relationships among measured variables,
rather than looking at treatment effects. Such relationships can
support mechanistical hypotheses of potential causes of observed treatment effects. The process of how to go from data to
information to knowledge will be illustrated using a case study.
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12:50 PM – 1:15 PM

1:15 PM – 1:40 PM

How to Properly Present Data and Create
Publication Quality Tables and Figures

Panel Discussion
James Altland

USDA-ARS, MWA ATRU, Wooster, OH, USA

James Altland*

USDA Technology Application Unit, Wooster, OH, USA

Tables and figures are a concise representation of most or all of
the data in a journal article. They must succinctly communicate
the results. This presentation will offer advice on when to use
tables instead of figures, and vice versa. It will provide tips for
presenting tables and figures to effectively convey information
without appearing cluttered. We will also discuss some of the
most common mistakes made with tables and figures in journal
article submissions. And finally, we will discuss some of the
most common misunderstood aspects of statistical annotation
in tables and figures.

Neal De Vos

De Vos & Associates, Watsonville, CA, USA

Amy Fulcher

University of Tennessee, Knoxville, TN, USA

Ron Robbins

ASHS Headquarters, Alexandria, VA USA

Marc van Iersel

University of Georgia, Athens, GA, USA
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Part 2: Abstracts of Oral and Poster Presentations
—Oral Presentations—
Tuesday, September 19, 2017

Nursery Crops

Moderator: Laura Kaderabek

North Carolina State University, Raleigh, USA

8:15 AM – 8:30 AM

Risk of Incidence of Pythium Disease in
Poinsettia Under Slight-deficit Irrigation
Johanna Del Castillo-Múnera

University of California Davis, Davis, CA, USA

8:00 AM – 8:15 AM

Cassandra Swett

Effects of Aging on the Physical, Chemical, and
Hydrologic Properties of Pine Bark Substrates

John Lea-Cox

University of California Davis, Davis, CA, USA
University of Maryland, College Park, MD, USA

Laura Kaderabek*

Bruk Belayneh

Brian Jackson

Andrew Ristvey*

William Fonteno

Pythium is a common disease of poinsettia, causing millions of
dollars in annual economic loss and expenses in the U.S. ornamental plant industry. Our study compares Pythium incidence
between poinsettia (Euphorbia pulcherrima Willd. ex Klotzsch)
grown in a peat-based substrate of different volumetric water
contents (VWC). Sensor Controlled Irrigation (SCI) was used
to control substrate water content and included a slight-deficit
irrigation treatment. Deficit irrigation is a method of managing
water use for a variety of purposes, including increasing the efficiency of plant water use. However, in some cases, root stress
caused by deficit irrigation may promote disease incidence. This
9-week study took place at the University of Maryland Research
Greenhouse complex. Poinsettia plants underwent three SCI
treatments where substrate VWC (and matric potential) were
maintained at 45% (near saturation = > –10 kPa), 35% (container
capacity = –15 kPa) and 25% (slight deficit = –40 kPa). We
inoculated one-half of the plants in each irrigation treatment
with P. aphanidermatum. Additionally, we treated one- half of
the plants from each treatment combination with Companion
(Bacillus subtilus) to create 12 treatment combinations for this
study. We assessed plant height and disease incidence weekly.
For the final harvest at the end of 9 weeks, we measured shoot
dry weight and fresh root weight, along with Pythium disease
incidence. At the end of the study, disease incidence in all
inoculated plants, regardless of Companion treatment, was
28%, 36% and 42% in the 45%, 35% and 25% VWC treatments, respectively. Pythium recovery in inoculated plants was
higher in the 25% VWC treatments, regardless of Companion
inoculation. Interestingly, plant shoot dry weights and plant
height were not different among all treatment combinations.
Root fresh weight was significantly lower in 25% VMC, but
this may be an artifact of low moisture content in root tissue.
Root dry weights may have shown no differences. The weekly
disease assessments generated an Area Under the Disease
Progress Curve (AUDPC) across all 12 treatments. Square

North Carolina State University, Raleigh, USA
North Carolina State University, Raleigh, NC, USA
North Carolina State University, Raleigh, NC, USA

Pine bark is one of the most commonly used horticultural substrates, and may be used as a fresh, aged, or composted product.
While aged pine bark is most commonly used, fresh PB may
also be used successfully, but there is little research investigating
the differences between bark of specific ages. A twelve-month
study was initiated to better understand the effects of aging and
pile management on pine bark substrates. Fresh pine bark was
processed and the fines were placed in three pile replications
of 191 cubic meters each. Beginning at time 0 and every 4–5
weeks for a period of twelve months, stratified subsamples were
taken from each pile and tested for physical, hydrologic, and
chemical properties. Physical properties include pile volume,
temperature, particle size distribution, total porosity, container
capacity, air space, bulk density, white wood content, and color.
Hydrologic properties include wettability, saturated hydraulic
conductivity, moisture retention curves, models for nursery
containers, and pore fraction volume analysis. Chemical properties include pH, EC, pH buffering capacity, CEC, AEC, plant
available nutrients, liming, C:N ratio, lignocellulose content,
and seedling germination tests. We observed that bark managed
under these conditions stabilized around six months of aging, as
shown by decreases in average and stratified pile temperatures
after an initial increase and a four-month thermophilic phase,
color darkening, decreased white wood content, a shift to higher
percentages of fine particles in the same total pore volume, an
increase in container capacity, and subsequent decrease in air
space and an increase in bulk density. These changes in particle
size and physical properties in turn influenced hydrologic and
chemical properties, which may have an impact on irrigation
and fertilization regimes. The data generated from this research
can hopefully improve the understanding, product consistency,
and usability of pine bark substrates of different ages.

University of Maryland, College Park, MD, USA
University of Maryland, WyeREC, Queenstown, MD, USA
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root transformed data revealed that disease progression was
significantly higher only with plants treated with 25% substrate
VWC and inoculated with Pythium and Companion. Based on
this research, higher risk may be presented by employing deficit
or near-deficit irrigation management to disease prone species
like poinsettia. However, we performed Pythium inoculations
under well-watered conditions. It is possible that inoculation
under lower substrate VWCs may have suppressed Pythium.
Specified Source(s) of Funding: USDA NIFA SCRI Water3 Reduce Remediate and Recycle Award# 2014-51181-22372
8:30 AM – 8:45 AM

as well as models currently under development as part of the
Clean WateR3 project.
Specified Source(s) of Funding: USDA-NIFA SCRI Award
#2014-51181-22372
8:45 AM – 9:00 AM

Flower Development and Growth of Salvia
nemorosa ‘Ostfrieland’ in Response to
Substrate Water Content
Amanda Bayer*

University of Massachusetts, Amherst, MA, USA

Expanding the Toolbox: Developing Tools
to Help Container Nursery and Greenhouse
Operations Better Understand Production
Practices
John Majsztrik*

Clemson University, Pendleton, SC, USA

Daniel Hitchcock

Clemson University, Georgetown, SC, USA

David Sample

Virginia Tech, Virginia Beach, VA, USA

Saurav Kumar

University of Texas at El Paso, El Paso, TX, USA

Sarah White

Clemson University, Clemson, SC, USA

Specialty crop growers make decisions on multiple aspects of
plant production. These decisions may vary from which plants
to grow, how to manage current resources (time, money, labor,
infrastructure) to irrigation and fertilization application timing.
Although growers take various types of information into account
when making a decision (colleagues, extension agents, sales
reps, past experience), decisions are not always made based on
the best or most relevant information. If growers have access to
better information, it may lead to better decisions that benefit
the operation in terms of environmental health and cost and
labor savings. One way to help growers make better decisions
is through online tools (models) that can integrate current or
future practices with research-based advice and information.
Growers can input current or future practices to determine
how those practices impact various aspects of production.
To provide the maximum usefulness, models should be userfriendly, intuitive, and helpful to a variety of growers. All tools
developed will be tested by a variety of growers prior to being
made available to all. Although a number of models (i.e. dilution calculators, alkalinity calculators, economic models) exist
that aid grower decision-making, the Clean WateR3 team will
both site the tools in one online location (per grower feedback)
and integrate them so that information (inputs, outputs) in one
model can be used to populate other related models. This talk
will highlight some of the models that have been developed,

Deficit irrigation can be used to reduce irrigation volume and
control plant growth. Most research using deficit irrigation has
focused on the overall plant growth and has not evaluated the
impact of reduced irrigation on flowering. Quantifying floral
development of plants grown with deficit irrigation is important
as visual appearance and bloom quality impacts the salability
of flowering plants. The aim of this research was to measure
floral development of Salvia nemorosa L. ‘Ostfrieland’ (East
Friesland) in response to deficit irrigation applied via maintenance of a low substrate water content. A soil-moisture sensor
automated irrigation system was used to apply irrigation treatments at different times during the production cycle. Plants were
grown with four irrigation treatments: continuous low and high
substrate water contents (0.20 or 0.38 L·L–1) and two alternating treatments to apply deficit irrigation for either the first two
weeks (0.20 L·L–1 followed by 0.38 L·L–1, LH treatment) or final
four weeks (0.38 L·L–1 followed by 0.20 L·L–1, HL treatment)
of the six week study. Sensor readings were taken and recorded
every hour and irrigation was applied for 60 seconds when
sensor readings were below the programmed setpoints. Plant
height, number of flowers, and branching of floral stems were
measured biweekly. Average flower stem length, longest flower
stem, and shoot dry weight were measured at the conclusion of
the experiment. Final number of floral stems and longest floral
stem was not significant. Average plant height (489.6, 488.5,
451.3, and 406.8 mm for the LH, high, HL, and low treatments,
respectively) and average length of floral stems (448.0, 429.9,
393.1, and 348.6 mm for the LH, high, HL, and low treatments,
respectively) were significant. Number of branched floral stems,
compactness and shoot dry weight were also significant. Visually plants in the LH treatment had an open, floppy habit at the
conclusion of the experiment that would impact sales in a retail
setting. Plants in the low control treatment were smaller, but
considered salable. Daily irrigation count and total irrigation
volume were lower for the treatments HL and low treatments
than the LH and high treatments.
Specified Source(s) of Funding: This material is based upon
work supported by NIFA, USDA, the Center for Agriculture,
Food and the Environment and the Stockbridge School of Agriculture at UMass Amherst, under project number MAS000487.
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9:00 AM – 9:15 AM

Fungicides Reduce Rhododendron Root
Rot and Mortality Caused by Phytophthora
cinnamomi, but Not by P. plurivora
Jerry E. Weiland*

USDA–ARS-HCRU, Corvallis, OR, USA

Carolyn Scagel

USDA–ARS-HCRU, Corvallis, OR, USA

Niklaus Grunwald

USDA–ARS-HCRU, Corvallis, OR, USA

Anne Davis

USDA–ARS-HCRU, Corvallis, OR, USA

Jesse N. Mitchell

soil drenches with phosphorous acid can decrease root rot and
mortality in rhododendron caused by P. cinnamomi. However,
surviving plants were less healthy than controls (greater root
rot and chlorosis, lower stomatal conductance, and less growth)
and were still infected by the pathogen (P. cinnamomi was recovered from 40% to 60% of surviving plants). Unfortunately,
no treatments were effective for root rot caused by P. plurivora.
Future research will evaluate whether increasing the number
of fungicide applications can increase root rot control for both
pathogens.
Specified Source(s) of Funding: USDA–ARS CRIS 2072-21000048-00D, 2072-12220-004-00-D, Floral and Nursery Crop
Initiative 2072-22000-039-15, Northwest Center for Nursery
Crop Research, and the Horticultural Research Institute

USDA–ARS-HCRU, Corvallis, OR, USA

9:15 AM – 9:30 AM

USDA–ARS-HCRU, Corvallis, OR, USA

Response of Ligustrum japonicum to Plastic
Mulch Applied over Non-spaced Containers

Bryan Beck

Rhododendron root rot, caused by several Phytophthora species, can cause devastating losses in nursery-grown plants.
Most research on chemical control of root rot has focused on
Phytophthora cinnamomi. However, it is unknown whether
treatments recommended for P. cinnamomi are also effective
for other Phytophthora species causing root rot, such as P.
plurivora. Chemical control options for P. cinnamomi and P.
plurivora were investigated in two canyard studies to assess
whether two fungicides (phosphorous acid, mefenoxam) and
different application methods (drench, foliar) altered disease
in Rhododendron catawbiense ‘Album’. Visual symptoms of
disease (wilting, death) and plant health (leaf color, stomatal
conductance) were measured during the growing season, and
plant quality (root rot, biomass) was determined at 13 weeks.
When no fungicide was applied, plants started to die within 4
weeks after inoculation and mortality progressed more rapidly
with P. cinnamomi (95% mortality, 11 weeks) than P. plurivora
(65% mortality, 11 weeks). For plants inoculated with P. cinnamomi, soil drenches of either phosphorous acid or mefenoxam
decreased root rot and mortality compared to those receiving no
fungicide. Foliar applications of these two fungicides were less
effective than soil drenches against P. cinnamomi. In contrast,
neither phosphorous acid nor mefenoxam decreased root rot
or mortality of plants inoculated with P. plurivora, regardless
of application method. All inoculated plants grew less than
noninoculated controls regardless of whether or not they were
treated with fungicide. For P. cinnamomi, plants drenched with
phosphorous acid had greater root and stem growth compared
to inoculated plants without fungicide. In contrast, fungicides
had no influence on growth in plants inoculated with P. plurivora. The ability to re-isolate the pathogen from inoculated
plants was positively correlated to root rot ratings – the more
effective the fungicide was in reducing root rot, the less likely
the pathogen would be re-isolated. Our results indicate that

Shawn Steed*

UF/IFAS Hillsborough County Extension, Seffner, FL, USA

Allison Bechtloff

University of Florida, Gainesville, FL, USA

Thomas Yeager

University of Florida, Gainesville, FL, USA

Andrew Koeser

University of Florida–GREC, Wimauma, FL, USA

Mulches have positive benefits for the production of containergrown plants. A novel method of using plastic film mulch for
container-grown plants was evaluated. Blocks of 25 Japanese
privet (Ligustrum japonicum) in 2.37-L containers that were
touching were wrapped with 1.25-mil white or black plastic
mulch over the top and sides of the containers. Small plants
were planted through the plastic and grown for 22 weeks with
overhead irrigation. Water application amount was determined
by moisture sensors placed in substrate of each treatment.
Plant growth, dry weights, weed fresh weights, weeding time,
substrate EC, substrate temperature, total water applied, and
mulch costs were determined. Black plastic (BP) and white
plastic (WP) mulch reduced water applied by 82 and 91%,
respectively, compared to the nontreated control (NT). NT
plants grew faster and had more dry weight at the end of the
experiment. Mulched containers had fewer weeds and required
less labor to remove weeds than NT. Substrate EC was greater
in BP and WP than NT after 20 weeks and plastic mulch did
not influence substrate temperatures. Plastic mulch added $4.94
per 1000 containers ($2.24 input cost and $2.70 removal cost),
not including disposal costs. This novel method of mulching
plants could save irrigation pumping, herbicide applications,
labor, and potentially fertilizer inputs if production techniques
can be refined.
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Plant Nutrient Management 1

Edward Bush

Lsu AgCenter, Baton Rouge, LA, USA

Moderator: Tiare Silvasy

University of Hawaii at Manoa, Honolulu, HI, USA

8:00 AM – 8:15 AM

Rate and Timing of Meat and Bone Meal
(Tankage) Applications Influence Growth and
Yield of Sweet Corn (Zea mays var. saccharata)
and Soil Water Nitrate Concentrations
Tiare Silvasy*

University of Hawaii at Manoa, Honolulu, HI, USA

Amjad A. Ahmad

University of Hawaii at Manoa, Honolulu, HI, USA

Koon-Hui Wang

University of Hawaii at Manoa, Honolulu, HI, USA

Theodore J.K. Radovich

University of Hawaii at Manoa, Honolulu, HI, USA

Using local resources and minimizing environmental impacts are
two important components of sustainable agriculture. Meat and
bone meal (MBM), or tankage, is an attractive locally available
organic fertilizer because of its relatively high nitrogen content
(9% to 10%). This experiment was conducted to investigate the
response of sweet corn (Zea mays L. var. saccharata Stuart.) and
nitrate concentrations to application rates and timing of MBM
in two locations, Waimānalo and Poamoho. The objectives
were to determine effects of application rates and timing on: 1)
sweet corn growth, yield and quality and 2) soil water nitrate
concentrations within and below the root zone. Experimental
design was Split-Plot RCBD with four replicates. Growth, yield
and relative leaf chlorophyll content of sweet corn increased
with increasing application rates (P < 0.05) in both locations.
Timing of application was not significant for any growth or yield
parameters measured in Waimānalo. By contrast in Poamoho,
yield was significantly greater (13.6%, P < 0.05) from preplant
versus split application. Although timing of application was not
significant for NO3-N below the root zone at either location,
N losses were numerically lower by ~20% at Waimānalo and
~40% at Poamoho when applied as split compared to preplant.
These findings suggest that MBM is an effective fertilizer for
sweet corn and split application of MBM may reduce potential
for groundwater pollution.
Specified Source(s) of Funding: Hawaii Department of Agriculture and WSARE

8:15 AM – 8:30 AM

Determining Nutrient Recommendations for
Corn (Zea mays) Based on Soil and Plant Tissue
Elemental Analysis from Different Analytical
Laboratories
Lauren Liuzza*

LSU AgCenter, Baton Rouge, LA, USA

Soil and plant tissue analyses are crucial when determining nutrient applications to corn. Fertility is an important tool growers can
use to increase yields, however, over application of fertilizer can
potentially decrease yields and reduce profits. Accurate elemental
analyses provide economic and environmental benefits. Reliable
recommendations are necessary when applying essential elements for optium growth. The objective of this research was to
obtain elemental values of soil and plant tissues and to compare
nutrient recommendations for corn from four laboratories. Soil
and plant tissue samples collected from two sites over a period
of five months indicated significant differences between soil and
tissue analysis and fertilizer recommendations. High variation
of nutrient levels was found between laboratories. Plant tissue
values and recommendations had more variation between laboratories than soil. Soil tissue macro- and microelements were
significantly different at various stages of growth. Regardless
of laboratory methodology fertility recommendations should
be similar for crop production. There were variations between
recommendations by as much as 200%. Subsequent analysis
confirmed that Louisiana State University Soil Testing and
Plant Analysis Laboratory and Waypoint Analytical Laboratory
satisfied nutrient deficiencies consistently. Future research will
include several other species.
8:30 AM – 8:45 AM

Why Soils with High Extractable Phosphate
Levels Don’t Supply Sufficient Phosphorus for
Potato Production in Northeast Florida
Yuqi Cui

University of Florida, Gainesville, FL, USA

Guodong David Liu*

University of Florida, Gainesville, FL, USA

Lincoln Zotarelli

University of Florida, Gainesville, FL, USA

Steven Sargent

University of Florida, Gainesville, FL, USA

David Dinkins

University of Florida/IFAS, E. Palatka, USA

Phosphorus (P) is essential for potato growth and development
and important for potato production. To optimize P application rates for potato production, this study was conducted with
‘Atlantic’ at UF/IFAS Hastings Agricultural Extension Center,
Hastings, Florida. Six P rates were used including, 0, 45, 90,
134, 179, and 224 kg/ha phosphorus pentoxide. A randomized
complete-block design was employed with four replications.
The plot size was 12.19 m × 4.06 m with four rows. Potato
was planted on 19 Febr. 19 and harvested on 28 May 2015.
The central 2.10 m of the two middle rows were harvested for
tuber yield and quality measurements. Soil pH dynamics was
monitored. Phosphorus fractionation was completed. The results
indicated that soil pH was in a range from pH 4.9 to pH 5.8.
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Soil active aluminum content was up to 780 kg/ha. This high
activity of soil aluminum tied up phosphate and minimized P
bioavailability for the potato plants. It is imperative for us to
find a way to adsorb or minimize the activity of soil aluminum
ions in order to enhance soil P bioavailability and sustainability
of potato production.
Specified Source(s) of Funding: USDA-AMS/FDACS
8:45 AM – 9:00 AM

Effect of Nitrogen Fertilizer on Growth and
Nitrate Content of Grafted and Non-grafted
Tomato in High Tunnel Production
Fairuz Buajaila

Washington State University, NWREC, Mount Vernon, WA, USA

Jeremy Cowan

Washington State University, Spokane, WA, USA

Lynne Carpenter-Boggs

Washington State University, Pullman, WA, USA

Debra A. Inglis

Washington State University, Mount Vernon, WA, USA

Carol Miles*

Washington State University, NWREC, Mount Vernon, WA, USA

This study was carried out in northwest Washington in 2015
and 2016, and compared an integrated fertilizer treatment program (composted poultry manure plus urea) with commercial
chemical fertilizer applications and the use of grafted plants for
high tunnel tomato production. Composted poultry manure was
applied at 2.4 t·ha-1 (15N–60P–35K and 320 Ca kg·ha-1) during
both growing seasons. Urea fertilizer (90 kg·ha-1 N) additions
at 112N–68P–45K and 322 Ca kg·ha-1 were adjusted each year
for comparable N application rates. Tomato cv. Panzer was
grafted on rootstocks ‘Estamino’, ‘Maxifort’, ‘DRO138TX’, and
compared with non-grafted ‘Panzer’ (control). The experiment
used a randomized complete-block, split-plot design with four
replications; the main plot was fertilizer and the subplot was
grafting. At 21 and 42 days after transplanting (DAT) in 2015
and at 44 DAT in 2016, the number of leaves was greater with
commercial fertilizer than with the integrated fertilizer treatment.
There was no effect on number of leaves due to grafting either
year. At 21 and 42 DAT in the 2015 and on all sampling dates
but 107 DAT in 2016, plants grown with commercial fertilizer were taller than those grown with the integrated fertilizer
treatment. There was no effect on plant height due to grafting
in 2015; but in 2016, grafted plants were significantly taller
than non-grafted plants on all sampling dates except 107 DAT.
In 2015, pruning biomass was greater at 35 and 42 DAT due
to commercial fertilizer, and due to rootstocks at 82, 101 and
124 DAT. In 2016, plants grown with commercial fertilizer also
had higher pruning biomass on almost half the sampling dates,
and due to grafting on all but 74 DAT. There was no effect of
nitrate-N in plant tissue and fresh petiole sap due to fertilizer
sources either year. And while there was no effect on nitrate-N

in plant tissue due to grafting in 2015, grafted plants had higher
nitrate-N in plant tissue at 46 and 61 DAT in 2016. A significant
increase in nitrate-N of fresh petiole sap was observed as a
result of grafting with ‘Estamino’ at 31 DAT in 2015, and with
the three rootstocks on all sampling dates but 35 DAT in 2016.
9:00 AM – 9:15 AM

Evaluation of Biochar and Compost Soil
Amendment on Cabbage Yield
Mary McDonald*

University of Guelph, Guelph, ON, Canada

Motior Rahman

University of Guelph, Guelph, ON, Canada

Catherine Bakker

University of Guelph, Simcoe Ont, Canada

Biochar application to agricultural soils is an emerging technology with potential for long-term carbon storage and enhancement of soil fertility. The effect of a biochar compost mixture,
as compared to standard fertilizer, was assessed to determine
the effects on the yield of cabbage (Brassica oleracea L. var.
capitata L.), cv. Adaptor, over three years at two sites. Field
trials were establish near Bradford (44°02’N 79°35’W) and
Simcoe (42°51’N 80°16’W), in Ontario, Canada. A blend of 1:1
composted duck manure and biochar was applied at 6 (low) and
24 (high) tonnes/ha. This was compared to compost at the rate
of 12 tonnes/ha, the rate applied with the high rate of biochar, to
recommended NPK fertilizer, and to NPK fertilizer that delivered
the same nutrients as the high rate of biochar (one site). None
of the biochar alone, or compost treatments, increased yield
compared to the non-amended check at either site. Treatments
receiving the recommended rate of commercial fertilizer had
the highest yields. In 2013, the biochar 24 tonne + NPK fertilizer resulted in higher total yield than the standard fertilizer at
the Bradford site. Also in 2013, at the Simcoe site, the high rate
of biochar resulted in higher total yield and weight per head,
than fertilizer that delivered the same level of NPK nutrients.
Application of biochar plus compost to these vegetable field
sites in Ontario, Canada, did not result in a consistent increase
in yield. Biochar may provide more benefits when applied to
degraded soils.

Specified Source(s) of Funding: York Region Environmental
Alliance
9:15 AM – 9:30 AM

Managing Recycled Nutrient Solution for
Maximum Growth of Hydroponic Lettuce
Krishna Nemali*

Purdue University, West Lafayette, IN, USA

Hydroponic lettuce is usually grown by continuously recycling
the nutrient solution during production. As nutrients are absorbed
by plant roots, stock solution is added to the recycled solution
to maintain the electrical conductivity (EC) at a target level.
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Because plants absorb nutrients from the solution at different
rates, the recycled solutions accumulates elements which are
slowly absorbed by the roots overtime. Therefore, periodic draining of the recycled solution is recommended to avoid negative
effects on plant growth and quality. However, this is generally
not practiced due to increased environmental regulations and
concerns on fertilizer runoff from greenhouses. The presentation
addresses two questions: (i) what is the effect of accumulated
fertilizer salts on the plant growth of lettuce and (ii) is there a
benefit of adjusting EC of the nutrient solution based on plant
growth rate and water use as opposed to maintaining a target EC.
Results from this research indicate that accumulated fertilizer
salts in the recycled nutrient solution significantly reduced plant
growth of lettuce. There was an improvement in lettuce growth
when EC of the nutrient solution was adjusted based on plant
growth and water use as opposed to maintaining a target EC.
9:30 AM – 9:45 AM

Relative Nitrate and Phosphate Leaching
Reduction Capacity of Soilless Root Support
Substrates during Nonrecirculating Hydroponic
Culture of Swiss chard (Beta vulgaris L.)
Jonathan N. Egilla*

= 0.0266), and leachate phosphate concentration by ~45.9%
(P = 0.0004) and 44.6% (P = 0.0001), respectively, over a 49day sampling period. Rockwool removed 1.83% more nitrate
(P = 0.0564), but 11.16% less phosphate (P = 0.0557) from the
leachate compared with perlite. Charcoal filtration of leachate
had no significant (P = 0.05) effect on the concentration of
nitrate or phosphate leached from either perlite or rockwool.
Crop grown in perlite had significantly (P < 0.05) greater marketable yield: leaf count (LC) and leaf fresh weight (LFW) per
plant, as well as leaf dry weight (LDW) and leaf water content
(LWC) than rockwool. Leaf count, LFW, LDW and LWC were
12.1%, 39.2%, 23.5%, and 1.8% greater for crop grown in perlite
than rockwool. The DM6-G® RPB had smaller volume for root
growth [40 cubic inch (0.655 L)] compared with 1-Gal™ [~210
cubic inch (3.44 L)] of perlite. Apparently, the smaller volume
of the rockwool blocks negatively affected the water relations
of the crop, and consequently reduction in growth. Although
there was no significant (P = 0.05) SRSS effect, the two SRSS
reduced nitrate and phosphate leaching by over 40% during the
49-day sampling period. This quantity amounts to significant
savings from reductions in fertilizer losses, and minimization
of potential nitrate and phosphate pollution from small-scale
nonrecirculating hydroponic installations.
Specified Source(s) of Funding: This work is supported by
USDA–NIFA Grant No. MOLU-HYDROPONICS-05. Lincoln
University of Missouri.

Lincoln University in Missouri, Jefferson City, MO, USA

Isabelle Nyirakabibi

Lincoln University of Missouri, Jefferson City, MO, USA

Abua Ikem

Consumer Horticulture and Master
Gardeners

Lincoln University of Missouri, Jefferson City, MO, USA

Jimmie Garth

Lincoln University of Missouri, Jefferson City, MO, USA

This study evaluates the relative capacity of two soilless root support substrates (SRSS) to reduce nitrate and phosphate leaching,
and compared leaf yield of Swiss chard (Beta vulgaris L.) cv.
Acelga from both SRSS in a small-scale nonrecirculating hydroponic system (NRHS). The SRSS comprised of 100% perlite
and DM6-G® rockwool propagation blocks (RPB; 4-inch square
x 2.5 inch deep). A drip system delivered the nutrient solution
(15N–2.2P–12.5K plus micronutrients, supplied at 200 mg nitrogen/liter) at pH 6.5–7.2 during the cropping cycle. Leachate from
the SRSS flowed to drainage with or without subsequent passage
through a 2-L layer of granulated horticultural charcoal, respectively. Mean temperature and relative humidity were 22.9 °C and
63.2%, respectively. We grew Swiss chard seedlings from the
third true-leaf stage until harvesting at 74 days after transfer into
hydroponic culture. Weekly leachate sampling from the NRHS
for determination of nitrate and phosphate concentration started
only when the seedlings were fully established and capable of
active mineral nutrient absorption. We analyzed the samples for
nitrate and phosphate using the Dionex™ ICS-5000+ Capillary
High Performance Ion Chromatograph System equipped with
conductivity detector. Compared with the inflow nutrient solution, both perlite and rockwool significantly reduced leachate
nitrate concentration by ~48.2% (P = 0.0008) and 46.7% (P

Moderator: Sheri Dorn

University of Georgia, Griffin, GA, USA

8:00 AM – 8:15 AM

Providing Extension Master Gardeners with an
International Outreach Opportunity
Pamela Bennett*

Ohio State University Extension, Springfield, OH, USA

Since 2012 Ohio State University Extension (OSUE) Master
Gardeners have traveled to Otavalo, Ecuador to work in indigenous communities on a variety of garden projects. This gardening vacation program was developed by the Ohio Extension
Master Gardener (EMG) Program Director and a representative
of the Tandana Foundation, a non-profit organization that has
hosted volunteer medical vacations in highland Ecuador and
Mali’s Dogon country for 10 years. Interested EMGs register
through OSUE; EMG staff manages paperwork prior to the
event. The EMGs are also required to attend a pre-trip webinar
to learn about traveling in a foreign country as well as some of
the cultural do’s and don’ts. The introduction of this webinar
in the third year greatly alleviated some challenges during the
trip. The OSUE staff provides leadership to the trip until arrival
in Ecuador. Once the plane lands, the group is met by Tandana
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Staff who arrange housing, meals, and the week’s activities. The
concept of the garden vacation is that EMGs work in communities on a variety of gardening-related projects in the mornings
and then tour the local region in the afternoons. The EMGs
learn valuable lessons regarding working with other cultures as
well as working in a totally different gardening environment.
On the most recent trip, participants planted 200 new plants at
the Estacion Metereologic de Inguinacho (weather station) and
planted 150 plants, plus seeds and created new planting beds at
the Subcentro de Salud de Quinchinche (medical clinic). The
concept of planting at the clinic was that the garden would be
used to demonstrate to new moms, pregnant moms and seniors the
types of vegetables that they could grow in their own backyard.
The vegetables in the demonstration are typically not used in the
normal Kichwa diet. These newly introduced vegetables would
help meet some of the dietary needs that were lacking. They will
also start a seed-saving effort as a result of EMGs work. The
minimum for the trip is eight EMGs and since 2012, 56 Ohio
EMGs have attended. In addition to learning about gardening
in another culture, EMGs earn volunteer hours and continuing
education credits on the trip. Current plans are to expand the
opportunity to other states in order to provide EMGs with this
rich international outreach experience.
8:15 AM – 8:30 AM

Extension Master Gardener National Impact
and Evaluation Efforts
Pamela Bennett*

Ohio State University Extension, Springfield, OH, USA

Sheri Dorn

University of Georgia, Griffin, GA, USA

Terri James

University of Nebraska–Lincoln, Lincoln, NE, USA

R. Michael Maddox

University of Wisconsin-Extension, Madison, WI, USA

The Extension Master Gardener (EMG) program exists in 49
states, the District of Columbia as well as Canada and South
Korea. Surveys completed in 2009, 2014, and 2016 did not clearly
reveal how many EMGs there are in the United States (U.S.),
how many hours of service are given in a year’s time, or the
impact that this program has in the U.S. For instance, the 2014
report had only 38 of the 49 state programs reporting, indicating
more than 80,000 EMGs donating more than 5,292,130 hours
of service nationwide. Each state EMG program collects their
own data and reports impact using their own unique reporting
system. As a result, nationally EMG programs are not submitting complete data and the overall impact of the program to our
national stakeholders. The Extension Master Gardener National
Committee created a task force in 2016 to address this challenge; members are tasked with developing a standard tool to
be used by all state EMG programs to collect data nationwide.
The goal is to create a standard tool that will eventually be adopted by each state EMG program and thus leading to a better

picture of the EMG program and the impact. Input from internal
stakeholders (EMG Coordinators) regarding this effort is being
collected at various national meetings including the EMG National Coordinator’s Conference (2016, Montana), the National
Extension Volunteer Conference (2017, North Carolina) and
the EMG International Conference (2017, Oregon). Reporting
impact is critical to the strength of the program nationally. The
EMG national committee, consisting of representatives from
all regions of the country will be responsible for implementing
this data collection and impact reporting.
8:30 AM – 8:45 AM

Assessing Educational Programming Priorities
for Extension Master Gardener Volunteer
Programs
Sheri Dorn*

University of Georgia, Griffin, GA, USA

Bodie Pennisi

University of Georgia, Griffin, GA, USA

Ellen Bauske

University of Georgia, Griffin, GA, USA

Milton G. Newberry

University of Georgia, Athens, GA, USA

Denny Schrock

Iowa State University, Ames, IA, USA

Cynthia Haynes

Iowa State University, Ames, IA, USA

Extension Master Gardener Volunteer (EMGV) Programs have
been in existence in the United States since 1972, in Canada since
1985, and in South Korea since 2011. The program was developed
as a tool to enhance and increase Extension’s ability to respond
to consumer-based horticulture inquiries. Researchers have established an evolution of EMG volunteer roles in the first 25 years
of the program’s history. Early Master Gardeners were primarily
“volunteers with gardening answers.” By the mid-1990s, EMGs
were offering programs to improve the environment and communities. As the EMG program enters its fifth decade, emphasis
is increasingly placed on program impact. It is mission-critical
to assess and re-evaluate educational programming priorities.
Educational programming is the combination of horticultural
content and delivery strategy extended to the public in response
to identified need. In addition to understanding priorities at the
state and national level, it is also important to determine whether
or not programming priorities are consistent among volunteers
and local and state coordinators. To assess educational programming priorities, a national survey was conducted in Fall 2016,
reaching Extension Master Gardener volunteers, and local and
state program coordinators. Respondents were asked to indicate
the importance of six educational programming priorities for
their state’s Extension Master Gardener program. Results of
the study are compared among the five Extension regions. For
a historical perspective, results are also compared to a previously reported state-level study. Understanding the perceived
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importance of programming priorities for EMG programs and
whether or not priorities are consistent among volunteers and
local and state coordinators is important to Extension program
coordinators nationwide as well as to informing the progress of
the Evaluation and Reporting Taskforce of the EMG National
Program Committee.
8:45 AM – 9:00 AM

Home Harvest: Measuring the Economic
Impact of Food Production in Home, School,
and Community Gardens
Lucy Bradley*

North Carolina State University, Raleigh, NC, USA

Zhuowei Li

North Carolina State University, Raleigh, NC, USA

Julieta Sherk

North Carolina State University, Raleigh, NC, USA

Anne M. Spafford

North Carolina State University, Raleigh, NC, USA

In order to facilitate the collection of data on food grown in
home, school and community gardens and to determine the
volume and economic value of home-grown produce we created an on-line calculator, HomeHarvest.org. Users enter the
square feet of vegetables, fruit groundcovers, fruit bushes and
fruit vines in their garden, along with the number of nut trees,
citrus trees and other fruit trees. They also rate their crop yield
and crop quality. In addition, they indicate whether an Extension
Master Gardener Volunteer or Cooperative Extension provided
assistance. Based on U.S. Department of Agriculture data, the
calculator computes the estimated yield and the economic value
of the harvest. It aggregates the data by county, by state and
nationally. Data for home, school and community gardens can
be examined separately.

management plans and programming to local residents. Urban
nutrient management plans prescribe best practices to manage
the amount and timing of fertilization programs, minimizing
nutrient loss while maximizing turf and landscape plant quality.
However, while Extension Units were offering similar services,
both protocol and reporting varied widely. Over the course of 12
months beginning in 2014, we conducted facilitated meetings
and online collaborations, developing a statewide initiative,
Healthy Virginia Lawns (HVL). The Healthy Virginia Lawns
program is designed to provide science based, site-specific lawn
and landscape fertilization recommendations and other best
management practices to homeowners. We produced standard
procedures, turn-key marketing materials such as promotional
videos and program templates, and began aggregating and reporting statewide data of residential turf acreage under certified urban
nutrient management plans. We will discuss a few of the key
best practices recommended through HVL. More specifically, we
will discuss the processes of securing agent buy-in and bringing
existing programs under a centralized statewide initiative which
now also allows for new units to adopt similar programming
locally, concluding with how we effectively aggregate data
reporting for Chesapeake Bay purposes and collective impacts.
Through the HVL initiative we are better poised to leverage
additional resources and increase Extension brand recognition.
We will point out the successful and not-so-successful steps that
proved to be valuable lessons learned. After our first year, in
2016, there were 10 HVL programs reporting impacts. At least
168 Extension Master Gardener (EMG) volunteers reported
more than 3500 volunteer hours while working with at least
1146 clients. These EMG volunteers helped to write nearly 950
certified urban nutrient management plans, bringing nearly 300
acres of residential lawns under nutrient plans counting toward
the Chesapeake Bay Model with respect to nutrient reductions.
Specified Source(s) of Funding: Virginia Department of Conservation and Recreation

9:15 AM – 9:30 AM

9:00 AM – 9:15 AM

Long-distance Management of Master Gardener
Programs

Healthy Virginia Lawns: The Nexus of
Consumers, Extension Master Gardeners,
Nutrient Management, and the Chesapeake Bay

Esther E. McGinnis*

North Dakota State University, Fargo, ND, USA

David Close*

Virginia Polytechnic Institute and State University, Blacksburg, VA, USA

John Freeborn

Virginia Polytechnic Institute and State University, Blacksburg, VA, USA

Executive Order 13508 declared the Chesapeake Bay, the nation’s largest estuary and a watershed covering more than 64,000
square miles, a “national treasure” and requires the federal government to intensify restoration and protection efforts. Proper
management and application of fertilizers to urban and suburban
turf grass represent a significant and measurable area to reduce
nutrient loads into the Bay watershed, aiding in improving water
quality. Beginning as early as 1990, multiple Extension Master
Gardener units across Virginia have been providing urban nutrient

As Extension budgets shrink, fewer people and resources are
available to manage and assist Extension Master Gardener
Programs. The North Dakota State University Extension Master
Gardener Program has only a part-time state coordinator and
an administrative assistant with no Master Gardener county
coordinators to supervise local volunteer projects. A centralized
system has been devised to directly recruit, train, and manage
volunteers across the state from the land grant university. The
Master Gardener core course is taught from the university using webinar technology; students with a computer and internet
connection can take the 40-hour class at their convenience.
Once trained, Master Gardeners from all parts of the state
can complete their volunteer hours by writing for the Master
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Gardener newsletter, giving local talks as part of the speakers’
bureau, posting educational content on social media, or participating in statewide volunteer committees. All committees
meet online or by telephone conference. Master Gardeners with
advanced diagnostician training are encouraged to answer questions in their local Extension office, at gardening workshops,
and on Ask an Expert. Ask an Expert has proved to be a good
opportunity for Master Gardeners that live in remote counties
to fulfill their volunteer hours. Annual statewide Master Gardener initiatives such as the pollinator garden project fund the
building of teaching gardens across the state that can be used
for local educational programming. Extension publications and
pre-written PowerPoints enable consistent programming across
the state. We’ve discovered Master Gardeners are willing to
travel long distances for volunteer opportunities so statewide
volunteer days are scheduled at prominent public gardens such
as the International Peace Garden, the Myra Arboretum, the
NDSU Historic American Hemerocallis Display Garden, and
the NDSU Horticultural Research and Demonstration Garden.
In addition to official Master Gardener volunteer opportunities, many Master Gardeners design, fund, and implement their
own garden projects that benefit schools, churches, cemeteries,
historic sites, and zoos.

Iowa. Applications from 65 projects for up to $1000 each were
submitted by 1 March 2016. Four review groups each rated
16–17 applications to determine which applications were strongest based on having an active master gardener listed as a team
member, indicating a clearly defined evaluation strategy, having
funds leveraged by other partnerships, and having a focus on
impacting food pantry recipients. More than 73,000 pounds of
fresh produce were donated to local food pantries in 2016 from
these funded projects. After the first growing season, the following areas of the partnership were identified that could be better
focused to increase the amount of produce going into the Iowa
food system: 1) increase the number of collaborators involved
in the mini grants, 2) increase the amount of funds allotted for
each mini grant, 3) allow multiple counties to apply for a mini
grant together, and 4) focus the home demonstration gardens
on space-saving techniques. This successful Iowa partnership
has become a model for surrounding states in creating their
own partnerships between SNAP-Ed and the Master Gardener
program.

9:30 AM – 9:45 AM

Project Happy Apples: Educating Homeowners
in Codling Moth Management for Backyard
Orchards

Master Gardeners Partner with SNAP-Ed to
Improve Healthy Food Access in Iowa

Specified Source(s) of Funding: Supplemental Nutrition Assistance Program–Education, U.S. Dept. Agr.

9:45 AM – 10:00 AM

Laura Irish*

Amy Detweiler*

Denny Schrock

Toni Stephan

Susan DeBlieck

In Oregon, one of the more devastating pests in apple and pear
trees is codling moth (Cydia pomonella L.). There is a wealth
of information at hand for codling moth management in commercial fruit tree growing regions in Oregon; however very little
information available for managing this pest in the high desert
environment of Central Oregon. In an effort to assist backyard
gardeners in managing this insect, we initiated Project Happy
Apples. The objectives of this project are to determine if timesensitive email notifications: 1) increase participants’ ability to
recognize codling moth and/or codling moth damage on fruit;
2) increase participants’ awareness of when to monitor and
manage for codling moth; and 3) increase participants’ confidence in purchasing, using and implementing integrated pest
management (IPM) strategies. We emailed monthly information
sheets to participants. Each sheet included timely information,
potentially including photographs of the pest, pest damage, and
IPM strategies. Updates also included action items suggested
for a specific date range, the cost of supplies and outlets where
suggested items were available. In 2015, we did a soft launch
of this project partway through the growing season. The following year, 301 participants signed up to receive emails and
we had 1739 website hits. In November 2016, we emailed an
11-question survey to participants and had 32 respondents.

Iowa State University, Ames, IA, USA
Iowa State University, Ames, IA, USA
Iowa State University, Ames, IA, USA

Christine Hradek

Iowa State University, Ames, IA, USA

Cynthia Haynes

Iowa State University, Ames, IA, USA

In 2014, Iowa food pantries reported to extension specialists
that the number one requested food item from clients was fresh
produce. In 2015, the United States Department of Agriculture
Supplemental Nutrition Assistance Program– Education (SNAP–
Ed) and the Iowa State University Extension and Outreach Master
Gardener program formed an alliance to combat food insecurity
in Iowa by growing and donating fresh produce to food pantries.
The objectives of the partnership not only were to increase access of fresh produce moving into local food pantry systems,
but also to educate families experiencing poverty about home
gardening techniques. Master gardeners were trained on food
safety and citizen science techniques via webinar and face-to-face
sessions prior to garden planting and harvest. SNAP-Ed funded
26 mini-grant projects organized and managed by local Iowa
Master Gardener groups as well as seven home demonstration
gardens located at Iowa State University research farms across

Oregon State University Extension Service, Redmond, OR, USA
Oregon State University Extension Service, Redmond, OR, USA
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Survey results indicated that 81% of participants agreed or
strongly agreed that because of reading the monthly emails
they found themselves having an increased level of confidence
in making pest management decisions. Sixty-nine percent of
participants agreed or strongly agreed they were successful in
reducing the codling moth population in their yards as compared
to taking no action. Sixty-six percent of participants agreed or
strongly agreed their pest management practices were more
effective than they would have been prior to participating in
this project. Sixty-three percent of the participants agreed or
strongly agreed that their pest management practices were more
environmentally friendly than they would have been prior to
project participation. Ninety-seven percent of participants felt
a slightly to much higher knowledge level in knowing when to
put up physical barriers for the management of codling moth.
Ninety-one percent of participants felt a slightly to much higher
knowledge level in knowing when to apply an insecticide for
codling moth. Results suggest that this project was successful
in increasing participants’ knowledge of pest identification, pest
damage, and timely IPM strategies.

Root Growth and Rhizosphere
Dynamics 1
Moderator: Astrid Volder

University of California– Davis, Davis, CA, USA

8:30 AM – 8:45 AM

Influence of Porous Pavements on Growth,
Establishment, and Root Distribution of
Platanus ×acerifolia (Aiton) Willd. in Simulated
Urban Tree Pits

We monitored root growth (with minirhizotrons), stem diameter, soil water content at 10-, 20-, 30-, 40-, 60- and 100-cm,
and temperature at 10-, 30- and 60-cm depths over two years.
In Blacksburg, soil water content at 100-cm depth during the
second growing season was significantly higher under pavement, suggesting less water withdrawal by roots from deeper
soil regions. Roots under pavement grew more quickly and
were shallower than in bare soil, possibly due to higher soil
water content at 10 cm under pavement. After two years, 28%
of minirhizotron frames indicated root presence within the first
10 cm of soil under the porous pavement compared to 17% in
bare soil. Both bare and pavement-covered soil had roots in 29%
of minirhizotron frames at 37–47 cm depth. In Virginia Beach,
trees in pavement initially had fewer minirhizotron frames with
roots, but no differences were evident by the end of year two,
although root dry weight averaged 81% greater under pavement. Similar to Blacksburg, trees in pavement had shallower
roots (21% minirhizotron frames with roots within top 10 cm
of soil, while only 3% at 37–47 cm depth), compared to bare
soil (17% and 12%, respectively). Pavement may have extended
the root growing season as temperature in October averaged 1.1
°C (Blacksburg) and 1.2 °C (Virginia Beach) higher at 10 cm
than in bare soil. Trees in pavement grew larger at both sites
(29% greater stem diameter in Blacksburg, and 51% greater in
Virginia Beach). Results suggest that covering tree pits with
porous resin-bound gravel pavement immediately after planting promotes faster tree establishment and growth, but encourages shallower root systems, which may lead to infrastructure
problems, reduce potential for water extraction from deeper soil
layers, and compromise drought resilience in trees.

Specified Source(s) of Funding: Virginia Tech Department of
Horticulture, Virginia Urban Forest Council, Virginia Agricultural Experiment Station and Hatch Program of the National
Institute of Food and Agriculture, U.S. Department of Agriculture

Francisco Javier de la Mota Daniel*
Virginia Tech, Blacksburg, VA, USA

8:45 AM – 9:00 AM

Virginia Tech, Blacksburg, VA, USA

Impact of N Fertilization on Root Demographics
of Young Pecan Trees

Susan D. Day
Jim Owen

Virginia Tech, Virginia Beach, VA, USA

Astrid Volder*

Virginia Tech, Blacksburg, VA, USA

Paige Graves

University of California– Davis, Davis, CA, USA

Ryan D. Stewart

In dense urban settings tree pits are often the only soil area not
covered by impervious surface. Current trends, however, favor
covering even these limited exposed soil surfaces, which may
have consequences for tree growth and resilience, stormwater
mitigation, and soil temperature, especially when coupled
with climate change. To study tree response to porous pavement, and associated alterations in soil water distribution and
temperature, we planted 12 Platanus xacerifolia ‘Bloodgood’
whips in simulated urban tree pits in two distinct physiographic
regions of Virginia: Valley and Ridge (Blacksburg) and Coastal
Plain (Virginia Beach). Six tree pits were covered with porous
resin-bound gravel pavement, and six were left as bare soil.

Texas A&M University, College Station, USA

Hayley Hannah

Texas A&M University, College Station, USA

Leonardo Lombardini

Texas A&M University, College Station, TX, USA

Application of fertilizer after planting young pecan trees is a
common practice in establishing orchards. The recommended
application rate is 229.5 kg·ha–1 of N for young trees. A common
thought when applying fertilizers is to apply more than recommended in order to ensure trees will not suffer from nutrient
deficiency. However, higher than recommended application rates
can potentially negatively affect root development and lead to
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fertilizer burn. In addition, over-application of fertilizer can
lead to eutrophication of groundwater and nearby water bodies. In this experiment we applied five levels of N to 40 newly
established pecan trees (n = 8) at the Texas A&M University
pecan research orchard and installed root observation tubes on
half the trees per N treatment. Subsequently, we measured tree
diameter growth, leaf gas exchange, and leaf N concentrations
at regular intervals for two years. The five levels applied were
relative to the recommended rate (1 N), at 0 N (no fertilizer),
0.25 N, 0.5 N, 1 N, and 2 N. There was no significant impact of
N fertilization rate on tree diameter growth or leaf gas exchange.
Root demographics data show that maximum root growth occurred in March and April. During the observation period, new
root production was greatest in the 1 N treatment, while roots
exposed to 1 N or double the recommended rate (2 N) had a
significantly shorter lifespan. This resulted in reduced net root
length production in the 1 N treatment. These patterns were
consistent at two soil depths, 14–28 cm, and 98–112 cm. There
was no benefit to applying more than the recommended rate
in terms of aboveground growth. The data suggest that 0.5 N
was an adequate rate for maximizing above- and belowground
growth, which could lead to significant saving for the growers
as well as the environment.

season were almost the same size. Differential irrigation began
in 2016, where 30 inches were applied in the 100% treatment.
As expected, trees receiving less irrigation had reduced RGR,
however, the impact of pruning on both RGR and stem water
potential was much greater than the impact of irrigation rate.
On average, pruning reduced RGR by 30%, while irrigating at
70% only reduced RGR by 7–13%. Pruned trees experienced
higher stem water potential (less water stress) than unpruned
trees through July, at which point the pruned trees in the 100%
started experiencing more water stress than unpruned trees. Data
from the heading experiment on the edge trees show that deep
(below 80 cm) root growth was delayed and reduced by canopy
removal. Thus, once the canopy has recovered from pruning, lack
of deep root growth may cause greater water stress in pruned
trees later in the season.

9:00 AM – 9:15 AM

Susan Miyasaka*

Interactive Effects of Irrigation, Nursery
Production, and Pruning on Almond Water
Relations, Growth, and Root Production
Astrid Volder*

University of California– Davis, Davis, CA, USA

Bruce D Lampinen

University of California Agriculture and Natural Resources, Davis, USA

The almond industry is increasingly using trees that were produced in pots. Trees grown in pots are generally smaller have
much more fibrous root systems than bare root tress. In this
experiment, which started in Feb. 2015, we planted both bare
root and potted almond trees as part of a larger experiment where
we also tested the impact of irrigation level (100%, 85%, and
70% of normal) and pruning on both above- and belowground
tree growth. The design included 4 blocks with 2 replicated
treatments of each irrigation x pot x pruning combination using Nonpareil on Krymsk-86 rootstock for a total of 360 trees
(n = 8). Pruned versus unpruned trees were placed side by side
within each irrigation. Each set of two Nonpareil trees was
separated by a pollinizer tree (either Wood Colony or Monterey).
The edge trees were irrigated at 100% and used for a separate
experiment to test the impact of heading on growth of bare root
Nonpareil trees. Pre-planting metrics showed that potted trees
had 10x smaller stem cross section area and 15x less aboveand belowground mass than bare root trees. However, they had
twice the root length of bare root trees. Length produced per
unit root mass was 16.5 m·g–1 for potted trees and 0.45 m·g–1
for bare root trees. Potted trees had a greater relative growth
rate (RGR) than bare root trees and at the end of the second

Specified Source(s) of Funding: Almond Board of California
9:15 AM – 9:30 AM

Lessons Learned from a Course Laboratory on
Plant Nutrition Utilizing Aeroponically Grown
Sweetpotato [Ipomoea batatas (L.) Lam. var.
batatas cv. Okinawan]
University of Hawaii at Manoa, Hilo, HI, USA

Adam Caple

University of Hawaii at Manoa, Honolulu, HI, USA

Samuel Champine

University of Hawaii at Manoa, Honolulu, HI, USA

Kaipo Dye

University of Hawaii at Manoa, Honolulu, HI, USA

Chandrappa Gangaiah

University of Hawaii at Manoa, Honolulu, HI, USA

Nolan Johnson

University of Hawaii at Manoa, Honolulu, HI, USA

Mitchell Loo

University of Hawaii, Honolulu, HI, United States

Jason Myers

University of Hawaii at Manoa, Honolulu, HI, USA

Theodore J.K. Radovich

University of Hawaii at Manoa, Honolulu, HI, USA

Arthur Villordon

Louisiana State University Ag Center, Chase, LA, USA

Tropical Plant & Soil Sciences 610 (Plant Mineral Nutrition in
the Tropics) was taught during Spring 2016 as a hybrid course
(asynchronous online sessions combined with a face-to-face
laboratory). Three teams of graduate students conducted aeroponic studies on sweetpotato [Ipomoea batatas (L.) Lam. var.
batatas ‘Okinawan’] for six weeks in the greenhouse at the
University of Hawaii (lat. 21°18’N long. 157°48’W), beginning
on 29 January 2016, and harvested on 11 March 2016. The first
team examined effects of six levels of nitrogen (0, 1, 2, 3, 4, and
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5 mM N) in two blocks; the second team studied effects of four
levels of potassium (0, 1.6, 3.2 and 6.4 mM K) in three blocks;
and the third team looked at effects of four levels of phosphorus
(1.0, 4.8, 9.7, and 19.0 mM P) in three blocks. The experimental
design followed a randomized complete-block design. Two cuttings of sweetpotatoes (with at least three nodes) were placed
into 27.4 L polypropylene storage containers with 6 L of nutrient
solution and a venturi mister. At harvest, plants were separated
into leaves, stems, and roots, and then leaf areas, root lengths,
and fresh and dry weights were determined. In addition, leaves
were analyzed for nutrient concentrations. Increasing N levels
in solution resulted in increasing fresh weights of sweetpotato
leaves, stems, and roots from 0 to 3 mM N, and then decreasing
fresh weights as levels of N increased. Interestingly, partitioning
of fresh weight biomass to roots decreased linearly as levels of
N increased. Also, at the 0 mM N level, roots exhibited purplish coloration, perhaps indicating initiation of storage root
formation. Increasing K levels (from 0 to 6.4 mM K) resulted
in increasing fresh and dry weights of plants, and total leaf
area. Increasing K levels up to 3.2 mM K resulted in increasing
total root lengths followed by a decrease at the highest K level.
Increasing P levels above 1.0 mM resulted in P toxicity effects
with significantly decreased fresh and dry weights of roots and
leaf areas. Results of this laboratory experiment demonstrated
that response of root growth to various nutrients differed from
those of leaves or stems, and that ignoring the ‘hidden half’ of
plants could result in different conclusions regarding optimal
levels of nutrients.

Growth Chambers and Controlled
Environments 1
Moderator: Michael Martin

University of Georgia, Athens, GA, USA

8:30 AM – 8:45 AM

Supplemental Far-red Light-emitting Diodes
(LEDs) Increase Yield of Greenhouse Tomato
via Morphological and Physiological Changes

morphological and physiological characteristics of greenhouse
high-wire tomato and to determine subsequent effects of such
characteristics on plant water use. Intracanopy lighting from
light-emitting diode (LED) towers was compared with that from
overhead high-pressure sodium (HPS) lamps. Supplemental
lighting treatments were composed of different combinations
of red (R), blue (B), and far red (FR): B + R (39B: 61R:0FR),
R alone (0B:100R:0FR), R + low FR (0B:82%R:18FR), R +
high FR (0B:71R:29FR), HPS (38B:35R:27FR) controls, and
un-supplemented controls. A fertigation leaching fraction of
30% was applied to maintain acceptable electrical conductivity (EC) and pH in the root zone. Daily water use (DWU) was
calculated by subtracting the amount of leachate collected from
individual plants from the amount of nutrient solution applied at
each irrigation. Plant growth metrics (whole plant fresh weight,
number of leaves, flowers, and fruits) and physiological metrics
(leaf temperature, and stomatal conductance) were measured on
a regular basis. At harvest, plant tissues were separated and dry
weight was determined. The HPS lighting strongly promoted
vegetative growth, and the fresh weight of whole plants was significantly higher compared to LED treatments. The HPS-grown
tomato plants had 25% higher water content in the leaves and
maintained leaf temperature similar to that of LED treatments,
while exhibiting a significantly higher stomatal conductance
only at the top of the canopy. Meanwhile, LED light containing
FR hastened the reproductive growth phase of tomato plants,
resulting in earlier flowering by one week and fruiting by two
weeks compared to the HPS treatment. The morphological and
physiological changes interacted with DWU of tomato plants.
HPS tends to promote DWU during vegetative growth, but this
trend was revered when tomato grown with LED supplemental
lighting produced fruits earlier than HPS-grown plants. Supplemental LED containing FR maintained higher yield throughout
production, resulting in a 1.5-fold higher yield than HPS treatment. It is concluded that supplemental LED lighting with FR
leads to positive morphological and physiological changes,
and therefore increases in yield of greenhouse tomato during
winter months.
8:45 AM – 9:00 AM

Hye-Ji Kim*

Photosynthetic Rate Prediction of Whole Mango
Plant Using 3D Plant Model and Ray-tracing in
Greenhouse

Purdue University, West Lafayette, IN, USA

Meng-Yang Lin

Purdue University, West Lafayette, IN, USA

Celina Gomez-Vargas

Dae Ho Jung*

Cary Mitchell

Joonwoo Lee

Supplemental lighting effectively promotes plant growth and
yield of greenhouse tomatoes, particularly during winter months.
Despite the significant importance, limited information is available as to how supplemental light source and quality interact with
growth and yield of greenhouse tomato. The objectives of this
study were to evaluate the impact of light source and quality on

Woo Hyun Kang

Seoul National University, Seoul, Korea, Republic of (South)

Purdue University, West Lafayette, IN, USA

Seoul National University, Seoul, Korea, Republic of (South)

Purdue University, West Lafayette, IN, USA

Seoul National University, Seoul, Korea, Republic of (South)

In Ha Hwang

Seoul National University, Seoul, Korea, Republic of (South)

Jung Eek Son

Seoul National University, Seoul, Korea, Republic of (South)
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Photosynthesis is an important physiological response in determination of CO2 fertilization in greenhouse and further estimation of
crop growth. In order to estimate the whole plant photosynthetic
rate, it is necessary to investigate the light interception of the
crops changing with environmental and morphological factors.
The objective of this study were to analyze the light interception
of the plant using a 3D plant model and ray-tracing, determine
the spatial distribution of photosynthetic rate, calculate the
whole plant photosynthetic rate of mango (Mangifera indica
L.) grown in greenhouses. In case of mango, it is difficult to
measure the actual light interception at canopy level due to its
vase shape. Two-year-old Irwin mango plants were used. The
light interception and whole plant photosynthetic rate was measured at artificial and natural lights using a closed chamber. A
3D plant model was constructed and the ray-tracing simulation
was conducted for calculating the photosynthetic rate with twovariable leaf photosynthetic rate model of mango. At artificial
light, the calculated photosynthetic rate increased from 1.7 to
3.1 µmol·m–2·s–1 with increasing CO2 concentration. At natural
light, the photosynthetic rate increased from 0.2 µmol·m–2·s–1 at
06:00 and reached the maximum of 3.7 µmol·m–2·s–1 at 09:00,
then gradually decreased to –0.5 µmol·m–2·s–1 at 18:00. In validation, simulation results showed good agreements with measured
ones with R2 = 0.633 and RMSE = 0.615. From the results, it
was supposed that this method could accurately estimate the
whole plant photosynthetic rate and be useful for adequate CO2
fertilization.
9:00 AM – 9:15 AM

Supplemental Far-red Irradiation Enhances
Growth and Phenolic Content of Crepidatrum
denticulatum in Plant Factories with Artificial
Light
Ji-Hoon Bae

Chungbuk National University, Cheongju, Korea, Republic of (South)

Song-Yi Park

Chungbuk National University, Cheongju, Korea, Republic of (South)

Myung-Min Oh*

Chungbuk National University, Cheongju, Korea, Republic of (South)

This study was conducted to evaluate the effect of the irradiation
period and ratio of far-red (FR) LED light combined with red
(R) and blue (B) LED lights on the growth and phenolic content
of Crepidiastrum denticulatum, a valuable medicinal plant.
Three-week-old C. denticulatum seedlings were transplanted
to a hydroponic system in a plant factory. After the ratio of R
to B LEDs was set at 8:2 (R8B2), the ratio of R to FR LEDs
was adjusted to 0.7, 1.2, 4.1, and 8.6. R8B2 and commercially
available LEDs were used as control I and II, respectively. The
plants were cultivated under the light treatments and some plants
of control I were subjected to four different R/FR ratios for 30
minutes before the end of the light period (EOL). Growth and
phenolic compounds related parameters were measured 6 weeks
after treatment. Shoot fresh and dry weight, leaf area, leaf length,

and leaf width under R/FR ratios of 0.7 and 1.2 were 1.8- to
2.4-times higher than those of the control plants. Continuous
R/FR 0.7 and 1.2 irradiation reduced the total phenolic content
per dry weight compared with the control, although it was not
significant. The total phenolic content per shoot increased more
than 2-fold under R/FR 0.7 and 1.2 compared with that of control
I. The content of individual phenolic compounds followed the
same tendency as the total phenolic content. Chlorogenic acid,
caffeic acid, and chicoric acid content per shoot under R/FR
0.7 and 1.2 increased 1.3- to 1.8-times compared with control
I. FR EOL treatments did not show any significant effect on
growth and bioactive compounds. The positive effects of FR
LEDs on growth and phytochemical content were also proved
in our previous study using lettuce. These results suggest that
supplemental irradiation with FR LEDs should be considered
to improve both C. denticulatum yield and quality in terms of
phytochemicals, when grown in a plant factory with artificial
lighting.

Specified Source(s) of Funding: This study was supported
by funds from the Industrial Core Technology Development
Program, Korea (10049146).
9:15 AM – 9:30 AM

Automated Determination and Maintenance
of Optimal Light Levels for Controlled
Environment Agriculture
Michael Martin*

University of Georgia, Athens, GA, USA

Erico Mattos

PhytoSynthetix, Athens, GA, USA

Marc van Iersel

University of Georgia, Athens, GA, USA

Determining optimal light levels for efficient crop production
is vital for controlled environment crop production. Operating
lighting at sub- or supra-optimal levels can slow production or
unnecessarily increase production cost. Our goal was to develop
a system to automatically determine the optimal light level for
different crops, based on how the electron transport rate (ETR)
through photosystem II responds to increasing photosynthetic
photon flux density (PPFD). To determine the optimal light
level for four different species, we exposed plants to gradually
increasing PPFD levels. After each increase in PPFD, ETR
was estimated using chlorophyll fluorescence measurements.
Optimal light levels were determined based on the increase in
ETR with a 25 µmol·m–2·s–1 in PPFD. When the increase in
ETR associated with an increase in PPFD no longer exceeded
a specific threshold, the increase in PPFD was considered to be
used inefficiently and the PPFD was lowered to the previous
level, which was then maintained for the rest of the photoperiod.
Helleborus x ballardiae ‘HGC Pink Frost’ settled at an average ETR of 69 µmol·m–2·s–11 at a PPFD of 265 µmol·m–2·s–11,
Echinacea ‘Sombrero Salsa Red’ settled at an average ETR of
74 µmol·m–2·s–1 at a PPFD of 275 µmol·m–2·s–1 and Lactuca
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‘Green Towers’ settled at an average ETR of 78 µmol·m–2·s–1
at a PPFD of 287 µmol·m–2·s–1. In both plants PPFD was stable
during the remainder of the photoperiod, while ETR slightly
decreased, because of a gradual decrease in the quantum yield
of photosystem II (φPSII). Non-photochemical quenching of
chlorophyll fluorescence, related to the conversion of absorbed
light energy into heat, increased during the photoperiod. By
utilizing this form of biofeedback control, it is possible to
determine optimal light levels for crops, based on their physiological ability to use the provided light.
Specified Source(s) of Funding: Georgia Research Alliance

9:30 AM – 9:45 AM

Creating Lighting Uniformity in the
Greenhouse
Shun Nishimura

LumiGrow, Emeryville, CA, USA

Kale Harbick

Cornell University, Ithaca, USA

light modeling software to consider different lighting scenarios
we determined that when fixtures are hung in a square grid, an
area of uniform light distribution is created at a distance below
the light consistent with the grid size. For example, if a one-acre
greenhouse is illuminated with 400 fixtures on a 10 x 10 foot grid,
uniformity of light is achieved at a distance 10 feet below the
fixtures for 90% of the area, (uniformity defined as within 20%
of the target PPFD.) The edge where the uniformity requirement
was not met can be successfully mitigated by varying the hang
height of the fixtures associated with the edge. This analysis
gives similar results for both LED and HPS luminaires. We will
present empirical data to demonstrate the variability in natural
lighting found in greenhouse environments, modeling data on
how (fixed-intensity) supplemental light plans can be modified
to improve the lighting environment, and introduce a strategy
for optimizing light uniformity using dynamic light sensors that
measure ambient light levels and adjusts supplemental (LED)
lighting, when and where necessary, to create uniform lighting
throughout the growing environment.
9:45 AM – 10:00 AM

Rachel Schuster

Effects of Different Light Quality on Vegetative
Cutting and In Vitro Propagation of Coleus

LumiGrow, Emeryville, CA, USA

Jake Hubert

Thomas A. Colquhoun*

LumiGrow, Emeryville, CA, USA

University of Florida, Gainesville, FL, USA

Jake Holley

LumiGrow, Emeryville, CA, USA

Neil Scott Mattson

Cornell University, Ithaca, NY, USA

Melanie Yelton*

LumiGrow, Inc., Emeryville, CA, USA

Inconsistent crop production can result from the high degree of
variability in the natural lighting environment that greenhousegrown crops are exposed to. This is due to spatial and temporal
variability; and the interaction of these factors. Long-term temporal variability refers to seasonal changes in natural sunlight,
which in turn depends on geographic location (affecting the
angle of the sun and daylength) and seasonal weather patterns.
For example, inside a greenhouse, in Leamington, Ontario,
CA, (40.1°N; 83.6°W), the mean DLI can vary from 2.5–25
mol·m–2·d–1, with an average daily PPFD of approximately 70
to 500 mol·m–2·d–1, between winter and summer. There is also
short-term variability in light intensity throughout the day, which
depends on cloud cover and the angle of the sun. These factors
interact with the crops’ position within the greenhouse relative
to structural components and light transmission properties of
the glazing. The goals of supplemental lighting are effectively
to reduce the spatial and temporal variation in the lighting
environment of the crop production areas, and increase crop
productivity, and uniformity. Supplemental lighting in greenhouses has traditionally been achieved by lighting directly over
the crop, with minimal assurance of lighting uniformity. Using

Plant propagation methods are foundational to agricultural
and ornamental plant production sectors. In an attempt to
optimize light quality conditions for coleus vegetative cutting
propagation, seven commercial cultivars were selected for an
initial screen: ‘Abbey Road’, ‘Lime Time’, ‘Limon Blush’,
‘Oxford Street’, ‘Velveteen’, ‘Trusty Rusty’, and ‘Twist and
Twirl’. Narrow-bandwidth red light treatment improved root
development of coleus cuttings in soil leading to increases in
both shoot and root dry mass. Red light also enhanced root and
shoot development in coleus ‘Gator Glory’ shoot tip cultures
in vitro. When the cuttings in the soil were exposed to green
light, the lowest growth parameters were observed. However,
the shoot tips cultured in MS agar medium under green light
showed better root and shoot growth than those of control
(CWF) and blue light treatment. When the green light and red
light were combined there were significant increases in root
length, leaf and petiole length, dry weight and intermodal length
compared to red light treatment alone. These results indicate the
combination of red and green light could be the optimal light
quality for coleus shoot tip culture in vitro. Blue light was not
an ideal wavelength for propagation using shoot tip culture in
vitro because it resulted in dwarf and compact plants.
Specified Source(s) of Funding: USDA–ARS Floral and Nursery
Research Initiative, USDA-NIFA, the National Horticulture
Foundation, and American Floral Endowment
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Floriculture 1

Moderator: James Faust

Clemson University, Clemson, SC, USA

12:30 PM – 12:45 PM

Domestication of the Poinsettia (Euphorbia
pulcherrima) over the Past Century
James Faust*

Clemson University, Clemson, SC, USA

Annie Borlik

Clemson University, Clemson, SC, USA

The domestication of the poinsettia has occurred over multiple centuries. The poinsettia was originally cultivated by
the Aztecs in the 1500s, and then sent to the United States by
Joel Poinsett in 1828, whereupon it rapidly gained popularity.
By 1900, several selections were common in the florist trade.
These included white and double-flowering forms, and by the
early 1910s the plant had become an important commercial
crop for the Christmas holiday season. Paul Ecke Sr., was the
first commercial grower to actively introduce new cultivars into
the marketplace in the 1930s. Most of these were naturallyoccurring mutations from the cultivar known as ‘Oakleaf’. Dr.
Robert Stewart from the USDA–ARS began the first breeding
program in the 1950s. His selections were handed over to the
commercial industry in the 1960s and several businesses began
their own proprietary breeding programs. With each decade
came new cultivars with enhanced traits, including leaf retention in the postharvest environment, larger bracts, horizontal
(non-drooping) bracts, tighter clusters of cyathia, enhanced
lateral branching, deeper red bract pigmentation, darker green
foliage, reduced stem elongation, earlier flowering, improved
postharvest longevity, and an expanded range of bract color,
color patterns, and shapes. During Fall 2016, twenty-seven
cultivars of poinsettias originating from the 1920s, including
‘Oakleaf’, through current day cultivars were grown along with
a plant recently collected from a wild population in Jalisco,
Mexico. Phenotypic traits were measured for the purpose of
describing the changes that have occurred over the past century
of domestication of this important floriculture crop. These
changes will be demonstrated and discussed.
12:45 PM – 1:00 PM

Preliminary Studies in Abelia As a New Cut
Flower/Foliage Crop
Leynar Leyton Naranjo*

University of Georgia, Griffin, GA, USA

Carol Robacker

University of Georgia, Griffin, GA, USA

Abelia has great potential as a cut flower/foliage crop; stems
have glossy green or variegated foliage with terminal clusters of
small fragrant flowers. Flowers are white, pink or purple. Sepals

of Abelia last for many months, and vary in color from green to
bronze to pink, adding to the ornamental value and options for
cut flower use. Eleven genotypes of Abelia were tested for their
vase life: A. chinensis, four hybrid lines, one backcross, three
releases of the University of Georgia Abelia breeding program
(‘Cloud 99’, ‘Lavender Mist’ and ‘Raspberry Profusion’) and
the commercial cultivar ‘Francis Mason’. Ten shoots of each
genotype were cut from field-grown plants, transported dry and
trimmed to 60 cm in length. Shoots were placed in individual
containers with distilled water in a growth chamber at 20 °C,
24-hour photoperiod, and humidity of 60 to 70%. The deionized
water was changed and the shoots were cut 5 mm at the base
every three days. Fresh weight was determined every other day
and chlorophyll content was measured every three days using
a hand chlorophyll meter. The vase life was calculated as the
number of days until leaf senescence (yellowing or abscission)
was observed. The vase life of Abelia was 55 days, except for
the backcross genotype and ‘Cloud 99’, which had a vase life
of 24 and 22 days, respectively. There were not significant differences in weight over time by genotype, with the exception
of one hybrid line that lost 30% of its weight. The chlorophyll
content significantly increased in all the genotypes over time.
The major increase was in the variegated cultivar ‘Francis
Mason’ with an increase in chlorophyll content of 377%.
1:00 PM – 1:15 PM

Evaluation of High Tunnel- and Field-grown
Specialty Cut Flowers in the Northern Great
Plains
Jacob Kluza*

North Dakota State University, Fargo, ND, USA

Esther E. McGinnis

North Dakota State University, Fargo, ND, USA

Harlene Hatterman-Valenti

North Dakota State University, Fargo, ND, USA

Kyla Splichal

North Dakota State University, Williston, ND, USA

The productivity of high tunnel and field grown specialty cut
flower cultivars needs further evaluation for all regions of the
United States, including the Northern Great Plains. This project
compared cultivars of Antirrhinum majus L. (‘Potomac White’
and ‘Rocket Mix’), Delphinium xelatum D. (‘Guardian Mix’
and ‘Pacific Giant Mix’), Eustoma grandiflorum Calib. (‘Double
ABC 2 Blue’, ‘Double Echo Blue’ and ‘Double Mariachi Misty
Blue’), and Dahlia xhybrida Cav. (‘Karma Irene’ and ‘Karma
Chocolate’) in high tunnel and field environments in Williston,
ND. The Williston Research and Extension Center is located
at latitude 48 9.9’N and is one of the northernmost high tunnel
research centers in the United States outside of Alaska. In 2016,
the site experienced a 118-day growing season. The project
evaluated transplanting at two different soil temperatures, 14 °C
and 19 °C to assess early season extension, morphological traits,
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and productivity. Data from the first season shows that soil
temperature in the high tunnel had a significant effect on stem
caliper. The 14 °C soil planting temperature had an average of
5.5 % increased stem caliper compared to the 19 °C planting
temperature for all species. Soil temperature also had a significant
effect in the high tunnel on total stems per a three-week harvest
period for Antirrhinum cultivars. The 14 °C soil temperature
averaged 12.5 stems per period in comparison to 5.1 stems per
period for 19 °C soil temperature, a nearly 250 % increase.
Significant cultivar differences were observed independent of
temperature for Antirrhinum and Dahlia within both the high
tunnel and field plots. Cultivar differences were observed for
Delphinium and Eustoma only in the high tunnel environment.
The results of this study suggest that certain cultivars are better suited to production in high tunnels while others showed no
environment preference.
Specified Source(s) of Funding: Specialty Crop Block Grant
Program (SCBGP)
1:15 PM – 1:30 PM

Comparative Analysis of Responses to Low
Temperature Combined with Dehydration
Stress in Evergreen and Deciduous Irises (Iris
spp.)
Danqing Li*

bined with dehydration stress could cause growth cessation in
both evergreen and deciduous irises, however, deciduous ones,
especially yellow flag, ceased vegetative growth much earlier
than evergreen ones. Numbers of withered leaves increased
significantly in Japanese iris and yellow flag, while there was
no distinct increase in roof iris and ‘Velvet Memory’. Morphological variations of four irises in controlled environment were
consistent with their performances during natural overwintering.
Briefly, yellow flag ceased growth and fell leaves the earliest,
roof iris was deciduous but had a much longer green period
than yellow flag, Japanese iris and ‘Velvet Memory’ could stay
green throughout the year while green leaf ratio of Japanese
iris was lower than that of ‘Velvet Memory’. Shoot height was
used as the growth parameter to conduct a correlation analysis
with physiological and biochemical factors determined by apical shoots. Our results also confirmed that a significant negative
correlation between superoxide dismutase (SOD) and shoot
height among four irises. For roof iris, Japanese iris and ‘Velvet
Memory’, shoot height was positively correlated with starch
content and negatively correlated with abscisic acid (ABA)
content, while there was no significant correlation among both
factors for yellow flag. The inverse correlation in shoot height
and soluble sugar content between evergreen and deciduous irises
might have a great influence on their interspecific differences
in growth characteristics and foliar habits.

International Horticulture Issues/
Commercial Horticulture

Zhejiang University, Hangzhou, China

Yiping Xia

Zhejiang University, Hangzhou, China

Moderator: Michael Schnelle

Jiaping Zhang

Oklahoma State University, Stillwater, OK, USA

Zhejiang University, Hangzhou, China

1:00 PM – 1:15 PM

Kang Li

Zhejiang University, Hangzhou, China

Agricultural Business Management Training for
Women Farmers in Turkey, Germany and Spain

Jiao Zhang

Zhejiang University, Hangzhou, China

Iris is one of the most economically important ornamental
genera worldwide. However, most iris species and cultivars will
be deciduous without any aesthetic quality as much as five to
six months. Several relative iris species with similar leaf type
showed evergreen and deciduous foliar habits during natural
cold acclimation and de-acclimation. The objective of this study
was to compare the responses of evergreen and deciduous irises
to low-temperature combined with dehydration stress under
controlled environment. For low-temperature and dehydration
studies, uniformly sized one-year-old plants of two groups of
evergreen and deciduous irises with similar leaf type, roof iris
(I. tectorum) and Japanese iris (I. japonica), yellow flag (I.
pseudacorus) and Louisiana iris ‘Velvet Memory’ were maintained in a growth chamber at 10 °C and 50% humidity under
a 14:10 h (day:night) photoperiod with light intensity of 2000
lx immediately after clipped at 10 cm above the soil surface.
In addition, water was withheld from plants for 0, 3, 6, 9, … ,
and 24 days. The results confirmed that chilling at 10 °C com-

Robin Brumfield*

Rutgers, The State University of New Jersey, New Brunswick, NJ,
USA

Burhan Özkan

Akdeniz University, Antalya, Turkey

Rabia Vezne

Akdeniz University, Antalya, Turkey

Farming is the principal economic activity in most rural areas
of the European Union (EU). Without farming, there would be
little to keep many communities alive and hold them together.
Therefore, EU’s Common Agricultural Policy supports farmers
in many aspects. A substantial share of the total agricultural labor
force is female. Therefore, they need vocational training and
guidance in their work places, but unfortunately, that is missing.
Helping women farmers get started and thrive are policy ‘musts’
if Europe’s rural areas are successfully to meet the many challenges they face. Some of the EU objectives are to modernize
labor markets and empower people by developing their skills
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to increase labor participation and to improve the business environment. The Empowering Women Farmers with Agricultural
Business Management Training Project (EMWOFA) aims to
provide a comprehensive training program for women farmers so
that they can develop technical, entrepreneurial and managerial
skills. The EMWOFA Project will “Train the Trainers” using
an educational program training manual for educators. These
educators will help women farmers to improve their business
skills and farms. This will have a multiplier effect by reaching
more women farmers in the EU than we could otherwise. The
trainers will train women farmers using a workbook designed
to help women farmers develop a business plan for their farms
and review best management production methods for growing
horticultural crops. E-learning videos will follow the educational
program and workbook. The videos are tagged one after another
to make it easy for the user to follow. We will share the videos,
educational program manuals, and workbooks for women farmers
with national extension bodies in the EU and post them on the
EMWOFA web portal. This will guarantee both dissemination
and the sustainability of the EMWOFA project, which will be prepared in four languages: Turkish, English, German, and Spanish.
Specified Source(s) of Funding: Funded by the Erasmus+ Program of the European Union. However, European Commission
and Turkish National Agency cannot be held responsible for
any use that may be made of the information contained therein.
1:15 PM – 1:30 PM

Horticulture in Upland Myanmar: Potential and
Challenges
Alyssa A. Pritts*

Myanmar Institute for Integrated Development, Yangon, Myanmar

Marvin Pritts

Cornell University, Ithaca, NY, USA

Myanmar is in the midst of a political transition after a half century of military dictatorship. With this political transition comes
increased foreign investment in infrastructure and agriculture.
Myanmar is a land with incredible horticultural potential having
vast water resources, good soils and a wide range of climates.
However, most of the agricultural production, government subsidies, educational curricula and cuisine is focused on rice. As a
result, there is considerable underinvestment and lack of access
to horticultural crops, leading to a high rate of malnutrition in
the population, especially in the remote mountain states. Chin
State is located in the mountainous area of western Myanmar on
the border of India, and has few transportation links. It has the
highest poverty gap ratio, highest occurrence of food deficits,
and the highest rate of out migration of all states and regions of
Myanmar. The Myanmar Institute for Integrated Development
(MIID), a local research and development institute cooperating
with Cornell University College of Agriculture and Life Sciences, is facilitating a project to explore the opportunities and
challenges for horticultural crops in the region for improved
nutrition and farmer income. The project also aims to strengthen
the capacity of government and agricultural extension educa-

tors, so practices and technology are properly disseminated to
farmers. Efforts are underway to educate communities about
the value of consuming horticultural crops, but there is only
one agricultural university that awards advanced degrees so the
number of researchers and extension educators is woefully short
of the need. There are 1000 farmers for every extension educator
and these are poorly paid and trained. NGOs like MIID, and
private-public partnerships are helping to meet this need, but
the 135 different ethnic groups in the country, many with their
own spoken languages, make education and communication
difficult. About 70% of the population depends on agriculture
as a primary °Ccupation, so investing in agricultural research,
developing new markets, expanding exports, and adding value
to agricultural products is pivotal to improving food security in
the country. If the new government establishes better priorities
and addresses conflicts in ethnic border areas, then the tremendous potential for horticultural production may be realized.
1:30 PM – 1:45 PM

Longer Photoperiods with Consistent Daily
Light Integral Produces Greater Growth in
Tomatoes and Lettuce
Jake Holley*

LumiGrow, Emeryville, CA, USA

Rachel Schuster

LumiGrow, Emeryville, CA, USA

Melanie Yelton

LumiGrow, Inc., Emeryville, CA, USA

Many greenhouses in northern climates use supplemental light
to increase growth of crops in low light seasons and environments. The duration and integrated quantity of light, in the form
of photosynthetically active radiation (PAR), a plant receives
over a day impacts growth, quality, and yield for greenhouse
crops. The sum of photons in a unit area over a day, known
as daily light integral (DLI), is used by growers to plan crop
growth schedules. Although DLI is well correlated to growth, this
metric does not address duration of light during a day, known as
photoperiod. Work by Jiao et al. (1989) on roses, and Logendra
and James (1992) on tomatoes have shown plants grown under
longer photoperiods with a similar DLI produce more overall
growth and accumulate a higher dry mass when compared to
shorter photoperiods. To determine the optimal photoperiod for
currently relevant day-neutral horticultural crops we grew plants
under the same DLI with different photoperiods to determine
an optimal photoperiod for production. Tomatoes and lettuce
were grown in a growth chamber under a DLI of 12 mol/day
with 12-h, 16-h, 20-h, and 24-h photoperiods to test effects
on growth, development, and mass. Tomatoes grown for three
weeks under a longer photoperiod (20 h) averaged a 45% to 67%
increase in dry mass and grew 31% to 44% taller in height in
comparison to plants with a 12-h photoperiod. Lettuce showed
similar results, as the 20-h treatment produced plants with 38%
more wet mass and 36% more dry mass in comparison to the
12-h treatment. Under a 24-h photoperiod, tomatoes developed
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intumescence and lettuce had significantly less wet and dry
mass, suggesting the importance of a dark period. These finding
will be tested in a full production greenhouse environment, to
explore the benefits of achieving both a target DLI and target
photoperiod on marketable yield, by adjusting supplemental
light intensity in regards to the light provided by the sun to
create an optimal lighting environment.
1:45 PM – 2:00 PM

Measuring and Reducing On-farm Losses of
Vegetable Crops with Interdisciplinary Methods

million pounds. In contrast, sweetpotato which has an active processing market and a long storage capability had a much smaller
amount of 4081 pounds that was left unharvested per acre. This
is North Carolina’s largest crop with 64,000 acres, meaning over
261 million pounds could be available. Reducing these losses
could have a triple bottom line impact, improving growers’
profits, making more efficient use of resources, and increasing
the food supply available to fight food insecurity. Additionally,
yields could be increased without increasing inputs, making
reducing losses of fruit and vegetable crops a potential means
to sustainable intensification of agriculture in the United States.
Specified Source(s) of Funding: SARE

Lisa Johnson*

North Carolina State University, Raleigh, NC, USA

2:00 PM – 2:15 PM

Chris Gunter

Rapid Expansion of Asian Vegetable Production
in Florida—Challenges and Opportunities

North Carolina State University, Raleigh, NC, USA

Nancy G. Creamer

North Carolina State University, Raleigh, NC, USA

Guodong David Liu*

Mike D. Boyette

University of Florida, Gainesville, FL, USA

North Carolina State University, Raleigh, NC, USA

Muhammad Shahid

Rebecca D. Dunning

University of Florida, Gainesville, FL, USA

North Carolina State University, Raleigh, NC, USA

Bonnie Wells

J. Dara Bloom

University of Florida, St. Augustine, USA

North Carolina State University, Raleigh, NC, USA

In the United States, 40% of food that is produced never reaches
the consumer. However, losses at the farm level are overlooked in
research and reporting, making that a low estimate. In vegetable
production, edible crops of high quality may be left unharvested
because of a variety of market factors. Without a baseline measurement of losses at the field level, reducing losses to meet the
USDA’s and EPA’s joint goal of reducing food waste by 2030
would be impossible. The aim of this project is to understand
why edible vegetables are left unharvested, determine what
volume is available for recovery, and pilot a potential farm level
solution. As the production management aspect of this issue
only scratches the surface, an interdisciplinary approach is allowing for quantitative and qualitative studies to come together
to inform a solution. Grower interviews and surveys designed
to uncover decision making practices and identify barriers to
utilization of the entire crop are key to meeting this objective. A
protocol for field measurement has been developed to determine
the volume of produce left in the field for a variety of crops, and
will be made available to growers. A major barrier to utilization
has been identified as the harvest costs, therefore the solution in
pursuit is a low-tech mechanized harvest-aid that makes a lastover harvest more efficient, and may make it more profitable.
Qualitative results indicated growers have mixed opinions on
utilizing the currently unharvested crops, as they are concerned
about the price of quality vegetables dropping. Preliminary field
measurement results taken over five cucumber fields in 2016
revealed 12,846 pounds were edible but unharvested per acre.
Cucumber has limited processing options and a moderate shelf
life. With 5300 acres in North Carolina planted in cucumber
production, the available amount for recovery could be over 68

Diversification of crop production increases the sustainability,
profitability, and competitiveness of the Florida vegetable industry. In recent years, potato producers in Florida have experienced
thin profit margins and are trying to enhance their profits by growing new crops. Demand of Asian vegetable commodities has been
greatly increasing in the United States. The increasing demand
has resulted in rapid expansion of Asian vegetable production in
Florida. Currently, more than 20 types of Asian vegetables are
commercially grown in northeast and south Florida. Harvested
acreage of Asian vegetable crops has expanded to 4000 acres
in 2017 from a few hundred acres in 2014. However, for many
of these crops, there is not any University of Florida/IFAS (UF/
IFAS) recommendation available for growers to follow. This
absence of UF/IFAS science-based recommendation limits their
production and may be negatively impacting the environment as
local growers attempt to determine crop nutrient requirements
with limited guidance. Yardlong bean is an effective nitrogen
fixer. Yardlong bean growers apply 150 lb/acre of nitrogen every
growing season. This over-fertilization can cause high nitrate
concentration in groundwater. This presentation will summarize
the production of Asian vegetable crops growing and expanding
in Florida, issues and prospects.
2:15 PM – 2:30 PM

Phenotypic Variation among Trees in a
Population of a Pistacia atlantica x P. integerrima
Cross Sold As UCB-1 Rootstock for Grafting P.
vera (Pistachio) Cultivars
Ewelina Jacygrad*

Foundation Plant Services, Davis, CA, USA
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John Preece

National Clonal Germplasm Repository, USDA–ARS, Davis, CA, USA

Richard Michelmore

University of California–Davis Davis, CA, USA

Deborah Golino

Foundation Plant Services, University of California–Davis CA, USA

UCB-1 is widely used in California as a pistachio rootstock
because of its Verticillium resistance, salt and cold tolerance,
and vigor. It can grow in most locations in California. However,
significant variation exists in the phenotypic performance of
trees grafted to seedling UCB-1 rootstocks. In July 2013, 961
UCB-1 seedlings were planted near Davis, CA to evaluate
phenotypic and genotypic variation in this segregating population. This report focuses on growth performance and how the
population’s phenotypic dynamics have changed over the first
three years in the field. Annually, data were collected on tree
height, trunk caliper, canopy height and diameter, and branching
characteristics. The growth dynamics of the population changed
as the trees aged, with the greatest uniformity during the first
year, and increasing variation in the population in later years.
First year growth performance is poorly correlated with that of
subsequent years, especially for tree height, caliper, and branching. Therefore, selection for vigorous or weak phenotypes early
is the life of the trees misses much of the subsequent variation
and is less effective than desirable.
Specified Source(s) of Funding: California Pistachio Research
Board
2:30 PM – 2:45 PM

Battling Rose Rosette Disease in the Great
Plains
Michael A. Schnelle*

Oklahoma State University, Stillwater, OK, USA

Jennifer Olson

Oklahoma State University, Stillwater, OK, USA

Jason Griffin

Kansas State University, Haysville, KS, USA

Rose rosette disease (RRD) was first reported in the United
States in 1940. Since then the disease has become widespread
east of the Rocky Mountains particularly with the advent of
free-blooming cultivars that landscapers utilize in virtually every
project. Even though the causal agent was identified in 2011
and a better understanding now exists of the eriophyid mite that
transmits the rose rosette virus, RRD is still rampant and thus
responsible for thousands of dollars in damages to producers,
landscapers and ultimately, end consumers. The disease is readily spread through movement of the mite by crawling, wind, or
through human-induced physical movement of the mite. Consequently, rose trials were initiated at Oklahoma State University
and Kansas State University in 2016. Researchers hope to find
commercially available rose cultivars that possess RRD resistance. These selections will be presented to rose breeders for

consideration in future breeding programs. In addition to cultivar
trials, best management practices such as pruning techniques,
eriophyid mite control, etc. are being studied in order to slow
progression of this disease. Second year results of rose rosette
disease incidence will be reported.
Specified Source(s) of Funding: Shackelford Floriculture Professorship

Marketing and Economics
Moderator: Cindy Fake

University of California Cooperative Extension, Auburn, CA, USA

1:00 PM – 1:15 PM

Investigating the Plant Selection Process from
the Consumer Perspective
Bridget Behe

Michigan State University, East Lansing, MI, USA

Lynnell E. Sage*

Michigan State University, East Lansing, MI, USA

Patricia Huddleston

Michigan State University, East Lansing, MI, USA

Ashley Sanders-Jackson

Michigan State University, East Lansing, MI, USA

Xiaoyu Zhao

Michigan State University, East Lansing, MI, USA

Plant selection in a retail location is a topic of great interest
because growers, wholesalers, and retailers all benefit when
a plant is sold. In the retail setting, consumers may encounter
displays of few or many plants and the species may be similar or
dissimilar in the same display. We hypothesized that a consumer
will look at a limited number of plants before making a choice,
and that the number of plants in a display of the same species
would affect the time (to make) and outcome of a purchase
decision. We further hypothesized that more choices in plant
number or species would increase the likelihood of purchase,
but increase the time to make a purchase decision. Participants
were recruited over two days of study, one in which subjects
saw herb plants and another where subjects saw annual plants.
After signing a consent form, subjects were calibrated to Tobii
Glasses 2 eye-tracking hardware and shown simple displays of
6, 12, or 24 plants of one genus then complex displays with 2, 3
or 4 species arranged in visually isolated cubicles. Herb displays
consisted of basil, parsley, sage and rosemary. Annual displays
included calibrachoa, petunia, verbena and Osteospermum. A
common path to each cubicle was marked on the floor, however
the start position advanced one display for each participant in a
reduced Latin square order. Respondents were asked to verbally
indicate which plant in a display they would choose to purchase
(or none) and how likely they were to purchase the indicated
plant. Likeliness to buy (LTB) was measured on a 0 to 10 Juster
scale. Time to choice (TTC) was calculated as the time from
first view of the display plants to the time a plant was indicated.
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For annual plants, results showed that subjects viewed a lower
percentage of plants as the number of plants increased. The
opposite was true for herb displays. The percentage of plants
viewed in the complex displays with multiple genera did not
vary. TTC was similar for all displays but LTB increased with
an increase in the number of genera (complexity) for annuals but
not herbs. We conclude that larger and more complex displays
do not necessarily increase the likelihood of a purchase. Retailers might consider reducing the number of plants in a display
to lessen consumer fatigue without affecting likeliness to buy.
Specified Source(s) of Funding: USDA-FSMIP
1:15 PM – 1:30 PM

U.S. Consumer Preferences for Sustainable
Landscape Attributes
Hayk Khachatryan*

University of Florida, Apopka, FL, USA

Alicia Rihn

University of Florida, Apopka, FL, USA

Due to increasing concerns about natural resource scarcity,
consumers are becoming more environmentally conscious.
Consumer preferences and purchasing behaviors reflect this
change in attitudes as they pertain to choices for horticultural
products or services. In this paper, researchers explore consumer
preferences and willingness-to-pay for sustainable landscape
attributes such as smart irrigation technology and pollinatorfriendly habitat. Additionally, the influence of lawn maintenance
requirements and financial incentives on consumer preferences
was investigated. Primary data for analyses were collected using
an online survey of pre-screened U.S. consumers. Results show
that consumers prefer water-saving smart irrigation systems, low
maintenance requirements, pollinator-friendly habitats. Implications for green industry stakeholders interested in increasing
consumers’ adaptation of environmentally friendly landscape
features will be discussed.
1:30 PM – 1:45 PM

In drought conductions, consumer behavior may vary widely.
Consumers may buy fewer plants, select plants that use less
water, or opt out of landscaping. Previous studies have shown
that factors contributing to outdoor residential water use include
social norms, size of landscape, garden type and importance,
and aesthetic affordance. Yet, more recent work suggests that
attitudes and behavior toward potable water supplies are changing with greater social awareness and increasingly widespread
exposure to drought conditions. We conducted an online national
survey with 1543 subjects to assess their perceptions of water
use, especially as their attitudes relate to landscape plants.
Survey questions were adapted from prior consumer surveys
and included measures of water conservation knowledge and
involvement or interest. Factor analysis is helpful in reducing the
number of attitudinal questions to a subset of more meaningful
key themes or factors. Using SPSS principal component factor
analysis with a Promax rotation, we identified four key factors
related to consumers’ water conservation attitudes: Knowledge,
Involvement, Importance, and Impact. Ten items were substantially related to water conservation Knowledge, five were related
to water conservation Involvement, three to water conservation
Importance and three to water conservation Impact. Combined
the four factors explained 96.2% of the variance in the 21 items.
The factors show key dimensions in water conservation attitudes
and provide a helpful basis for future cluster analyses.
Specified Source(s) of Funding: USDA-SCRI

1:45 PM – 2:00 PM

Demographic Characteristics of Interested and
Disinterested Water Conservers
Melinda Knuth*

Texas A&M University, College Station, TX, USA

Bridget Behe

Michigan State University, East Lansing, MI, USA

Charles Hall

Texas A&M University, College Station, TX, USA

Patricia Huddleston

Michigan State University, East Lansing, MI, USA

Four Key Factors in Water Conservation
Attitudes of Americans
Bridget Behe*

Michigan State University, East Lansing, MI, USA

Melinda Knuth

Texas A&M University, College Station, TX, USA

Charles Hall

Texas A&M University, College Station, TX, USA

Rodney Fernandez

Michigan State University, East Lansing, MI, USA

Patricia Huddleston

Michigan State University, East Lansing, MI, USA

Landscape plants need water to become established in the landscape and vary widely in their water needs after establishment.

Water use and landscape plants are closely linked. Prior research
showed that outdoor residential water use is often determined
by social norms, size of landscape, garden type and importance,
and aesthetic affordance. Other studies suggest that attitudes and
behavior toward potable water supplies have changed in other
countries due to greater social awareness and increasingly widespread exposure to drought conditions. We conducted an online
national survey with 1543 subjects to assess their perceptions
of water use as they relate to landscape plants. Survey questions were adapted from prior consumer surveys and included
measures of water conservation knowledge and involvement or
interest. Using SPSS principal component factor analysis with
a Promax rotation, we identified four factors related to water
conservation attitudes: Knowledge, Involvement, Importance,
and Impact. Respondents were then clustered using their scores
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on these four factors using a K-means cluster procedure resulting
in two clusters: Actively Interested and Inactively Disinterested
in water conservation. We compared the demographic characteristics (age, gender, adult household size and children household
size, ethnicity, education level, income, and plant spending in
2016) of the clusters using ANOVA. Results showed differences
between the groups, except for gender (P = 0 .151). The Actively
Interested cluster was younger, with more adults and children
in the household, was less Caucasian, had a higher level of
education and income, and spent more on plants in 2016. The
Inactively Disinterested segment was older, had fewer adults
and children in the household, was primarily Caucasian, had less
education and income, and spent less on plants in 2016. Both
segments had a similar percentage of females (50% and 60%,
respectively). Our findings were consistent with past research
regarding gender, household size (number of adults and children
in the household), and education levels for water conserving
persons. Yet, our findings were not consistent regarding the
ethnicity, age, income, and spending levels of water conserving
persons. We see greater consistency with more recent study findings. Thus, we see that more recent work may point to changing
water conservation attitudes which may help horticultural marketers because Actively Interested water conservers appear to be
spending more on landscape plants than the other segment. The
current attitudes and demographic characteristics of consumer
are critical inputs to wholesale and retail firms striving to reach
potential plant consumers, especially in times of drought.
Specified Source(s) of Funding: The Garden Club of America,
USDA-SCRI
2:00 PM – 2:15 PM

Small Farm Economics for Beginning Farmers:
Scale, Efficiency, and Profitability
Cindy Fake*

University of California Cooperative Extension, Auburn, CA, USA

Roger Ingram

University of California Cooperative Extension, Auburn, CA, USA

Daniel Macon

University of California–Davis Davis, CA, USA

James Muck

University of California–Davis Davis, CA, USA

Over the last decade, a plethora of extension, non-profit, and
grant funding programs have emerged to serve beginning
farmers. Most programs target start-up operations and focus on
production skills. University of California Cooperative Extension has provided beginning farming training to small-scale
producers since 2004. However, once farmers have several
years of production experience, the focus shifts to helping them
develop business skills. Helping producers develop business,
marketing, and risk management skills is critical to the long-term
economic viability of small farms. Our business training uses a
hands-on, integrated approach; including economic and market
analyses, operations planning, and risk management. Training

is delivered by a team of extensionists and local producers who
provide practical, reality-based tools and advice. A decade of
delivering farm business training and analyzing the economics
of farm businesses has taught us the critical roles of scale and
efficiency in building profitable small-scale farm businesses.
As a result, we have developed farm business training focusing
on profitability analysis, efficiency, and building to a profitable
scale. This presentation will discuss that training and present
the results of a survey of small-scale producers in the northern
California foothills in the process or in need of scaling up. It will
describe the challenges in scaling up and key lessons learned
from analysis of profitability and scale of small farm businesses.
Our experience shows that farms who have streamlined their
operations; growing fewer crops, improving labor efficiency,
and expanding into wholesale and direct-to-retail markets are
more profitable.
Specified Source(s) of Funding: USDA Farm Service Agency
and Western Extension Risk Management Education Program
2:15 PM – 2:30 PM

Return on Investment Analysis of a Robot to
Automatically Transplant Plant Cuttings
Yai Ulrich Adegbola*

University of Florida, Gainesville, FL, USA

Paul Fisher

University of Florida, Gainesville, FL, USA

Transplant of unrooted plant cuttings to produce rooted liner
trays is a manufacturing process that requires considerable labor,
especially during the peak season. Greenhouse companies must
have the necessary workforce (full time and seasonal) to meet
production targets. However, with a shortage of labor, it has become difficult for greenhouse business to find available workers
to transplant plant cuttings. Transplanting robots have recently
been developed that allow automation of the cutting transplant
process. This study focused on 1) analyzing the profitability and
return on investment of a transplanting robot, and 2) identifying
key factors that businesses would considerer when purchasing
a transplanting robot. We collected data on the number and
total labor cost of cuttings transplant in 2016, the number of
weekly hours the robot was operated since acquisition, and the
hourly wage of robot operators in four greenhouse companies.
For example, in one greenhouse company surveyed, a total of
32,929,260 cuttings were transplanted in 2016. Two transplant
robots were purchased by the company, and were operated for
76 hours per week with 2 shifts per day during the peak season,
and 8 hours per week during the off-season since acquisition. We
estimated for this business that a capital cost of $245,312 and
an annual cost of $115,828 ($12,266 annual maintenance cost,
$71,672 annual labor cost, $24,531depreciation over 10 years,
3% interest rate on loan) would yield a yearly saving of $106,756
and a payback period of 2.3 years. Analysis of the four locations
showed economies of scale with increasing robot number, and
greater efficiency when the number of hours of robot operation
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was increased during the peak period. Robot use was also more
efficient when cuttings were transplanted throughout the year.
Results will help growers evaluate how robotics could benefit
labor cost and availability for the transplant process.
2:30 PM – 2:45 PM

Why Is There so Much Interest in Urban
Agriculture, and Does It Pay?
Robin Brumfield*

Rutgers University, New Brunswick, NJ, USA

Charlotte Singer

Rutgers University, New Brunswick, NJ, USA

Urban agriculture is becoming a growing trend. Recently there
has been a popular trend toward eating local, deemed being a
locavore, evidenced by a growing social movement. We examined why the number of urban farms are increasing and what
business models urban greenhouses adapt to be profitable to
determine trends within the sustaining businesses. While the
benefits of buying food locally are unclear due to the economics of comparative advantages, consumer groups support urban
agriculture for a number of reasons. These include to supporting
local farmers, buying fresh food, knowing from where their food
is coming, and respecting the environment. Another popular
reason is to reduce food insecurity. Regardless of the strength
of their consumer base, the number of urban farms is still low
due to the high costs that urban farmers face compared to rural
farmers. Not only is the land more expensive, but also the limited
plot size and probable contamination of the land with lead and
toxins essentially necessitates the use of a greenhouse with high
investment costs. Cost challenges that many urban greenhouse
farmers face include securing funding, finding economies of scale,
and facing high capital and operating costs. Urban greenhouses
typically either target niche markets, adapt a social business
model, or utilize abandoned or low cost land to add value to
their business and make a profit in a costly industry.
Specified Source(s) of Funding: Rutgers University Aresty
Research Center

Propagation

of herbaceous cuttings in substrates containing biochar. I obtained cuttings of seven herbaceous perennial plants [Achillea
L. hybrid, Ajuga reptans L., Coreopsis verticillata L., Iberis
sempervirens L., Leucanthemum ×superbum (Bergmans ex J.W.
Ingram) D.H. Kent, Phlox subulata L., and Salvia ×sylvestris
L.] from commercial suppliers. I stuck the cuttings in a base
substrate of 1:2 (v/v) Sphagnum peat and coarse perlite or the
base substrate amended with biochar at five levels (0%, 10%,
20%, 40%, or 80%; v/v). The biochar was obtained from a
commercial supplier and was screened to a maximum particle
size of 6 mm prior to incorporation. Each cutting was stuck in
a square rose pot (top width: 2.25 inches, depth: 3.25 inches,
vol: 185 cm3). I treated each species as a separate randomized
complete-block design. The cuttings were placed under intermittent mist, with bottom heat supplied. There were 15 replicates
in 2015 and 10 replicates in 2016. Data were collected after the
recommended rooting period for the crop. I removed cuttings
from containers, washed the roots, and assigned each cutting
an Adventitious Rooting Rating (0 = cutting dead, 1 = cutting
alive but no root development, 2 = minimal root development, 3
= moderate root development but insufficient for transplanting,
4 = good root development and sufficient for transplanting, 5 =
optimal root development). Roots were excised from the stem
and scanned with a flatbed scanner (Epson Perfection V19).
Scans were analyzed for first order lateral root counts, total
primary root length, and two-dimensional root area with ImageJ.
Biochar inclusion rates of 0%, 10%, and 20% had no effect or
a slightly positive effect on adventitious root development. The
highest rates of biochar, 40% and 80%, resulted in no effect or a
negative effect on root area, rating, and root length. In the 80%
biochar substrate, root architecture frequently featured many
short primary roots compared to the other substrates in the study,
which had long primary roots. The results of this study suggest
biochar may be safely used in cutting propagation substrates;
however, for some species, use of substrates containing 80%
biochar may increase the number of primary roots, but reduce
primary root length.

Specified Source(s) of Funding: The California Association of
Nurseries and Garden Centers (CANGC) CANERS Foundation;
the Agricultural Research Institute (ARI)

1:45 PM – 2:00 PM

Moderator: Sandra Wilson

Survey of Carbon Allocation, Water Status, and
Photosynthesis of Hibiscus acetosella ‘Panama
Red’ Cuttings during Adventitious Root
Formation

University of Florida, Gainesville, FL, USA

1:15 PM – 1:30 PM

Adventitious Root Development of Herbaceous
Cuttings in Biochar-amended Substrates

Michael Martin*

University of Georgia, Athens, GA, USA

Benjamin Hoover*

Geoffrey Weaver

Cal Poly–San Luis Obispo, San Luis Obispo, CA, United States

Substrates used in the propagation of herbaceous plants via
cuttings are selected to provide a suitable environment for root
growth. Biochar may have promise as a component in these
substrates. My objective in this study was to assess the rooting

University of Georgia, Athens, GA, USA

Justin Porter

Purdue University, West Lafayette, IN, USA

Thomas Maddox

An asterisk (*) following a name indicates the presenting author.
S148

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Oral Presentations
University of Georgia, Athens, GA, USA

Marc van Iersel

University of Georgia, Athens, GA, USA

Matthew Chappell

University of Georgia, Athens, GA, USA

Vegetative propagation by cuttings allows for clonal propagation
of valuable horticultural genotypes. Adventitious root formation relies on translocation of carbohydrates from the cutting
to root primordia and expanding roots. A lack of information
exists on the temporal relationships among carbon translocation,
photosynthesis, and water status as vegetative cuttings develop
callus and roots. Our objectives were to determine relationships
among cutting water status and gas exchange and investigate
the translocation of photosynthates produced both pre- and
post-severance as adventitious rooting occurred on cuttings of
Hibiscus acetosella. Stock plants were 13C labelled before, and
cuttings labeled after being taken, to track movement of carbohydrates from the cutting to adventitious roots. Cutting water
potential (Ψ) remained similar over the 21 d, likely because
cuttings were held under mist. Net photosynthesis (Pn) and
stomatal conductance (gs) both increased over the course of the
study, while leaf intercellular CO2 concentration (Ci) remained
mostly unchanged. This suggests that the low photosynthetic
rate prior to adventitious root formation was not the result of
low Ψ or gs. Instead, we postulate that the low Pn during the
early rooting phase was the result of low sink strength. This
is supported by a strong correlation between root growth rate
(and thus sink strength) and Pn. Based on translocation of 13C
from the cuttings to the newly formed roots, it was determined
that both pre- and post-severance-produced photosynthates
are used for adventitious root growth. We conclude that new
root growth of H. acetosella cuttings uses both pre- and postseverance-produced photosynthates. However, photosynthesis
during the early phase of new root growth appears to be limited
by a low sink strength.
2:00 PM – 2:15 PM

Underdeveloped Embryos and Seed Dormancy
in the Korean Endemic Species Ranunculus
crucilobus (Ranunculaceae)
Seung Youn Lee*

Useful Plant Resources Center, Korea National Arboretum, Korea
Forest Service, Yangpyeong, Korea, Republic of (South)

Yong Ha Rhie

Ranunculus crucilobus H. Lev. is a perennial plant within the
Ranunculaceae and is an endemic species on the Korean Peninsula. There are few reports on embryo development and seed
germination of Ranunculus (Ranunculaceae) species. This study
was conducted to determine the requirements for dormancy-break
and germination, and to characterize the type of seed dormancy of
R. crucilobus seeds. Ripe seeds (achenes) were collected between
late May and early June. The seeds were sown in field soil in
an experimental garden. Every 2 weeks, seeds were exhumed,
and phenology of embryo growth, germination, and seedling
emergence was observed. Temperature requirements for embryo
growth and germination were also determined by incubating seeds
under controlled laboratory conditions. Additionally, the effect of
GA3 on dormancy breaking was tested to characterize the type
of seed dormancy. Seeds had underdeveloped embryos, which
was about 16% of those of fully matured seed. When tested at
the time of dispersal, seeds did not germinate during 8 weeks of
incubation at 25/15 °C. Therefore, the seed dormancy type for
R. crucilobus was morphophysiological. In natural conditions,
embryos grew consistently at cold temperature during winter,
and the embryos had reached the critical E:S ratio (0.83 ± 0.04)
required for germination between 3 and 10 Mar. 2013. On 31
Mar. 2013, 90.9% of seed germination was observed. 91.7%
of the seeds produced seedlings between 31 Mar. and 14 Apr.
2013. In the controlled laboratory experiment, the embryos grew
to the critical length for germination at 5 °C. Thus, the seeds
have complex type MPD. Cold stratification pretreatment was
required for germination. After cold stratification at 5 °C for 0,
4, 8, or 12 weeks, the seeds germinated to 0%, 41.7%, 61.9%,
or 83.8%, respectively, after 12 weeks of incubation at 25/15 °C.
GA3 treatment did not completely overcome the dormancy
although the percentage germination increased with increasing
the concentration of GA3. The final germination proportions
recorded at 0, 10, 100, and 1000 mg·L-1 GA3 were 1.7%, 4.2%,
3.3%, and 25.1%, respectively. Therefore, the seeds expressed
deep complex morphophysiological dormancy (MPD).
(The results of this research were introduced at KSHS 2015
Annual Spring Conference through poster presentation.)
2:15 PM – 2:30 PM

The Grafting of Bell Peppers (Capsicum annum)
to Pepper (Capsicum) and Tomato (Solanum
lycopersicum) Rootstocks, and the Effects on
Yield and Plant Morphology

PaiChai University, Daejeon, Korea, Republic of (South)

David E. Loewen*

Useful Plant Resources Center, Korea National Arboretum, Korea
Forest Service, Yangpyeong, Korea, Republic of (South)

Kimberly Oxley

Ki Cheol Lee

Kansas State University, Olathe, KS, USA
Kansas State University, Olathe, KS, USA

Sang Yong Kim

Cary L. Rivard

Ki Sun Kim

Although some research has been conducted with grafted peppers using specialized pepper rootstocks worldwide, the use of
rootstocks from other solanaceous species outside the pepper

Useful Plant Resources Center, Korea National Arboretum, Korea
Forest Service, Yangpyeong, Korea, Republic of (South)
Seoul National University, Seoul, Korea, Republic of (South)

Kansas State University, Olathe, KS, USA
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(Capsicum) genus for pepper grafting has not been well explored
in the United States. Our project goals were to determine the
feasibility of intergeneric grafting between the Capsicum and
Solanum genera and to identify the utility of grafted pepper (C.
annum) plants for commercial high tunnel production in the
Central United States. We grafted ‘Karisma’ bell peppers onto
both ‘Maxifort’, a popular tomato rootstock, and ‘Scarface’, a
pepper rootstock. Our grafting success rate was approximately
93%, though the grafted peppers spent two to five days longer
in the healing chamber than is typical for tomatoes. We set up
two trials, using a randomized complete-block design (n = 4).
The treatments included nongrafted ‘Karisma’ as well as ‘Karisma’ grafted onto both ‘Maxifort’ and ‘Scarface’ rootstocks.
One trial was located in a high tunnel at the Olathe Horticulture
Research and Extension Center in Olathe, KS, and a second
was performed in the open field at the John C. Pair Horticulture
Center in Haysville, KS. We recorded harvest data and plant
height, and plants were destructively sampled at the end of the
season to measure both above and below-ground biomass. While
location had a strong effect on multiple characteristics of both
grafted and nongrafted plants, rootstock also had a significant
effect on numerous parameters. In the high tunnel trial, plants
with ‘Maxifort’ rootstock had 50% less above ground biomass,
27% lower compactness, 0.085 lbs (29%) smaller fruit, and 6.12
lbs (48%) less total yield on average than the nongrafted plants.
We observed similar but more pronounced relationships in the
open field trial. Plants grafted to ‘Scarface’ showed no significant
difference in total yield, fruit size, or biomass as compared to
nongrafted plants. However, plants grafted to ‘Scarface’ had
0.84 g/cm (22%) greater compactness than nongrafted plants in
the high tunnel trial (P = 0.063). We intend to do further work
to determine the reason(s) for the poor growth of pepper plants
grafted to tomato rootstocks. Peppers grafted onto ‘Karisma’
rootstock may exhibit increased plant compactness with no loss of
yield as compared to nongrafted plants, which could be valuable
for increasing yield on a per square foot basis. More research
is needed to confirm the data presented here and explore other
potential pepper rootstocks for growers in the United States.

propagation together at UC Davis from 1945 until 1987 and both
were active members of the International Plant Propagators’
Society, formed in 1951. Together, they co-authored five editions of their foundational textbook that has become the standard
reference for teaching plant propagation at most colleges and
universities. In 1990, Dr. Fred Davies, Jr. from the Texas A & M
University joined as a third author for the 5th edition and in 1997
Dr. Robert Geneve from the University of Kentucky became the
fourth author for the 6th edition. In recognition of the contributions of the initial authors, the textbook was renamed “Hartmann
and Kester’s Plant Propagation: Principles and Practices” for
the 7th edition published in 2002. As the textbook marked its
50th anniversary in 2011, the 8th edition was printed with full
color figures throughout the chapters. For the newly revised 9th
edition, Dr. Sandra Wilson from the University of Florida has
become the fifth author for the textbook. With this current edition, we hope that we have continued the tradition and original
intent expressed by Hudson Hartmann and Dale Kester in the
preface of the first edition that “This book provides a source of
information concerning the fundamental principles involved in
plant propagation and serves as a manual that describes useful
techniques for propagating plants”.

2:30 PM – 2:45 PM

Monty D. Saunders

Water Utilization and Management 1
Moderator: C. Scott Stoddard

University of California Cooperative Extension, Merced, CA, USA

1:30 PM – 1:45 PM

Irrigation Requirements for Intermountain
West Rangeland Legume Seed Production
Erik Feibert*

Oregon State University, Ontario, OR, USA

Clinton Shock

Oregon State University, Ontario, OR, USA

Alicia Rivera

Oregon State University, Ontario, USA
Oregon State University, Ontario, USA

Reflections on Nearly Sixty Years of Changes
for the Textbook “Plant Propagation: Principles
and Practices”

Nancy Shaw

U.S. Forest Service, Boise, ID, USA

Francis F. Kilkenny

Sandra Wilson*

U.S. Forest Service, Boise, ID, USA

University of Florida, Gainesville, FL, USA

Robert Geneve

University of Kentucky, Lexington, KY, USA

Frederick Davies

Texas A&M University, College Station, TX, USA

The first edition of “Plant Propagation: Principles and Practices”
was published in 1959. Dr. Hudson Hartmann envisioned writing
a comprehensive plant propagation text in 1955 and invited his
colleague Dr. Dale Kester at the University of California, Davis
to be his co-author. Hudson and Dale taught or co-taught plant

Legumes have important roles in rangeland ecosystems and
they may be scarce in degraded landscapes. Seeds of legumes
are needed for rangeland restoration in the Intermountain West.
Since relatively little is known about the water needs for seed
production of potentially useful legumes (Dalea ornata, Dalea
searlsiae, and Astragalus filipes), irrigation trials were conducted
over multiple years. The three species grown at the Oregon State
University Malheur Experiment Station, Ontario, OR. received
0, 100, or 200 mm of irrigation per year. Seed yield responses
to irrigation were evaluated by linear and quadratic regression
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over the applied water rates. In order to improve the accuracy
of estimated irrigation water requirements in any given year,
regressions were also run on seed yield responses to irrigation
plus precipitation during the previous spring; spring and winter;
and spring, winter and fall. Adding spring, winter, and fall precipitation to applied water improved the accuracy of estimated
water requirements for maximum seed production of D. ornata
and D. searlsiae. For D. ornata, the highest yields averaged
396 kg·ha–1 and ranged from 146 to 545 kg·ha–1. Averaged over
six years, seed yield of D. ornata was highest with 393 mm
of spring, winter, and fall precipitation plus irrigation. For D.
searlsiae, the highest yields averaged 260 kg·ha–1 and ranged
from 51–424 kg·ha–1. Averaged over six years, seed yield of D.
searlsiae was highest with 412 mm of spring, winter, and fall
precipitation plus irrigation. Seed yields of A. filipes ranged from
7–110 kg·ha–1 depending on year and averaged 40 kg·ha–1 over
six years. Seed yields of A. filipes did not respond to irrigation
in any of the six years.
Specified Source(s) of Funding: Great Basin Native Plant Project
1:45 PM – 2:00 PM

Growth, Yield, and Quality of Strawberry
(Fragaria xananassa) As Affected by Soil
Moisture Regimes
Bruk E. Belayneh*

to average fruit mass, which was similar between treatments.
Differences in the fruit quality parameters pH, titrable acidity
and total soluble solids (°Brix) were not significantly different
between treatments for all harvest dates. During the 2015–16
season, yield and fruit quality differences observed between
treatments were not significant although the DI3 treatment
applied significantly less water compared to the rest. There
were no significant differences for all plant growth parameters
measured, except for root dry mass that was significantly lower
for the DI3 treatment. Real-time SMP measurements (MPS-6
sensors and T8 tensiometers) are being utilized to control irrigation in the experiment during the 2016–17 growing season. Our
understanding of how plant growth, yield and quality respond
to varying soil moisture regimes is important to devise efficient
irrigation practices for strawberry production in various soils as
well as soilless substrates.
Specified Source(s) of Funding: This project is funded by a
grant from the Walmart Foundation and administered by the
University of Arkansas System Division of Agriculture Center
for Agricultural and Rural Sustainability
2:00 PM – 2:15 PM

Assessing Evapotranspiration Crop Coeffecients
Based on Growing Degree Days and Days after
Planting Models for Watermelon

University of Maryland, College Park, MD, USA

Luke Miller*

University of Maryland, College Park, MD, USA

Timothy Coolong

John Lea-Cox

We have been conducting field experiments to study the effect
of soil moisture regimes on the growth, yield and quality of
strawberry (Fragaria xananassa) cv. ‘Chandler’. In order to
implement incremental drought stress, four irrigation treatments
were selected based on soil matric potential (SMP) threshold
values: control (Cont. = –30 kPa) and three deficit irrigation
treatments (DI1 = –40 kPa, DI2 = –50 kPa and DI3 = –60 kPa).
Corresponding volumetric water content (VWC) values for the
SMP levels were obtained from soil moisture release curves
developed using Hyprop apparatus (UMS, Germany). Irrigation events occurred when the average VWC from two 10HS
soil moisture sensors (METER Group Inc., Pullman, WA)
placed in the root-zone of plants in each plot was lower than
the corresponding VWC, utilizing a wireless sensor network
composed of nR5-DC control nodes (METER Group, Inc.) and
SensorwebTM software (Mayim LLC., Pittsburgh, PA). MPS-6
sensors (METER Group, Inc.) and T8 field tensiometers (UMS)
were used to validate field SMP levels in order to accurately
quantify plant available water in all treatments. Significant
yield differences were observed between Cont. and the DI2
and DI3 treatments during the 2014–15 season. The Cont. treatment applied significantly more water and resulted in 10.5%,
22.8%, and 31.7% greater yield than the DI1, DI2 and DI3
treatments, respectively. Significant differences in the number
of fruits per plant contributed to yield differences as opposed

The University of Georgia, Athens, GA, USA
The University of Georgia, Tifton, GA, USA

George Vellidis

The University of Georgia, Tifton, GA, USA

Wesley Porter

The University of Georgia, Tifton, GA, USA

The Smartirrigation™ application (smartirrigationapps.org), is
a tool designed to aid farmers in conserving water and nutrients
for crops through the improvement of irrigation scheduling.
Currently this application utilizes crop coefficients based on a
days after planting (DAP) model to schedule irrigation. However,
plant growth and development is more accurately determined
by growing degree days (GDD) than DAP. Growing degree day
models have been shown to more accurately predict the development of plant phenology in a season as the model attributes
changes in crop development stages to accumulated heat units.
Soil water tension data and water root zone deficit values were
analyzed retroactively in order to compare expected plant water
use based on the days after planting model and a growing degree
day model. This study aimed to validate crop coefficients for
watermelon and adjust them to reflect differences in DAP and
GDD models. In 2016, the watermelon variety ‘Melody’ was
planted into raised beds of black plastic mulch in Tifton, Georgia
and irrigated based on historical evapotranspiration values, the
Smartirrigation application, or soil moisture sensors (tensiometers). Soil moisture levels were measured using Watermark™
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sensors at depths of 15, 25, and 35 cm. Plots were arranged
in a randomized complete block design with four replicates.
An on-site weather station was used to calculate GDD. This
trial was used to validate and adjust the crop coefficient curve
used by the Smartirrigation™ application, and to assess the efficacy of using a DAP model to determine crop coefficients of
plasticulture-grown watermelon.
Specified Source(s) of Funding: Specialty Crop Block Grant

yield: a 20% yield loss resulted in 16% lower return per acre.

Specified Source(s) of Funding: partially funded by USDA SCRI
2:30 PM – 2:45 PM

Optimizing Water Use of Romaine Lettuce
Using an Evapotranspiration-based Method
Michael Cahn*

University of California Cooperative Extension, Salinas, CA, USA

2:15 PM – 2:30 PM

Lee Johnson

NASA ARC-CREST/California State University Monterey Bay,
Moffett Field, CA, USA

Determining the Water Requirements of Dripirrigated Sweetpotatoes in California

Sharon Benzen

C. Scott Stoddard*

USDA–ARS, Salinas, USA

University of California Cooperative Extension, Merced, CA, USA

In 2015, sweetpotato (Ipomea batatas) production in California
had estimated production of 650 million pounds grown on approximately 18,500 acres. California produces is the second
largest producer in the United States, with about 25% of total
production. Soils are typically sandy to loamy sand in texture,
and drip irrigation is the preferred method to irrigate this crop.
Despite it’s wide adoption by the industry, there have been no
documented irrigation studies to determine optimal water use
in California to maximize yield. Therefore, irrigation trials
were conducted from 2010–13 to determine the amount of
water needed to produce sweetpotatoes with drip irrigation
by imposing deficit irrigation treatments of 40%, 60%, 80%,
100%, and 120% of crop evaporation. Crop evaporation was
determined from the equation ETc = ETo x Kc, where ETc is
the evapotranspiration of the crop, ETo is reference evaporation
using the Merced CIMIS weather monitoring station (CA Dept.
of Water Resources), and Kc is the crop coefficient. Irrigation
amounts were controlled through the use of battery operated
timers connected to surface drip, and were initiated two weeks
after transplanting to allow for root establishment. In-line water
meters were used to determine applied water for the individual
treatments and adjust the time accordingly based on daily crop
ETc. Decagon 5TM (Decagon Devices, Pullman, WA) and Watermark (Irrometer Company, Riverside, CA) soil moisture sensors
were installed at 5, 15, 30, and 60 cm depths. Plot design was a
randomized block with four replications. Applied water root size,
and root yield data were analyzed using Fisher’s Protected LSD at
the 95% confidence level. Soil moisture ranged from 0.25–
0.10 m3/m3 (25% to 10%), and < 25 centibars, during most of
this trial except for the 5 cm depth. Applied water ranged from
36 – 101 cm depending or year and irrigation treatment. Yields
were significantly reduced as applied water was reduced, however, there was no yield benefit to exceeding 100% ETc. Across
4 years of this study, 100% relative yield occurred around 76
cm of applied water (2.5 acre-feet), and declined about 20%
with 50 cm of water, however, sweetpotatoes responded by
sizing differently. Jumbo sized roots declined 40%, whereas
medium and #1 root yields declined 10%. Since the value of
#1 roots is typically twice that of jumbos, the economic impact of deficit irrigation is disproportionate to the impact on

Laura Murphy

University of California, Cooperative Extension, Salinas, CA, USA

Thomas Lockhart

University of California, Cooperative Extension, Salinas, CA, USA

Isabel Zaragoza

NASA ARC-CREST/California State University Monterey Bay,
Moffet Field, CA, USA

Cool season vegetables require adequate soil moisture to assure
that maximum yield and quality are achieved. On the central coast
of California, where a majority of cool season vegetables are
produced in the United States, over-pumping of irrigation water
has reduced groundwater levels and has led to environmental
degradation. Evapotranspiration (ET) based irrigation scheduling
can increase water use efficiency of many crops and minimize
environmental impacts such as nitrate leaching and surface water
run-off. Irrigation trials were performed to evaluate if ET-based
irrigation scheduling could conserve water and optimize yield
and quality of romaine lettuce (Lactuca sativa L. cv. Sun Valley)
near Salinas, CA, during 2015 and 2016. Crops were seeded in
2 rows on 1-m wide raised beds on a Chualar sandy loam soil.
Sprinklers were used for germinating seed and crop establishment. Plants were thinned to 20–25 cm spacing 1 month after
planting. After converting to surface drip, 4 irrigation treatments
were imposed in a complete randomized block design with six
replications. Treatments represented 50%, 75%, 100%, and
150% evapotranspiration (ET) replacement for a typical romaine
crop. Guidance for ET estimation was provided by CropManage
decision-support tool (U.C. Cooperative Extension, cropmanage.
ucanr.edu), operating in conjunction with daily reference ET
from the California Irrigation Management Information System
(Calif. DWR). Applied water for both sprinkler and drip was
monitored with flow meters. Marketable yield was evaluated
at crop maturity for carton and cored products. Yields from the
100% and 150% ET treatments were not significantly different
and were similar to industry averages, while yields were significantly lower for the 50% and 75% ET treatments. The 100%
ET treatment resulted in the greatest water and N-use efficiency.
Specified Source(s) of Funding: California Department of Food
and Agriculture Specialty Crop Block Grant
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Improved Irrigation and Management Practices
for Water Conservation and Plant Growth in
Citrus
Srilakshmi Telagamsetty*

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Mamoudou Setamou

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Shad Nelson

Texas A&M University, Kingsville, Kingsville, TX, USA

Catherine Simpson

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Citrus production in the Lower Rio Grande Valley (LRGV)
faces many challenges, including drought, heavy clay soils,
weeds, pests, and diseases. The semi-arid subtropical climate of
the LRGV makes maintaining adequate soil moisture for plant
growth and yield especially difficult. Traditional flood irrigation
is the most common method of irrigation used by growers in this
area; this method of irrigation leads to higher evaporation rates,
fertilizer runoff and leaching, and lower water use efficiency.
Microjet and drip irrigation systems are expensive to install
and often require land to be taken out of production in order to
create holding ponds for water, which is not feasible for many
growers. The alternative method of narrow border flood irrigation reduces the amount of water applied without the expense
of irrigation equipment or systems. In narrow border flood,
the trees are planted on top of raised beds while furrows are
irrigated. In addition to this alternate irrigation practice, plastic
mesh groundcovers are installed to help conserve soil moisture
by reducing the evaporation loss from the soil surface while
suppressing weeds. To illustrate the effectiveness of this type of
management practice, we partnered with a local citrus producer
to install a demonstration plot on his property and monitored
growth of trees over time. Trees were planted in beds with four
treatments, raised bed with ground cover (RBGC), raised bed,
no cover (RBNGC), flat bed with ground cover (FBGC) and flat
bed, no ground cover (FBNGC), to determine growth rate and
eventually yield in each treatment. Data were collected on soil
volumetric water content, trunk diameter and plant height every
month throughout the duration of the experiment. Preliminary
results show that, the ground cover treatments have significantly
higher tree height and trunk diameter compared to the conventional flat bed with no ground cover. The relative growth rate
is higher with RBNGC followed by FBGC and RBGC. Both
raised bed treatments showed more consistent soil moisture at
6 inches and 18 inches compared to the conventional flat bed
treatments. Preliminary results show that by implementing these
new irrigation and management practices we can promote water
conservation, reduce input costs and improve plant growth.
Specified Source(s) of Funding: Texas Water Development Board
Contract No#1513581823

Floriculture 2

Moderator: Kellie J. Walters

Michigan State University, East Lansing, MI, USA

1:45 PM – 2:00 PM

Carrier Water Alkalinity and Ambient Air
Temperature Influence Ethephon Efficacy
Kellie J. Walters*

Michigan State University, East Lansing, MI, USA

Roberto G. Lopez

Michigan State University, East Lansing, MI, USA

The plant growth regulator (PGR) ethephon [(2-chloroethyl)
phosphonic acid] breaks down to release ethylene (C2H4) and
can be sprayed on floriculture crops to reduce cell elongation
inhibiting internode elongation, reduce apical dominance,
increase lateral branching, and abort flower buds and flowers.
However, the efficacy of ethephon applications is influenced by
a variety of factors including ambient temperature and carrier
water pH. As pH or temperature increase, the rate of ethylene
release from ethephon increases, reducing chemical efficacy.
Therefore, our objective was to quantify how the efficacy of
ethephon sprays are influenced by carrier water alkalinity and
ambient temperature at application. Young plants of verbena
(Verbena peruviana) ‘Aztec Blue Velvet’, ivy geranium (Pelargonium pelatum) ‘Precision Pink’, and petunia (Petunia
xhybrida) ‘Easy Wave Neon Rose’ were transplanted into 11cm containers and grown with a constant air temperature of 20
°C. For Expt. 1, temperature set points were changed to 14, 17,
20, 23, or 26 °C two weeks after transplant. Plants were then
sprayed with 0, 250, 500, or 750 mg·L–1 ethephon with carrier
water alkalinities of 50, 150, or 300 mg·L–1 CaCO3. Twenty-four
hours after application, temperatures were changed back to a
constant 20 °C. Nine days after the first application, a second
application with the same treatments was applied. In Expt. 2,
the treatments were the same as Expt. 1, however, only one
ethephon application was made one or two weeks after transplant. In Expt. 1, as alkalinity increased from 50–300 mg·L–1,
stem length 4 weeks after transplant increased by 21%, 32%,
and 19% for petunia, verbena, and ivy geranium, respectively.
In expt. 2, as alkalinity increased from 50 to 300 mg·L–1 branch
number of verbena decreased by 5 branches. As application air
temperature increased above 23 °C, chemical efficacy decreased
in all species. For example, time to flower of petunia, verbena,
and ivy geranium decreased by 4, 7, and 11 days, respectively,
as temperature increased from 23 to 26 °C while there was no
difference when application temperatures were between 14
and 23 °C. Based on our data, we conclude that carrier water
alkalinity and air temperature at application influence ethephon
efficacy and are additional factors for greenhouse growers to
consider when applying ethephon.
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2:15 PM – 2:30 PM

Ethylene and 1-MCP Effects on Botrytis
Severity Using Four Pelargonium
Cultivars

The Role of Autophagy in the Response of
Petunia xhybrida ‘Mitchell Diploid’ to Low
Fertility and Salinity Stress

Nathan Jahnke*

Juan Quijia Pillajo*

North Carolina State University, Raleigh, NC, USA

The Ohio State University, Wooster, OH, USA

John Dole

Michelle Jones

David Shew

Abiotic stresses reduce the visual quality of ornamental plants
and consequently cause economic losses for growers. Plant
responses to stress involve several physiological, morphological, and molecular changes. Autophagy, a process of cellular
degradation, is important for normal plant development and
stress responses. During autophagy, double membrane structures
(autophagosomes) capture the cytosolic contents and deliver
them to the vacuole. Autophagosome formation is regulated
by the autophagy-related (ATG) genes. Here, we describe how
the ATG genes of Petunia xhybrida (PhAtg4, PhAtg5, PhAtg6,
PhAtg7, PhAtg8a, and PhAtg13) are regulated in response to
low fertility and salinity stress. During low fertility stress, upregulation of the ATG genes was accompanied by a decrease
in leaf chlorophyll content. In contrast, under salinity stress the
ATG genes were either downregulated or not affected even when
significant changes were observed in stomatal conductance, leaf
temperature, photosystem II efficiency, and electrolyte leakage.
To further investigate autophagy, wild type petunia and transgenic
RNAi lines targeting endogenous PhAtg6 were grown for six
weeks using three irrigation solutions: control (100 ppm N from
15–5–15), low fertility (10 ppm N from 15–5–15), and salinity
(100 ppm N from 15–5–15, 80 mM NaCl). Growth index (GI),
dry weight (DW), days to flower anthesis (DF), number of leaves
per plant (LP), leaf area (LA), and chlorophyll content (SPAD)
were measured to evaluate the stress responses in wild type and
transgenic petunias. Under control conditions, transgenic lines
showed lower SPAD values, delayed flowering, a reduction in
number of leaves per plant, and an increase in leaf area. Low
fertility stress did not affect GI, LP, and LA; however, DW and
leaf chlorophyll content were higher in transgenic plants. Salinity
treatment reduced growth and leaf area, but not the number of
leaves in transgenic lines. Although the autophagy molecular
machinery was activated in response to the low fertility treatment, salinity stress did not have the same effect. Disruption
of PhAtg6 expression affected normal development of petunia
and its ability to tolerate low fertility and salinity stress. By
identifying the function of the autophagy related genes, we aim
to increase our understanding of plant development and abiotic
stress tolerance.

North Carolina State University, Raleigh, NC, USA

Ohio State University/OARDC, Wooster, OH, USA

North Carolina State University, Raleigh, NC, USA

Botrytis cinerea can infect approximately 200 species of plants,
many important to the floriculture industry. During shipping and
storage, unrooted cuttings are subject to high relative humidity, which is conducive for disease development, and drastic
swings in temperature. Unrooted cuttings of four cultivars of
Pelargonium xhortorum L.H. Bailey, ‘Americana Red’ (AR),
‘Patriot Bright Red’ (PBR), ‘Patriot Rose Pink’ (PRP), and
‘Tango Dark Red’ (TDR), were received from commercial
suppliers and were either left untreated, or treated with 1.0
µL·L–1 of ethylene (ET) or 700 nL·L–1 of 1-methylcyclopropene
(1-MCP). After 22 hours of incubation, cuttings from each treatment were either left dry or sprayed with a spore suspension
of 2 x 10^6 spores per mL. After incubating for four days, in
high humidity chambers, cuttings were rated for disease severity (BR). All cultivars increased in ET production over the
four-day incubation. ‘Tango Dark Red’ (TDR), ‘Patriot Bright
Red’ (PRP), ‘Patriot Bright Red’ (PBR), and ‘Americana Red’
(AR) produced an average of 1.12, 0.88, 0.62, 0.60 µL·L–1 of
ET, respectively. However, depending on a treatment of ET or
1-MCP and whether inoculated or not, cultivars produced differing levels of ET. 1-MCP significantly increased ET production
for most cultivars. Treating with ET had a weaker effect, but still
increased ET production in some cultivars. 1-MCP did reduce
or keep leaf yellowing at similar levels to the control, while ET
significantly increased leaf yellowing in most cultivars. PRP
was significantly the most susceptible to botrytis while AR and
TDR often switched between ranking as the least susceptible.
Treatments of 1-MCP or ET sometimes caused TDR to have as
much disease as PBR. 1-MCP did significantly reduce botrytis
ratings (BR) for all cultivars except the least susceptible AR
when compared to controls. Treating cuttings with ET significantly increased BR in some cultivars. Cultivars of geranium
do show varying levels of susceptibility to botrytis and act
differently in correspondence to ET or 1-MCP. These gases do
have a small effect on botrytis severity. However, correlations
between cultivars’ susceptibility to botrytis and pretreatments
of either ET anti-ethylene, 1-MCP, are not consistent leading
us to believe that a cultivars’ sensitivity to ET may play a small
role in disease severity.

Specified Source(s) of Funding: D.C. Kiplinger Endowment
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The Impact of Light Intensity on the Vase Life
of Cut Flowers of Anthurium andraeanum
(Hort.) Cultivars Assessed Using Hyperspectral
Reflectance
Sarah Evelyn*

The University of the West Indies St. Augustine Campus, St.
Augustine, Trinidad and Tobago

Anthurium is one of the most important ornamental crops in the
worldwide cut-flower market. Many varieties have exceptionally
long vase-lives, however others that have highly marketable
characteristic (e.g. brightly colored, large or showy spathes) have
short vase-lives (less than 15 days). In this study we investigated
the impact of light quality and quantity on vase-life and cut-flower
condition. In particular, we use hyperspectral reflectance to track
changes in cut-flower condition overtime. For all experimental
work, cut-flowers of anthuriums were collected and transferred
to an environmentally controlled room (12-hour photoperiod,
75 % RH, 22 °C) under three light regimes: fluorescent light (40
µmol·m–2·s–1), low Photosynthetically Active Radiation (PAR)
(40 µmol·m–2·s–1) and high PAR (400 µmol·m–2·s–1). The link
between light quality/quantity and vase-life was investigated
for two anthurium cultivars classified as short-lived (Spirit) and
long-lived (Honduras) based on length of vase-life determined
from previous studies. Degradation, water uptake and hyperspectral reflectance were measured three times a week. Spadix
necrosis was used to monitor cut-flower degradation over time
and to determine the end of vase-life for each cultivar. Light
regime had a significant impact on vase-life and water uptake in
Honduras but not in Spirt. Water uptake rate was higher for Spirit
while Honduras maintained a moderate and steady water uptake
rate over time, particularly under high PAR. The reflectance
spectrums obtained were as expected for pink (Spirit) and red
(Honduras) spathes. Differences in the reflectance spectrums over
time included consistent changes in the ‘red dip ratio’ (R670nm/
R690nm). Both cultivars demonstrated a decline in red dip ratio
over time. The decline for Honduras varied depending on light
regime, with high PAR taking the longest time to decline. The
results illustrate that extension of vase-life under high light
intensity is cultivar dependent.
2:45 PM – 3:00 PM

Inhibition of Flowering in Gladiolus xhybridus
‘Vista’ Using GA Inhibitors
Jaser Aljaser*

University of Minnesota, St. Paul, MN, USA

Neil Anderson

University of Minnesota, St. Paul, MN, USA

Gladiolus xhybridus flower is major cut flower in the world;
U.S. production of Gladiolus is ~$20 million (w). The control
of flowering is determined by environmental factors, such as

photoperiod, temperature as well as plant growth regulators. Gibberellins (GA) and abscisic acid (ABA) both interact in gladiolus
dormancy. The exogenous application of GA enhances uniform
corm sprouting and flowering. Our objective is to analyze the
influence of gibberellin inhibitors (GA-Inhibitors) and ABA for
control of flowering. Gladiolus corms were dipped in varying
concentrations of GA-inhibitors and ABA solutions. Phenotypic
traits measured included corm sprouting, leaf height, flower spike
height, and daughter corm/cormel production (number, weight).
ABA significantly delayed sprouting but had no significance
effects on leaf/flower spike heights and daughter corm number
and weight. Low concentrations of GA-inhibitors delayed corm
sprouting and reduced height, while high concentration significantly delayed sprouting, reduced height, daughter corms number
and weight, and inhibited flowering. On the other hand, high
concentration of GA-inhibitors delayed senescence. These findings confirm the vital role of gibberellins in control of Gladiolus
flowering. Future experiments will be conducted to determine
whether different gladiolus cultivars respond to GA-inhibitors
and ABA in a similar manner to ‘Vista’.
Specified Source(s) of Funding: MN Gladiolus Society; MN
Agric. Expt. Station; Government of Kuwait

Human Issues in Horticulture/Public
Horticulture
Moderator: Brian Trader

Longwood Gardens, Kennett Square, PA, USA

3:00 PM – 3:15 PM

Comparison of Physiological and Psychological
Relaxation by Measurements of Prefrontal
Cortex, Heart Rate Variability, and Subjective
Index for Task with or without Foliage Plants
Sin-Ae Park*

Konkuk University, Seoul, Korea, Republic of (South)

Chorong Song

Chiba University, Chiba, Japan

Yun-Ah Oh

Konkuk University, Seoul, Korea, Republic of (South)

Yoshifumi Miyazaki

Chiba University, Chiba, Japan

Ki-Cheol Son

Konkuk University, Seoul, Korea, Republic of (South)

The objective of this study was to compare the effects of physiological and psychological relaxation for task with or without
foliage plants on prefrontal cortex activity, heart rate variability,
and subjective assessments. Twenty one university students
conducted a task, transferring pots with or without a foliage
plant for three minutes in a crossover experimental design.
Oxyhemoglobin (oxy-Hb) concentration in the prefrontal cortex
and heart rate variability (HRV) were continuously measured
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with a portable near-infrared spectroscopy (NIRS) device and
HRV monitor, respectively. After then, subjective evaluation of
emotions was answered by a modified semantic differential (SD)
method and the profile of mood state questionnaire (POMS). As
the results, oxy-Hb concentration in the left prefrontal cortex
was significantly lower in the last 3-min in subjects who did
the task with foliage plants than in those who did not. One of
the indicators for HRV, In (LF/HF) significantly lowered in
subjects who did the task with foliage plants during 3 min. A
significant psychological relaxation in POMS and SD showed
in the subjects who tasked with foliage plants. In conclusion, the
task with foliage plants led a physiological and psychological
relaxation compared to the task without foliage plants.
3:15 PM – 3:30 PM

Horticultural Therapy Program Based on
Task-oriented Training for Improving Upper
Extremity Function and Balance Ability in
Stroke Inpatients

Falls Efficacy Scales) were evaluated. As the results, stroke
patients in the HT group showed significantly improved upper
limb function, hand force, balance, fall efficacy, activity of daily
living, and a decreased depression (P < 0.05). In contrast, there
was no significant change in the control group. Additionally,
85.7 % stroke patients in the HT group reported very satisfied
or satisfied for the HT. In conclusion, the horticultural therapy
based on task oriented training improved the physical and psychological function after stroke rehabilitation. Implementing
a HT in rehabilitation hospital will effectively contribute to
functional recovery after stroke.
3:30 PM – 3:45 PM

The Effect of Participation in Greenhouse
Activities on Depression, Anxiety, and Stress of
University Student Military Veterans
Rosalie J. Kelley*

Texas State University, San Marcos, TX, USA

Tina Waliczek

A-Young Lee*

Texas State University, San Marcos, TX, USA

Konkuk University, Seoul, Korea, Republic of (South)

Sin-Ae Park

Konkuk University, Seoul, Korea, Republic of (South)

Ki-Cheol Son

Konkuk University, Seoul, Korea, Republic of (South)

Hye-Kyung Park

Bobath Memorial Hospital, Seongnam, Korea, Republic of (South)

Min-Sik Kim

Chungnam National University Hospital, Daejeon, Korea, Republic of
(South)

Jin-No Park

Bobath Memorial Hospital, Seongnam, Korea, Republic of (South)

The objective of this study was to assess the physical and psychological effects of an 18-session horticultural therapy (HT)
program based on task oriented training in stroke patients and to
investigate satisfaction of the HT program. The HT program was
comprised of horticultural activities including the motions such
as reaching-grasping, squatting, stepping, and stooping. A total
of 31 stroke inpatients (16 males, 15 females) at rehabilitation
hospital located in Seongnam, South Korea were participated
in this study. Fourteen stroke patients were participated in a
third-weekly HT program (6 weeks, approximately 60 min per
session) in the period of Aug. to Sept. 2016; seventeen stoke
patients who were not participated in HT were in control group.
At the completion of the 18-session HT program, upper limb
function (Manual Function Test), hand force (Hydraulic hand
dynamometer, Hydraulic pinch gauge), fine motor skills (9-hole
pegboard), balance (Berg Balance Scale), and activity of daily
living (Modified Barthel Index) were evaluated in both groups.
Additionally, depression (The Korean Version of The Short Form
of Geriatric Depression Scales), rehabilitation stress (Rehabilitation Stress Scales), rehabilitation motivation (Rehabilitation
Motivation Scales) and falls efficacy (The Korean Version of

The mental health of the men and women who served in the
U.S. Armed Forces is an area of great concern in the United
States. Furthermore, studies have shown the mental health of
university students is also a concern with a growing need for
support services and prevention measures. The objective of this
study was to determine the effects of participation in prescribed
greenhouse activities on the depression, anxiety, and stress levels
of university students who served in the U.S. Armed Forces. Participants completed a pre- and post 21-item Depression, Anxiety,
and Stress Scale (DASS-21) survey, along with a questionnaire
designed to capture participants’ socio-demographic information and information regarding their military service history.
The study included a control group and a treatment group. The
treatment consisted of a six-week indoor plant care program.
Results presented show the value of therapeutic exercises using plants and greenhouse spaces to veterans and students in
managing stress, anxiety, and depression.
3:45 PM – 4:00 PM

Growers’ and Consumers’ Knowledge,
Attitudes, and Opinions Regarding Roses
Available for Purchase
Tina Waliczek*

Texas State University, San Marcos, TX, USA

David Byrne

Texas A&M University, College Station, TX, USA

Don Holeman

Rose Hybridizers Association, Enfield, USA

Rose breeders historically have bred plants based on what they
personally have deemed important, or instead on variables
growers have noted as important for the success in growing the
crop. End-user opinions have not been formally considered. The
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purpose of this study was to investigate the growers’ and the
consumers’ knowledge, attitudes, needs and opinions of roses
available on the market and their experiences in growing them in
the nursery and home landscape. A survey tool was developed to
measure what attributes consumers were looking for in purchasing
and growing rose plants, their knowledge of diseases and pests
and their hopes for new plants coming to market. The survey
was developed using Limesurvey web-based survey design tool.
A link was sent to horticultural group mailing lists including the
Rose Hybridizer Association, the American Rose Society, the
Texas Landscape and Nursery Association, Master Gardeners
among others as well as distributed through personal email lists,
Facebook, and a news release from Texas A&M University. The
survey was posted for 10 weeks. It included approximately 66
questions and took 30 minutes or more to complete. Over 1800
responses were received from rose growers and consumers
worldwide. Data were automatically downloaded into Microsoft
Excel. Data formatting was conducted in Excel and transferred
to PASW/SPSS. Results of the survey found the characteristics
that respondents were looking for in purchasing roses and the
attributes which should be considered in breeding.

space is not a simple, formulaic strategy. To create such a space
during an Extension program, the educator must provide and
encourage space for participants to interact with each other and
the learning environment. This interaction with the environment
must transcend basic hands-on exercises and allow participants to
shape the space. In so doing, participants my better understand,
accept, and even form “deep commitments” to the techniques
or technologies presented. “Dragon Mapping” is an example
of an introduction exercise that opens the door to tactile space
by allowing participants to interact, then to shape the interaction in a way that substantially improves the overall comfort
among participants, and leads to a more conducive learning
environment. By planning for tactile space in Extension activities, educators can enrich the learning environment and harness
synergies among participants to improve outcomes and impacts
of outreach events.

4:00 PM – 4:15 PM

Awareness, Support, and Impact of
Horticultural Research Institute

Planning for Tactile Space to Improve Extension
Outreach Activities
Jeremy Cowan*

Washington State University, Spokane, WA, USA

Jessica R. Goldberger

Washington State University, Pullman, WA, USA

Extension outreach in horticultural science is often geared toward
informing and training stakeholders about new and emerging
technologies and techniques. The diffusion of innovations, such
as those in horticulture, among others, is a field in its own right
within in the literature of sociology that dates back to the 1940’s.
This literature speaks to the process of diffusion and adoption
or rejection of innovations, the role of various actors, channels
of communication, and so on. As an agent of change in the
diffusion process, Extension professionals have long looked to
experiential learning to extend information to lay audiences. The
body of literature on experiential learning focuses heavily on
the cognitive processes involved in knowledge transformation.
In 2006, sociologist Michael Carolan introduced the concept of
“tactile spaces”, sensually rich learning environments where
participants interact with each other and the environment in an
“embodied” and “embedded” manner, leading to long-lasting
attitudinal and behavioral change. These spaces help participants
bridge epistemologically distant concepts and phenomena, allowing them to better navigate what is before them. In 2012,
drawing on the concept of tactile space, the experiential learning environment of an Extension field day event, focused on a
sustainable agriculture innovation: biodegradable plastic mulch,
was evaluated (previously published). In that study, enhancing
the learning environment by attempting to create tactile space
improved the success of the field day event. However, tactile

Specified Source(s) of Funding: This material is based on work
supported by the National Institute of Food and Agriculture,
under award number 2014-51181-22382

4:15 PM – 4:30 PM

Jill Calabro*

AmericanHort/HRI, Washington, DC, USA

Since its formation, the Horticultural Research Institute (HRI)
has directly funded over seven million dollars to research projects
in the green industry, most through an annual grants program. In
FY2017, thirteen grants were selected for a total of $289,500.
In addition to the annually funded research projects, HRI often
engages in special initiatives for the benefit of the green industry. These specialty initiatives are funded through a variety of
sources and sometimes exclusively by HRI. One of the most
recent projects includes the Grow Wise, Bee Smart campaign,
where $125,000 was dedicated to pollinator research to help
develop stewardship practices for horticultural businesses. In
1954, the industry made a conscious decision to support research
and original work. The American Association of Nurserymen
established a research foundation to fund research to benefit
industry business operations and marketing and supplement
research conducted by land grant universities. Eventually, this
foundation became HRI with a robust endowment fund, all
through industry support. The HRI then became affiliated with
AmericanHort after its formation in 2014 and expanded the
scope of supported research to reflect the entirety of the green
industry from the original nursery and landscape focus. The HRI
further impacts and advances industry through the development
of strategic partnerships. For example, HRI partnered with the
National Plant Board and USDA–APHIS to develop a Systems
Approach to Nursery Certification (SANC), a risk-based systems
approach to nursery and greenhouse certification. Farm Bill
Section 10007 has provided over $400,000 in support since
2013. Phase one included eight grow facilities, of which seven
have been certified or nearly so. Phase two expands the original
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pilot to an additional eight grow facilities. Outreach is a key
component of HRI’s mission. Research results are disseminated
though various outlets, including articles in trade publications,
social media, infographic development, and the scientific journal, The Journal of Environmental Horticulture. Two recent,
grower-centric publications include ‘Best Management Practices (BMP’s) for Bee Health in the Horticultural Industry’ and
‘Plants Bees Like Best’ based on research conducted through
the pollinator initiative.
Specified Source(s) of Funding: Horticultural Research Institute
4:30 PM – 4:45 PM

Great Gardens of the World Triad Fellowship
Brian Trader*

Longwood Gardens, Kennett Square, PA, USA

Started in 2014, the TRIAD Fellowship is a partnership among
the National Trust’s Hidcote Manor Garden in Gloucestershire,
UK; the Alliance of Hyogo in Awaji Island, Japan; and Longwood Gardens in Kennett Square, PA, USA. The purpose of the
Fellowship is to offer aspiring horticulturists the opportunity to
live, work, and learn in three culturally and botanically diverse
countries. Each year, two horticulturists from each country are
chosen to participate in the Fellowship and they spend four
months hosted by the three world-class gardens. This extraordinary experience exposes emerging horticultural professionals to
the field on a globally immersive level. They connect historical
gardens with current design trends while working on ancient
pruning techniques and implementing modern displays. The
Fellowship is paid with all housing provided including travels
costs; allowing participants to focus on their training while
learning horticulture alongside some of the most knowledgeable
staff in the world. The TRIAD Fellows learn about greenhouse
technologies, crop scheduling, integrated pest management,
plant identification and culture, plant records management,
conservatory management, landscape design and implementation, heritage management, exhibit design, and more for three
distinct regions of the world. Now in the fourth year, exciting
changes are being made to ensure this Fellowship evolves to
train future world horticulturists.
4:45 PM – 5:00 PM

change on our environment, education must extend beyond the
classroom and bridge among disciplines. This presentation will
discuss how the importance of research, landscape design and
construction, sustainability, and outstanding teaching can all be
used to teach about the importance of protecting and conserving
pollinator habitat. We live in a world where gardens should be
more than aesthetically pleasing; they should provide valuable
ecosystem services as well. Designers must now figure out
how a garden can be a Swiss Army Knife of sorts: How can
a pollinator garden also take advantage of water-wise plants?
As educators, how can we best inspire and prepare students
for these new landscape challenges? How can we raise awareness and involve urban residents in a new era of sustainability
and environmental awareness? To demonstrate to students and
our community members the importance of urban landscape
sustainability combined with pollinator habitat and conservation, we developed lessons and educational materials centered
on student-installed teaching gardens. Our pollinator-friendly
gardens demonstrate not only the importance of sustainability
in aesthetic garden design, but also encourages students and the
public to interact with the gardens through community outreach.
We will present concepts behind researching, designing, funding, and managing these important living learning laboratories
and how session participants can incorporate technology and
sustainability into their teaching programs and how pollinator
gardens of any size can be incorporated into landscapes through
the use of experiential learning. Ultimately, through education
and hands-on experiences, we hope to empower our students and
community members to install their own pollinator gardens to
protect and conserve pollinators in all types of urban landscapes.
Specified Source(s) of Funding: NC State’s Sustainability Fund,
and USDA-NIFA

Teaching Methods 1
Moderator: Mary Meyer

University of Minnesota, Chaska, MN, USA

3:15 PM – 3:30 PM

Ten Plants That Changed Minnesota: Growing
Solutions to How the World Lives Today
Mary Meyer*

Researching, Designing, and Building Urban
Pollinator-friendly Gardens: A Hands-on
Learning Tool for Urban Pollinator Protection
and Conservation

University of Minnesota, Chaska, MN, USA

Gail Hudson

University of Minnesota, Minneapolis, MN, USA

Danesha Seth Carley*

Diane Narem

Marisol Mata

At the University of Minnesota, more than 200 Freshman
Seminars, small discussion-oriented classes designed just for
first-year students, are offered each year. For five years, the
Freshman Seminar HORT 1901, 10 Plants that Changed Minnesota: Growing Solutions to How the World Lives Today has
been offered. Using guest lectures, field trips to historic sites,

University of Minnesota, St Paul, USA

North Carolina State University, Raleigh, NC, USA
North Carolina State University, Raleigh, NC, USA

Anne M. Spafford

North Carolina State University, Raleigh, NC, USA

As we enter a new era of concern about the impacts of climate
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readings and individual projects, students learn an appreciation
for plants and their importance in Minnesota. Students prepare
individual reports on environmental issues, an online project and
a book report with an environmental emphasis allowing the class
to meet the University of Minnesota liberal education theme for
the environment. The 10 Plants That Changed Minnesota project
began in 2012 with more than 500 public nominations of plants
to receive this designation. A panel of experts from around the
state selected the winners: alfalfa, American elm, apple, corn,
purple loosestrife, soybeans, turfgrass, wheat, white pine, and
wild rice based on economic, environmental, cultural, historical
and landscape prominence. The 10 Plants That Changed Minnesota book was published by the Minnesota Historical Society
Press in March 2017 along with a 70-page 10 Plants Teacher’s
Handbook of Activities that meets Minnesota middle and high
school academic graduation standards. Teacher training at 12
sites in greater Minnesota for middle and high school teachers,
4H Leaders, Master Gardeners and home school teachers are
scheduled throughout 2017. This project represents an idea that
developed into an academic university class, along with activities for middle and high school students and teachers to address
the issue of plant blindness with the objectives of increasing the
awareness, appreciation, and importance of plants in our lives.
3:30 PM – 3:45 PM

Hypercorrection of High-confidence Errors in
Students’ Misconceptions about Gardening
Cynthia Haynes*

Iowa State University, Ames, IA, United States

Shana Carpenter

Iowa State University, Ames, IA, USA

Kam Leung Yeung

Iowa State University, Ames, IA, USA

Gardeners of all ages, including undergraduate students, struggle
with myths or misconceptions about plants or practices when
gardening. One of the learning objectives of an introductory
horticulture course at Iowa State University, Home Horticulture
(Hort 121), focuses on students discussing some of these myths
and the scientific concepts that help debunk them. During the
first week of spring semester 2017 and prior to discussing these
myths, students were asked to voluntarily complete a 52-question, online survey (25 short answer and 27 true/false) about
some of these myths. Out of 86 class members, 71 completed
the survey (82.5% response rate). After each question, students
were asked to rate how confident they were in their answer. Of
primary interest was whether students’ misconceptions were
more likely to be corrected if they have higher confidence in
those misconceptions. After answering each question, the correct
answer was given to the students. After the completion of the
survey students were quizzed again to see if they remembered the
correct answers to the questions. From these answers, the errors
were sorted into high confidence errors—those that students
initially answered incorrectly with high confidence, and low confidence errors—those that students initially answered incorrectly

with low confidence. The proportion of high-confidence errors
corrected (85%) was significantly higher than the proportion
of low-confidence errors corrected (61%) in the short answer
questions, representing a significant hypercorrection effect (P
< 0.001). However, in the same analysis for the true/false questions, there was no significant difference (P = 0.61) between the
high-confidences errors corrected (68%) and low-confidence
errors corrected (71%). These results imply two things: 1) that
the type of question asked (short answer versus true/false) may
be important in student learning, and 2) when asked to generate an answer, students are more likely to correct high-confidence misconceptions than low-confidence misconceptions.
3:45 PM – 4:00 PM

Enhancing the First Year Experience for Plant
Science Majors
Marvin Pritts*

Cornell University, Ithaca, NY, USA

Many traditional horticulture and plant-science programs are
experiencing a decline in undergraduate student numbers and
students occasionally transfer out of the major. We have put
effort into creating a more nurturing environment for first year
students and, as a result, transfers out of the major have declined,
applications and internal transfers have increased, and our first
year experience is now held up as a model across the college
and university. Rather than simply present students with a list
of plant-related courses and distribution requirements when
they arrive, we now offer first-year students a cohort-building
classroom experience that includes self-assessment and awareness, career exploration, resume-building and critique, support
services, service projects, practice interviews, opportunities
to meet faculty within the classroom, visits to core facilities,
study abroad opportunities, dinners with faculty outside the
classroom, and field trips to local natural areas. Students also
have an opportunity to help select their permanent advisor rather
than having one randomly assigned. Various leadership roles are
assigned to each student so they are required to interact with
faculty, speak in front of the group or help organize an event. As
part of the classroom experience, students begin to develop an
electronic portfolio that will not be evaluated until their senior
year. The ePortfolio is organized into various components, one
of which is the learning outcomes for the major. When students
do something that contributes to a major learning outcome, they
enter it into their ePortfolio. To assess learning in the major, we
can now draw on actual examples of student work deposited
in the ePortfolio. The first semester ends with an ePortfolio
showcase to which all plant science faculty are invited to sit
one-on-one with students and review their ePortfolio. We also
have implemented peer mentoring where an upperclassman is
paired with a first year student to help with the transition to
college life. Students now report much more satisfaction with
their first year experience and we expect a continued increase
in freshman admissions, as well as increases in external and
internal transfers.
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4:00 PM – 4:15 PM

Essential Accessibility Elements for Online
Instruction
Cynthia McKenney*

Texas Tech University, Lubbock, TX, USA

Jackie Luft

Texas Tech University, Lubbock, TX, USA

Laura Berry

Texas Tech University, Lubbock, TX, USA

In an effort to provide accessibility to visually impaired and deaf/
hard of hearing students, federal and state laws now require all
institutions of higher education to provide all instructional course
content be presented in an accessible format. By 2018, these
requirements apply to every class offered, whether or not there
is a student present with a disability. The use of style formats,
documents formatted with optical character recognition, alternative text and descriptions, closed captioning, and limited use
of color are a few of the methods that may be included to meet
these new requirements. Complying with these mandates may
result in both financial strain on departments and time limitations
on faculty. To assist with implementation of these regulations,
a review of potential compliance alternatives will be explored.
4:15 PM – 4:30 PM

Online Floral Design: Opportunities &
Challenges of Teaching Virtual, Lab-based
Courses
Neil Anderson*

University of Minnesota, St. Paul, MN, USA

landscape were recorded throughout the year and b) opening
market bunches sourced from gas stations and grocery stores were
made. A semester-long supply list (tools, mechanics, flowers,
foliage) was created and a supply box was developed for required
purchase at the beginning of the course. A sequential series of
required events stepped each student through the concepts to
be learned and practiced each week in lectures and labs. First,
students completed a thought-provoking, topic-based Question
to Ponder prior to starting the topic, which opened unlimited
viewing of each lecture. Completing the Lecture Quiz opened
up the lab series of exercises: viewing how to make each floral
design video, a Cost of Materials list (supply box or floral/foliage
items), example photographs of the designs, uploading pics of
their designs for grading and Forum Posts, as well as interacting
with their group (2–5 individuals) for critiques, submissions of
price sheets and journal entries on how design performance. For
the initial course offering in spring semester 2017, 35 students
enrolled. A preliminary analysis of the course indicates that
the level of student interactions, grading assessment of student
work and instructor feedback have all significantly increased
with online learning. The diversity of the plant materials used
by students also increased since they independently obtained
materials for each week’s lab. There have been challenges;
weekly elimination of course snags has been necessary and
instructor/TA grading time has significantly increased with
the online course. However, by weeks 3-4, students’ design
abilities paralleled and even exceeded that of live student lab
creations and the diversity of plant materials has allowed for
greater creativity in color schemes and floral types. Additional
pedagogical advantages were discovered, demonstrating added
benefits of online lab-based learning.

Noah F. Holm

Specified Source(s) of Funding: University of Minnesota College
of Food, Agricultural and Natural Resources Sciences Grant

Mary Jetter

4:30 PM – 4:45 PM

University of Minnesota, St. Paul, MN, USA
University of Minnesota, Minneapolis, MN, USA

Most online instruction for horticulture classes ranges from
course site program delivery and testing options to online lectures
with/without live labs in various learning management platforms
(e.g. Moodle, Canvas, Blackboard, etc.). Rarely, if ever, has a
horticultural lecture/lab-based course been completely offered
online. This option has been avoided due to the strong philosophy
that live, hands-on learning is paramount to educating students
in essential horticultural concepts and practices. However, as
course offerings become more limited within institutions, the
opportunities for capturing additional student credit hours with
completely online learning has become more economically attractive. We created a completely online Floral Design course
with both lectures and labs for virtual student enrollment. The
work preceding launch focused on the course website design in
Moodle and video capturing of all lecture/lab essentials. Lectures
and labs from the comparative live course were retailored for
online audiences prior to video recording, followed by editing
and uploading short segments via Youtube links. For flower/
foliage sources, videos of a) harvesting of plant materials in the

Home Labs in an Online Horticulture Course
Karen Panter*

University of Wyoming, Laramie, WY, USA

Horticultural Science (PLNT2025), our introductory, 3-credithour horticulture course, has been taught online every fall
since about 2002. However, many students who take 2025 are
not anywhere close to Laramie and could easily miss out on
hand-on lab-type exercises. Teaching 2025 online works very
well but horticulture is a very hands-on, applied subject. We
wanted to incorporate some hands-on work into the on-line
class: enter Home Labs. Home Labs are short laboratorytype projects students can do in their homes or communities.
There are 10 possible and students are required to pick three
to accomplish during the semester. We will discuss the 10 possible Home Labs and their basic requirements. We will also
present the grading rubric and will discuss how students are
assessed on these projects. Students may present their findings
either in a written lab report, a powerpoint presentation, or
even a video.
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Viticulture and Small Fruits 1
Moderator: William Sciarappa

Rutgers University, Freehold, NJ, USA

3:15 PM – 3:30 PM

Effect of pH and Sawdust on the Growth of
Blueberry Rootstock Selections
Wei Yang*

North Willamette Res & Ext Center, Aurora, OR, USA

Vaccinium arboreum is a native plant species grown in the
southeastern United States. Some of them have tree-like traits
and can be used as rootstock for grafting. Advanced selections
of clonal V. arboreum plants from several seed sources were
evaluated for soil pH adaptability and the requirements of sawdust for optimum growth. The two-year study was conducted in
7-gallon pots with 4 8-plant replications. The treatments included
two pH levels (> 6 versus < 5.5), two soil levels (amended with
sawdust versus soil only), and 4 V. arboreum selections (one
Florida, three Texas selections). The plants were arranged in
completely randomized blocks in a hoop house and irrigated
with overhead micro-sprinklers. Among four selections, plants
from Florida source had the largest canopy, height, and caliper
size, while these growth parameters were similar among three
Texas selections. Soil pH did not affect plant growth of all
four selections, indicating the ability of V. arboreum to adapt
to high soil pH conditions. Sawdust amendment did not affect plant growth among all four selections. Leaf color of the
Florida selection was better than three selections from Texas.
These results demonstrated the potential of using V. arboreum
as blueberry rootstocks to expand blueberry production to high
pH soils without using sawdust as a soil amendment.
3:30 PM – 3:45 PM

High Tunnel Production of Southern Highbush
Blueberries in Mississippi
Tongyin Li*

Mississippi State University, Miss. State, MS, USA

Guihong Bi

Mississippi State University, Miss. State, MS, USA

Judson LeCompte

Mississippi State University, Miss. State, MS, USA

The majority of blueberry (Vaccinium corymbosum L.) production in Mississippi is using Rabbiteye blueberry cultivars, which
ripen from mid-May to July. Southern highbush blueberries have
the potential to provide earlier fruiting and increase growers’
competitiveness for blueberry fresh market. However, early
flowering and fruiting of southern highbush cultivars are subject
to late spring frost damage in Mississippi and require protection.
The objective of this study is to evaluate early fruiting and yield
of southern highbush blueberries grown under a high tunnel
in Mississippi. One-year old liners of ten southern highbush
cultivars (‘Emerald’, ‘Farthing’, ‘Georgia Dawn’, ‘Gupton’,

‘Jewel’, ‘Meadowlark’, ‘Pearl’, ‘Rebel’, ‘Star’, and ‘Sweetcrisp’)
were transplanted into 15-gallon plastic containers in Apr. 2015.
Blueberry plants were fertilized with either a conventional slowrelease fertilizer Osmocote® Plus (15–9-–12 (15N–2P–10K), 8–9
month, Scotts Miracle-Grow Co., Marysville, OH) or an organic
fertilizer (5-3-4 (5N-1P-3K), McGreary Organics, Lancaster, PA).
Cultivars were evaluated for the date of first ripe berry, fresh
yield, single fruit weight, and soluble solid content. With the
protection of a high tunnel, Southern highbush cultivars ‘Emerald’, ‘Meadowlark’ ‘Rebel’, and ‘Sweetcrisp’ produced their
first ripe berry in Dec. 2015. ‘Georgia Dawn’, ‘Meadowlark’,
and ‘Rebel’ produced peak harvest from Apr. 22 to May 18,
2016. ‘Emerald’, ‘Farthing’, ‘Jewel’, ‘Star’, and ‘Sweetcrisp’
produced peak harvest from May 13 to May 27, 2016. ‘Gupton’
and ‘Pearl’ are the two latest cultivars, producing peak harvest
from May 27 to June 16, 2016. Peak harvest ranged from 258 g
berries per plant, in organically fertilized ‘Georgia Dawn’, to 612
g berries per plant, in organically fertilized ‘Jewel’. ‘Farthing’,
‘Jewel’, ‘Meadowlark’, ‘Pearl’, ‘Rebel’, and ‘Sweetcrisp’ had
comparable total fresh yield all season in 2016, averaging from
1766 g to 2136 g berries per plant. ‘Georgia Dawn’ had the lowest total fresh yield of 966 g berries per plant. ‘Sweetcrisp’ had
the highest soluble solid content of 14.16% °Brix, higher than
the other nine cultivars (ranging from 10.6 to 12.12% °Brix).
There was no difference in total fresh yield, single fruit weight,
or fruit soluble solid content between blueberry plants fertilized
organically or conventionally.
3:45 PM – 4:00 PM

High Density Honey Bee Stocking Rates
Increases Yield Components of Northern
Highbush Blueberry in Western Washington
Matthew Arrington*

Washington State University, Mount Vernon, WA, USA

Lisa DeVetter

Washington State University, Mount Vernon, WA, USA

Fruit set in northern highbush blueberry (Vaccinium corymbosum)
is relatively low, especially in western Washington. Climactic
conditions influence the activity levels of blueberry’s primary
commercial pollinator, the honeybee (Apis mellifera). Cool
springs with frequent rainfall, which is common in western
Washington, can reduce honeybee activity, pollination efficiency,
and subsequent fruit set and yields. Increasing honey bee density
may increase fruit set, even during bloom periods with unfavorable weather for honeybee activity. Additionally, colonies of
native bumble bees (Bombus spp.) are becoming increasingly
commercially available and their use may improve pollination
in regions with low honey bee activity. The objective of this
study was to evaluate if modified honey bee hive densities and
supplementation with native bumble bees improves pollination and subsequent yield components in western Washington
blueberry. To address this objective, two experiments were
conducted in commercial ‘Duke’ and ‘Draper’ plantings in 2016.
For the hive density experiment (Experiment 1), three ‘Duke’
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sites were stocked with 2 hives/ha of honey bees (control) and
another three sites were stocked with 4 hives/ha. For the bumble
bee supplementation experiment (Experiment 2), three ‘Draper’
sites were stocked with 2 hives/ha (control) and another three
sites with 2 hives/ha plus three colonies of bumble bees (Bombus
vosnesenskii). Honey bee activity, yield components, and fruit
quality attributes (berry firmness and weight) were monitored.
There were no significant differences in fruit set or estimated
yield regardless of increased honey bee density or bumble bee
supplementation in 2016. However, a consistent numerical
trend of increasing fruit set and yields with increased honey bee
hive density was observed. Seed number per berry and berry
weight were significantly increased with increased honey bee
density. Results indicate that increasing honey bee hive densities
can help blueberry growers overcome reduced fruit set due to
insufficient pollination.
Specified Source(s) of Funding: Washington Blueberry Commission and Northwest Agriculture Research Foundation
4:00 PM – 4:15 PM

Evaluation of Critical Temperatures for Heat
Damage in Northern Highbush Blueberry
Fan-Hsuan Yang*

Oregon State University, Corvallis, OR, USA

David Bryla

USDA–ARS, Corvallis, OR, USA

Overhead sprinklers are often used to cool blueberry fields in the
Pacific Northwest, but more information is needed to determine
exactly when cooling is needed. The objective of this study was
to identify the critical temperatures for heat damage in northern
highbush blueberry (Vaccinium corymbosum L.). An initial study
conducted in western Oregon in a mature planting of late-season
‘Elliott’ blueberry revealed that heat damage occurred primarily
on sun-exposed berries and happened at both green and blue
stages of fruit development. Heat damage was relatively limited
in the cultivar (< 3% of the total yield) and generally occurred
at air temperatures > 95 °F and berry temperatures > 104 °F.
Usually, temperature of the sun-exposed berries was 10–15 °F
warmer than ambient air temperature in the field. A subsequent
study was conducted to determine whether the critical temperature for heat damage differs between cultivars and green and
blue fruit. In this case, a heat-susceptible cultivar, ‘Aurora’,
was added to study and compared to ‘Elliott’. Berries from both
cultivars were heated using a chamber-free convective unit and
exposed to temperatures of 107, 111, 114, and 118 °F for up
to four hours. Blue fruit had a higher critical temperature and
tolerated a longer period of heat exposure than green fruit in
both cultivars. However, ‘Aurora’ had a lower critical temperature (green: 107 °F, blue: 114 °F) than ‘Elliott’ (118 °F) and,
at the same given temperature, developed heat damage faster
and more severely. For example, more than 40% of the green
berries were damaged after three to four hours at 114 to 118 °F
in ‘Aurora’, while only 20% or less were damaged in ‘Elliott’.
Based on these results, blueberry fields should be cooled at air

temperatures > 90 °F during early stages of fruit development
and > 95 °F during later stages of fruit development.
Specified Source(s) of Funding: Oregon Blueberry Commission
4:15 PM – 4:30 PM

Comparing Soil Carbon Dioxide Levels in
Organic and Conventional Highbush Blueberry
(Vaccinium corymbosum L.)
William Sciarappa*

Rutgers University, Freehold, NJ, USA

Carbon dioxide release from microbial respiration in the soil is a
potentially important process to measure and predict availability
of mineralized nitrogen; an essential compound not measured in
routine soil tests. A primary objective was to determine if there
is sufficient biologically produced nitrogen to credit toward
estimated crop needs of a representative smallfruit example.
This five year field study assessed soil fertility and health in
eight commercial, organic highbush blueberry fields (Vaccinium
corymbosum L.) in New Jersey. Carbon dioxide production from
microbial life in the rhizosphere was measured with the Solvita®
CO2 aerobic respiration test. Average annual CO2 values from
2013-2015 for five organic blueberry fields was 49.7, 53.8, 58.6
and 61.8 CO2 ppm per 40 grams of dried sample, respectively.
These values are categorized as 4.0 on a 0–5 scale with 4 being the best and 5 excessive. These soils were characterized as
having medium to ideal fertility compared to marginal ratings
for 46 conventional blueberry soils that reached only 14.1 CO2
ppm or less. The main distinction of organic perennial cropping
was no tillage which left soil undisturbed along with standard
practices of applying composted amendments and excluding
synthetic pesticides. Similarly, native pine forest soils with a
wild blueberry understory adjacent to the conventional fields had
as high biological respiration as the organic cultivated blueberries. This microbial activity indicates sufficient organic matter
is available under favorable soil health conditions to provide
a seasonal and dynamic return of nitrogen ranging from 25 to
50 lbs per acre.
4:30 PM – 4:45 PM

Unmanned Aerial Vehicle Use for Phenotype
and Plant Growth and Development Assessment
in Wild Blueberry Production
David Percival*

Dalhousie University, Truro, NS, Canada

Joel A. Abbey

Dalhousie University, Truro, NS, Canada

Recent advancements in unmanned aerial vehicle (UAV) and
sensor technologies have resulted in the use of these and other
precision agriculture technologies throughout the agricultural
sector. Research was conducted during 2016 and 2017 with
a PrecisionHawk Lancaster M4 drone equipped with a high
resolution, low distortion 18.4 megapixels camera (RGB). The
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UAV, high resolution camera and PrecisionMapper software was
able to provide precise and accurate assessment of blueberry
coverage and topographic features, the distribution of Vaccinium
angustifolium Ait. and V. myrtilloides Michx. phenotypes, and
also the ability to identify and determine the severity of several
weed species. Therefore, results from the study have indicated
that these technologies have the potential to significantly improve
field assessment for plant and pest related factors. This can be
integrated with emerging agrochemical application technologies
to significantly reduce agrochemical usage and cost of production
and improve overall production system sustainability.
Specified Source(s) of Funding: Nova Scotia Department of
Agriculture Research Acceleration

Organic Horticulture 1
Moderator: Rebecca Brown

University of Rhode Island, Kingston, RI, United States

3:30 PM – 3:45 PM

High Tunnel and Grafting Effects on Organic
Tomato Production in Subtropical Florida
Craig Frey*

University of Florida, Gainesville, FL, USA

Xin Zhao

University of Florida, Gainesville, FL, USA

49% to 65%. The high tunnel system thereby increased the total
marketable yield by 87% over the open field system. Biometric
data correlated with yield data, as plant height throughout the
season and final biomass were found to be greater in the high
tunnel system. Horsfall-Barratt disease ratings showed that the
high tunnel had significantly less disease pressure (predominantly
early blight caused by Alternaria solani) throughout the growing season. This resulted in an extended harvest period of three
weeks in the high tunnel system, contributing considerably to the
yield differences between the two production systems. Grafting
increased total yield by 34% and increased marketable yield by
42%, accompanied by increased plant height and stem diameter
throughout the season as well as greater final biomass in grafted
tomato plants. Grafting also significantly reduced root galling
and root-knot nematode (Meloidogyne spp.) population in the
soil. Interestingly, a reduction in the early blight severity was also
exhibited in grafted plants compared with the non-grafted plants.
These results demonstrate the benefits of high tunnel systems
and grafting for organic tomato production in the subtropics.
Specified Source(s) of Funding: AFRI
3:45 PM – 4:00 PM

Comparison of Reduced Tillage Strategies for
Small-scale Organic Vegetable Systems
Anusuya Rangarajan*

Cornell University, Ithaca, NY, USA

Jeffrey Brecht

Ryan Maher

Dustin Huff

Brian Caldwell

Zack Black

Mark G. Hutton

High tunnel production is generally used for season extension
through mitigation of extreme low temperature. Mild winters in
the subtropics reduce the need for this type of season extension.
However, high tunnels may provide season extension in other
ways, such as reducing heat in summer production by application
of shade cloth, and avoiding exposure to rain and prolonged dew,
which are common in the humid subtropics and favor disease
development. Tomato grafting has also shown potential to increase yields due to enhanced plant vigor and reduced biotic and
abiotic stress. An organic tomato trial was conducted in Citra,
FL, during the Spring 2016 season to determine the impacts of
open field and high tunnel production systems and grafting on
plant health and crop performance. ‘Garden Gem’ and ‘Tribute’
tomatoes were each grown grafted onto ‘Multifort’ with nongrafted tomato plants as the control. A split-split plot design with
three replications was used (production system as the whole
plot factor, tomato cultivar as the subplot factor, grafting as the
sub-subplot factor). Significant fruit yield improvement by high
tunnel production was observed in both cultivars. On average,
high tunnel production increased total fruit yield by 43% over the
open field system and increased the percent marketable yield from

Nicholas Rowley

University of Florida, Gainesville, FL, USA
University of Florida, Gainesville, FL, USA
University of Florida, Gainesville, FL, USA

Cornell University, Ithaca, NY, USA
Cornell University, Ithaca, NY, USA
University of Maine, Monmouth, ME, USA
University of Maine, Orono, ME, USA

Mark Hutchinson

University of Maine, Waldoboro, ME, USA

On small, diversified organic vegetable farms (< 10 acres), growers need reduced tillage strategies that work across a range of
crops and within a complex production system. These growers
may effectively reduce tillage by dividing fields into permanent
beds that restrict traffic and compaction to between-bed areas
year after year. To further advance these systems, we are evaluating the agronomic, ecological and economic effects of different
reduced tillage systems in permanent beds for organic vegetables
in Freeville, NY, and Monmouth, ME, over four years. In 2016
(second year) we managed winter squash with six levels of tillage intensity (high-deep rototilling to low-no-till). We compared
two no-till systems, one with a tarp placed on the soil surface for
six weeks prior to planting. These impermeable, durable black
plastic covers suppress weeds between crops, either ahead of
planting or after harvest, providing greater labor flexibility for
crop management. Within each tillage system, we compared
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three surface mulch treatments: straw, compost or none. We
monitored tillage and mulch effects on the soil environment
(moisture, temperature, nutrients), weeds, time spent in all field
operations (i.e. hand weeding, applying mulches), and crop quality and yield. At both locations, mulches significantly affected
yields and compost was the most productive. In NY, straw had
the lowest yields in part because plant numbers were reduced
by pest pressure. In ME, straw improved yields compared to the
un-mulched system. At both locations, shallow rototilling gave
similar results to deep tillage. In both years, tarps killed emerged
weeds and created weed-free planting conditions without soil
disturbance, especially in the unmulched treatment. Tarped beds
reduced hand labor for hand weeding to 1/3 of the time required
for no-till without tarps (yr1). Tarping also dramatically reduced
the amount of weeds present at crop harvest in the unmulched
crop. Soil temperatures were greater under tarps for each of the
mulches. When tarps were removed, the amount of soil nitrogen
available to plants was over four times greater than the unmulched
rototilled soil (yr2). Tarp effects on crop yields depended on
the year and mulch used but were similar to or greater than the
other tillage systems. Tarped beds yielded similar to (NY) or
greater than (ME) the non-tarped no-till system. Tarping could
be a valuable tool for organic farmers to effectively minimize
tillage while improving weed control and crop productivity.

there was no difference in individual squash fruit weight or
width among treatments, but fruit from no cover crop, compost,
tilled, and mulched plots was greater in length than the other
treatments. When yields from the two harvests were combined,
yields from plots that received compost and were tilled were
significantly greater than the other treatments, averaging 16,061
lb/acre. Squash yields from the treatment that contained no cover
crop, compost, tilled, and no mulch, were equivalent to yields
from plots with cover crops and compost, that were either no-till
or tilled, which averaged 7820 lb/acre. Soil results from previous years in the same treatments showed higher soil quality in
no-till plots. Soil organic carbon, total nitrogen, and potential
mineralizable nitrogen were higher in plots with cover crops.
No-till plots had greater microaggregation and higher microbial
biomass carbon compared to tilled plots. This shows that no-till
is important for maintaining soil structure and enhancing soil
microbial populations. The on-going challenge is to synchronize
organic no-till vegetable crop growth with nitrogen release from
cover crops to reap the full benefits form increased soil quality
in organic no-till production.

4:00 PM – 4:15 PM

Rebecca Brown*

Specified Source(s) of Funding: OREI

4:15 PM – 4:30 PM

Integration of Cover Crops into Extended
Season Vegetable Production in Southern New
England
University of Rhode Island, Kingston, RI, United States

Improving Soil Conservation and Crop
Performance through Reduced Tillage and
Cover Crop-based Rotations in Organic Squash
Production
Kathleen Delate*

Iowa State Univ, Ames, IA, United States

Rebecca Johnson

Iowa State University, Ames, IA, USA

Cynthia Cambardella

USDA–ARS, Ames, IA, USA

In recent years, there has been a surge in organic vegetable production in Iowa, increasing to 1264 acres, with $2.5 million in
annual sales. Reduced tillage in vegetable operations provides
multiple environmental benefits for soil conservation, as well
as reducing machinery, labor and fuel costs. On organic farms,
an innovative roller/crimper is used in lieu of herbicides to terminate cover crops. The objective of this research included an
investigation of the feasibility of adopting conservation tillage
practices for organic squash production. Cover crops of hairy
vetch and rye were planted on 18 Oct. 2015, at the Iowa State
University, Neely-Kinyon Farm, Greenfield, IA, and terminated
the following spring with a roller/crimper. Organic squash transplants (‘Delicata,’ Johnny’s Seed, Albion, ME) were planted on
14 June 2016. Cover crop biomass averaged 5323 lb/acre across
all plots. Treatments consisted of organic no-till and tilled cover
crops, along with compost and mulch comparisons. At maturity,

A strong demand for locally-grown food has supported an expansion of peri-urban vegetable production in the northeastern
United States. Growers in this market actively embrace season
extension technology, and the production season in much of the
region now extends from April through December. Farmland is
scarce and expensive, leading growers to plant all their acreage
to cash crops every year, and to multi-crop fields used for short
duration vegetables. In the past farmers have relied on winter
cover crops such as cereal rye (Secale cereale L.) to maintain
soil organic matter, but rye seeded after mid-October and terminated in April produces little biomass. Buckwheat (Fagopyrum
esculentum Moench) is the standard cover crop in the Northeast
for short duration summer fallows. Although an excellent crop
for suppressing weeds, buckwheat biomass degrades quickly
and contributes little soil organic matter. The objective of this
study was to evaluate the summer annual grasses teff [Eragrostis
tef (Zucc.) Trotter] and Japanese millet [Echinochloa esculenta
(A. Braun) H. Scholz] as alternatives to buckwheat for use as
short duration cover crops in areas of the Northeast with mild
maritime climates. Researchers evaluated seeding rates and
planting dates for both species in the summers of 2015 and 2016
at the Gardiner Crops Research Center in Kingston, RI. Teff was
seeded at rates of 7.7, 9.4, 13.2, and 19.8 kg/ha of coated seed;
Japanese millet was seeded at rates of 12, 24, 36, and 48 kg/
ha. All seeding rates of teff resulted in excellent performance.
Teff biomass exceeded 2000 kg/ha at six weeks after seeding,
and reached 6.5 t/ha by ten weeks after seeding. Japanese mil-
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let gave significantly better performance seeded at 36 or 48 kg/
ha than when seeded at lower rates. A seeding rate of 48 kg/
ha was most effective at suppressing weeds, and produced 8 t/
ha of dry biomass at 8 weeks after seeding, significantly more
than the other rates. The 36 kg/ha seeding rate reached 8 t/ha
biomass 10 weeks after seeding. Both teff and Japanese millet
were seeded biweekly from 20 May until 15 Aug. Researchers
measured crop and weed biomass at 6 weeks after planting, and
crop biomass at eight weeks after planting. Teff gave acceptable weed suppression and biomass production when seeded
between 15 June and 30 July. Japanese millet performed poorly
when seeded in May or August; performance in June and July
varied across years.

Specified Source(s) of Funding: USDA-NRCS CIG Project
69-1535-14-01
4:30 PM – 4:45 PM

Growth and Yield Performance of Fava Bean
Using Fermented Foliar Fertilizers
Roland Ebel*

Universidad Autónoma del Estado de México, Toluca, Mexico

Fermented liquid fertilizers (FLF) is a term for plant growth
promoters made of fermented organic material. Fermented foliar
fertilizers nourish crops directly. They can be distinguished from
bio-fertilizers (based on live and latent microbial cell) that provide
plant growth and resistance releasing substances that essentially
enhance the soil activity. Since FLF can be produced on-farm,
their use is a contribution to increase both the environmental
and economic sustainability in horticultural production. The
composition of FLF is not specified, but depends on available
resources and on the cropped plants. In Piedras Blancas, central
Mexico, in 2016, an experiment was carried out to assess the
impact of four differently composed FLF (named B1, B2, B3,
B4), entirely made of locally available resources, on the output
and vegetative growth of fava bean (Vicia faba L.). All crop
management was organic. The fava bean was intercropped
with corn (Zea mays L.) and squash (Cucurbita argyrosperma
C.Huber). After an initial irrigation, the crop was only rainfed.
10 t·ha-1 composted cow manure were applied before seeding.
Apart from other ingredients, B1 was made of cow manure,
unrefined brown sugar and maize stalks; B2 of cow manure,
oat bran, and fermented agave cactus juice (pulque); B3 of
stinging nettle, cow manure, and unrefined brown sugar; and
B4 of chicken dung, milk, and fruit waste. The four FLF were
fermented for 60 days in an airtight container with an airlock.
They were compared with a solid fermented organic fertilizer
(bokashi) and a control treatment. The diluted FLF were applied
as a foliar spray. Results revealed a positive yield response to
the foliar application of B3, which provided a total yield of
1742 kg·ha-1. In contrast, B1 underperformed the control treatment. All other treatments did not result in significant yield
differences compared to the control one. Regarding vegetative
growth, most variables did not indicate different responses to
the respective plant nutrition management. One exception is the

number of leaves, which was highest in B2, followed by B3. In
this single experiment, it was proved that FLF mainly made of
stinging nettle and cow manure have a positive impact on the
yield of fava beans. Identifying the adequate composition of a
FLF for a particular region and crop, helps the horticulturist to
save money and time and leads to products that are compliant
with the norms of organic farming.
Wednesday, September 20, 2017

Citrus Crops 1

Moderator: Rhuanito S. Ferrarezi

University of the Virgin Islands, Kingshill, USA

8:00 AM – 8:15 AM

High Plant Density to Increase Grapefruit
Production in the Indian River Area
Alan L. Wright

University of Florida, Fort Pierce, FL, USA

Rhuanito S. Ferrarezi*

University of Florida, Fort Pierce, FL, USA

Mark Ritenour

University of Florida, Fort Pierce, FL, USA

Judith A. Gersony

University of Florida, Fort Pierce, FL, USA

Gerald C. Britt

University of Florida, Fort Pierce, FL, USA

Grapefruit (Citrus paradisi) is severely impacted by huanglongbing (HLB), a disease associated with Candidatus Liberibacter
asiaticus. The disease poses a threat to the Indian River fresh
market industry due to the negative effects on fruit production.
Higher plant density can increase fruit yield per area under
high HLB pressure, maximizing income and extending grove
survival until research provides a solution for the disease. This
study evaluated the effect of different tree spacing on fruit
yield and quality. We tested three plant densities: standard tree
spacing (4.6 x 7 m, 293 trees/ha), high density on single row
(3 x 7 m, 429 trees/ha) and high density staggered ([2.7 x 1.5
x 0.9 m] x 6.1 m, 970 trees/ha). The experimental design was
a randomized complete block design with eight replications.
‘Ray Ruby’ grapefruit on ‘Kuharske’ citrange (C. sinensis x
Poncirus trifoliate) rootstock was planted in Sept. 2013 (total
1196 trees/2.13 ha). Irrigation was applied on-demand using
40.5 LPH @ 20 psi micro jet (one jet every two plants). A
16N–2.2P–8.3K dry granular fertilizer was applied twice a year
at 180 kg·ha–1 N. Foliar nutrients, insecticides and fungicides
were sprayed following citrus standard practices. We scouted
for psyllids, leaf minors and other citrus pests monthly. HLB
incidence increased over time, reaching 96% in March/2017 (P
< 0.0001). Trunk diameter and canopy volume increased over
time, and were 20% and 33% smaller, respectively, on high
density staggered compared to other treatments (P < 0.001).
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Leaf macro and micronutrient concentrations were influenced
by plant density treatment and sampling date (P < 0.05). Fruit
diameter was 2% smaller (P = 0.0191) and total number of fruit
was 52% higher in 2016 than 2015 (P = 0.0219). There was no
difference in yield between seasons but high density staggered
yielded 116 boxes with 38.5 kg per ha compared to 46 boxes on
standard tree spacing, while high density on single row yielded
79 boxes (P = 0.0014). Fruit quality parameters were measured
in 2016 only. Soluble solids concentration, acidity, and solids/
ha were 7.6%, 10% and 140% higher, respectively, on high
density staggered compared to the other treatments (P < 0.01).
Fruit weight and diameter, juice weight and volume and ratio
were not significant (P > 0.05). Higher plant density resulted in
higher fruit yield and quality, representing an important advance
to the grapefruit production system. However, labor cost and
effect on plant growth over time still need to be determined for
commercial recommendation.

Specified Source(s) of Funding: UF/IFAS Citrus Initiative and
USDA/FDACS/SCBG (project #00092195).
8:15 AM – 8:30 AM

Grapefruit Production Using Different
Irrigation Systems and Plant Density Under
Open Hydroponics

The experimental design was a completely randomized with
five replications. Trees were planted in Sept. 2013 (total 2,769
trees/3.23 ha). Foliar nutrient, insecticide and fungicide were
sprayed using standard practices. We scouted for psyllids, leaf
minors and other citrus pests monthly. HLB incidence increased
over time, reaching 87.5% in March/2017. T1 presented two
negative reps (P < 0.0001). Trunk diameter and canopy volume
increased through time, and were higher on T1 and T4 compared
to other treatments (P < 0.001). Leaf macro and micronutrient
concentrations were influenced by treatment and sampling date
(P < 0.05). Fruit diameter, total number of fruit and yield were
4%, 226% and 183% higher in 2016 than 2015 (P < 0.0001).
T1 yielded 86 boxes with 38.5 kg/ha compared to an average of
261 boxes for other treatments. T3 and T4 resulted in the highest
yield (P = 0.0051). Fruit quality parameters were measured in
2016 only. Fruit weight and diameter, juice weight and volume,
soluble solid concentration, acidity, and total solids/ha were not
significant (P > 0.05). High density staggered planting resulted in
higher fruit yield, irrespective of rootstock and irrigation system,
representing an important advance to the grapefruit production
system. However, labor cost and effect on plant growth over time
still need to be determined for commercial recommendation.
Specified Source(s) of Funding: UF/IFAS Citrus Initiative and
USDA/FDACS/SCBG (project #00092195).

8:30 AM – 8:45 AM

Rhuanito S. Ferrarezi*

University of Florida, Fort Pierce, FL, USA

Adoption of a New Orchard Planting Design As
an Integrated On-farm Management Approach
to Improve Citrus Production in South Texas

Alan L. Wright

University of Florida, Fort Pierce, FL, USA

Mark Ritenour

Shad Nelson*

University of Florida, Fort Pierce, FL, USA

Texas A&M University, Kingsville, Kingsville, TX, USA

Judith A. Gersony

Catherine Simpson

University of Florida, Fort Pierce, FL, USA

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Gerald C. Britt

Mamoudou Setamou

University of Florida, Fort Pierce, FL, USA

Precise irrigation and fertigation management provide a lesslimiting environment to roots while minimizing over irrigation
and leaching of nutrients. This concept can improve tree growth
in the presence of HLB and help optimize water and nutrient
use. Higher tree density can increase fruit yield per area under
high HLB pressure. This study evaluated the efficiency of open
hydroponics on ‘Ray Ruby’ grapefruit production under different
irrigation systems and tree density. We tested a combination of
rootstocks {‘Sour orange’ [C. aurantium] and ‘US897’ [Cleopatra (C. reticulata) x Flying Dragon (Poncirus trifoliata)]}, tree
spacing {standard [3.8 x 7 m, 358 trees/ha] and high density
staggered [(2.74 x 1.5 x 0.9 m) x 6.1 m, 953 trees/ha) (HDS)]},
fertilization [16N–2.2P–8.3K dry granular and 15N–2.6P–22.4K
water-soluble fertilizer (WSF)], and irrigation systems (3.8
LPH drip and 40.5 LPH micro jet), arranged on five treatments:
T1) ‘Sour Orange’ + standard spacing + dry granular fertilizer
+ micro jet; T2) ‘US897’ + HDS + WSF + drip; T3) ‘Sour
Orange’ + HDS + WSF + drip; T4) ‘Sour Orange’ + HDS +
WSF + micro jet; and T5) ‘US897’ + HDS + WSF + micro jet.

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

Julian Gonzales

Texas A&M University Kingsville, Weslaco, TX, USA

Srilakshmi Telagamsetty

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

The Lower Rio Grande Valley (LRGV) of south Texas is the
citrus producing region of the state and is known for its high
value, deep red colored grapefruit crop varieties. After more than
a century of citrus production in the LRGV, almost all citrus
groves are grown on laser-leveled ground and irrigated using
conventional flood irrigation practices. Adoption of alternative
and more conservative irrigation management strategies, such
as drip, microjet sprinkler irrigation is slow due to low water
pricing and dependence on a low pressure canal delivery system.
Several alternative irrigation methods have been proposed to
citrus growers over the past several decades with little adoption. However, a newly proposed grove design using raised
beds covered with permeable mesh tarp has taken traction with
rapid adoption by many citrus producers that are installing
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new groves. The raised bed design incorporates an integrated
management approach to solving many field related challenges
simultaneously. From replicated studies and on-farm demonstration trials, raised beds covered with tarp has led increased water
holding capacity and soil temperature, improved pest and soil
borne pathogen control, and enhanced tree growth and yield
compared to conventional tree plantings.

Specified Source(s) of Funding: Texas Water Development
Board, Grant Award # 1513581823
8:45 AM – 9:00 AM

Protected Cultivation System to Reduce HLB
Disease Incidence and Produce High-value
Fresh Grapefruit
Rhuanito S. Ferrarezi*

University of Florida, Fort Pierce, FL, USA

Alan L. Wright

University of Florida, Fort Pierce, FL, USA

Citrus production under protected environments can reduce
huanglongbing (HLB) disease incidence and damage by excluding the Asian Citrus Psyllid vector. Our objectives were assess
the ability of covered structures to reduce HLB incidence and
determine the yield ability of container-grown ‘Ray Ruby’ grapefruit (Citrus paradisi) at super-high planting densities relative
to in-ground open-air trees. We tested two production systems
(screenhouse and open-air), two planting systems (in-ground and
potted) and two rootstocks {‘Sour orange’ [C. aurantium] and
‘US897’ [Cleopatra (C. reticulata) x Flying Dragon (Poncirus
trifoliata)]}. The experimental design was a RCBD split-splitplot with four replications. Production systems were allocated as
the main plot, and planting systems and rootstocks as sub-plots.
Trees were planted in Sept/2013 on a density of 1,957 trees/ha
(total 896 trees/0.46 ha). Irrigation was performed on-demand
using two 7.6-LPH drip emitters per tree, and fertigation was
applied three times/week using 15N–2.6P–22.4K water soluble
fertilizer at 180 kg·ha-1 N. Foliar nutrients, insecticides and
fungicides were sprayed following standard practices. We monitored psyllids, leaf minors and other citrus pests monthly. There
were no psyllids detected in the screenhouses, and 13.5 adults
per plot in the open-air (P < 0.0001). The in-ground trees had
110% more psyllids than potted trees (P = 0.0134). HLB diagnosis indicated no disease in the screenhouses and fast disease
progression in the open-air, with 100% infection in Mar/2017.
No HLB differences were detected between in-ground vs potted
nor ‘Sour orange’ versus ‘US897’ (P > 0.05). Trunk diameter
increased over time, and was 38% larger in-ground compared
to potted. Canopy volume was 91% larger in the screenhouses
compared to open-air, and 208% larger in-ground compared to
potted (P < 0.0001), with no rootstock effect. Leaf macro and
micronutrient concentrations were influenced by treatment and
sampling date. Fruit diameter was 12% smaller in 2015 than
2016. The screenhouses resulted in 77% more fruit and 22%
larger fruit than open-air, and yielded 287 boxes with 38.5 kg/

ha compared to 138 boxes in the open-air. Potted trees produced
17.5% less fruit than in-ground (P < 0.0001). Yield was not
influenced by planting systems or rootstocks (P > 0.05). Fruit
weight and diameter, juice weight and volume, and total solids/
ha were 34% higher in the screenhouses. The open-air resulted
in 19% higher titratable acidity, with 10.9 ratio in the screenhouses and 8.6 in open-air (P < 0.0001). The screenhouses were
promising for disease exclusion, and increased fruit yield and
quality. However, the technology cost still under evaluation, in
particular in areas subjected to inclement weather.

Specified Source(s) of Funding: UF/IFAS Citrus Initiative and
USDA/FDACS/SCBG (project #00092195).

Genetics and Germplasm 1
Moderator: Robert N. Trigiano

University of Tennessee, Knoxville, TN, USA

8:00 AM – 8:15 AM

Genetic Diversity and Population Structure of
the Endangered Whorled Sunflower, Helianthus
verticillatus, at Two Sites in Georgia
Robert N. Trigiano*

University of Tennessee, Knoxville, TN, USA

Tyler P. Edwards

University of Tennessee, Knoxville, TN, USA

Bonnie H. Ownley

University of Tennessee, Knoxville, TN, USA

Alan Windham

University of Tennessee, Nashville, TN, USA

Phillip A. Wadl

USDA–ARS, U.S. Vegetable Laboratory, Charleston, SC, USA

Denita Hadziabdic

University of Tennessee, Knoxville, TN, USA

Malcomb Hodges

The Nature Conservancy, Atlanta, GA, USA

Helianthus verticillatus, the whorled sunflower, is an endangered species endemic to only a few locations in Tennessee,
Alabama, and Georgia. This sunflower is an aggressive grower
and attractive to both plant enthusiasts and pollinators with its
multiple, small yellow flowers in late fall. There is no conservation plan for this species because of large gaps in knowledge
in the plant’s basic biology, and fine-scale population structure,
and little census data is available. The objectives of this study
were to better understand the fine-scale genetic diversity and
the spatial population structure of H. verticillatus. Two small
sites in Georgia separated by less than a kilometer of densely
forested land were sampled. Fourteen published microsatellite
loci from H. verticillatus were used to assess genetic diversity
and population structure of the plants in the sampling areas.
Our results indicated moderate genetic diversity, limited gene
flow and high genetic differentiation among H. verticillatus
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subpopulations. Two distinct genetic clusters, one located on
either side of the forested barrier, were detected, and furthermore, little gene flow was evident between the two groups. We
found significant heterozygosity excess, indicating presence
of population bottleneck due to recent reduction in population
size. The standardized index of association, a measure of linkage
disequilibrium, was significantly different from zero, supporting
the hypothesis of extensive and significant clonal reproduction
among H. verticillatus subpopulations. Overall, these results
have major implications for the population fitness, and survival
of this species, and points to the immediate need to develop and
implement a recovery plan for H. verticillatus.
Specified Source(s) of Funding: USDA

8:15 AM – 8:30 AM

Hawaiian classification based on morphological characters leaf
shape and petiole color. Genetic diversity was greater between
than within groups. Population structure analyses indicate that
the diversification of taro in Hawaii most likely occurred by
a combination of frequent somatic mutation and occasional
hybridization. Unexpectedly, the South Pacific cultivars were
found nested within several groups of Hawaiian taros, which
suggests that the origin of taro groups identified here preceded
the colonization of Hawaii, and that early Polynesian settlers
brought cultivars from different groups with them. In the absence of a genome sequence, this marker set may also provide
a valuable resource to obtain a genetic linkage map and study
the genetic basis of phenotypic traits relevant to taro breeding,
including disease resistance.

Specified Source(s) of Funding: National Institute of Food and
Agriculture, USDA (Hatch Project number 08029-H); USDA
Agriculture and Food Research Initiative project (grant number
2015-05806); USDA Cooperative Agreement (grant number
58-5320-4016); NSF grant number 1345247

Identification of Relationships Between
Hawaiian Taro (Colocasia esculenta) through
Genome-wide SNP Genotypes and Implications
for Breeding

8:30 AM – 8:45 AM

Thomas Wolfgruber

Genetic Diversity and Association Analysis of
Mineral Components in Spinach

University of Hawaii at Manoa, Honolulu, HI, USA

Martin Helmkampf

University of Hawaii at Hilo, Hilo, HI, USA

Jun Qin

M. Renee Bellinger*

University of Arkansas, Fayetteville, AR, USA

University of Hawaii at Hilo, Hilo, HI, USA

Ainong Shi*

Roshan Paudel

University of Arkansas, Fayetteville, AR, USA

University of Hawaii at Manoa, Honolulu, HI, USA

Beiquan Mou

Michael Kantar

USDA–ARS, Salinas, CA, USA

University of Hawaii at Manoa, Honolulu, HI, USA

Michael A. Grusak

University of Hawaii at Manoa, Hilo, HI, USA

Jim Correll

University of Hawaii at Hilo, Hilo, HI, USA

Yuejin Weng

University of Hawaii at Hilo, Hilo, HI, USA

Dennis Motes

Cornell University, Ithaca, NY, USA

Lingdi Dong

University of Hawaii at Hilo, Hilo, HI, USA

Wei Yang

Susan Miyasaka

USDA–ARS, Houston, TX, USA
University of Arkansas, Fayetteville, AR, USA

Heather Kimball

University of Arkansas, Fayetteville, AR, USA

Anne Veillet

University of Arkansas, Fayetteville, AR, USA

Andrew Read

University of Arkansas, Fayetteville, AR, USA

Michael Shintaku

Taro, Colocasia esculenta, is one of the world’s oldest root
crops and of particular economic and cultural significance in
Hawai‘i, where historically more than 150 different cultivars
were grown. We developed a genome-wide set of more than
2000 single nucleotide polymorphism (SNP) markers from 70
cultivars of Hawaiian, South Pacific, Palauan, and mainland
Asian origins, with several objectives: (a) determine phylogenetic
relationships between Hawaiian and other Pacific cultivars, (b)
shed light on the history of taro cultivation in the Pacific, and (c)
study the genetic basis of morphological traits. We found that
almost all existing Hawaiian taro cultivars fall into five monophyletic groups that are largely consistent with the traditional

University of Arkansas, Fayetteville, AR, USA

Gehendra Bhattarai

University of Arkansas, Fayetteville, AR, USA

Waltram Second Ravelombola

University of Arkansas, Fayetteville, AR, USA

Haizheng Xiong

University of Arkansas, Fayetteville, AR, USA

Jianbing Ma

University of Arkansas, Fayetteville, AR, USA

Spinach (Spinacia oleracea L., 2n = 2x = 12) is an amazing vegetable crop due to its high concentrations of nutrients and mineral
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components. There is a growing interest in the mineral content
of foods and diets. A total of 14 mineral components: boron (B),
calcium (Ca), cobalt (Co), copper (Cu), iron (Fe), potassium
(K), magnesium (Mg), manganese (Mn), molybdenum (Mo),
sodium (Na), Nickel (Ni), phosphorus (P), Sulfur (S), and zinc
(Zn) were evaluated in 292 USDA-GRIN spinach germplasm accessions, originally collected from 29 countries. The 14 mineral
components were extracted from fresh leaves and measured by
inductively coupled plasma atomic emission spectrometry. A
total of 2402 SNPs identified from genotyping by sequencing
(GBS) were used as the genotypic data. STRUCTURE 2 and
MEGA 6 were used for population structure and genetic diversity
analysis. Single marker regression (SMR), the regression linear
model (GLM), and the mixed linear model (MLM) methods
as described in TASSEL 5 were used for association analysis
of the SNPs and the 14 mineral components. Four structured
populations were found in the 192 cowpea accessions and SNP
markers were identified to be associated with the 14 mineral
compounds. The four mineral components, Co, Mn, S, and
Zn were correlated to each other with high r value > 0.7 and
three SNP markers, AYZV02017731_40, AYZV02094133_57,
and AYZV02281036_185 were identified to be strongly associated with the four components. The SNP markers for the
14 mineral components from this study will provide a tool for
breeders to select mineral components in spinach breeding
programs.
8:45 AM – 9:00 AM

A Macro-morphological Approach to
Characterizing Genetic Relationships of
Plumeria taxa
Kauahi Perez*

University of Hawaii at Manoa, Honolulu, HI, USA

The objectives of this research is to identify morphological
characters that can distinguish Plumeria spp. The question
guiding this objective is: What morphological characters (floral,
foliar, etc.) can be used to assess genetic relationships and thus
identify Plumeria spp. The underlying hypothesis is that single
character will be sufficient to distinguish species; rather, it will
require a combination of characters. To test this hypothesis, a
total of 75 taxa—verified and putative Plumeria spp. collected
from Kauai, Oahu, and Florida—were scored on the presence or
absence of 60 morphological characters. Maximum parsimony
was conducted in Mesquite version 3.2 and principal components analysis was carried out in R version 3.4.0. The most
parsimonious tree was 115 steps, with a consistency index of
0.7, retention index of 0.8, and bootstrap supports of 87% and
higher. Principal components analysis indicated that taxa form
seven distinct clusters with two clusters of taxa overlapping
the ranges of three distinct taxa. To this end, this suggests that
there are seven distinct species of Plumeria, and potentially
hybrid varieties in existence today.
Specified Source(s) of Funding: Plumeria Society of America

9:00 AM – 9:15 AM

Centromeric Histone 3 Variation in Penstemon
Xin Ye

Mississippi State University, Crystal Springs, MS, USA

Mikel R. Stevens

Bigham Young University, Provo, UT, USA

Nathan J. Ricks

Brigham Young University, Provo, UT, USA

Jason M. Stettler

Bigham Young University, Provo, UT, USA

Shaun Broderick*

Mississippi State University, Crystal Springs, MS, USA

Penstemon is a large genera native to the United States and contains nearly 300 species. Speciation is thought to have occurred
during the latter part of the Pleistocene epoch. The majority of
species are untapped for commercial use and are not used in
breeding programs, largely, because of species incompatibility
during interspecific hybridization. We are interested in a gene
that is necessary for proper chromosomal segregation during cell
division: Centromeric Histone 3 (CENH3). This histone protein
differs from others in that it 1) localizes only to the centromeric
region of a chromosome and 2) evolves rapidly particularly at
the 5’ end and the DNA-binding region in Loop 1. Mutations in
this gene lead to sterility and uniparental chromosome elimination when crossed with wild types. We hypothesized that this
gene was also rapidly evolving in Penstemon and may aid or
be involved in speciation. We were able to utilize sequence
data from Genbank to design degenerate primers to conserved
regions within the coding sequence of CENH3 from unrelated
angiosperm species. From those primers we successfully amplified two copies of CENH3, termed CENH3a and CENH3b.
Next generation sequencing of Penstemon DNA revealed that
a gene duplication event took place prior to speciation within
the genus. The coding sequence of CENH3b is approximately
78 bp shorter than CENH3a because of a deletion in the hypervariable 5’ region, and it is approximately 1800 bp shorter in
gDNA because of the absence of two introns. Alternative splice
variants were cloned from both copies of CENH3, but they
occurred nearly 10 times more frequently in CENH3b than in
CENH3a. Most of the splice variants caused frameshift mutations that would lead to the creation of early stop codons. It is
unclear if these splice variants are functional. A phylogeny was
built to compare the taxonomic classifications of Penstemon
with the sequence divergence of CENH3 among species. The
phylogenetic data was in many ways similar to the taxonomic
data. However the data suggest that subgenus Habroanthus
evolved from the subgenus Penstemon. The data also suggest
that Saccanthera and Dasanthera shared a common evolutionary ancestor that is different from the subgenera Habroanthus
and Penstemon. More work will be needed to determine the
translational profile of CENH3 mRNAs and their role in cell
division and speciation within Penstemon.
Specified Source(s) of Funding: Mississippi Agriculture &
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Forestry Experiment Station Special Research Initiative, USDA
National Institute of Food and Agriculture–Project 1006346

Local Food Systems
Moderator: Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

8:00 AM – 8:15 AM

Fostering Regional Food Systems: The Role of
the Community-embedded University

programs, and shared objectives. This model has given KPU
Sustainable Agriculture and Food Systems the opportunity to
develop research based resources for policy makers, farmers and
community members, build a municipally-supported research
and teaching farm, develop an indigenous focused farm school
and partner in the development of an innovative high school
farm program in the region. This presentation will explore the
critical role of facilitating connections that community embedded Universities can play in fostering regional food systems.
Specified Source(s) of Funding: N/A

8:15 AM – 8:30 AM

Rebecca M. Harbut*

Quantification of Food Policy Groups within
the Puget Sound Region

Kwantlen Polytechnic University, Surrey, BC, Canada

Kent M. Mullinix

Kwantlen Polytechnic University, Surrey, BC, Canada

Interest in fostering regional, sustainable food systems has been
growing in the agricultural community and broader society with
growing numbers of aware, concerned consumers preferentially
purchasing locally produced foods. While the local food movement was originally focused on supporting local farmers, the
movement has grown to recognize that sustainable, regional
food systems extend beyond agriculture and buying local and
intersect with a myriad of issues such as economic vitality, community development, environmental stewardship, food access
and self-reliance, health and wellness and food sovereignty. As
a result, there is a diverse cross-section of researchers, educators
and advocates, from universities, governments (at all levels),
non-profit and private sector stakeholders contributing to the
discourse and advancement of regional food systems. They
are actively responding to the need to develop knowledge and
resources through innovative programs, research and education. The challenge for Universities lies in facilitating the
connections between these diverse actors in the system and
delineating the role universities play in supporting this complex
social movement. This will necessitate a redefinition of the role
and function of the “agriculture” university. Universities have
historically played a key role in the generation and mobilization of knowledge and while it has often collaborated with
stakeholders, institutions are often not deeply embedded in the
community, rather much more allied with the agri-food industry
and its perspectives and needs. Due to the connectedness of
regional food systems to all aspects of society, it is critical for
universities to redefine how they interface with society and equip
and empower effective leaders that will foster our sustainable
food systems future. The Sustainable Agriculture program at
Kwantlen Polytechnic University (KPU) was conceptualized,
designed and has been built on the philosophy that to genuinely
and effectively contribute to the development of a sustainable
regional food system, it is critical to not only collaborate, but
build and work from meaningful partnerships with key food
system stakeholders in the community. This includes local/
regional government, K-12 educators, indigenous communities,
industry, and non-profit organizations. This is operationalized
through shared physical resources such as land, shared education

Robin R. Taylor

Washington State University, Mount Vernon, WA, USA

R. Karina Gallardo

Washington State University, Puyallup Research and Extension
Center, Puyallup, WA, USA

Barbara Rasco

Washington State University, Pullman, WA, USA

Carol Miles*

Washington State University, NWREC, Mount Vernon, WA, USA

Food policy councils (FPCs) strive to improve food systems
through identification of food systems issues, advocacy for
food justice, and advancement of policies to affect change in
local food production and access to food. Characterizing FPCs
working in the Puget Sound region provides a foundation for
knowing which groups and organizations are performing this
work as well as the specific types of work they are currently
engaged in. The FPCs in the Puget Sound region were identified
by comparing and combining published lists of groups representing food and nutrition advocacy, food justice, and local foods in
the region. Each group was asked to respond to a 10-question
on-line survey regarding their group structure, who they serve,
whether and how they are engaging in the policy process, what
challenges they face in reaching declared goals, and in what
policy and program activities they are engaging. Responses
indicate that a majority of FPCs are well-established and provide
regional coordination of local food systems both through policy
and program activities. While many groups that self-identify
as FPCs share goals of food policy creation, planning, implementation, support, or advocacy, some do not actively engage
in policy on any level. The majority of groups surveyed work
toward food access, and are engaged in food advocacy from
farm to table, with or without food policy being part of their
priorities. Some FPCs work to support the creation of farmers
markets or farm-to-school nutrition programs to achieve their
policy-related goals. This finding indicates that FPCs engage
in food systems in ways that are not always included in their
mission statements or objectives. Public and private support of
FPCs, in combination with community engagement and participation, has fostered significant growth and development of
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existing FPCs and many of their key programs. However, the
greatest challenge for many FPCs in the region is sustaining
their funding and volunteer workforce. Lack of funding directly
impacts the scope of work that can be accomplished as well as
the populations that can be served. Difficultly in securing grants
or independent donor support affects FPCs of all sizes; and the
amount of time a group has been in existence does not lessen
this problem. The competition among groups within the region
for limited grant funding reduces their capacity to collaborate
and share resources. This information helps to reveal gaps in
public service, and foster interaction and collaboration among
groups in the future.
8:30 AM – 8:45 AM

Hoophouses for Health: Effect of Access
to Capital on Increasing Season Extension
Production Capacity and Food Access
Dru Montri*

Michigan Farmers Market Association, East Lansing, MI, USA

Coordinated by the Michigan State University (MSU) Center
for Regional Food Systems, Michigan Farmers Market Association and the MSU Department of Horticulture, the Hoophouses
for Health program was launched in 2011 with funding from
the W.K. Kellogg Foundation. Hoophouses for Health was
designed to achieve two main objectives: 1) expand season
extension capacity of Michigan vegetable crop producers and
2) increase access to Good Food for vulnerable children and
their families. Through this innovative initiative, producers
apply for a zero-interest, five-year “loan” to build a hoophouse
that they then pay back in produce instead of cash. Producers
receive production technical assistance and support in building
marketing relationships through area farmers markets and with
schools and early childcare providers. As a result, children where
the program operates have increased access to fresh, healthy,
Michigan foods at home, in their community, and through
early childhood and school food programs. Now supporting
more than 50 Michigan producers, the program brings together a diverse group of community stakeholders including
17 farmers markets, 26 partner agencies, 17 K-12 schools and
12 early childcare programs. In 2016, approximately $213,00
was distributed to farmers to build hoophouses and $118,000
in fresh, healthy foods was distributed to vulnerable families
with young children. More than 9,000 pounds of produce
including tomatoes, winter squash, cucumbers, lettuces and
mixed salad greens, and onions were distributed through Farm
to School sales. Over the course of the program, more than
191,000 square feet of hoophouse growing space has been
funded. This effective program can be adapted at the community, state or regional level to promote season extension
production capacity and sustain healthy eating for vulnerable
children and their families.
Specified Source(s) of Funding: W.K. Kellogg Foundation

8:45 AM – 9:00 AM

Breadfruit in Hawaiian Food Systems: Past,
Present, and Future
Noa Lincoln*

UH Manoa, Honolulu, HI, USA

Breadfruit payed an essential role in traditional Hawaiian food
systems. Historical ecology, ground surveys, and geospatial
modeling was used to reconstruct the extant of the traditional
breadfruit belt in Kona, Hawaii known as the Kaluulu. Natural
experiments were conducted to assess yield variations, which
were modeled for the entire breadfruit system to determine
historical yields. Currently breadfruit is experiencing a large
revival in local food systems in Hawaii, and we can conducted
statewide surveys to determine total trees and potential yield,
and establshed replicated variety trials across the state to gather
empirical data variations. Looking to the future, the suitability
of breadfruit habitat was modeled using 10 environmnetal
parameters, and climate predictions were used to examine how
suitability is expected to change under future scenarios.
9:00 AM – 9:15 AM

Light Requirements of Lettuce in a Simulated
Indoor Home Owner Environment
Maria Paz Kinslow*

University of Florida, Gainesville, FL, USA

Paul Fisher

University of Florida, Gainesville, FL, USA

Paula Brito

University of Florida, Gainesville, FL, USA

For indoor growing of vegetables by home consumers, light
quantity and quality are limiting factors. The objective was to
evaluate plant performance of ‘Red Salad Bowl’ lettuce in a
simulated indoor environment grown with four commerciallyavailable light-emitting diode (LED) or fluorescent fixtures, and
one of the LED fixtures at four light levels. In the first experiment, we tested four white light sources that included 4000 K
or 5000 K LED, or 4100 or 6500 K tubular fluorescents, at 120
µmol·m–2·s–1 for 12 hours per day (5.2 mol·m–2·d–1). Lettuce had
greater biomass when grown under LEDs compared with fluorescents, but greater anthocyanin levels and nitrate content under
fluorescent light. In the second experiment, a 4000 K LED light
source provided four light levels: 37, 52, 85, or 150 µmol·m–2·s–1
for 12 hours per day (1.6, 2.2, 3.7, or 6.5 mol·m–2·d–1). As light
level increased, plants had shorter leaves, greater biomass, and
higher chlorophyll and anthocyanin content. Light levels of
3.7 and 6.5 mol·m–2·d–1 resulted in the same fresh weight and
chlorophyll content, but the highest light level resulted in higher
dry weight, more compact growth (decreased leaf length), and
increased anthocyanin content. In a simulated home consumer
environment, any of the four white LED or fluorescent fixtures
tested could be used to grow lettuce, with a minimum of 3.7
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mol·m–2·d–1, although higher light would be desirable. A daily
light integral of 3.7 mol·m–2·d–1 could be provided, for example,
with one 4000 K LED bulb per square foot run for 15 hours at
a minimum 4-in height, at a cost of $0.01 to $0.02 per square
foot per day for electricity at $0.05 to $0.15 per kWh and $25
for the light fixture per square foot.

Growth Chambers and Controlled
Environments 2

9:15 AM – 9:30 AM

8:00 AM – 8:15 AM

A Taste of Home: Growing Amaranth in New
England

Effect of Simulated Climate Change on Flower
Development of Petunia

Sarah R Schweig*

Moderator: Alexander G. Litvin

Iowa State University, Ames, IA, USA

Sarah A. Mills*

University of Rhode Island, Kingston, RI, USA

West Virginia University, Morgantown, WV, USA

In the northeastern United States, ethnic crop production allows
growers to connect to a diverse regional market. Amaranth
(Amaranthus spp.) is eaten as a vegetable in over 50 countries
worldwide and is tolerant of many biotic and abiotic stressors,
making it an appealing addition to local production. Successful
incorporation of this heat-loving crop requires region-focused
cultivar selection, especially outside of the hottest summer
months, and could be benefited by plasticulture production. Nine
commercially-available cultivars and one heirloom variety were
compared for performance in the northeastern temperate climate.
Ten greenhouse-started plants of each variety were grown in
raised beds with drip irrigation in a clear slitted 1-mil plastic
low tunnel system. Treatments were arranged in a randomized
complete block design with four replications, repeated seven
times over the 2016 growing season. All varieties had significant drops in yield in the seventh planting (seeded 22 Aug.),
and there was less yield variation between varieties in the third,
fourth, and fifth plantings. ‘Miriah’ (A. tricolor) performed well
in marketable fresh weight and stem to leaf ratio and was the
most consistent across all plantings. A dwarf variety ‘White
Leaf’ (A. mangostunus) consistently had relatively low yield
but an excellent stem to leaf ratio. Stem to leaf ratios of ‘Red
Garnet’ and ‘Red Callaloo’ (both A. viridis) were higher than half
the varieties in the study across all plantings, but their cultures
of origin traditionally stew stems with leaves. Growers should
therefore consider the intersection of yield, stem to leaf ratio,
and intended usage in cultivar selection for the northeast. Two
commercial varieties, ‘Red Stripe’ and ‘Green Pointed Leaf,’
were used to evaluate plasticulture production. Three plasticulture treatments: 1) gothic-style high tunnel, 2) 1-mil clear slitted
plastic low tunnel over raised bed with black plastic mulch, and
3) raised bed with black plastic mulch, were compared to an
open field control plot. A split-plot experimental design with ten
plants of each variety and four replications was repeated in June,
July, and Aug. 2016. No high tunnel plots showed significant
difference from control plots in stem to leaf ratio or average
plant yield. Low tunnel plots of both varieties had increased
yield across all plantings, and improved stem to leaf ratios for
all except the August planting. Yields exhibited a stronger correlation with soil temperature than air temperature, supporting
the use of low-cost black plastic mulch and low tunnel systems
over high tunnel structures.

Youyoun Moon

West Virginia University, Morgantown, WV, USA

Nicole L. Waterland

West Virginia University, Morgantown, WV, USA

Plants are sessile organisms and are often exposed to environmental stresses. In order to cope with such stresses, plants utilize
morphological and physiological mechanisms to mitigate the
impacts of stresses for survival. Environmental stresses could
damage flowers that are critical for seed and fruit production.
Reproductive success depends on the development of healthy
flowers and the process of flower development is particularly
vulnerable to environmental changes. Therefore, it is important to investigate the effects of environmental factors on
the flower development as well as the underlying molecular
mechanisms that control plants’ response to the environment
changes. The goal of this research was to investigate the effects
of elevated CO2, temperature and water deficit stress on flower
development. The main effects and interaction of these abiotic
factors, simulating climate change, on growth and flower
development were examined. Petunias were grown in growth
chambers at two levels of CO2 (400 and 800 µmol·mol-1), two
temperature regimes (21/18 and 28/25 °C day/night), and two
irrigation levels (0.15 and 0.30 m3·m-3). The moisture levels of
the growing media were maintained by an automated irrigation system. The number of flowers, flower size, and flowering time were examined. Gene expression patterns, using a
semi-quantitative real-time PCR, of selected genes involved
in stress responses and flower development were examined.
Fewer flowers were produced on plants grown under the elevated
temperature and water deficit condition at ambient CO2. The
size of the flowers decreased under elevated CO2. Reductions
in flower number and size may render the plants less attractive
to pollinators, which could be detrimental to seed production
and yield in agricultural crops. Flowering time was also delayed
with elevated CO2, but accelerated with higher temperature.
The altered pattern of flowering time under climate change
conditions could result in an asynchrony between crops and
their pollinators.
Specified Source(s) of Funding: West Virginia Agricultural
and Forestry Experiment Station (HATCH grant WVA00640)
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8:15 AM – 8:30 AM

LED Lighting Alters Flavor Volatiles in
Hydroponically Grown Basil
Hunter Hammock*

University of Tennessee, Knoxville, TN, USA

Carl Sams

The University of Tennessee, Knoxville, TN, USA

Dean Kopsell

The University of Tennessee, Knoxville, TN, USA

The use of light-emitting diodes (LEDs) in commercial greenhouse production is rapidly increasing due to technological
advancements, increased spectral control, and improved energy
efficiency. Research is needed to determine the value and efficacy of LEDs in comparison to traditional lighting systems. The
objective of this study was to establish the impact of blue(B)/
red(R) LED lighting ratios on flavor volatiles in hydroponic
basil (Ocimum basilicum var. ‘Genovese’) in comparison to
non-supplemented natural light controls and traditional high
pressure sodium (HPS) lighting. ‘Genovese’ basil was chosen
because of its high market value and demand among professional
chefs. Emphasis was placed on investigating concentrations
of important flavor volatiles in response to specific ratios of
narrow-band blue/red (447nm/627nm) LED light. A total of nine
lighting treatments were used: Two non-supplemented natural
light controls, one HPS treatment, and six LED treatments
with progressive B/R ratios as: 10B/90R; 20B/80R; 30B/70R;
40B/60R; 50B/50R; and 60B/40R. Each supplemental lighting
treatment provided 8.64 mol·m–2·d–1 (100 µmol·m–2·s–1, 24 hours
per day). The daily light integral (DLI) of the natural light controls averaged 9.5 mol·m–2·d–1 during the growth period (ranging
from 4 to 18 mol·m–2·d–1). Relative humidity averaged 65%,
with day temperatures averaging 29.4 °C and night temperatures
averaging 23.8 °C. Basil plants were harvested 45 days after
seeding, and flavor volatile profiles were obtained by GC-MS
(Agilent 6890N). Flavor volatile concentrations varied significantly among lighting treatments. Many compounds showed a
non-linear relationship with increasing B/R LED ratios, with
the greatest bioaccumulation observed in LED ratios ranging
from 20B/80R to 50B/50R. However, the concentrations of some
compounds, such as d-limonene and methyl eugenol, were 3–4x
higher in the control treatments, and decreased significantly
for basil grown under supplemental lighting treatments. The
concentrations of eugenol and methyl eugenol were inversely
correlated with the B/R ratio of LED treatments, and the ratio of
eugenol to methyl eugenol varied drastically among LED treatments and controls. The concentration of α-cubebene increased
50x in basil grown under the 20B/80R treatment, as compared to
the non-supplemented controls. Eucalyptol, camphor, camphene,
and ± 3-carene concentrations were also increased 3–4x under
the 20B/80R treatment, as compared to the controls and HPS
treatment. Maximum concentrations for each compound varied
among lighting treatments, but most were highest under 20B/80R
to 50B/50R. The application of LED lighting systems to supple-

ment natural DLI may be beneficial for improving overall flavor
quality of basil and other high-value specialty herbs.
Specified Source(s) of Funding: UTIA
8:30 AM – 8:45 AM

Combined Treatment of Low Temperature and
UV-a LED Light Enhances Phenolic Content in
Kale
Jin-Hui Lee*

Chungbuk National University, Cheongju, Korea, Republic of (South)

Myung-Min Oh

Chungbuk National University, Cheongju, Korea, Republic of (South)

Antioxidant phenolic compounds, rich in vegetables, contribute to maintain and promote human health. The application of
temporary abiotic stresses before vegetable harvest has been
a potential cultural strategy to enhance the phytochemicals in
greenhouses or plant factories. This study aimed to determine
the effect of combined treatment of low temperature and UV-A
light on the accumulation of phenolic compounds in kale (Brassica oleracea var. acephala ‘Manchoo Collard’). Fourteenday-old kale seedlings were cultivated in a growth chamber
(air temperature of 20 °C, relative humidity of 60%, PPFD of
128 µmol·m–2·s–1) for three weeks. After then, kale plants were
subjected to combined stress (10 °C plus UV-A LED irradiation
of 30.3 W/m2) for 3 days and compare with those under single
stress treatment (4 °C or 10 °C or UV-A LED irradiation). All
the plants were recovered for 2 days under normal growing
conditions right. The combined treatment did not have a negative
effect on growth characteristics such as fresh and dry weights
of shoots and roots, leaf area, leaf number and SPAD value and
UV-A treatment significantly increased compared to the control.
The specific leaf weight was the highest in the plants subjected
to the combined stress. The result of photosynthetic rate was
similar patterns with those of growth characteristics at 3 days
of treatment. Fv/Fm of both UV-A treatment and the combined
treatment started to decrease at 3 hours and increased again at
3.5 days of treatment. Total phenolic contents of the combined
treatment at 2 and 3 days of treatment and 1 day of recovery
were 1.4-, 1.6- and 1.5-fold higher than those of the control,
respectively. The activity of phenylalanine ammonia-lyase
was approximately 1.3-fold higher in the combined treatment
compared to the control at 1 day of treatment. The combined
treatment had significantly higher value in the most of measurement parameters than the other single treatments during whole
sampling period. These findings suggested that the combination
of properly low temperature and UV-A irradiation was effective
to improve phenolic content of leafy vegetables such as kale
before harvest.
Specified Source(s) of Funding: Basic Science Research Program
through the National Research Foundation of Korea (NRF)
funded by the Ministry of Science, ICT & Future Planning
(2014R1A1A1007793)

An asterisk (*) following a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S173

Oral Presentations
8:45 AM – 9:00 AM

Mild Drought Can Alleviate Soilborne Disease
of Capsicum annuum Caused by Phytophthora
capsici
Seonghwan Kang*

Korea University, Seoul, Korea, Republic of (South)

Jongyun Kim

Korea University, Seoul, Korea, Republic of (South)

Pepper (Capsicum annuum) is one of the most commonly
cultivated horticultural crops worldwide. Infection of pepper
plant by Phytophthora capsici generally causes root and crown
rots and sudden wilts and occurs in very wet soil condition.
To investigate the effects of soil volumetric water contents (θ,
v/v) on growth and disease severity of pepper, an automated
irrigation systems based on soil moisture sensor was used for
6-week-old C. annuum ‘Nockwang’ grown in clay-loamy soil,
after inoculating the pathogen zoospores into soil. The θs of each
pot were maintained at 0.2 (≈3.5 kPa), 0.275 ( ≈3.1 kPa), and
0.35 ( ≈2.4 kPa) m3·m–3 for about 3 weeks using an automated
drip irrigation system with 9 EC-5 soil moisture sensors (Decagon Devices, Pullman, WA) and 9 solenoid valves. During the
experiment period, disease severity were evaluated on a scale
of 0 (symptomless) to 5 (dead plant) every day and the general
growth parameters were measured at 19 days after inoculation
(DAI). The first disease symptoms were observed after 10, 6, and
4 DAI in the plants grown at θ thresholds of 0.2, 0.275, and 0.35
m3·m– 3, respectively, indicating lower θ threshold delayed the
appearance of disease symptom. At harvest, disease severity of
the plants grown at a θ threshold of 0.20 m3·m– 3 was the lowest
at 1.67 ± 0.80, and plants grown at a θ threshold of 0.35 m3·m– 3
had the disease severity of 3.83±0.60, indicating low θ treatment alleviated the disease symptom. Most growth of the plants
was not significantly different across the various θ thresholds.
However, root fresh weight of the plants decreased with increasing θ threshold, the plants grown at a θ threshold of 0.2 m3·m– 3
had thicker stems than the plants at θ threshold of 0.35 m3·m– 3,
and leaf relative water contents were higher with decreasing θ
threshold, indicating the disease symptom was more severe at
higher θ threshold. Overall, plants grown at a θ threshold of 0.2
m3·m– 3 appeared to delay and alleviate the disease symptom of
P. capsici on pepper, which might indicate that efficient irrigation control could alleviate the disease in a production field.
Specified Source(s) of Funding: This research was supported
by Korea University Grant.
9:00 AM – 9:15 AM

Supplemental Light Sources and Spectra Affect
Basil, Dill, and Parsley Growth, Gas Exchange,
and Aroma and Flavor Profile
Alexander G. Litvin*

Iowa State University, Ames, IA, USA

Christopher J. Currey

Iowa State University, Ames, IA, USA

Light is absorbed, transmitted, or reflected by plants at varying
efficiencies and responses in relation the light quality of the irradiance. Because of the role of light quality on photosynthesis
and the phenlypropanoid pathways for secondary metabolites
such as flavonoids, our objectives were to quantify the effect of
supplemental light source and spectra on growth, gas exchange,
and aroma and flavor of culinary herbs. Sweet basil (Ocimum
basilicum L.), dill (Anethum graveolens L.), and flat-leaf parsley
[Petroselinum crispum (Mill.) Fuss.] were transplanted into
hydroponic systems in a glass-glazed greenhouse. Plants were
provided with a supplemental photosynthetic photon flux density
(PPFD) of 100 µmol·m–2·s–1 from a 400-W high-pressure sodium
(HPS) lamp or light emitting diodes (LEDs) with red:blue ratios
of 93:7 (low blue – LB) or 70:30 (high blue – HB). Gas exchange
was measured using an infrared gas analyzer, and chlorophyll
fluorescence at morning, midday, and evening was measured
using a fluorometer. Accumulation of essential oils for aromas
were analyzed with head space gas chromatography (GC) and
phenolic flavonols by high performance liquid chromatography
(HPLC). Both LED treatments increased photosynthesis for basil
(P < 0.001) and parsley (P < 0.001) compared to plants grown
under HPS lamps. Stomatal conductance was higher for LB and
HB in basil (P < 0.001) compared to HPS, but only HB-treated
parsley was higher than HPS lighting (P = 0.020). Both LED
treatments increased light-induced stress in plants compared to
HPS. Fluorescence for LED treatments in the evening resulted
in lower Fv/Fm as versus HPS (P < 0.001). Plants grown under
HB lighting were shorter than HPS for basil (P = 0.039) and
parsley (P = 0.002). Comparatively, parsley fresh mass (SFM)
was lower for HB-treated plants compared to HPS (P = 0.043),
while dill SFM was unaffected by supplemental light source.
Essential oil and phenolic accumulation was dependent on
supplemental light treatment and varied among species. Lighting from LEDs resulted in a two-fold increase in orientin (P =
0.013) and myristicin (P = 0.041) for basil and dill, respectively,
while HB increased dillapiole concentration by as much as 89%
and over HPS (P = 0.038) for dill. Increased content of aromatic
and flavor compounds demonstrate the potential of supplemental
lighting systems using specific wavelengths to add value, but
come with the caveat of understanding the additional stress
imparted onto the photosynthetic mechanisms and the resulting
effect on biomass accumulation.
9:15 AM – 9:30 AM

Environmental Practices to Optimize the
Growth, Development, and Nutritional Quality
of Microgreens
Jonathan A. Allred*

Cornell University, Ithaca, NY, USA

Neil Scott Mattson

Cornell University, Ithaca, NY, USA

Microgreens are young, tender and edible crops harvested shortly
after emergence of the first true leaf. Increasing popularity has
fueled cultivation in a variety of production environments. Car-
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bon dioxide (CO2) enrichment is often used in greenhouses and
sole-source lighting facilities to reduce the need for supplemental
lighting, but little information is available on the response of
microgreens to both light and CO2. Our objective was to evaluate the effects of varying daily light integral (DLI) and CO2
enrichment on the growth and nutritional characteristics of
microgreens. Trials were conducted in controlled environment
chambers modified for CO2 control. Three species: arugula
(Eruca. sativa L.), mizuna (Brassica rapa L. var. japonica)
and mustard [Brassica. juncea (L.) Czern. ‘Garnet Giant’], received a combination of four DLI (3, 6, 9, and 12 mol·m–2·d–1)
by four CO2 (400, 600, 800, and 1000 ppm) treatments. Within
each treatment combination there were 12 replicates with three
experimental replications over time. Data was analyzed in a
one-way mixed effects ANOVA at P < 0.05. Treatments were
evaluated for their effects on plant height, fresh weight (FW),
dry weight (DW), days to harvest (DTH), total phenolics and
flavonoids. Results for FW varied by species as DLI increased
from 3–12 mol·m–2·d–1. Mizuna and mustard exhibited linear
increases in yield with percent FW increasing by 27% for mizuna
and 35% for mustard as DLI increased from 3–12 mol·m–2·d–1
at 400 ppm CO2. Arugula increased in a quadratic fashion with
reduced gains in yield above 9 mol·m–2·d–1. For all species the
response of FW to CO2 was linear between 400 and 1000 ppm
with an average yield increase of 11% as CO2 increased from
400–1000 ppm. For all species, DTH decreased by two days in
a quadratic fashion, as DLI increased from 3–12 mol·m–2·d–1.
Total phenolics exhibited a species-specific linear increase with
increasing DLI as well as an interaction between DLI and CO2
that was independent of species. For example, arugula contained
the highest concentration of total phenolics at 105.26 mg/100 g
FW at 12 mol·m–2·d–1 and 1000 ppm: an increase of 29.43 mg/100
g from 3 mol·m–2·d–1 and 1000 ppm. Results could aid growers
of various operations determine how their growing environment
has an effect on yield, days to harvest and nutritional quality
of microgreens.
9:30 AM – 9:45 AM

Fertilizer and Cultivar Selection for Lettuce,
Basil, and Swiss Chard Using Nutrient Film
Technique
Hardeep Singh*

Oklahoma State University, Stillwater, OK, USA

Bruce Dunn

Oklahoma State University, Stillwater, OK, USA

Hydroponics is gaining in popularity as an ecofriendly and sustainable way of farming across the world by allowing efficient use
of fertilizers and water. Among the various factors determining
the output of a hydroponic production system, nutrient solution
is the most important one for crop yield and quality. This study
evaluated three different fertilizers including Jack’s 5–12–26,
Peter’s 5–11–26, and Dyna Gro 7–9–5. The pH was maintained
at a range of 5.5–6.5 and the electrical conductivity was maintained in the range of 1.5–2.5. Six cultivars of lettuce including

‘Dragoon’ (romaine type), ‘Mirlo’ (butterhead type), ‘Panese’
(oakleaf type), ‘Ruby Sky’ (leaf lettuce), ‘Rex’ (butterhead type),
and ‘Oscarde’ (oakleaf type) and three cultivars of Swiss chard
including ‘Rainbow Chard’, ‘Barese’, ‘Fordhook Giant’ and three
cultivars of basil including ‘Large Leaf’, ‘Lemon’, and ‘Sweet
Basil’ were selected for cultivation in an indoor hydroponic
system designed as NFT (Nutrient Film Technique). Seedlings
were transferred to NFT after 30 days and harvested after 45
days after transplanting. A cultivar effect was found in Swiss
chard as the fresh weight of ‘Fordhooke Giant’ was higher in all
three fertilizers. For lettuce fresh weight and dry weight, there
was an interaction among cultivars and fertilizers indicating that
the ‘Mirlo’ and ‘Rubysky’ produced higher in all three fertilizers
than other cultivars while ‘Dragoon’ produced performed good
in Dyna Gro and Jacks but not in Peters. There was no effects
observed for basil fresh weight. ‘Panese’ and ‘Lemon’ in Dyna
Gro showed tip burn, which is undesirable. Based on nutrient
analysis, Dyna Gro was not low in calcium and its pH was less
stable compared to the other two fertilizers.
Specified Source(s) of Funding: Oklahoma Department of Agriculture Food and Forest (ODAFF) grant for speciality crop

Vegetable Crops Management 1
Moderator: Shuresh Ghimire

Washington State University, Mount Vernon, WA, USA

8:00 AM – 8:15 AM

How Important Is Cultivar Yield Stability to the
Vegetable Processing Industry?
Martin Williams*

USDA–ARS, Urbana, IL, USA

Yield stability of a cultivar is its performance over a range of
growing conditions relative to other cultivars. A cultivar that
yields well in most environments, relative to other cultivars, has
above-average yield stability. In contrast, a cultivar that yields
relatively poorly in certain environments has below-average
yield stability. The ideal cultivar has not only above-average
stability, but also above-average yield. In theory, characterizing
both yield and yield stability would identify cultivars that would
be most suitable for use in specific production areas. To the
best of our knowledge, no one has determined the relationship
between yield stability of cultivars to the actual adoption and
use of those cultivars on the landscape. Using processing sweet
corn as a model crop, we determined the pattern of cultivar
adoption and use in relation to cultivar yield and yield stability.
Yield stability analyses of ear mass, recovery, and case production were conducted on popular sweet corn cultivars grown in
varied environments across the northern U.S. Yield and yield
stability of cultivars were then related to their adoption and use
by the sweet corn processing industry over a two-decade period.
Some cultivars exhibited above-average yield or stability, but
there was scant evidence of both traits in individual cultivars.
As expected, adoption of cultivars with below-average yield or
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stability was less than other cultivars. Above-average stability
in case production, defined as the number of cases of canned
sweet corn product per hectare, mattered more to the sweet
corn processing industry than all other measures of yield. In essence, the industry favors ‘workhorse’ cultivars with strong case
production over a wide range of environments over ‘racehorse’
cultivars that do well in only the most favorable environments.
8:15 AM – 8:30 AM

is currently recommended only for direct marketing and valueadded (branded/packaged) applications.
Specified Source(s) of Funding: New Jersey Agricultural Experiment Station
8:30 AM – 8:45 AM

Influence of Plastic Mulch and Planting Dates
on Yield of Tomatoes in South Texas
Juan Anciso*

Comparison of the Mother Stalk and Standard
Harvesting Methods on Spear Yield and Quality
of Three Asparagus Varieties

Texas A&M AgriLife Extension Service, Weslaco, TX, USA

Thomas J. Orton*

Rutgers University, Bridgeton, NJ, USA

Stephen A. Garrison

Rutgers University, Bridgeton, NJ, USA

Daniel Ward

Rutgers Agricultural Research and Extension Center, Bridgeton, NJ, USA

A controlled experiment was conducted to compare the dynamics of yield and quality for the mother stalk as compared to the
standard 6-week clear-cut harvesting strategies. Crowns were
produced of three distinct asparagus genotypes and replanted
in a uniform experimental configuration in spring 2011. The
experimental design was randomized block with two factors (variety and harvesting method), four replications, and three years.
The daily harvesting treatments were: 1) standard harvest (clear
cut for six weeks from start of season); 2) Extended standard
harvest (10 weeks); 3) mother stalk harvest; 4) 2 weeks standard
followed by mother stalk harvests; 5) no spring harvest, remove
foliage late July, then clear cut for 6+ weeks. Treatments were
applied to the same plots for the duration of the experiment.
The mother stalk harvesting method consisted of three shoots
allowed to mature into the canopy from each crown in the plot,
followed by removal of all new spears thereafter. Mother stalk
treatment plots were staked, trickle-irrigated, and fertigated.
Each plot was harvested at regular intervals (usually daily) and
spears were accumulated for one week, then graded and weighed.
Dynamics of yield were similar for all varieties and years: The
standard harvest treatment resulted in high relative weekly yields
during the 6-week harvesting period, while weekly yields from
the mother stalk treatment were generally lower. In all cases,
mother stalk treatments “caught up” with the standard harvest
treatment. Full-season mother stalk total cumulative yields ranged
from 116.5 to 167.9% of the corresponding standard harvest
treatment. The three varieties all exhibited overall 3-season
average cumulative season yield increases in the mothers stalk
treatment ranging from 34.3 to 55.7% as compared to standard
harvest. Spear size/girth generally declined as the mother stalk
season progressed, but spear quality remained high generally
until late August. Overall, acceptable spear yields and quality
could be sustained for up to 22 weeks. Due to higher costs of
finished goods and unstable market conditions during the JuneAugust time frame in North America, the mother stalk method

Trial consisted of 9 different tomato varieties (5 roma and 4
round); 3 different planting dates; 3 different soil covers (black
plastic mulch, white plastic mulch and bare ground); 4 plants/
plot at 1.5 feet spacing between plants and 6.6666 feet between
rows with an average plant population of 4,356 plants/acre.
Varieties that best performed were SV8579TE (roma), TAM
Hot-Ty (round) and Shourouq (round) with yields of 42,092
lb/acre, 40,088 lb/acre and 39,225 lb/acre respectively. Overall
the second planting date produced higher yields (avg. 43,195
lb/acre) with the three best varieties being the round type TAM
Hot-Ty (57,718 lb/acre), roma type SV8579TE (50,991 lbs/acre)
and round type Shourouq (49,551 lb/acre). And the best yields
occurred with the white plastic treatment (avg. 54,917 lb/acre),
with highlights to varieties TAM Hot-Ty round type (67,278
lbs/acre), SV8579TE roma type (62,462 lb/acre) and Mykonos
round type (60,986 lb/acre). The best fruit quality was found
on varieties TAM Hot-Ty (4.85% °Brix), SV8579TE (4.61%
°Brix) and Mykonos (4.58% °Brix) that corroborates with the
white plastic treatment. In general, round type varieties produced
large to medium size fruits with some extra large and small.
Roma types produced fruits sizes varying from large to small.
The brix did not vary much between varieties from 4.16% to
4.85%. Within round types the °Brix varied from 4.46% to 4.85%
and the roma types from 4.16% to 4.61%. The fruit diameter in
round type tomatoes were larger the roma varying from 7.30 to
7.77 cm and 4.93 to 6.21 cm, respectively. The fruit thickness
had no significant variation between varieties or fruit types.
8:45 AM – 9:00 AM

Yield of Pie Pumpkin Grown with
Biodegradable Plastic and Paper Mulch
Shuresh Ghimire*

Washington State University, Mount Vernon, WA, USA

Annette Wszelaki

University of Tennessee, Knoxville, TN, USA

Jennifer Moore

University of Tennessee, Knoxville, TN, USA

Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

Plastic mulch is ubiquitous in the production of high value vegetable and small fruit crops; however, disposing of plastic mulch
at the end of the season poses both environmental and economic
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challenges. Biodegradable mulch that could reduce weed pressure, moderate soil temperature, conserve moisture, and improve
crop yield similarly to plastic mulch, yet fully biodegrade in the
field at the end of the season after tillage incorporation with no
negative impact to the soil, would benefit agriculture and the
environment. Field experiments in 2015 and 2016 compared four
potentially biodegradable mulches (BioAgri®, Exp PLA/PHA,
Organix, and Naturecycle), a cellulose mulch [WeedGuardPlus
(100% biodegradable)], PE (polyethylene, non-biodegradable)
and a bare ground treatment for their effect on pumpkin (Cucurbita pepo cv. Cinnamon Girl) fruit yield at two locations
in the United States with distinctly different climates: Mount
Vernon, WA, and Knoxville, TN. Weed pressure was minimal
in all mulch treatments at both locations both years because the
mulches remained sufficiently intact until the end of the growing season, with the exception of Naturecycle in 2015 at both
locations due to a splitting of the mulch. There was significant
weed pressure in the bare ground plots at both locations both
years, indicating the mulches provided a barrier to weed seed
emergence and/or growth. Moreover, in Knoxville, nutsedge
penetrated all of the mulches except the cellulose mulch. At
Mount Vernon, the overall pumpkin yield was 18.1 t·ha–1, and
pumpkin yield was greatest with PE, Exp. PLA/PHA, BioAgri and
Naturecycle (19.9 t·ha–1 – 22.8 t·ha–1), intermediate with Organix
and WeedGuardPlus (15.3 t·ha–1 – 18.4 t·ha–1), and lowest for bare
ground (8.7 t·ha–1). At Knoxville, the overall pumpkin yield was
17.7 t·ha–1, and pumpkin yield did not differ due to treatment.
The difference in yield at Mount Vernon was likely due to the
difference in the soil temperature, which tended to be 1 to 2 °C
lower for bare ground and WeedGuardPlus as compared to PE
and biodegradable plastic mulches (19.1 to 23.3 °C). In contrast,
at Knoxville, the soil temperature was higher in general for all
treatments (25.3 to 28.3 °C). These results indicate that yield
of pumpkin grown with biodegradable mulch are comparable
with PE mulch at diverse locations.
9:00 AM – 9:15 AM

A Cooperative Effort to Identify the Best
Performing Seed Treatments for Sweet Corn
Carrie Wohleb*

Washington State University, Moses Lake, WA, USA

The International Sweet Corn Development Association (ISCDA)
formed a committee in the late 1980s to address stand establishment problems in the new “supersweet” hybrids that were
becoming popular at the time. These hybrids incorporate the
mutant endosperm gene, shrunken-2 (sh2), which interferes
with starch synthesis so that sugars accumulate in the kernel.
Supersweets are attractive to sweet corn producers, shippers,
processors, and consumers because they retain sweetness long
after harvest. Unfortunately, they germinate poorly and have low
vigor and reduced stands when compared with standard sugary (su) hybrids. Their seed is inherently weak because of low
starch reserves and they have a fragile pericarp that makes them
prone to fungal pathogen invasion. Some of these problems are

reduced by planting in favorable environments and using seed
treatments. The ISCDA Seed Treatment Committee established
a trial in 1989 to identify optimum seed treatment mixtures for
improving stands of sh2 sweet corn across diverse planting environments. The results proved very useful, so the committee has
been organizing an annual seed treatment trial that is carried out
at locations across the United States for more than 20 years. It is
a cooperative effort of seed treatment manufacturers, sweet corn
seed companies, processors, and university-based researchers; I
am the research coordinator for the committee. The trial set the
standard for sweet corn seed treatment, and continues to do so as
old treatments are discontinued and new active ingredients come
on the market. These trials have shown that the most effective
seed treatments include 1) broad-spectrum, protectant fungicides
(ex. captan, fludioxonil, thiram); 2) systemic fungicides with
activity against internally-borne Fusarium moniliforme, Pennicillium ultimum, and Rhizopus species as well as soilborne
Rhizoctonia solani; and 3) an oomycete product that will control
soil-borne Pythium ultimum, especially in cold and wet soils
(ex. metalaxyl, ethaboxam). Optimum seed treatment mixtures
continue to evolve as new problems or situations arise. There is
new interest in seed treatments with unique modes of action to
control Pythium, because metalaxyl-resistant Pythium isolates
are being found in some areas where sweet corn is grown. Systemic insecticides (ex. clothianidin, imidicloprid, thiamethoxam)
are being added to seed treatment mixtures in some areas due
to increasing problems with soil insects like seedcorn maggots
and wireworms. The need for seed treatments that can be used
in organic production systems has increased with expanded
organic sweet corn acreages. These newer concerns are being
addressed with the latest trials.
9:15 AM – 9:30 AM

Hoophouses for Health Program Provides
Technical Assistance to Year-round Farmers
through Multiple Approaches
Adam Montri*

Michigan State University, East Lansing, MI, USA

Hoophouses for Health brings together farmers, vulnerable
families, schools and early childcare facilities to support the
infrastructure for year-round farming in Michigan and provides
healthy foods for families and students. This innovative partnership between the Michigan State University Department of
Horticulture, the Michigan Farmers Market Association, and the
Michigan State University Center for Regional Food Systems,
with funding from the W.K. Kellogg Foundation, provides
funding of up to $15,000 to farmers for hoophouses along their
associated infrastructure and additional input needs. This 0%
interest funding over five years is “repaid” in produce and other
farm products at both participating farmers markets and schools
with 50% or greater free or reduced lunch programs. The Farmer
Production team provides direct technical assistance for farmers
in the program. In an effort to meet demand and provide additional technical assistance to farmers external to the program
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three webinars, multiple “how-to” construction and production
videos, and the opportunity to participate in a hoophouse/high
tunnel build each year are provided. In addition to above opportunities, a farmer production and pricing guide that includes
both direct market and school food service purchase price ranges
that have been shared by farmers in the program is available to
farmers throughout the county. With almost $900,000 distributed
to farmers over five years this program allows the same funds to
work twice – once for farmers and again for vulnerable families
and schools to purchase healthy foods. This oral presentation
will focus on the technical assistance tools provided to farmers
to improve their production, marketing and overall profitability
including webinars, “how-to” videos, one-on-one technical
assistance, hands-on hoophouse builds, and a production and
pricing guide developed by and for farmers.
Specified Source(s) of Funding: W.K. Kellogg Foundation
9:30 AM – 9:45 AM

Preliminary Evaluation of English Cucumber
Cultivars in High Tunnels

By the end of the growing season, all cultivars had lost at least
50% of the plants. Other data collected included the node of first
female flower, plant height at the first and last harvest, and the
labor input. This trial was conducted in soil with poor fertility
resulted from field grading for high tunnel construction. While
this one-season trial has resulted in some meaningful results,
future research with more cultivars are needed for cultivar
recommendations to interested small farmers.

Postharvest 1

Moderator: Zilfina Rubio Ames

University of Florida, Gainesville, FL, USA

8:00 AM – 8:15 AM

Bitter Pit Management in Malus domestica
Borkh cv. Honeycrisp Apples Using 1-MCP
and Controlled Atmosphere Established during
Conditioning
Corina Florina Serban*

Sanjun Gu*

Washington State University, Wenatchee, WA, USA

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA

Lee Kalcsits

Washington State University, Wenatchee, WA, USA

John Beck

James Mattheis

The Cooperative Extension Program at North Carolina Agricultural
and Technical State University, Greensboro, NC, USA

USDA–ARS, Tree Fruit Research Laboratory, Wenatchee, WA, USA

John Kimes

North Carolina A&T State University, Greensboro, NC, USA

English cucumber is one of the most profitable vegetable crops
grown in high tunnels. Our previous research has demonstrated
that they can be grown profitably in high tunnels for both spring
and fall production in North Carolina. The objective of this preliminary trial was to test the performance of some commercial
English cucumber cultivars in hardiness zone 7 (Greensboro, NC)
on yield and economical potentials. Transplants of five cultivars
(Amiga, Diva, Katrina, Socrates and Tyria) were planted in raised
beds covered with white-on-black plastic much in April 2016
in a conventional high tunnel, which was 30’ W x 96’ L and
covered with a single-layer, greenhouse grade polyplastic film.
A completely randomized experimental design was conducted
with four replications and four vines (trellised with the Tomato
Rollerhook® system) in each replication. There was no difference
on blooming date (50% female flower bloomed), ranging from
18–21 days after transplanting (DAP). The first harvest took
place in cultivar Amiga and Tyria, which was about 40 DAP.
The total yield was not significantly different among cultivars,
from 1.37–2.6 kg/vine. However, the marketable yield of Diva
(1.49 kg/vine), Amiga (1.89 kg/vine) and Socrates (1.43 kg/
vine) was significantly higher than that of Tyria (0.99 kg/vine)
and Katrina (0.75 kg/vine). ‘Socrates’ had the highest number
of fruit (16.1/vine), followed by ‘Amiga’ (12.2). ‘Tyria’ had the
lowest number of fruit per vine (7.3) but the fruit was the longest. Bacterial wilt cause by striped cucumber was a challenge.

Malus domestica Borkh cv. Honeycrisp is susceptible to bitter
pit (BP) which is a calcium-related physiological disorder in
the fruit. BP symptoms include internal and external brown,
dry lesions on the fruit. The disorder typically develops during
storage, but it can also develop preharvest. ‘Honeycrisp’ is also
a chilling sensitive variety, and fruit is typically held at 10-20 °C
after harvest for up to 7 days to reduce development of chilling
injury (CI) during subsequent cold storage. The temperature
conditioning period followed by a lower storage temperature
(2 to 4 °C) reduces CI risk but can increase BP development.
The utilization of controlled atmosphere (CA) storage and an
ethylene antagonist, 1-methylocyclopropene (1-MCP), are
common practices used to slow down fruit respiration and to
extend the storage life of apples. The objective of this research
was to evaluate how 1-MCP and CA establishment during
temperature conditioning impacts the development of BP in
‘Honeycrisp’ apples. Fruit from one commercial ‘Honeycrisp’/
Bud 9 orchard in Quincy, Washington was obtained and held
at 10 °C for 7 days and then cooled to 3 °C. Half the fruit was
treated with 42 µmol·L–1 1-MCP the day of receipt while held
at 10 °C. Fruit were stored in air or CA (2.5 kPa O2, 0.5 kPa
CO2) established 1 day after receipt at 10 °C, and fruit remained
in CA for 1, 2, 3 or 4 weeks followed by storage in air up to
4 months. The final storage temperature was 3 °C. At harvest,
maturity analyses (starch index, firmness, soluble solids content, titratable acidity, weight, color, internal ethylene content,
dry matter) were performed. BP incidence was reduced by 20%
when exposed to 1–4 weeks in CA followed by storage in air
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compared with fruit stored only in air, irrespective of whether
fruit was treated or not with 1-MCP. When 1-MCP-treated
fruit was held in CA during conditioning, BP was 12 % less
compared with fruit treated with 1-MCP and stored in air. Fruit
stored in CA without 1-MCP had 27 % less BP compared with
untreated fruit stored in air. 1-MCP slowed loss of soluble solids
content (SSC), titratable acidity and had lower internal ethylene
concentrations. Bitter pit incidence typically developed within
1 month of harvest and changed little after two months. Results
suggests that 1-MCP and/or CA established during conditioning period could be used for BP control in ‘Honeycrisp’ apples
during postharvest storage.
8:15 AM – 8:30 AM

The Involvement of Laccase in Development of
Superficial Scald in Apple Fruit
YiHui Gong

for up to 7 months. The transcript abundance of seven LACs
(2, 7, 9, 12, 14, 15, and 16) in fruit peel tissues was measured
employing the RT-PCR. Five of them were significantly increased in scald tissues and significantly reduced by both DPA
and 1-MCP treatments after 4- and 7- month storage. Purified
laccase protein in apple peels was also obtained. The enzyme
activity of laccase was found to be significantly reduced by DPA
and 1-MCP treatments as compared with control. Quantitative
changes in phenolic compounds in apple peel tissues were analyzed using HPLC. The phenolic compounds decreased during
storage and showed no significant effect resulting from DPA
and 1-MCP treatments except for an increase of chlorogenic
acid. In contrast, an increase of phlorizin, rutin equivalents
and cyanidin-3-glucoside equivalents was induced by DPA and
1-MCP treatments following 4 month storage. Overall, this study
indicates that laccase plays important roles in apple superficial
scald development. Based on these results, the potential strategy
to prevent scald is also discussed.

College of Horticulture, South China Agriculture University,
Guangzhou, China

8:30 AM – 8:45 AM

College of Horticulture, South China Agriculture University,
GuangZhou, China

Quantitative Proteomic Investigations Revealed
the Influence of Rootstocks on Soft Scald
Development in ‘Honeycrisp’ Apples

Lina Du

Jun Song*

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Lina Du

College of Horticulture, South China Agriculture University,
GuangZhou, China

Melinda Vinqvist

Agriculture and Agri-Food Canada., Kentville, NS, Canada

Leslie Campbell Palmer

Honghui Luo

College of Horticulture, South China Agriculture University,
GuangZhou, China

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Sherry A.E. Fillmore

Jun Song*

Xuequn Pang

Suzanne Blatt

ZhaoQi Zhang

Leslie Campbell Palmer

Agriculture and Agri-Food Canada, Kentville, NS, Canada
South China Agricultural University, Guangzhou, China
College of Horticulture, South China Agriculture University,
GuangZhou, China

Superficial scald is a physiological disorder causing significant
economic loss for the apple and pear fruit industry worldwide.
Despite commercial treatments using diphenylamine or ethoxyquin (6-ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline) to prevent
this disorder, the fundamental mechanism leading to browning
color in fruit pericarp tissue is not completely understood. In our
study, the full-length complementary DNAs encoding laccase
gene, an anthocyanin degradation enzyme, were obtained from
different tissues including flowers, calyx, leaves and fruit peel
of ‘Cortland’ and ‘Red delicious’ apples. The similarity of apple
laccases was showed at 56% to 75% compared to Arabidopsis
and litchi. The biological roles of laccase in association with
scald development during storage and in response to treatments
of diphenylamine and 1-MCP were investigated on two scald
susceptible cultivars ‘Cortland’ and ‘Red delicious’. Apples
were treated with/without 2 g L-1 DPA or with/ without 1 µL·L–1
1-MCP, then stored at CA (3.0 kPa O2 + 1.0 kPa CO2) at 0-1°C

Agriculture and Agri-Food Canada, Kentville, NS, Canada
Agriculture and Agri-Food Canada, Kentville, NS, Canada
Agriculture and Agri-Food Canada, Kentville, NS, Canada

ZhaoQi Zhang

College of Horticulture, South China Agriculture University,
GuangZhou, China

Apple fruit (Malus domestica) is one of the most consumed
fruits in the world due to its flavor quality and nutritional value.
The North America fruit industry is benefiting from increased
production of a new cultivar ‘Honeycrisp’, which is economically profitable and has revitalized the apple industry. However,
‘Honeycrisp’ apple has been well known for its prone to soft
scald, a storage disorder caused by the low temperature, which
can cause significantly economical losses. Research has indicated
that development of soft scald is influenced by many pre- and
postharvest factors. However, the fundamental metabolism
responsible for soft scald development in apples is not fully
understood. In order to reveal the molecular mechanism of soft
scald development, the effect of rootstocks on ‘Honeycrisp’
apple soft scald development was investigated employing a
quantitative proteomic with stable isotope dimethylation label-
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ing by peptides technique. ‘Honeycrisp’ apples on four different rootstocks (B70-20-20, G11, CG4214, and CG5078) were
harvested at commercial harvest maturity and stored for three
months. Scald incidence and fruit quality such as fruit weight,
firmness, skin color, soluble solids and titratable acidity were
evaluated. Apples on rootstock CG5078 showed significantly
higher scald incidence as compared with B70-20-20 and other
rootstocks. Quantitative proteomic analysis on stored fruit from
scald sensitive and resistant rootstocks was conducted. In total,
780 common proteins were identified and quantified from two
years as biological replicates. Among them, 130 proteins abundance were significantly higher, while 116 proteins abundance
were lower in sensitive rootstock as compared with resistant
rootstocks. The cluster analysis and protein function analysis
revealed the significant increase in proteins abundance mainly
associated with stress, signalling and cell function. Proteins
in association with tricarboxylic acid (TCA) cycle, organic
transformation and amino acid metabolism were decreased. The
identities and quantities of the proteins found were linked with
sensitivity to soft scald development. This study demonstrates
that rootstocks play an important role in soft scald development in
‘Honeycrisp’ apples, which provides the evidences on molecular
regulation on soft scald development and possible mechanisms.
8:45 AM – 9:00 AM

‘Golden Delicious’ and ‘Honeycrisp’ Apple
Response to Controlled Atmosphere Storage
with Oxygen Set Point Determined Utilizing
Fruit Chlorophyll Fluorescence
James Mattheis*

USDA–ARS, Tree Fruit Research Laboratory, Wenatchee, WA, USA

Postharvest management of apple (Malus domestica Borkh.) fruit
ripening using controlled atmosphere (CA) cold storage can be
enhanced as CA oxygen (CA O2) concentration is decreased to
close to the anaerobic compensation point (ACP). Monitoring
fruit chlorophyll fluorescence (CF) is one technology available
to assess fruit response to low CA O2 conditions while avoiding
anaerobiosis. As apple fruit response to CA is also determined
in part by CO2 concentration, studies were conducted with
‘Golden Delicious’ and ‘Honeycrisp’ to examine fruit response
to O2 storage conditions at or near the ACP with various CO2
concentrations. ‘Golden Delicious’ apples were held at 0.5 °C
for 48 hours after harvest during which time some fruit were
exposed to 42 µmol·L–1 1-methylcyclopropene. The CA was established by 96 hours after receipt. Fruit chlorophyll fluorescence
increased when O2 kPa decreased to ~0.3. ‘Golden Delicious’
fruit developed external and internal disorders when stored in
CA with 5 kPa CO2. CF did not change during storage although
injury occurred. Disorder incidence increased as O2 concentration decreased and with 1-MCP treatment. Some aspects of
fruit quality were enhanced as CA O2 decreased. ‘Honeycrisp’
fruit were held 7 days at 10 °C then at 2.8 °C. Some fruit were
exposed to 42 µmol L-1 1-MCP the day of receipt. CA was
established 48 hours after transfer to 2.8 °C. Fruit chlorophyll

fluorescence increased when O2 kPa decreased to ~0.3 kPa O2.
Internal disorder incidence increased as CA O2 decreased and
also with 1-MCP use. CF did not change during storage. Some
aspects of fruit quality were enhanced by storage in lower O2.
Low O2 did not impact incidence of low temperature disorders.
Results indicate some aspects of fruit quality for both cultivars
are enhanced by storage in the lowest O2 concentrations although
CF may not provide an indication of fruit stress that can result
in physiological disorder development.
9:00 AM – 9:15 AM

Multiple Applications of 1-MCP in Air
Storage as an Alternative to CA Storage for
‘Honeycrisp’ Apple
Diep Tran Thi Ngoc

Michigan State University, East Lansing, USA

Randolph Beaudry*

Michigan State University, East Lansing, MI, USA

‘Honeycrisp’ apple (Malus xdomestica Borkh.) fruit are very
sensitive to injury under controlled atmosphere (CA) storage.
The use of 1-methylcyclopropene (1-MCP) before and during
air storage was evaluated as an alternative to avoid CA injury.
To evaluate the effectiveness of multiple applications of 1-MCP
on storage quality of air-stored fruit, fruit were treated with
one (at harvest), two (harvest and after 1.5 months), or three
(harvest, 1.5 months and 3 months) applications of 1-MCP prior
to and during storage at 3 °C in 2015 and 2016. Indices, such
as internal ethylene, aroma compounds, firmness, greasiness,
incidence of CA injury, senescence breakdown and titratable
acid of treated and non-treated fruit were analyzed at 1.5, 3,
4.5, 6, and 9 months of storage. The results showed that treatment with 1-MCP reduced the internal ethylene and aromatic
compound production and delay senescence in apple cortex and
greasiness on apple skin relative to untreated fruit but did not
suppress the low level of ‘CA injury’ (less than 5%) found in
fruits held in air storage. Fruit treated with one, two and three
doses of 1-MCP did not differ in these indices. Maturity stage
of apples in terms of orchard and storage time is an important
factor in the effectiveness of 1-MCP treatment. The data of two
years confirm that a single dose of 1-MCP at harvest yields the
maximum benefit in terms of quality retention.
Specified Source(s) of Funding: Michigan Apple Committee
9:15 AM – 9:30 AM

Monitoring and Utilizing Fruit Maturity to
Improve Harvest and Storage Decisions of New
Apple Cultivars and Reduce Storage Disorders
of ‘Honeycrisp’
Chris Walsh*

University of Maryland, College Park, MD, USA

Kathleen W. Hunt

University of Maryland, College Park, MD, USA
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Brianne Redman

Yu Dong*

Tara Baugher

Yingli Li

Norma J. Young

Shaoying Zhang

This grower-supported apple maturity project focused on
newer cultivars grown at the University of Maryland orchard in
Keedysville, a warm, low-elevation site in southern Washington County, MD, and ‘Premier Honeycrisp’ and ‘Honeycrisp’
harvested from a 385 m (1250 ft.) elevation orchard in Adams
County, PA. Weekly maturity updates were distributed to
growers through the Penn State Extension network as a collaboration of the Mid-Atlantic Fruit Consortium. Our goal was
to provide pertinent information on fruit maturity ahead of the
typical picking date for growers to the north. During Aug. and
Sept., 2016 apples matured earlier than normal. Once mature,
they quickly tree-ripened. The hot, dry weather and full sun
exposure of tall-spindle trees compressed the 2016 harvest window. After two blistering weeks in July, temperatures moderated
briefly. That very brief reduction in temperature increased red
color development, and ‘Premier Honeycrisp’ spot-picking began in mid-August. As ‘Gala’ fruit size increased, their stem-end
cracking potential also increased. Fruit sugar levels and osmotic
potential are greater at the stem end of ‘Gala,’ and so the small
cracks developed there first. ‘CrimsonCrisp’ fruit were smaller,
firmer, and redder than Honeycrisp with a slightly greater soluble
solids content. Watercore was evident when ‘CrimsonCrisp’
fruit were immature. The ‘CrimsonCrisp’ fruit were quite firm,
with a median value of 10.7 kg. The early maturation and rapid
ripening continued with ‘Fuji’ and ‘Cripps Pink.’ There was a
lot of weather-related peel damage to ‘Fuji’ fruit. Early spring
weather was particularly hard on ‘Fuji,’ causing a lot of russeting. Later season heat and sunlight also damaged the fruit,
with many fully-exposed fruits showing sunburn symptoms.
Not only was the red color bleached, but there were also some
necrotic lenticels. ‘Cripps’ Pink’ maturity was about 10 days
ahead of schedule with starch just beginning to clear from the
core region on 6 Oct. No sunburn was noted on ‘Cripps Pink’
fruit. Measurement of Delta A values and starch pattern were
also taken, and correlations between Delta A and starch pattern
and their relation to storage scald susceptibility in ‘Fuji’ and
‘Cripps Pink’ were also calculated.

‘Bartlett’ and ‘Anjou’ pears are the most produced European
pear (Pyrus communis L.) cultivars in the United States Pacific
Northwest (PNW) region. A recent trend toward greater fresh
market utilization of pears has increased the need for extending
their storage life to prolong the packing and marketing season.
The effects of preharvest application of Harvista (1-methylcyclopropene) on storability of ‘Bartlett’ and ‘Anjou’ pear fruit at
commercial harvest maturity or harvest-delay (3 or 4 days for
Bartlett’ and ‘Anjou’, respectively) were studied with respect
to ethylene production, storage quality, and ripening capacity during controlled atmosphere (CA) and regular air (RA)
storage at –1.1 °C. Results indicated that ‘Harvista’ treatment
inhibited ethylene production, maintained higher fruit firmness
and peel chlorophyll content, and reduced senescence disorders
of ‘Bartlett’ and superficial scald of ‘Anjou’ during CA or RA
storage. Compared with the control, fruit treated with Harvista
had lower respiration rate, maintained higher soluble solid
content (SSC) and titratable acidity (TA), and ripened well at
room temperature after storage. The decline of fruit firmness
and peel chlorophyll content of both cultivars during on-tree
maturation were slowed by Harvista treatment. The harvest
delay increased fruit size dramatically, however, it reduced the
efficacy of Harvista on increasing storability. Harvista treatment increased the uniformity of fruit firmness and peel color
at harvest and after CA and RA storage for both cultivars. In
conclusion, preharvest Harvista application extended harvest
window and increased storability of European pears without
significantly inhibiting fruit ripening capacity.

University of Maryland, College Park, MD, USA
Penn State University Coop, Ext., Adams Co, Gettysburg, PA, USA
Penn State Extension, Collegeville, PA, USA

Specified Source(s) of Funding: State Horticultural Association
of Pennsylvania
9:30 AM – 9:45 AM

Harvista Effects on On-tree Maturation,
Storability, and Ripening Capacity of European
Pears
Yan Wang

Oregon State University, Hood River, OR, USA

Oregon State University, Hood River, OR, USA
Oregon State University, Hood River, OR, USA
Oregon State University, Hood River, OR, USA

9:45 AM – 10:00 AM

Varietal and Seasonal Differences in Volatile
Composition and Sensory Quality of Two
Florida Peach Varieties
Zilfina Rubio Ames*

University of Florida, Gainesville, FL, USA

Jeffrey Brecht

University of Florida, Gainesville, FL, USA

Mercy Olmstead

University of Florida, Gainesville, FL, USA

Denise M. Tieman

University of Florida, Gainesville, FL, USA

Harry J. Klee

University of Florida, Gainesville, FL, USA

Charles A. Sims

University of Florida, Gainesville, FL, USA
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Peach trees [‘TropicBeauty’ (TB) and ‘UFSharp’ (UFS)] received
N fertilization rates of 0 (N0), 44 (N1), 89 (N2), 179 (N3), or
269 (N4) kg/ha since establishment in 2011. The objective of
this project was to determine the effect of N on peach fruit flavor.
Ripe fruit volatiles were analyzed in 2015 and 2016. A total of
35 volatiles were quantified for each N treatment, variety, and
harvest season. Sensory evaluations were conducted in 2015 and
2016 using consumer taste panels. Panelists scored fruit using
gLMS, hedonic, and GLMS scales. Attributes such as overall
liking, texture, sweetness, sourness, and overall peach flavor
intensity were scored by the panelists. Nitrogen treatments did
not show significant volatile or flavor differences compared
with the control. Volatiles were mainly affected by variety and
season. ‘TropicBeauty’ had lower quantities of lactones than
UFS. However, gamma decalactone was higher than the other
lactones in both varieties regardless of N treatment. In addition,
UFS in 2016 showed a significant decline in gamma-decalactone
quantity compared with 2015. The abundance of the 35 volatiles
was lower in 2016 than 2015 except for hexyl acetate, linalool,
and cis-3 hexenyl acetate. Sensory results elucidated certain
volatile data: treatments with lower gamma-decalactone and
gamma-hexalactone were less liked by panelists. Contrary to the
volatile data, panelists detected some subtle differences among
N treatments. However, different results were obtained in the
2015 and 2016 seasons. In 2015, for TB, N1 fruit were scored
lower (overall liking) and were significantly different than N4; no
differences between N treatments and the control were perceived.
On the contrary, in 2016 N0 was least liked by the panelists, but
was significantly different from N3 only. Sweetness was also
significant in both years for TB: fruit from N0 scored lower
on sweetness, significant differences from N3 were observed
in 2015 and, in 2016, N2, N3, and N4 were sweeter compared
to N0. ‘UFSharp’ fruit from N3 had lower sourness in 2016,
significantly different than N0, N2, and N4. There were no differences in overall liking for UFS in 2015. Conversely, overall
peach flavor intensity was lower in fruit from the highest N rate,
but it was significantly different only from N2, which had the
highest score. In these two peach varieties, N fertilization rate
did not greatly affect volatile synthesis. Nonetheless, our taste
panel results showed that N had a positive effect on TB but not
UFS taste and aroma.
Specified Source(s) of Funding: FDACS

Viticulture and Small Fruits 2
Moderator: Sonet Van Zyl

California State University Fresno, Fresno, CA, USA

8:00 AM – 8:15 AM

Assessing Variability in the Vineyard through a
Spatially Explicit Selective Harvest Approach
Kaan Kurtural*

University of California Davis, Davis, CA, USA

Terence Bates

Cornell Lake Erie Research and Extension Lab, Portland, NY, USA

Plant water stress affects grape (Vitis vinifera L. cv. Cabernet
Sauvignon) berry composition and is variable in space due to
variations in the physical environment at the growing site. We
monitored the natural variability of grapevine water stress by
stem water potential (Ystem) and leaf gas exchange in an equidistant grid in a commercial vineyard. Spatial differences were
measured and related to topographical variation by modeling.
Geospatial analysis and clustering allowed to differentiate the
vineyard block into two distinct zones having severe and moderate water stress where it varied by 0.2 MPa. Differences in
stem water potential affected stomatal conductance, net carbon
assimilation, and intrinsic water use efficiency that were different in all measurement dates. The two zones were selectively
sampled at harvest for measurements of berry chemistry. The
water status zones did not affect berry mass or yield per vine.
Significant difference in total soluable solids was observed (3.56
°Brix), and in titratable acidity, thus indicating a direct effect
of water stress on ripening acceleration. Berry skin flavonol
and anthocyanin composition and concentration were measured
by C18 reversed-phased HPLC. The anthocyanins were most
affected by the two water stress zones. The di-hydroxylated
anthocyanins were more affected than tri-hydroxylated, therefore
the ratio of the two forms increased. Flavonols were different
in total amounts, but hydroxylation patterns were not affected.
Proanthocyanidin isolates were characterized by acid-catalysis
in the presence of excess phloroglucinol followed by reversedphase HPLC. Proanthocyanidins showed the least significant
difference, although ± catechin terminal subunits were important
predictors in PLS models used to summarize the multivariate
relationships, predicting Ystem or the management zone. The
results provide fundamental information on vineyard water
status to discriminate harvest or direction to vineyard operators
to alter applied water amounts to equilibrate berry composition
at harvest.
8:15 AM – 8:30 AM

Evaluation of or-151 As a Plant Growth
Regulator and Bio-Stimulant to Enhance Color
Development and Uniformity in Red Seedless
Table Grapes
Sonet Van Zyl*

Fresno State, Fresno, CA, USA

Geoff Dervishian

Fresno State, Fresno, CA, USA

Dirk Barnard

Oro Agri, Fresno, CA, USA

Several commercially available plant growth regulators (PGRs)
exist to help growers increase red color development on certain
table grape cultivars. Research has shown that commercial
PGRs can aid in table grape color development, but they tend
to be expensive, toxic or have antagonistic effects if used in

An asterisk (*) following a name indicates the presenting author.
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combination. This project will provide growers with additional
information and choices regarding cheaper and safer PGRs
to assist in improving table grape color and pack out rates.
‘Crimson Seedless’ is a red, late season table grape developed
by David Ramming and Ron Tarailo and was released to the
industry in 1989. This variety is known as a late season variety
and is harvested in mid-September through mid-November
depending on weather and the season. ‘Crimson Seedless’ has
a high retail demand with its firm, crisp berry texture and good
flavor. One of the main limiting factors for ‘Crimson Seedless’
table grape production is proper color development. It has been
reported that severe color deficiency and nonuniformity may
result in half the crop being left unpicked in the field. Industry
has reported that Ethephon showed inconsistent results regarding color enhancement but can lead to soft berries. Contrary to
Ethephon, Abcisic acid (ABA) consistently enhanced berry color
without affecting grape quality, but is a more expensive product.
The organic biostimulant OR-151 is a non-toxic plant synergist
based on plant oil extracts that has proven enhanced color development for red table grapes in other countries. The product
is registered for use on grapes in California, but not thoroughly
tested. A new study at Fresno State showed promising results
for OR-151 when tested against Ethephon and ABA products.
OR-151 was used in different combinations with Ethephon and
ABA to determine if there are synergistic or antagonistic effects
on Crimson Seedless color development. Results showed that
OR-151 enhances the upregulation of certain anthocyanins using
HPLC analysis. These anthocyanin enhancements showed that
color development was enhanced in Crimson Seedless without
affecting yield or cold storage potential. More uniform color
development was also achieved with OR-151.
Specified Source(s) of Funding: ORO AGRI and Agricultural
Research Institute, California State University Fresno
8:30 AM – 8:45 AM

Susceptibility of Cold Hardy Grapes to
Drosophila suzukii (Diptera: Drosophilidae)
Christelle Guedot*

University of Wisconsin, Madison, WI, USA

Emma Pelton

Xerces Society for Invertebrate Conservation, Portland, OR, USA

Claudio Gratton

University of Wisconsin, Madison, WI, USA

Drosophila suzukii (Diptera: Drosophilidae), known commonly
as spotted wing drosophila, is a vinegar fly originating from
South-East Asia and a major pest to many soft-skinned fruits.
Due to the species recent arrival in North America in 2008, many
fruit varieties are yet untested for susceptibility to infestation.
While previous work has focused on Vitis vinifera, this study
aimed to determine grape susceptibility of cold hardy varieties based on hybrids of V. labrusca, V. riparia and V. vinifera.
Field sampling was conducted in Southern Wisconsin (USA)

vineyards to establish adult and larval abundance and determine
whether the number of adults caught in traps correlates with
fruit infestation. Host susceptibility was further assessed through
no-choice bioassays of both intact and damaged fruits. The
field study found D. suzukii adults present in all varieties, low
larval abundance and no correlation between adult abundance
and larval presence. Peak adult abundance occurred mid-season
between veraison and harvest, while larval infestation rates were
highest near harvest. In laboratory no-choice tests, significantly
more eggs, larvae and adults occurred in damaged than undamaged grapes. In damaged grapes, larvae and adult abundance
was comparable between varieties and to the highly susceptible
control of undamaged raspberry; however, D. suzukii developed
significantly faster in raspberry than grapes. Fruit characteristics
(°Brix, titratable acidity, pH) in grapes were uncorrelated with
D. suzukii performance. Together, these findings suggest that
cold hardy grapes are overall resistant to D. suzukii if intact
and highly susceptible if damaged.
Specified Source(s) of Funding: Wisconsin Department of
Agriculture and Consumer Trade Specialty Crop Block Grant
#13-012 and the Minnesota Grape Growers Association 2013
Elmer Swenson Memorial scholarship
8:45 AM – 9:00 AM

Long-term Evaluation of Pierce’s Diseaseresistant Hybrid Bunch Grapes with High
Potential for the Southeast
Elina Coneva*

Auburn University, Auburn, AL, USA

Study to evaluate the vine growth and development of 10
Pierce’s Disease (PD) resistant hybrid bunch grape cultivars was
initiated at the Sand Mountain Research and Extension Center
near Crossville, AL, in 2007. Long-term data collection was
generated to evaluate the yield potential, fruit quality and foliar
disease resistance of studied American and French-American
hybrid bunch grape cultivars including ‘Black Spanish’, ‘Blanc
du Bois’, ‘Champanel’, ‘Conquistador’, ‘Cynthiana’, ‘Favorite’, ‘Lake Emerald’, ‘Seyval Blanc’, ‘Stover’, and ‘Villard
Blanc’. Based on eight-year observations we found out the
most productive cultivars based on cumulative yield results
were ‘Villard Blanc’, ‘Favorite’, and ‘Black Spanish’ (86.3,
71.9, and 59.4 kg/vine respectively). ‘Blanc du Bois’ produced
high yields of 12.3 and 12.8 kg/vine in 2015–16. ‘Villard Blanc’
produced the largest fruit clusters throughout the study period.
‘Champanel’ and ‘Cynthiana’ were highly resistant to berry rot
diseases which makes them suitable for home grape production
with least pesticide application. Based on their overall performance ‘Villard Blanc’, ‘Black Spanish’, and ‘Blanc du Bois’
are considered suitable for commercial production in Alabama
and the Southeast.
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9:00 AM – 9:15 AM

Impact of Basal Leaf Removal on Fruit Quality
of ‘Marquette’, ‘Frontenac’, ‘La Crescent’, and
‘Brianna’ Cold Hardy Wine Grape Cultivars
Grown in Cold Climate Regions
Amaya Atucha*

University of Wisconsin-Madison, Madison, WI, USA

Jean Riesterer-loper

University of Wisconsin-Madison, Madison, WI, USA

Cold-climate wine grape cultivars with Vitis riparia parentage,
released since the mid-1990s, have created new and rapidly
expanding grape and wine industries in the Northeast and Upper Midwest of the United States. However, one of the main
viticultural challenges of growing Vitis riparia hybrids in cold
climate regions is achieving desirable fruit quality at harvest.
Cold winter temperature, short growing season, low accumulation of heat units, heavy rainfall during fruit ripening season,
and fall frost are all characteristics of grape growing conditions
in Wisconsin that result in delayed fruit maturity and produce
low quality fruit that is not suitable for quality wine production. Canopy management, defined as a range of techniques that
modify the position and number of shoots and fruit spacing,
with the objective of modifying the microclimate of the canopy,
can be used to increase the consistency of ripe fruit production.
This research investigated the impact of post bloom basal leaf
removal in the 2015 and 2016 growing seasons in Wisconsin.
Experiments were conducted at the West Madison Agricultural
Research Station (WMARS) in Verona, WI. Using ‘Marquette’,
‘Frontenac’, ‘La Crescent’, and ‘Brianna’ vines, yield components, and fruit composition traits (total soluble solids (TSS),
pH, titratable acidity (TA), malic and tartaric acid composition, and glucose and fructose concentration) were evaluated
to investigate the impact of basal leaf removal on fruit quality
during the ripening period of cold hardy wine grape cultivars.
Basal leaf removal treatment increased cluster and berry light
exposure, berry temperature, and TSS accumulation. In addition, basal leaf removal resulted in a decrease TA concentration,
mainly driven by a decline in malic acid concentration. Basal
leaf removal is a promising canopy management practices that
can improve fruit quality of cold hardy wine grape cultivars
grown in cold climate regions.
9:15 AM – 9:30 AM

Impact of Training System on Vine Performance
and Fruit Composition of Cold Hardy Wine
Grape Cultivars
Amaya Atucha*

University of Wisconsin–Madison, Madison, WI, USA

Madeline Wimmer

University of Wisconsin–Madison, Madison, WI, USA

Cold hardy Vitis riparian hybrids can be particularly challenging to manage in the vineyard due to their excessive vigor and

procumbent growth habit. The performance of ‘Marquette’,
‘Frontenac’, ‘La Crescent’, and ‘Brianna’ vines was investigated
over a two-year period on three training systems: high cordon
(HC), vertical shoot positioning (VSP), and Scott Henry (SH).
The study was conducted at the West Madison Agricultural
Research Station (WMARS) in Verona, WI. Yield components
(yield per vine, pruning weight, and cluster and berry weight)
and basic fruit composition traits [total soluble solids (TSS), pH,
and titratable acidity (TA)] were evaluated for all four cultivars.
Vines trained to divided-canopy SH had the highest yield (kg/
vine) and number of clusters per vine. There were no statistical
differences in cluster weights among training systems, however,
during both years cluster length in ‘Marquette’ was longer in
the HC system compared to VSP. High-cordon vines had dense
canopies with higher number of leaf years, while SH and VSP
vines presented a higher percentage of exposed clusters. Despite
differences in canopy density and crop load ratios, fruit composition at harvest was similar for all training systems.
9:30 AM – 9:45 AM

A Commercial Formulation of the Brown
Seaweed Ascophyllum nodosum Improves Yield
of Commercially Grown Raspberries
Robin E. Ross

Acadian Seaplants, Dartmouth, Canada

David Holden

Holden Research and Consulting, Camarillo, USA

Holly Little*

Acadian SeaPlants, Sacramento, CA, USA

Raspberries are a high value crop grown commercially in California as well as other parts of the world. Very little research
has been done on this crop under commercial conditions due to
difficulties with multiple harvests, multiple pickers, and lengthy
growing season. This summary of two years of research evaluated the effect of a commercial formulation of Ascophyllum
nodosum (Acadian BioswitchTM Technology, Acadian LSC)
on yield of raspberries grown and harvested under commercial
conditions from 2015–17. A. nodosum extract was injected
in the commercial drip system at 4.6 l/ha every two weeks
beginning at “cut back” in October and continued until harvest
was final and crop was cut back again in March. In 2016, the
A. nodosum treated plots yielded 3549 6-kg trays per hectare,
while the control yielded 2744 trays, amounting to a 29% yield
increase. In 2017 the treated plots yielded 3992 6-kg trays per
hectare, while the control yielded 3472 trays, amounting to a
15% yield increase. The yield increase seen in these studies
may have been due to improved tolerance to stress as indicated
by significant reductions in two spotted spider mites in the A.
nodosum treated plots both years. Additionally, there were more
fruit per meter of floracane in the treated plots indicating that
a reduction in internode length may also have played a role in
the yield increase seen in these studies. Future research should
elucidate the mode of action.
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9:45 AM – 10:00 AM

Development of a Decision Making Tool
for Improved Management of Root Lesion
Nematode (Pratylenchus penetrans) in Red
Raspberry
Lisa DeVetter*

of this decision making tool. However, this current version will
provide a valuable resource to guide growers and field managers
on how to implement targeted RLN management approaches
for a specific situation.

Ecological Physiology

Washington State University, Mount Vernon, WA, USA

Moderator: Jiwan Palta

USDA–ARS, Corvallis, OR, USA

9:30 AM – 9:45 AM

Inga Zasada

Tom Walters

Walters Ag Reseaerch, Anacortes, USA

Jerry E. Weiland

USDA–ARS-HCRU, Corvallis, OR, USA

Root lesion nematode (Pratylenchus penetrans; RLN) is a
plant-parasitic nematode that reduces growth and yield of
red raspberry (Rubus idaeus) grown in the Pacific Northwest.
Growers primarily manage RLN through pre-plant fumigation,
but this approach leads to variable suppression and there are
few resources that provide guidelines on best practices from
pre- to post-plant nematode management. Public and private
researchers, extension specialists, grower commissions, pesticide manufacturers, and fumigation companies have conducted
and/or supported multiple coordinated and collaborative trials
evaluating different techniques to improve RLN suppression.
The synthesis of this research has enabled the development of
a paper- and web-based decision making tool, which can be
utilized by growers and field managers to make informed decisions on specific approaches to improve RLN management for
a given field situation. This tool incorporates knowledge of the
biology of RLN in raspberry and assists with interpretation of
soil and root sample results after the decision has been made to
replant a field. Interpretation depends on several factors, such
as the sample (roots versus soil) and soil (sandy loam versus silt
loam) type. If RLN population densities warrant treatment for a
given soil type, fumigation should be implemented during the
renovation process. Fumigant chemistries and their application
method must be carefully selected based on soil type, production
goals, and current regulations and this tool provides recommendations based on these variables. Additional recommendations
are based on the current best practices and apply broadly to all
field types. Tarping is advised to maximize fumigant efficacy
and bed fumigation can achieve comparable results to broadcast fumigation. After fumigation, winter cover crops may be
grown and this tool recommends criteria, as well as species and
cultivars, that growers should consider when selecting cover
crops that are adapted to the environment and less suitable as
hosts for RLN. The tool reminds growers that certified disease
free planting material should be used to reduce the chance of
introducing pathogens, including RLN. This tool also advises
on the use of post-plant nematicides, which can be effective in
fields where population densities of RLN are low to moderate.
Additional research is ongoing to improve management of RLN
and subsequent information will add to increase the robustness

University of Wisconsin, Madison, WI, USA

Adaptations of Five Potato Genotypes to
Prolonged Heat Stress: Changes in Leaf Cell
Differentiation and Chlorophyll
Jiwan Palta*

University of Wisconsin, Madison, WI, USA

Justin Schabow

University of Wisconsin, Madison, WI, USA

Potatoes are known to grow well in cool climates. Heat stress
generally reduces foliage growth and partitioning to tubers.
Our previous studies have shown that heat stress reduces leaf
size by reducing cell division and cell enlargement. Most studies to date have documented the adverse impact of heat stress
on potato plant growth and development. However, very little
has been reported on long-term adaptation of potato plants to
heat stress. The present study was conducted to study strategies employed by potato plants to adapt to heat stress using
five different commercially available cultivars. Shoot culture
plantlets were grown in about 8-L pots containing an artificial
soil mix (Metro Mix) in a temperature controlled greenhouse
at the UW-Madison Biotron controlled environment facility
under a 14-hour photoperiod. Six weeks after growing in cool
(20 °C / 15 °C, day/night) temperatures plants were transferred
to a controlled environment room at the Biotron facility with
similar light intensity and photoperiod but elevated temperature for heat stress treatment (35 °C / 25 °C, day/night). After
five weeks of heat stress exposure the new leaves developed
under heat stress were compared with similar age leaves on
control plants produced under control/ cool temperatures. The
new leaves produced under heat stress were much smaller
but very healthy and dark green. The leaves developed under
control condition turned yellow and eventually necrotic under
prolonged heat stress. In contrast the leaves developed under
heat stress showed no symptoms of injury by heat stress. These
heat stress adapted leaves had (i) dramatic increase in stomatal
index, stomatal density, and cell density (ii) altered ground cell
and stomatal complex size (iii) over 2x increase in leaf chlorophyll concentration per unit area. These results suggest that
leaves developed under prolonged heat stress have altered cell
differentiation and chlorophyll which may help plant adapt to
heat stress and survive prolonged heat stress.
Specified Source(s) of Funding: College of Agricultural and Life
Sciences University of Wisconsin Madison
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10:00 AM – 10:15 AM

Temperature Sensing of Dormant Grapevine
Buds Differs Between Cold Acclimation and
Deacclimation

Endophytes Increase Sucrose Content of Apple
Fruits, Malus pumila (‘Honeycrisp’)
Victor Van Epps

University of Washington, Seattle, WA, USA

Alisson Pacheco Kovaleski*

Cornell University, Ithaca, NY, USA

Hyungmin Rho*

USDA–ARS Grape Genetics Unit, Geneva, NY, USA

Sharon Lafferty Doty

University of Washington, Seattle, WA, USA

Jason Londo

Grapevines (Vitis spp.), much like other temperate and subtropical plants, set overwintering buds during the late summer and
fall. These buds must survive winter temperatures in order to
produce a crop in the following year. The level of cold hardiness of the buds varies throughout the winter, largely due to
air temperature. The objective of this study was to determine
the level of response to temperatures during both acclimation
and deacclimation phases. The genotypes used were V. vinifera
‘Cabernet Franc’, ‘Cabernet Sauvignon’, ‘Riesling’, ‘Sauvignon
blanc’, and two wild grapevine species, V. riparia PI588711, and
V. aestivalis PI483143. Buds were collected from the field and
prepared as single node cuttings. For acclimation responses, buds
were collected in late October, and placed in growth chambers
at constant 2, 7, and 11 °C. After four weeks, subsets from the
three temperatures were moved into a chamber with a temperature
cycle ranging from 1.5 °C – 12.5 °C, resulting in an average age
temperature of 7 °C (7 °C Cycle). For deacclimation responses,
buds were collected in late February, and placed in chambers at
constant 2, 7, 11 °C, and in 7 °C Cycle. Samples were collected
at regular intervals to determine the effect of temperature on cold
hardiness using differential thermal analysis (DTA) to measure
low temperature exotherms. Multiple linear regression was used
to evaluate the effects of temperature and temperature cycle on
acclimation and deacclimation rates. Results demonstrate that
constant temperature treatments did not lead to further acclimation, thus field levels of cold hardiness were not enhanced.
However, buds that were exposed to the 7 °C Cycle were seen to
increase cold hardiness significantly, regardless of genotype and
temperature from where they were moved. For deacclimation,
loss of cold hardiness was related to temperature, and higher
temperatures resulted in a faster deacclimation. V. riparia had
the highest deacclimation rate, and there was no differences
between the other genotypes. In contrast to acclimation response,
temperature cycling did not differ from constant temperature
exposure in the deacclimation. Therefore, the deacclimation
response to temperature may be simply an effect of temperature
on enzyme reaction rates, not requiring temperature sensing by
the plant. However, the acclimation process appears sensitive
to a more sophisticated mechanism in which the perception of
temperature variation is necessary.
Specified Source(s) of Funding: Partially funded by Northeast
SARE (GNE16-130-29994)

University of Washington, Seattle, WA, USA

Soo-Hyung Kim

University of Washington, Seattle, WA, USA

Endophytes are symbionts that live in the intercellular spaces or
vascular tissues of host plants. They can be fungi, bacteria, and/
or yeast. Initial investigations indicate that endophytes provide a
number of benefits that promote plant growth including, but not
limited to, di-nitrogen fixation, plant hormone production, nutrient acquisition, stress tolerance, and increased immunological
response. In exchange, they receive domicile and photosynthates.
Endophytic biological and ecological services hold great potential for bioengineering and evolutionary inquiries, particularly
so for sustainable agriculture. Nitrogen has historically been
the nutrient limiting factor in all crop production. Moreover,
sweet fruit crops require intensive nitrogen application to yield
nutritionally and economically viable fruits. Considering these
factors and known characteristics of nitrogen fixation and plant
hormone production, we hypothesized that apple trees grown
under nitrogen limited field conditions would show improved
biometrics with symbiont inoculation. Our research objectives
were not only to further investigate endophytic effects on plant
physiology, but to also assess impact on fruiting. We examined
these effects through ecophysiology metrics involving rates of
photosynthesis, stomatal conductance, biomass accretion, chlorophyll content, fluorescence rate, and fruit sucrose content. Our
initial results align with ongoing publications showing overall
improved physiological support from endophytes. However,
to our knowledge, this is the first research finding a significant
increase in fruit sucrose content and biomass. This preliminary
research illustrates the critical importance of better understanding
how endophytes can alter fruit quality. Future research into the
mechanistic underpinnings of this phenomena stand to offer novel
insights into how microbiomes alter carbohydrate metabolism
under nitrogen deficient conditions.

Specified Source(s) of Funding: Northwest Horticultural Society
10:15 AM – 10:30 AM

Continuous Production of Bio-ethanol from
Multi-feedstocks by Saccharomyces cerevisiae at
Laboratory and Pilot Scale
Shaddy Y.H. Alshraah

Tuskegee University, Tuskegee Institute, AL, USA

Desmond Mortley*

Tuskegee University, Tuskegee Institute, AL, USA
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Heshmat A. Aglan

Tuskegee University, Tuskegee Institute, AL, USA

Conrad Bonsi

Tuskegee University, Tuskegee University, USA

Year-round availability of sweetpotato [SP; Ipomoea batatas
(L) Lam], sweet sorghum (SS; Sorghum bicolor) and sugarcane
(SC; Saccharum officinarum) as feedstocks for ethanol production is among potential challenges for the bio-refinery industry.
All three can be grown and processed complimentarily, which
would ensure a steady supply of feedstock, thereby helping to
extend the number of days an ethanol plant could operate. The
goal of this project was to develop an integrative process of
supplying multiple feedstocks at pilot-scale, to ensure a continuous year-round supply and inputs and outputs evaluated.
Both laboratory and pilot-scale experiments were conducted
to: 1) estimate the potential ethanol production from SS, SC,
and SP by comparing ethanol concentrations among species;
and 2) determine the feasibility of continuous ethanol production using multiple feedstocks. A randomized complete block
design with three replications was used. Five SS cultivars (K.N.
Morris, Dale, MSIE, Della, Sugar Drip),and three SC cultivars
(TU White, TU Blue, TU Green), singly or as mixed feedstocks
were analyzed for Brix%, dry matter, total sugars and ethanol
concentration. Brix% ranged from 18 to 20% for SS and from
17 to 19% for SC. Sucrose was the main sugar in SS, SP, and
SS except for (M8IE, Della) where glucose was the main sugar.
Average ethanol concentration was 86, 78, and 51 g·L–1 for SS,
SC, SP, respectively, and 80 g·L–1 as mixed feedstocks. Percent
ethanol recovery at both laboratory and pilot-scale for SS, SC,
and SP were 7.3, 7.2, and 1.8%, at pilot-scale and 8.5, 7.7, 5.7%
at laboratory-scale, respectively. The fermentation procedure
utilizing Saccharomyces cerevisiae was similar for all species,
except that SP samples were hydrolyzed. Continuous ethanol
production using SS, SC at pilot scale was feasible. However,
there are several limitations to the inclusion of SP and further
work is being done to overcome them.
Specified Source(s) of Funding: USDA–NIFA
10:30 AM – 10:45 AM

Partial Solar Radiation Exclusion with Color
Shade Cloths May Improve Red Wine Grape
Composition
Kaan Kurtural*

University of California–Davis CA, USA

Monica Cooper

University of California–Davis CA, USA

The incidence of solar radiation on red grapes can promote the
synthesis of phenolic compounds desirable in wine production.
However, an excess of solar radiation may induce oxidative
damage and increase berry temperature. In such conditions,
metabolites such as organic acids, flavonols, proanthocyanidins
and anthocyanins may break down, leading to worsened quality.
We performed a shade cloth trial aiming to evaluate if these can

mitigate the deleterious effect of overexposure to solar radiation.
The experiment was conducted in Oakville, CA, on ‘Cabernet
Sauvignon’ with a relaxed VSP in rows oriented NW to SE,
covering the fruit zone with four polyethylene 1-meter curtains
(20% shade Pearl, 40% shade Blue, 40% shade Red, 40% shade
Black and 40% shade Aluminet) with different optical properties placed at the fruit zone and a control with no cover. Grape
berries were sampled at six stages of development to determine
berry mass, total soluble solids (TSS), pH, total acidity (TA),
total flavonols, anthocyanins and proanthocyanidins. Berry
temperature was 3.7 °C higher on the west side of control compared to Black. Berry weight under the Aluminet was lower than
the rest of the treatments. There was a non-significant trend in
TSS where Pearl, Aluminet and control had higher values than
Blue and Black. Berries under the cloths had often significantly
lower pH and higher TA than control, but only Black shower
significant effects at harvest. Berry anthocyanin content tended
to be higher in under the nets, whereas flavonol content was
significantly higher in Control. Proanthocyanidin content at
harvest was higher in Black. Mean degree of polymerization
(mDP) of proanthocyanidins was not affected by treatments.
Our results provided evidence that shade cloths may mitigate
temperature spikes while transmitting enough radiation into the
fruit zone to achieve a better grape composition compared to
uncovered grapes.

Vegetable Breeding 1
Moderator: Michael Havey

USDA–ARS, Madison, WI, USA

10:00 AM – 10:15 AM

Mapping Novel QTLs Associated with Root
Morphological Traits in an Interspecific Tomato
Population
Limeng Xie*

Texas A&M University, College Station, TX, USA

Patricia Klein

Texas A&M University, College Station, TX, USA

John Jifon

Texas A&M AgriLife Research Center, Weslaco, TX, USA

Kevin Crosby

Texas A&M University, College Station, TX, USA

The improvement of the root system is crucial for tomato (Solanum lycopersicum) to resist abiotic stresses, such as drought,
salinity, and nutrient deficiency. However, very few investigations
have addressed root traits as a breeding objective. Also, little
knowledge of genetic control of root development in tomato is
available. The objectives of this study were to identify quantitative trait loci (QTL) controlling root morphology and related
shoot traits, and to investigate the relationships among them. We
evaluated thirteen root and shoot traits of 187 F2 progeny derived
from an advanced breeding line RvT1 (Solanum lycopersicum)
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and a wild species Lche4 (Solanum cheesmaniae). 1002 informative single nucleotide polymorphism (SNP) markers between
parental lines were discovered using genotyping by sequencing (GBS). Among them, 742 SNP markers were successfully
mapped and a medium-density linkage map was created, covering
1319.47 centiMorgan (cM) with an averaged distance of 1.78
cM between adjacent markers. In total, we identified 31 QTLs
for the root and related shoot traits on chromosomes 1, 2, 3, 4,
6, 8, 9 and 11. The cultivated parent RvT1 contributed favorable
alleles at two QTL hotspot regions on chromosomes 1 and 4.
The QTL region on chromosome 1 governed root mass traits
(root dry weight, root fresh weight and root to shoot ratio) and
shoot traits (shoot length and chlorophyll content), while the
one on chromosome 4 controlled root traits (root length, root
surface area, root volume, root fresh weight and root dry weight).
These two QTL regions were found to control various root and
shoot traits, which were consistent with phenotypic correlation
analysis. The wild parent Lche4 contributed favorable alleles
at three QTLs on chromosomes 1 and 8 for specific root length,
a trait associated with higher resource uptake rates, explaining
25.77% of the phenotypic variance. Markers flanking these
QTLs could be useful to initiate a tomato breeding program to
improve root systems, and assist us to develop advanced breeding lines in the future.
10:15 AM – 10:30 AM

freshly harvested red-ripe fruits and captured and analyzed from
‘Marglobe’, ‘JTD’, the F1, and ‘Rutgers 250’ using a Shimadzu
TG8040 GC/MS Triple Quadrupole MS, with a Headspace
Analysis AOC-6000 System with autosampler. While the F1
was consistent with additive predictions of chromatographic
peak locations and areas from the parents, ‘Rutgers 250’ was
associated with a completely different pattern of volatile peaks
that differed distinctly from that of both parents. We hypothesize
that one or more outcrossing events may have occurred during
the modified pedigree breeding program, where populations
were in close proximity with other breeding materials under
summer field conditions. Analysis of SSR phenotypes confirmed
that ‘Rutgers 250’ has four SSRs out of 15 that are not parental,
while the F1 was 100% parental. One of the parental varieties,
‘JTD’, exhibited exerted stigmas in mature flowers of most
individuals, a trait common to wild outcrossing populations,
while flowers of ‘Marglobe’ was entirely inserted. All inserted x
exerted F1 individuals were exerted, suggesting the presence of
dominant allele interaction, and stigmas of ‘Rutgers 250’ were
mostly exerted. Therefore, we hypothesize that the different
headspace volatile peak patterns in ‘Rutgers 250’ as compared to
the original parent varieties was due to one or more outcrossing
events during the breeding process.
10:30 AM – 10:45 AM

Development of a High Throughput
Phenotyping (HTP) System for Spinach
Breeding

Comparative Evaluation of Aromatic Volatiles
from Tomato Fruit of ‘Rutgers 250’ and Its
Parental Varieties Using Headspace Gas
Composition

Carlos A. Avila*

Texas A&M AgriLife Research, Weslaco, TX, USA

Peter J. Nitzsche*

Juan Enciso

Ariane Vasilatis

Jinha Jung

James Simon

Julianna K. Kurpis

Thomas J. Orton

Thiago Marconi

The open-pollinated tomato (Solanum lycopersicum) variety
‘Rutgers’ was bred during 1926–32 and released publically in
1934. Following world-wide use as a fresh market and processing variety in the mid-10th century, ‘Rutgers’ was replaced by
emerging F1 hybrid fresh market and processing varieties. Rutgers
University and the Campbell Soup Co. sought to recapitulate an
updated version of ‘Rutgers’ starting in 2010, using the same
general approach (modified pedigree program) as the original
1934 release. That program culminated in the development of
the ‘Rutgers 250’ tomato, an open-pollinated garden variety
released in 2016 and in celebration of the 250th anniversary
or Rutgers University. ‘Rutgers 250’ possesses vine and fruit
attributes that transcend the range embodied by the parents,
‘JTD’ and ‘Marglobe’ (both prominent heirloom varieties from
the early 20th century). The aromatic volatiles emitted from

Spinach (Spinacia oleracea L.) is an economically important
leafy green crop widely grown in the United States. Spinach
production must thrive in a dynamic environment constantly
challenged by abiotic and biotic stresses. Such stresses have a
profound effect on plant growth and development, ultimately
reducing yield. Therefore, the current challenge in Spinach
production is to increase crop productivity by improving crop
resistance and tolerance to diseases and environmental stresses,
respectively. Due to the “dioecious” nature of spinach (female
and male organs are found in separate plants), breeding efficiency is very low using conventional methods. One of the
major constraints to implement modern molecular breeding
approaches in spinach breeding used to be the lack of a good
linkage maps and the lack of high-density molecular markers.
But, with the advancements in next-generation sequencing tools

Rutgers Cooperative Extension, Morristown, NJ, USA

Texas A&M AgriLife Research, Weslaco, TX, USA

Rutgers University, New Brunswick, NJ, USA

Texas A&M Corpus Christi, Corpus Christi, TX, USA

Rutgers University, New Brunswick, NJ, USA

Texas A&M AgriLife Research, Weslaco, TX, USA

Rutgers University, Bridgeton, NJ, USA

Texas A&M AgriLife Research, Weslaco, TX, USA
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and the future completion of the reference spinach genome,
as well as the identification of a large panel of SNPs by highthroughput genotyping, it is now possible to identify markers
associated to traits of interest. However, to precisely link these
markers, it is required to phenotype large and diverse populations. Traditionally, phenotyping has been performed by manual
measurements at single time points, but the task is very time
consuming and results in high variability due to human error.
Therefore, it is necessary to develop high throughput phenotyping methods to combine with current genotyping capabilities to
improve breeding efficiency. To validate our HTP system, we
measure plant growth and development on diverse germplasm
with different characteristics including leaf shape, color, and
bolting time found in the USDA-NPGS spinach collection using
an unmanned aerial vehicle equipped with a Blue, Green, and
Red spectral wavelength camera and a Tetracam ADC Snap –
multispectral sensor that records green, red, and near-infrared
spectral wavelength. Canopy cover (CC) and canopy volume
(CV) was measured in tomato over the growing season and data
was fitted with a sigmoid function to generate CC and CV growth
curves. From growing curves, several parameters were calculated
to precisely characterize spinach lines. Once parameters were
calculated, principal component and regression analysis allowed
us to estimate spinach biomass, color, and bolt resistance. It is
expected developed HTP methodology will have significant
applications in breeding and crop management.
10:45 AM – 11:00 AM

Spontaneous Polyploidization in Cucumber
Axel Ramirez Madera

University of Wisconsin, Madison, WI, USA

Yiqun Weng

University of Wisconsin, Maddison, WI, United States

Michael Havey*

USDA–ARS, Madison, WI, United States

Cucumber occasionally produces polyploid plants, which are
problematic for growers because these plants produce misshaped
fruits with non-viable seeds. In this study, we undertook the
first quantitative study to estimate the frequency of spontaneous polyploids in cucumber. Seeds of recombinant inbred lines
were produced in different environments, plants were grown
in the field and greenhouse, and flow cytometry was used to
establish ploidies. From over 1000 plants, the overall frequency
of spontaneous polyploidy was 2.2%. Plants possessed nuclei of
different ploidies in the same leaves (mosaic) and on different
parts of the same plant (chimeric). Our results provide evidence
of endoreduplication and polysomaty in cucumber, and that it
is an ongoing and dynamic process. There was a marginally
significant effect of seed-production environment on the occurrence of polyploid plants. Seed and seedling traits were not
accurate predictors of eventual polyploids, and we recommend
that cucumber producers rogue plants based on stature and leaf
serration to remove potential polyploids.

Specified Source(s) of Funding: USDA-NIFA Specialty Crops
Research Initiative grant 2011-51181-30661
11:00 AM – 11:15 AM

Selecting Specialty Potato Clones in Florida for
the Papa criolla Market
Lincoln Zotarelli*

University of Florida, Gainesville, FL, USA

Christian T. Christensen

University of Florida, Gainesville, FL, USA

Kathleen Haynes

USDA–ARS, Beltsville, MD, USA

Stephanie Walker

New Mexico State University, Las Cruces, NM, USA

Papa criolla is a very flavorful, popular potato in South America
that can be mashed, boiled, baked or fried and can be a viable
option for the specialty potato market in the United States. The
objective of this project is to develop yellow- and orange-flesh
diploid potatoes that will tuberize well under the long-day
growing conditions in the United States. A long-day adapted
hybrid population from Solanum tuberosum Groups Phureja
and Stenotomum of yellow- and orange- flesh diploid potatoes
with high levels of lutein and zeaxanthin were selected by U.S.
Department of Agriculture. In Spring 2015, 368 clones were
evaluated in a single replication trial in Hastings, FL, for tuber
skin color, skin texture, tuber shape, eye depth, flesh color and
overall appearance. After harvest, tubers were maintained in
a 10 °C dark storage room and length of tuber dormancy was
evaluated weekly. Tubers with irregular shape, deep eyes, rough
skin texture and short dormancy were discarded. In 2016, 86
selected clones were planted in a replicated trial. Most of the
clones showed great early vigor with upright vine types and mid
to late maturity. Plants were vine killed 84 days after planting
and mechanically harvested 14 days later. The dark-yellow-flesh
clones BD1323-4 and BD1343-4; medium-yellow BD13184, BD1323-2, BD1323-4, BD1417-1, BD1427-5, and light
yellow-flesh BD1402-3 and BD1428-1 had great marketable
tuber characteristics such as round to oblong tuber shape, shallow eyes, overall good appearance and dormancy longer than
eight weeks. Future studies will be conduct to determine ideal
seed-piece spacing and general management for these potatoes.
11:15 AM – 11:30 AM

Preparing for Climate Change: Breeding Frosttolerant Potatoes Adapted to Andean Highlands,
Especially the Altiplano
Jiwan Palta*

University of Wisconsin, Madison, WI, USA

John Bamberg

USDA/ARS, U.S. Potato Genebank, Sturgeon Bay, WI, USA

Alfonso Del Rio

University of Wisconsin, Madison, WI, USA
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Jesus Arcos

INIA Estacion Experimental, Puno, Peru

David Ellis

International Potato Center (CIP), Lima, Peru

Frost can have a devastating impact on potato production since
most cultivated potatoes are very sensitive to frost and are severely damaged at air temperatures below –2 or –3 °C. In the
Altiplano of Peru and Bolivia over 60,000 hectares of potato
production is impacted by frost. It has been estimated that in
this area potato production can be increased by 40% by simply
increasing frost tolerance by 1 to 2 °C. At present over 60%
of the frost prone areas are planted with bitter but frost hardy
potatoes. Similarly in many areas of China and India, winter
crop can be severely impacted by frost. In the global climate
change scenario frosts are predicted to be more erratic and severe. This is already happening in the Altiplano. For example in
mid-January of 2015 air temperature dropped to –3 °C creating
a severe foliage damage to cultivated potatoes. Mid-January is
mid-summer season for these areas and thus peak growing season.
Over the last two decades we have taken a systematic approach
to developing frost tolerant potatoes. During a natural frost, ice
is produced extracellularly. This results in cellular desiccation
and mechanical stress to the leaf tissue. Frost hardy species
such as S. acaule and S. commersonii survive by tolerating the
stresses induced by extracellular ice. We have used these two
species as of source of frost hardiness to select commercial type
cultivated clones. Some of these clones are hardy to –5 °C after
cold acclimation. Using similar strategy we are making some
progress in moving frost tolerance to native potatoes cultivated
in the Peruvian Highlands. These studies demonstrate that there
is potential for developing commercially desired cultivars with
improved tolerance to frost.
Specified Source(s) of Funding: College of Agriculture and Life
Sciences University of Wisconsin Madison

Ornamentals/Landscape and Turf 1
Moderator: Yan Chen

Louisiana State University Agriculture Center & Research Station,
Hammond, LA, USA

10:15 AM – 10:30 AM

Keys to Successful Wildflower Meadow
Establishment in New England
Catherine Neal*

University of New Hampshire, Durham, NH, United States

Wildflower establishment for pollinator habitat and other ecological services are of growing interest to landowners, farmers
and landscapers. Weed competition is a major impediment to
establishing a dense, diverse planting of native perennials and
warm season grasses. We compared spring and fall planting
dates and the use of seeds versus plugs as planting materials
to determine their effects on weed and wildflower competition

over a span of five years. A mix of 18 perennial forbs plus four
grasses was used in all plots. Site preparation methods consisting of herbicide applications, tillage, or smothering with black
plastic were employed for three months in the summer prior to
fall planting. Spring plots received a single herbicide application
or tillage or herbicide plus tillage, one to two weeks prior to
planting. The experiment was a split-plot design with planting
dates as main plots. Planting materials and site preparation treatments were randomly assigned in two complete blocks within
each main plot. Crabgrass and other annual weeds severely
inhibited forb growth in spring seeded plots, but mid-summer
mowing allowed for wildflower establishment and recovery in
the following year. Plugs had long-lasting negative effects on
forb density, but positive effects on species diversity, compared
to seeds. Fall seeded treatments had high wildflower density
but lower diversity than spring seeded treatments. Subplot site
preparation treatments had no lasting effect on density or diversity.
Specified Source(s) of Funding: NH Agricultural Experiment
Station and USDA National Institute of Food and Agriculture
Hatch Multistate Project 1010449

10:30 AM – 10:45 AM

Evaluation of Rain Garden Sedges to Cyclical
Flood and Drought
Randy S. Nelson*

North Dakota State University, Fargo, ND, USA

Esther E. McGinnis

North Dakota State University, Fargo, ND, USA

Aaron Lee M. Daigh

North Dakota State University, Fargo, ND, USA

As urban areas expand, permeable surfaces are replaced with
buildings and paved surfaces producing large quantities of
stormwater runoff. Runoff contains sediment, nutrients, and
chemicals that may harm surface waters. Rain gardens are
used as retention basins to allow stormwater to infiltrate and
evapotranspirate while removing pollutants. The rain garden
environment is unusually challenging, because plants depend on
seasonal precipitation and are subjected to alternating periods
of flooding and drought. Although rain gardens are designed
to drain within 48 hours, frequent rainfall, design issues, or
lack of maintenance may result in a longer saturation period.
Sedges (Carex spp.) are frequently recommended for rain
gardens because of their tolerance of fluctuating water levels.
However, scientific studies to support such recommendations
are scarce. Seven sedge species native to the north central
United States, yellow fox sedge (C. annectens E.P. Bicknell),
plains oval sedge [C. brevior (Dewey) Mack], Gray’s sedge (C.
grayi Carey), porcupine sedge (C. hystericina Muhl. ex Willd.),
palm sedge (C. muskingumensis Schwein.), Pennsylvania sedge
(C. pensylvanica Lam.), and Sprengel’s sedge (C. sprengelii
Dewey ex Spreng.) were tested in a greenhouse trial. Treatments
consisted of two flood periods, two or seven days, followed by
one of three drought setpoints measured by volumetric water
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content thresholds of 0.05, 0.10, or 0.15 m3·m–3. All combinations of treatments were tested and each plant was subjected to
a minimum of four flooding and drought cycles. Data collected
included shoot count, visual damage rating, and dry weight of
shoots and roots. The experiment was replicated three times.
Within a species, shoot counts for porcupine sedge, palm sedge,
and Pennsylvania sedge were significantly reduced for the 0.05
m3·m–3 drought setpoint compared to the 0.10 and 0.15 m3·m–3
drought setpoints. Across all sedge species, shoot mass and root
mass were significantly reduced for the 0.05 m3·m-3 drought
setpoint. Within a species, root mass of Pennsylvania sedge
was significantly reduced for the seven-day flood treatment
compared to the two-day flood treatment. Plants subjected to
the seven-day flood treatment exhibited significantly increased
shoot mass compared to the two-day flood treatment. Plains oval
sedge showed a significantly higher total biomass than porcupine
sedge, palm sedge, Pennsylvania sedge, and Sprengel’s sedge
under all treatments. Overall, sedges are extremely adaptable
to alternating flooding and drought cycles, but they may require
supplemental irrigation during times of drought.
10:45 AM – 11:00 AM

Exogenous Ethylene and Abscisic Acid
Promote Flowering in Bougainvillea xbuttiana
‘Afterglow’ Under Long-day Photoperiod by
Regulating Endogenous Gibberellins
Mun Wye Chng*

University of Florida/IFAS, DAVIE, FL, USA

Kimberly Moore

University of Florida/IFAS, Fort Lauderdale, FL, USA

Luci Fisher

University of Florida, Fort Lauderdale, USA

Bougainvillea cultivars are widely used ornamentals valued for
their ability to bloom profusely while tolerating poor growing
conditions such as pollution, compaction, and drought stress.
Bougainvillea xbuttiana cultivars are mostly considered qualitative short-day plants that flower more readily and profusely
under short day lengths. Water stress has been shown to partially substitute for short-day induction. Ethylene and abscisic
acid (ABA) are two drought-stress-related plant hormones that
may have an important role to plant in drought-stress-induced
flowering in bougainvillea. Ethephon (2-chloroethylphosphonic
acid) and ABA were applied to B. xbuttiana ‘Afterglow’ to
investigate the effects of exogenous applications of ethylene
and ABA on the flowering response of this cultivar under noninductive 14-hour photoperiod. Ethephon applied as a foliar
spray at 75 ppm concentration and ABA applied as a drench at
150 ppm concentration both caused an immediate reduction of
endogenous gibberellins in the youngest fully expanded leaves
within the first 24 hours of treatment. The treatments also correlated with increased flowering even under the non-inductive
photoperiod. The results suggest that ethylene and abscisic acid

interfere with gibberellin-dependent photoperiodic signalling
in bougainvillea, thus promoting flowering when the plants are
under abiotic stress conditions.
11:00 AM – 11:15 AM

Plant Communities Suitable for Green Roofs in
Arid Regions
Rachel Gioannini*

New Mexico State University, Las Cruces, NM, USA

Dawn VanLeeuwen

New Mexico State University, Las Cruces, NM, USA

Richard Kile

American Hydrotech, Inc., Chicago,, IL, USA

Rolston St. Hilaire

New Mexico State Univ, Las Cruces, NM, United States

Extensive green roof research has focused mainly on plants
in monocultures, which are prone to environmental stress.
In contrast, plant communities have been shown to be more
robust than monocultures in green roof settings. In addition,
native plants might be more ecologically sound plant choices
than non-natives in green roof systems. The objectives of this
research were to 1) compare the performance of plant communities with that of monocultures and 2) compare growth of natives
to non-natives in a simulated green roof setting. We conducted
an experiment at an outdoor site in a desert environment. Plants
were randomly assigned to either a monoculture or community
plot. Four morphological types (groundcover, small perennial,
succulent, and grass) were chosen. Plants selected consisted
of native (blackfoot daisy, candelilla, damianita, and mexican
feather grass) and non-native taxa (lambs ear, orange stonecrop,
iceplant, and blue fescue). Plots were 1 m x 1 m custom-built
trays filled with 15 cm of a proprietary blend of 50% lightweight
aggregate, 20% sand, and 30% compost (by volume), available
commercially from American Hydrotech Inc. At Day 172, natives
in communities had a higher (P = < 0.0001) coverage (1126
cm2) than non-natives in communities (316 cm2), though native
groundcovers had lower (P = 0.0045) coverage (248 cm2) than
non-natives (400 cm2). All types in community had higher (P
= < 0.0001 for all types) coverage than those in monocultures.
Visual quality ratings within types were not significantly different at Day 172. Relative water content (RWC) at Day 172
was significantly different (P = < 00001) in communities. RWC
showed no significant differences within types. Overall, native
plants in community had higher coverage than non-natives and
plants in community had higher RWC, regardless of native or
non-native. These results indicate that plants, especially native
plants, in community might be more successful than those in
monocultures.
Specified Source(s) of Funding: New Mexico Agriculture Experiment Station, American Hydrotech, Inc.
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11:15 AM – 11:30 AM

Nort Carolina State University, Raleigh, NC, USA

Chemical Control of the Crapemyrtle
Bark Scale—What We Have Learned from
Landscape Insecticide Trials
Yan Chen*

Louisiana State University Agriculture Center & Research Station,
Hammond, LA, USA

Mengmeng Gu

Texas A&M AgriLife Reseach & Extension, College Station, TX, USA

Erfan Vafaie

Texas A&M AgriLife Research & Extension, Overton, USA

Crapemyrtles (Lagerstroemia indica and hybrids) are considered
an essential landscape plant in urban and suburban areas of the
southeastern United States. The crapemyrtle bark scale (CMBS),
Acanthococcus lagerstroemiae, a new pest on crapemyrtles, was
first detected in Texas in 2004 and had quickly spread to 11 states
by 2016. Other than crapemyrtles, CMBS has been confirmed
infesting beautyberry (Callicarpa americana) in open field,
and pomegranate (Punica granatum), heimia (Heimia salicifolia) and winged loosestrife (Lythrum alatum) in a greenhouse
host range study, raising concerns of this pest being capable of
infesting crops and/or native flora of economic or ecological
importance. Current recommendations to landscape professionals
for managing this pest are limited to applying neonicotinoids as
foliar sprays or soil drenches/injections, partly because there is
a lack of information on efficacies of pest management products from other insecticide classes. Three landscape trials were
conducted, two in Texas and one in Louisiana, during 2016 to
evaluate rates and application techniques of two neonicotinoids
(imidacloprid and dinotefuran) and several other systemic or
contact insecticides including insect growth regulators (IGR)
and horticulture oil against CMBS. Results indicated that, in
addition to neonicotinoids, insecticides from other chemical
classes are also effective and can be incorporated into an IPM
program to control CMBS. For example, IGRs such as pyriproxyfen by itself or azadiractin in tank-mix with horticulture
oil can provide up to 210 days of control when applied at the
time of crawler emergence in the spring, and their efficacies
lasted longer than foliar applications of dinotefuran. Therefore,
landscape professionals can select products based on pest pressure and/or preference of their customers.
Specified Source(s) of Funding: USDA NIFA Crop Protection
and Pest Management Program and IR4
11:30 AM – 11:45 AM

Effect of Volumetric Water and Organic Matter
Content on Off-target Herbicide Injury
Travis Gannon*

North Carolina State University, Raleigh, NC, USA

Matthew Jeffries

NC State University, Raleigh, NC, USA

Land managers commonly utilize synthetic pesticides as part of
comprehensive pest management plans. When using synthetic
pesticides, it is imperative to manage pesticide inputs so as
not to adversely affect off-target plants or species. Off-target
herbicide movement and associated adverse effects are problematic, particularly in close proximity to sensitive species.
Aminocyclopyrachlor, flumioxazin, fluroxypyr, indaziflam,
and metsulfuron-methyl are commonly used herbicides that
have been associated with select cases of off-target injury to
desirable plants. Greenhouse research was conducted to elucidate the effect of varying soil organic matter content (OMC)
and volumetric water content (VWC) on soil bioavailability of
the aforementioned herbicides. Soil organic matter (sphagnum
peat amendment) content levels included 0.5, 1.5, or 4.5% w/w,
while VWC levels included 12, 25, or 40% v/v. Herbicides were
syringed over the soil surface of pots containing the bioindicator: mustard (Brassica juncea) for indaziflam and flumioxazin,
and sunflower (Helianthus annuus) for aminocyclopyrachlor,
metsulfuron-methyl, and fluroxypyr. As VWC increased from
12% to 40%, injury caused by aminocyclopyrachlor, flumioxazin,
fluroxypyr, indaziflam, and metsulfuron-methyl 21 days after
treatment (DAT) increased 19%, 87% 15%, 84%, and 13%,
respectively. Increasing OMC from 0.5% to 4.5% reduced
injury from aminocyclopyrachlor, flumioxazin, fluroxypyr,
indaziflam, and metsulfuron-methyl 76%, 49%, 62%, 29%,
and 86%, respectively, at 21 DAT. Results from this research
improve our understanding of edaphic factors as they influence
herbicide transport and uptake, which allow us to create best
management practices to reduce off-target injury.

Pomology 1

Moderator: Joseph Connell

University of California–Davis, Oroville, CA, USA

10:15 AM – 10:30 AM

Physiological Responses of Peach Trees to
Variable Climate Conditions
Brian T. Lawrence*

Clemson University, Central, SC, USA

Juan Carlos Melgar

Clemson University, Clemson, SC, USA

Variability in autumn climate resulting in warmer and drier
conditions can delay leaf senescence in deciduous fruit trees.
As leaves remain for an extended season, trees may increase
CO2 assimilation and allow additional carbohydrate and nutrient
mobilization to the reserves (stem and roots), which could later
impact dormancy break and nutrient uptake in spring. In this
study, we evaluated the physiological responses of two-year-old
peach trees to fall temperatures and soil moisture on two peach
cultivars (‘Scarletprince’ and ‘Autumnprince’ both on Guardi-
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anTM rootstock). For each cultivar, we applied four treatments:
1) well-watered trees (100% ETc needs) grown under ambient
outdoor temperatures; 2) water deficient trees (50% ETc needs),
ambient outdoor temperatures; 3) well-watered trees grown
in a greenhouse; and 4) water deficient trees in a greenhouse.
Average temperature in the greenhouse was 5 °C warmer than
ambient outdoor temperature. We measured gas exchange and
nutrient concentration in leaves throughout autumn, and determined nutrient concentration in stem and root tissues during the
winter to assess mobilization to the reserves. Although all trees
within the greenhouse had delayed senescence, results show
greenhouse-grown water deficient trees had significantly lower
CO2 assimilation (F = 4.8, P < 0.05) than trees under ambient
outdoor conditions and well-watered trees in the greenhouse.
Nevertheless, there were no significant differences in leaf number
(F = 0.6, P > 0.05) or leaf area (F = 2.3, P > 0.05). Provided
differences between treatments regarding carbohydrates and
remobilized nutrients, this study could provide a model for
the larger climate change discussion within deciduous fruit
tree cultivation and provide a platform for further research to
optimize management practices encouraging environmental and
orchard sustainability.
10:30 AM – 10:45 AM

Differential Thermal Analysis to Understand the
Environmental Bases for Cold Hardiness and
Cold Damage in Peach Floral Buds
Ioannis Minas*

Colorado State University, Grand Junction, CO, USA

David Sterle

Colorado State University, Grand Junction, CO, USA

Horst Caspari

Colorado State University, Grand Junction, CO, USA

Reduction in fruit production due to cold damage in floral tissues
is the biggest single limitation to profitability and ultimately
survival in the Colorado peach industry. The physiological
mechanisms that impart peach floral buds cold hardiness, and
their interaction with weather events are complex and poorly
understood. This study aimed to identify the critical temperatures
of peach buds during the different phases of dormancy as well
as during dormancy release, bud-break and bloom phenology.
Cold hardiness, expressed as lethal temperature for 10% (LT10),
50% (LT50), or 90% (LT90) of peach buds was quantified
successfully with differential thermal analysis (DTA) and the
standard cold exposure method for assessing cold damage based
on oxidative browning. Three peach cultivars including ‘Sierra
Rich’, ‘Cresthaven’, and ‘Red Haven’ were tested during the
late fall to early spring season of 2016–17. High temperature
exotherms (HTE), that created from the freezing event of the
super cooled extracellular water and characterized as nonlethal,
were identified for the different peach cultivars during the early
stages of bud development early in fall. DTA analysis showed
that the temperature causing freezing injury was related to the
initiation of the low temperature exotherms (LTE’s) after 21

Oct. Cold hardiness followed a predictable seasonal pattern in
all three cultivars: an acclimation phase in late fall, a period of
maximum hardiness in winter (mid December- late January),
and deacclimation going into spring. Temperature fluctuations,
however, lead to considerable “noise” in this general trend.
Sudden freezing events induced hardiness and unseasonal warm
temperatures induced temporary deacclimation in peach buds.
Differences in hardiness were found for all the peach cultivars
that were evaluated as well as between different sampling dates.
‘Sierra Rich’ was the least hardy and showed minimum response
to freezing events and deacclimated faster as a response to unseasonal warm temperatures, compared to the other cultivars
tested. DTA analysis successfully predicted a 15% bud damage
on ‘Sierra Rich’ on 6 Jan. During bud swell, DTA was not an
effective method for detecting LTE in peach buds. However,
incubating buds at –2°C for 12 h before DTA run shifted the
LTE appearance and this approach was highly correlated with
the LT50 calculated by oxidative browning. During bud-break and
bloom phenology cold tolerance was estimated with the standard
oxidative browning method. The information that was generated
in this study will provide a better understanding of peach cold
hardiness and will support growers in decision-making of frost
control practices and estimate potential losses.

Specified Source(s) of Funding: Agricultural Experiment Station,
Colorado State University
10:45 AM – 11:00 AM

A Precision Pollination System for Tree Fruit
Matthew Whiting*

Washington State University, Prosser, WA, USA

Probir Das

Washington State University, Prosser, USA

Tree fruit production could not exist as it does without the
temporary introduction of pollinators (predominantly Apis
mellifera) and utilization of pollinizer trees dispersed orchardwide. Despite the importance of pollination, tree fruit growers
continue to utilize this archaic pollinator + pollinizer system.
Facing global decline in pollinator species, climate change, and
the myriad perennial challenges growers face with the pollinator
+ pollinizer model, we are investigating alternative, precision
pollination systems. This presentation describes our vision
for productive orchard systems in the absence of both insect
pollinators and pollinizers, and results of field trials with our
precision pollination system utilizing liquid pollen suspensions
applied with electrostatic sprayer technology. In 2014, supplemental pollination with a single application of pollen (~37 g/
ha) improved ‘Tieton’ sweet cherry (Prunus avium L.) fruit set
by 15% compared to open-pollinated limbs. Pollen density on
the stigmatic surfaces of treated flowers was nearly double the
density on open-pollinated flowers. Analyses of pollen density on
the stigma revealed pollen deposition on flowers in all positions
(i.e., on both the ‘front’ and ‘back’ of the limb) from a single
pass in the field. Fruit yield was similar for open-pollinated trees
and those treated with two applications (at ~50% and 100% full
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bloom) of pollen suspensions through bee-exclusion netting
deployed prior to flowering (i.e., in the absence of natural pollinators). In 2015, field trials in several sweet cherry cultivars
revealed improvements in fruit set (+12 – 45%) from both single
and double applications of supplemental pollination at both 37
and 74 g/ha pollen. These results suggest that artificial, precision pollination systems are effective for either supplemental or
replacement pollination. Our research continues to investigate
effects of application timing and pollen rate as well as the use
of sensor technologies for targeted application.
Specified Source(s) of Funding: Washington Tree Fruit Research
Commission

and controls. The global biochemical and genetic mechanisms
through which time of thinning influences fruit development
are being investigated using RNA-Seq, and will be discussed.
11:15 AM – 11:30 AM

Optimizing Fertilization for Peach Tree
Establishment in the Southeastern United States
Juan Carlos Melgar*

Clemson University, Clemson, SC, USA

Jennifer Corbin

Clemson University, Clemson, SC, USA

David Ouellette

Clemson University, Clemson, SC, USA

11:00 AM – 11:15 AM

Thinning Time Influences Peach Fruit Size
and Expression of Cell Growth and Expansion
Genes
Gregory Reighard*

Clemson University, Clemson, SC, USA

Walker Maffit

Clemson University, Clemson, SC, USA

Tao Feng

Tianjin Agricultural University, Tianjin, China

Filipe Souza

Universidade Federal de Lavras, Lavras, Brazil

Christopher Saski

Clemson University, Clemson, SC, USA

Rafael Pio

Universidade Federal de Lavras, Lavras, Brazil

Ksenija Gasic

Clemson University, Clemson, SC, USA

Fruit size is one of the most coveted traits in fruit breeding and
marketing. Peach fruit size is influenced by the genetic potential
of a cultivar and the effects of different cultural practices on fruit
development. Effects of early thinning of peach flowers and fruits
on the fruit cell number and size, and associated differences
in gene expression were investigated in four peach cultivars:
Carored, Summerprince, Scarletprince and Redhaven. Trees of
each cultivar were thinned either one or four weeks after petal
fall to test the influence of crop load on peach fruit growth in
2014 and 2015. Fruitlets from each tree were sampled every
five days from week 2 to week 5 post-bloom for histological
and gene expression analyses. Cross-sections of each fruitlet
were measured for average cell size, cell count, and overall
fruit size. Early thinning of all cultivars positively correlated
with increased mesocarp cell number, cell size, and fruit size
compared to the late-thinned trees. A late spring freeze in 2015
compromised the control treatment and therefore no positive
effect of early thinning on cell size, cell count and fruit size
was observed. Expression level of five growth-regulatory genes,
FW2.2, CNR12, TAGL1, SIM, and ANT, in fruitlets sampled in
2014 revealed differential expression between early thinned trees

Fertilization guidelines for peach tree orchards during tree establishment vary among growing regions and, in many cases, for
a given region. In this field study, we applied three fertilization
treatments to peach trees during the first two years: 1) grower
standard rates (control; first year: 1 lb 10–10–10 in March, and
1 lb Ca2NO3 in May and in July; second year: 2 lb 10–10–10 in
March, 1.25 lb Ca2NO3 in May and July); 2) split applications:
previous fertilization rates were split into monthly applications
(March, April, May, June and July); 3) reduced applications:
70-75% of the fertilization rates in the control treatment were
monthly applied, between March and June. Two cultivars, ‘Juneprince’ and ‘Scarletprince’, grafted onto GuardianTM rootstock
were used. There were 15 trees per fertilization treatment and
cultivar in a split-block design with three blocks (five trees per
fertilization treatment and cultivar in each block). At the beginning of the third year after planting, trunk cross-sectional area
of trees fertilized with split or reduced rates was similar to that
of trees fertilized with the grower standard rates. Trees of all
treatments showed similar fruit set and leaf nutrient concentration on their first year in production. These results suggest that
a considerable amount of fertilizer could be saved and orchard
sustainability could be improved if fertilizer rates are optimized
for specific growing areas.
11:30 AM – 11:45 AM

Non-destructive Dry Matter Prediction in
d’Anjou Pears: A New Sorting Tool?
Sara Serra*

Washington State University, Wenatchee, WA, USA

Alex Goke

Washington State University, Wenatchee, WA, USA

Angela Knerl

Washington State University, Wenatchee, WA, USA

Ryan Sheick

Washington State University, Wenatchee, WA, USA

Stefano Musacchi

Washington State University, Wenatchee, WA, USA

Dry matter concentration is currently becoming more and more
important in the horticultural sector as it is related to eating
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quality, maturity, and ultimately to consumer preference. It
has been used in kiwifruit to determine the appropriate picking
time, and in apples was shown to be a good predictor of total
soluble solids after 3 months in storage. In other crops, a higher
dry matter at harvest is related to greater consumer acceptability of the product after storage and an increased likelihood to
purchase. A ‘d’Anjou’ pear commercial orchard located in WA
and grafted on OHF87 in 1998 with a planting density of 957
trees/ha was the object of this study. Four pruning treatments
were compared for dry matter accumulation in fruit during the
2016 season: winter pruning (WP), winter+summer pruning
(W+SP), fall pruning (FP) and fall+summer pruning (F+SP).
Five hundred fruit per treatment were measured by the Felix
F-750 Fruit Quality Meter for a non-destructive dry matter %
(DM) and SSC (Brix) prediction. All fruit were sorted by DM
from the lowest to highest % in to six classes (from 11 to 18%
where possible). Fruit were then divided in to two storage
periods—T0q (fruit quality analysis at T0, September 2016)
and T1q (fruit quality analysis at T1 = after five months of
storage at 0.5 °C, beginning of February 2017). Fruit quality
parameters assessed were as follows: skin color parameters
(L, a, b), red blush, over-color percentage, weight, IAD index,
firmness, soluble solids content (SSC, destructive), exogenous
ethylene concentration, cork incidence, % dry matter (destructive), titratable acidity, and pH after seven days of ripening at
room temperature. Fruit quality data analyzed by DM classes,
regardless of pruning treatment, revealed significant differences
among them. Pears in the lowest DM class were found to be
smaller by size and weight than all other dry matter classes.
Fruits in the lower two DM classes had significantly higher IAD
index immediately after storage and the smallest decrease in
IAD index in seven days of ripening at room temperature than
all other classes, suggesting lower maturity. Lower DM classes
tended to have fruits that were more firm and had lower SSC
(°Brix). The non-destructive assessment of dry matter by Felix
F-750 has potential for use as a sorting tool to predict final pear
quality and to determine the relationship of different DM pear
categories with consumer acceptance.
11:45 AM – 12:00 PM

Carbon Isotope Discrimination (Δ13C) Is
Associated with Fruit Quality in Malus
domestica Borkh. ‘Honeycrisp’
Lee Kalcsits*

‘Honeycrisp’ apple is gaining in consumer popularity and as
such, it has become the most frequently planted apple in the
United States. However, inconsistencies in fruit quality, such
as color, firmness, flavor and susceptibility to physiological
disorders such as bitter pit have limited grower production
efficiencies and increased postharvest losses. Here, we sought
to sample ‘Honeycrisp’ from irrigated orchards across a range
in growing environments in Washington State to determine the
relationship between plant water-status, measured using carbon
isotope discrimination (Δ13C) and fruit quality at harvest and
after four months of storage. Nine commercial orchards were
chosen that were planted between 2008 and 2010 with upright
architecture and were irrigated with drip or microsprinkler irrigation. Nine trees per orchard were selected that had uniform
trunk cross sectional area (TCSA) and bloom. In June, trees were
thinned to three crop loads: 3, 5, or 7 fruit/cm2 TCSA. Sixteen
fruit were tagged for each tree in June and harvested between
14 Aug. and 16 Sept. 2015. 10 leaves per tree were taken at in
August for carbon isotope analysis. Color development, firmness, soluble solids content (SSC), titratable acidity (TA), dry
matter, and bitter pit incidence was measured for eight fruit per
tree at harvest and after 4 months of regular atmosphere storage. Pooled fruit samples were also analyzed for carbon isotope
composition. As expected, crop load affected fruit quality metrics
where fruit size and bitter pit incidence was greater when crop
load was low. However, leaf and fruit Δ13C were independent
of crop load and ranged 17.61–22.06 in leaves and from 16.06
and 20.01 in fruit. Fruit was more consistently enriched relative
to leaves (1.18‰) and the two were significantly correlated
(r = 0.695, P < 0.001). At the tree level, leaf and fruit Δ13C were
significantly correlated with dry matter, SSC, firmness and fruit
color. Most importantly, Δ13C was correlated to fruit size and
bitter pit susceptibility. Trees where leaf Δ13C was the lowest
had fruit that were too small and where leaf Δ13C was highest,
the fruit were too large and had the highest bitter pit incidence.
The linear relationship between Δ13C and fruit size suggest
that water supply could potentially be used as a tool to control
fruit size, increase fruit quality and limit bitter pit incidence in
‘Honeycrisp’ apple.
Specified Source(s) of Funding: Washington Tree Fruit Research
Commission

Floriculture 3

Washington State University, Wenatchee, WA, USA

Moderator: Ryan Dickson

USDA–ARS, Tree Fruit Research Laboratory, Wenatchee, WA, USA

10:15 AM – 10:30 AM

James Mattheis
Luca Giordani

Washington State University, Wenatchee, WA, USA

Michelle Reid

Washington State University, Wenatchee, WA, USA

Katie Mullin

Washington State University, Wenatchee, WA, USA

University of New Hampshire, Durham, NH, USA

Quantifying the Acidic and Basic Effects of
Fifteen Floriculture Species Grown in Peatbased Substrate
Ryan Dickson*

University of New Hampshire, Durham, NH, USA
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Paul Fisher

University of Florida, Gainesville, FL, USA

Floriculture species differ in their effect on substrate-pH and
the resulting substrate micronutrient availability in container
production. The objective was to quantify effects of floriculture
plant species on substrate-pH. In a growth chamber factorial
experiment, 15 floriculture species were grown in 70%:30% by
volume peat:perlite substrate and fertilized with nutrient solutions
containing 100 mg·L-1 N and NH4+-N : NO3--N nitrogen ratios
of 0:100, 20:80, or 40:60. The relationship between substratepH and mEq of acid or base per unit volume of substrate was
quantified by titration with hydrated dolomitic lime or HCl. After
33 days, species and solution type effects on substrate-pH and
estimated mEq of acid or base produced were evaluated. Final
substrate-pH ranged from 4.83 for geranium in 40:60 solution
to 6.58 for lisianthus in 0:100 solution, compared to an initial
substrate-pH of 5.84. This change in substrate-pH corresponded
with a net mEq of acid or base produced per gram of tissue dry
mass gain (NMEQ) ranging across solutions and species from
1.47 of base for lisianthus in the 0:100 solution to 2.10 of acid for
coleus in the 40:60 solution. With the 0:100 solution, geranium
produced the greatest NMEQ of acid (0.07), whereas lisianthus
produced the greatest NMEQ of base (1.47). Because all N in the
0:100 solution was in the NO3- anion form, mEq of both anions
and cations taken up by plant roots could be calculated based
on tissue analysis. With the 0:100 solution, species that took up
more anions than cations into plant tissue tended to have a more
basic effect on substrate-pH, as would be expected to maintain
electroneutrality. Data were used to estimate the percent NH4+-N
of total N in a nutrient solution that would be neutral (result in
no substrate-pH change) for each species. This neutral percent
NH4+-N of total N ranged from approximately 0% (geranium)
to 35% (pentas). Species were separated into three clusters using
k-means cluster analysis with variables related to NMEQ and
anion or cation uptake. Species were clustered into groups that
had acidic (geranium and coleus), intermediate (dusty miller,
impatiens, marigold, new guinea impatiens, petunia, salvia,
snapdragon, verbena), or basic (lisianthus, pansy, pentas, vinca,
zinnia) effects on substrate-pH. Evaluating the tendency to raise
or lower substrate-pH across a range of floriculture species, and
grouping of plants with similar pH effects, could help predict
NH4+ : NO3- ratios for a neutral pH effect and assist growers
in managing substrate-pH for container production.
Specified Source(s) of Funding: Private funding source
10:30 AM – 10:45 AM

Growth of ‘Looking Glass’ Begonias Using
Saline Irrigation Water from Various Sources
Cristina Martinez*

University of Florida, Fort Lauderdale, USA

Kimberly Moore

University of Florida/IFAS, Fort Lauderdale, FL, USA

Luci Fisher

University of Florida, Fort Lauderdale, USA

Water shortages and saltwater intrusion are becoming increasingly prevalent problems for the ornamental horticulture industry.
In the near future, some nurseries may need to learn how to best
grow crops with lower quality saline irrigation water, including
water from alternative sources such as treated reclaimed wastewater. Two experiments were conducted in order to compare
the growth and quality of salt-sensitive begonias (Begonia x
‘Looking Glass’) when produced in a greenhouse setting using
saline irrigation water from various sources and at different
volumes. All plants were grown in soilless media with a low
rate of incorporated controlled release fertilizer in trade gallon
pots for a period of six weeks. Plants in the first experiment
were irrigated three times per week with 250 mL of full- and
half-strength solutions of either deionized water, liquid fertilizer,
saline water, or wastewater. In the second experiment, plants
were irrigated exclusively with the full-strength solutions from
the same four sources. However, in this iteration the irrigation
volumes varied from 100 to 350 mL. Saline water and liquid
fertilizer lead to higher rates of mortality and stunting. Shoot
dry weights were greatest in plants receiving the liquid fertilizer, comparable in plants irrigated with the deionized water
and wastewater, and lowest in plants receiving saline water. In
general, plants that received 250 mL at each irrigation yielded
the greatest shoot dry weights compared to plants receiving either
100 or 350 mL. Leachate EC’s and Na levels were highest in
the plants irrigated with full-strength liquid fertilizer and saline
solutions. Levels of K were highest in plants irrigated with the
liquid fertilizer and relatively low in all other treatments. The
ratio of Na to K in the irrigation water was a better indicator of
shoot growth than the total level of salinity alone.
10:45 AM – 11:00 AM

The Effect of Oxygenation of Irrigation Water
on Rooting and Plant Growth of Bedding Plants
Erin J. Yafuso*

University of Florida, Gainesville, FL, USA

Paul Fisher

University of Florida, Gainesville, FL, USA

The objective was to evaluate whether injection of purified
oxygen (oxygenation) of irrigation water to a super-saturated
level affected plant growth during mist propagation of unrooted
cuttings and subsequent growth in containers. The first factorial
experiment aimed to measure the effect on rooting from two
factors that included water type (“oxygenated” or “ambient”
tap water) and plant species (Calibrachoa xhybrid ‘Aloha Kona
Dark Red’ and Lobelia erinus ‘Bella Aqua’). The experimental
design was a split-plot, randomized complete block where the
main plot was a bench replicated four times, and the subplot
was the water type. Within a water type there were two 51-count
propagation trays (each tray was a replicate, 25-mm diameter
cells) with plants from each of the two species. Dissolved oxygen
measured at source tanks for oxygenated tap water (31.1 mg·L-1)
or ambient tap water (7.1 mg·L-1) was pumped through fine mist
nozzles (69 µm diameter). All plants were rooted by day 7 and
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growth continued to day 14. There were no measured differences
in root length or root dry weight for Calibrachoa and Lobelia
propagated using oxygenated water compared to ambient tap
water, because all water that passed through fine mist nozzles
reached 100% oxygen saturation (8.7 mg·L-1) regardless of initial
water type. The second factorial experiment measured the effect
on rooting and plant growth from three factors including water
type [“oxygenated” nutrient supplemented water (27.7 mg·L-1)
or “ambient” nutrient supplemented water (6.0 mg·L-1)], irrigation delivery (“top-watered” or “subirrigation”), and plant
species (Calibrachoa, Lobelia, and Pelargonium xhortorum
‘Patriot Red’). The experiment was a randomized complete block
design with a total of four blocks (benches) and two replicate
pots (10.2-cm diameter) per block for each combination of the
three factors. Irrigation was standardized when substrate dried
to approximately 45% of container capacity (CC), measured
gravimetrically. A supplementary experiment also included
Pelargonium grown at a high moisture level (80% CC) using
subirrigation with the two water types. Oxygenated water did
not enhance root or shoot growth in the second trial compared
with ambient water for the three bedding plants at 45% CC, or
with Pelargonium at the higher moisture level. Results emphasize that oxygenation of irrigation water is not likely to benefit
plant growth in a container substrate, because (a) oxygen can
off-gas when passed through small irrigation emitters, and (b)
substrates can provide adequate air porosity if not kept saturated.
11:00 AM – 11:15 AM

Effects of Reducing Substrate Moisture Content
(SMC) during Greenhouse Production and
Postproduction of Poinsettia
Yanjun Guo*

Texas A&M University, College Station, TX, USA

Terri Starman

Texas A&M University, College Station, TX, USA

Charles R. Hall

Texas A&M University, College Station, TX, USA

The objective was to determine the effect of soil moisture content
(SMC) during poinsettia (Euphorbia pulcherrima ‘Freedom
Red’) greenhouse production on plant quality and postproduction longevity. Treatments included two SMC levels (20%
and 40%) applied in four timing of application combinations.
Total production (TP) time was 14 weeks in which vegetative
production (VP) occurred from week 33 to week 39 and reproductive production (RP) continued from week 40 to week
47. The timing of application treatments groups were: I = TP
at 40% SMC; II = TP at 20% SMC; III = VP at 40% + RP at
20%; and, IV = VP at 20% + RP at 40%. After 48 h simulated
shipping in the dark, plants were evaluated for five weeks in a
simulated retail environment with three packaging treatments:
1) N = no packaging; 2) C = pot cover only; and 3) CS = pot
cover and sleeve. Growth index (GI), photosynthesis (Pn), leaf
greenness (SPAD), leaf thickness, and petiole thickness were

measured weekly. Bract number, leaf number, internode length,
and dry weight (DW) were measured at week 39, 42, 45, and
47. Starting at week 42, group II and III plants had lower Pn
than group I and VI. Plant DW was not affected by SMC during
vegetative growth but was reduced in group II and III compared
to group I and IV starting at week 45. Leaf thickness was not
affected by SMC treatment but petiole thickness was higher in
group I and IV comparing to group II and III starting week 43.
Group II and III had shorter internode length and smaller growth
index than group I and IV at the end of greenhouse production.
Plants in group II or III were more compact and had earlier bract
coloring without reduction in bract and leaf number. During
postharvest, CS packaged plants had reduced leaf number due
to leaf abscission and the lowest SPAD reading, regardless of
SMC treatment. Plants in group I had the lowest bract number
after five weeks of postharvest, and group I and IV packaged
with CS had the lowest live stem number. In summary, reducing
SMC to 20% during total production or during the reproductive
stage reduced water usage and produced more compact plants
with greater postproduction quality.
Specified Source(s) of Funding: FNRI (Floriculture and Nursery
Crop Research Initiative)
11:15 AM – 11:30 AM

Optimizing Nitrogen Fertilization and Flower
Productivity and Quality in Greenhouse Rose
Crops
Raul Cabrera*

Rutgers University, Bridgeton, NJ, USA

Greenhouse-grown cut roses (Rosa x spp. L.) are intensively
managed, receiving very large inputs of water, fertilizers, agrochemicals and labor. While the crop is typically fertigated
(at almost every irrigation) with complete nutrient solutions,
significant attention is given to the applied nitrogen (N) concentrations, often ranging from 150 to 250 mg/L. Our research
indicates that N concentrations as low as 90-100 mg/L could
satisfactorily sustain flower yields, albeit often having leaf N
concentrations (status) below 3% (dry weight basis), historically
set as the lower N sufficiency level for greenhouse rose crops.
Leaf N status expressed on a dry weight basis was not found to be
a dependable indicator of cut flower productivity over the course
of a growing season. Conversely, chlorophyll levels and color
(hue, chroma and value) attributes in leaves of harvested flowers
correlated linearly with leaf N status. The literature indicates that
photosynthetic rate and leaf N expressed on a leaf dry weight
basis correlate well for many cultivated and wild plant species,
declining to zero at about 0.84% leaf N (considered extreme N
deficiency). While this reflects a relationship that is independent
of species and growth conditions, it has been argued that it could
be hiding variation that may be of significance for plants that are
growing in certain specialized environments, perhaps including intensively managed greenhouses. This variation has been
reported to be readily apparent when expressing photosynthesis
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and leaf N content in units of leaf area. An experiment has been
initiated to re-evaluate the relationships of rose leaf N status,
expressed both on leaf weight and area basis, and the flower
productivity and quality of cut flower yields. The effect of the
rootstock is also under evaluation by comparing the response
of plants growing on their own roots versus the same cultivar
grafted on ‘Natal Briar’, the predominant rootstock in use today
by the greenhouse rose industry.
Specified Source(s) of Funding: Joseph H. Hill Foundation, New
Jersey Agricultural Experiment Station
11:30 AM – 11:45 AM

between 253 and 1383 mg·L–1 N, and root Si ranged between
4018 and 10,457 mg·L–1 N. The distribution of accumulated Si
varied between cultivar, and in Si-supplemented plants, it ranged
from 63.5% to 68.2% in leaves, 10.5% to 20.9% in roots, 9.4%
to 17.7% in stems, and 1.6% to 9.6% in flowers.
11:45 AM – 12:00 PM

Aesthetic Quality and Strength of Some
Bioplastic Biocontainers Is Affected by
Substrate Volumetric Water Content during
Crop Production
Nicholas J. Flax

Cultivar Variation in Silicon Accumulation and
Distribution in Petunia (Petunia xhybrida)

Iowa State University, Ames, IA, USA

Christopher J. Currey*

Jennifer Boldt*

Iowa State University, Ames, IA, USA

USDA–ARS, Toledo, OH, USA

Alexander G. Litvin

James Altland

Iowa State University, Ames, IA, USA

USDA–ARS, MWA ATRU, Wooster, OH, USA

Silicon (Si) is a plant-beneficial element that can alleviate the
effects of abiotic and biotic stress. Plants are typically classified as Si accumulators or non-accumulators based on foliar Si
concentrations (≥ 1% Si on a dry weight basis for accumulators).
Based on this definition, most greenhouse-grown ornamentals
are classified as non-accumulators. However, plants that accumulate low foliar Si concentrations may still accumulate high Si
concentrations in other tissues, which could have implications
for disease management. Additionally, screening cultivars for
variability in Si accumulation has not been investigated for
many species. Therefore, the objective of this study was to assess cultivar variability in Si accumulation and distribution in
petunia, a low Si accumulator. Rooted cuttings of eight cultivars
(‘Supertunia Black Cherry’, ‘Supertunia Limoncello’, ‘Supertunia Priscilla’, ‘Supertunia Raspberry Blast’, ‘Supertunia Royal
Velvet’, ‘Supertunia Sangria Charm’, ‘Supertunia Vista Silverberry’, and ‘Supertunia White Improved’) were transplanted into
11.5-cm pots filled with a peat-based soilless substrate (LB-2).
Greenhouse conditions were maintained at 22 °C day/18 °C
night, with a 14-hour photoperiod and supplemental irradiance
from high-pressure sodium lamps when ambient irradiance was
less than 300 µmol·m–2·s–1 photosynthetically active radiation.
Plants were fertigated as needed with a base nutrient solution
of 20N–4.4P–16.6K at a concentration of 150 mg·L–1 N. The
nutrient solution was amended with either potassium sulfate (0
mM Si) or potassium silicate (2 mM Si) to balance potassium
application rates between treatments. Plants were arranged in
a completely randomized design, with 10 pots per treatment
combination. Petunias were harvested approximately 10 weeks
after transplant and separated into roots, stems, leaves, and
flowers. Silicon supplementation increased leaf dry mass (5.10
versis 5.33 g for 0 and 2 mM Si, respectively), but did not affect total dry mass (14.20 versus. 14.14 g for 0 and 2 mM Si,
respectively). In plants receiving Si supplementation, mean leaf
Si across cultivars ranged between 1248 and 2732 mg·L–1 N,
stem Si ranged between 195 and 654 mg·L–1 N, flower Si ranged

James A. Schrader

Iowa State University, Ames, IA, USA

David Grewell

Iowa State University, Ames, IA, USA

William R. Graves

Iowa State University, Ames, IA, USA

The objectives of this experiment were to quantify the effects of
substrate volumetric water content (VWC) on aesthetic quality
and mechanical strength of several types of bioplastic biocontainers. Seedlings of ‘Divine Cherry Red’ new guinea impatiens
(Impatiens hawkeri W. Bull) and ‘Pinto Premium Deep Red’
zonal geranium (Pelargonium xhortorum L.H. Bailey) were
transplanted into four types of bioplastic or petroleum-based
plastic (PP) containers (control) containers (655 mL vol.) filled
with soilless substrate. Bioplastic containers included: polylactic
acid (PLA)-lignin (90/10; percent parent materials by mass,
respectively), PLA-soy bioplastic (SP.A; 60/40), polyhydroxyalkanoates (PHA)-dried distiller’s grains and solubles (DDGS;
80/20), and PLA-SP.A-BR (modified DDGS; 50/30/20). Plants
were watered to container capacity at transplant, allowed to
dry down over ~7 d to thresholds of 0.20 or 0.40 m3·m–3 VWC,
at which they were maintained by a capacitance soil moisture
sensor-controlled irrigation system. Data were collected six
(geranium) or seven (new guinea impatiens) weeks after transplanting seedlings, including widest and perpendicular width,
height, and shoot dry mass (SDM); growth index (GI) was
calculated. Container aesthetics were rated on a scale of 1–5
(1 being lowest, 5 being highest) based on discoloration relative to
unused containers, and presence of microbial growth. Vertical and
horizontal wet strength of containers were also quantified. New
guinea impatiens GI, SDM, and vertical strength were affected
by VWC. Plants grown at 0.40 m3·m–3 VWC had 14% larger
GI and 25% higher SDM than those grown at 0.20 m3·m–3, but
vertical wet strength of containers was 12% lower for containers
maintained at 0.40 m3·m–3 compared to 0.20 m3·m–3. Horizontal wet strength was only affected by container type, and was
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greatest for PLA-lignin containers (0.34 MPa) and lowest for
PLA-SP.A-BR containers (0.01 MPa). Container type and VWC
interacted to affect aesthetic ratings of new guinea impatiens
containers. Aesthetics of PLA-SP.A-BR containers were rated
lowest compared to PP containers at both VWC levels; however,
PLA-SP.A-BR container ratings at 0.40 m3·m–3 VWC were 78%
lower than PP containers compared to those maintained at 0.20
m3·m–3 (46% lower). Similar trends were observed among GI
and SDM of geranium, as well as aesthetic quality ratings and
vertical and horizontal container strength. Producers can effectively maintain aesthetic quality and strength of bioplastic
containers manufactured with higher proportions of bio-based
fillers such as PLA-SP.A-BR containers by reducing substrate
VWC during crop production.

than the control and the other treatments are not different from
control. In summary, the biochar and vermicompost mixes had
the potential as replacements for commercial peat-based substrates for container-grown plants.

12:00 PM – 12:15 PM

Theodore J.K. Radovich*

Effects of Biochar and Vermicompost on
Container-grown Basil (Ocimum basilicum) and
Tomato (Solanum lycopersicum ‘Roma’)
Lan Huang*

Texas A&M University, College Station, TX, USA

Xiuli Liu

Beijing Forestry University, Beijing, China

Mengmeng Gu

Texas A&M AgriLife Reseach & Extension, College Station, TX, USA

Sixteen mixes with biochar (BC; 20, 40, 60, 80%, vol.) and vermicompost (VC; 5, 10, 15, 20%, vol.) were evaluated as container
substrate on container-grown basil (Ocimum basilicum) and
tomato (Solanum lycopersicum ‘Roma’) plants, and compared
to 100% commercial peat-based substrate. The commercial
substrate made up the rest of the volume when the BC and VC
did not add up to 100%. The physical properties of these different substrates were tested which showed adding up to 80% BC
to the substrates significantly decreased the container capacity
and increased air space. Plant growth index, SPAD, substrate
pH and electrical conductivity (EC) were also measured at 0,
4, 6, 8 and 11 weeks after transplanting (WAT), and plants were
harvested to measure dry weight (DW) of shoot and root and
additionally combined fruit and flower dry weight for tomato
plants. As the percentage of biochar increased, substrate pH
increased. At 11 WAT, none of the SPAD readings of basil was
lower than the control, while the SPAD readings of tomato plants
in the 60% and 80% BC mixes were all lower than the control.
After 8 WAT, EC of substrate leachates of basil in all BC and
VC mixes were lower than the control, except for 5%VC with
20% BC, and for tomato plants EC of 80% BC with 5%, 15%
and 20% VC mixes was lower than control. Growth index,
shoot dry weight DW, total DW of basil and tomato plants and
root DW of basil grown in mixes with BC and VC were similar
to or even higher than the ones in commercial substrates at 11
WAT. No tomato plants in mixes with BC and VC had higher
root DW than control. Tomato plants in 60% BC+ 20% VC and
20% BC+10%VC had higher combined DW of fruit and flower

Plant Nutrient Management 2
Moderator: Chandra Reddy

Tennessee State University, Nashville, TN, USA

12:30 PM – 12:45 PM

Optimizing Locally Sourced, Organic-compliant
Fertilizers for Vegetable Production in a
Crowded Island Environment
University of Hawaii at Manoa, Honolulu, HI, USA

Maximizing the efficacy of locally available resources to benefit
crop yield and quality is fundamental to sustaining productive
agriculture. This is particularly true in an isolated island environment. In response to stakeholder input, a series of laboratory,
greenhouse, field and on-farm trials were conducted 2012–17
across multiple vegetable crops and environments in Hawaii
to evaluate locally available inputs for their fertilizer value.
Materials evaluated included composts, rendered animal products, fish effluent, pyrogenic organic matter and marine algae,
among others. Research centered on predicting nitrogen (N)
mineralization in high N materials, optimizing N availability
through combination of multiple amendments, identifying patterns and mechanisms of potassium release from invasive algae
waste, and evaluating the productivity of recirculating aquaponic
systems. Results have largely validated findings reported from
other locations and have identified patterns and mechanisms of
nutrient availability that have improved our understanding of
sustainable nutrient management in the Tropics.
Specified Source(s) of Funding: Hawaii Department of Agriculture and the USDA WSARE, AFRI and OREI programs.
1:00 PM – 1:15 PM

Nutrient Runoff from Agricultural Green Roofs:
A Possible Indicator of Runoff Problems in
Other Urban Agricultural Systems
Leigh Whittinghill*

Kentucky State University, Frankfort, KY, USA

One of the most widely promoted benefits of green roofs is
storm water management. This includes reduction in storm water
runoff and reduction in peak flow rate, but also improvements
in runoff water quality. There is however some disagreement
about weather ornamental green roofs are a source or sink of
nutrients. Agricultural green roofs have been less widely studied, but research has shown that they can be a source of many
macro- and micronutrients. The status of a roof as a source or
sink depends on many factors including nutrient management
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practices. In some cases, nutrient management practices don’t
match up with plant needs, resulting in leaching of the excess
nutrients provided. This is a known issue in traditional agriculture and horticulture but has not been studied in other urban
agricultural settings.
1:15 PM – 1:30 PM

Site-specific Nutrient and Water Management to
Foster Environmental Stewardship
Dharmalingam Pitchay*

Tennessee State University, Nashville, TN, USA

An active interest in gardening and eating fresh produce is
gaining momentum in urban and peri-urban areas across the
United States. One in three households including the millennials are engaged in gardening, spending an average of $100
per household. Most of them are involved in food gardening
(i.e. vegetables, small fruits, and herbs) in small areas or containers due to space constraints. With a hope of growing and
eating better tasting and quality fresh food, the residents tend
to use disproportionate amount of inputs (fertilizers and water),
unaware of its impact on the environment due to increased
risk of nutrient loss and run-off in densely populated urban
and peri-urban areas. Therefore, it is critical to introduce and
establish site and species specific nutrient and water management guidelines for optimal plant growth and development to
foster environmental stewardship.

Plant Biotechnology
Moderator: Ainong Shi

University of Arkansas, Fayetteville, AR, USA

2:00 PM – 2:15 PM

In Vitro Plant Regeneration of ‘Polana’ Red
Raspberry (Rubus idaeus)
Changhyeon Kim

North Dakota State University, Fargo, ND, USA

Wenhao Dai*

North Dakota State University, Fargo, ND, USA

Shoots were regenerated from in vitro leaves of a primocane
red raspberry cultivar (Rubus idaeus ‘Polana’). In vitro regeneration was achieved when leaf segments and petioles of
in vitro plants were cultured on woody plant medium (WPM)
supplemented with 6-benzylaminopurine (BA) with or without
thidiazuron (TDZ). Effects of BA and TDZ at deferent levels
on shoot regeneration rate and shoot number were investigated.
The maximum shoot regeneration rate from leaf segments
occurred on WPM containing 2.5 mM BA and 0.1 mM TDZ
with an average of 62.2% of explants forming shoots, while
the greatest regeneration rate (41.7%) was observed on WPM
containing 2.5 mM BA and 0.5 mM TDZ when petioles were
used. An average of 3.2 and 4.7 shoots were developed from

each of responsive leaf and petiole explants, respectively, in
the medium with 5.0 mM BA and 0.1mM TDZ. A significant
number of vitrified shoots were observed in the treatments where
TDZ was above 0.5 mM. Regenerated shoots were transferred
to Murashige and Skoog (MS) medium supplemented with 1–10
mM IBA for in vitro rooting. Rooted plants were then transferred
to potting medium and grown in the greenhouse. This research
will facilitate raspberry improvement using biotechnology such
as in vitro mutation and genetic transformation.
2:15 PM – 2:30 PM

CRISPR/Cas-mediated Genome Engineering in
Citrus
Manjul Dutt*

University of Florida, Lake Alfred, FL, USA

Prabhjot Kaur

University of Florida, Lake Alfred, FL, USA

Jude Grosser

University of Florida, Lake Alfred, FL, USA

The CRISPR/Cas-mediated genome engineering system has
received widespread attention as a precise genome editing technique for site-specific gene targeting and gene editing. A major
advantage of this system is in its ability to edit multiple target
genes simultaneously allowing the researcher to utilize the loss
of function approach in understanding the role of these genes.
The objective of our research was to develop an efficient plant
transformation vector that could result in efficient genome editing
in citrus. Three different constructs were evaluated in this study:
The first containing a constitutively expressed nuclear targeted
Cas9, the second with a constitutively expressed EGFP–Cas9
fusion and third containing a chemical-inducible system with
the nuclear targeted Cas9 driven by the LexA operator fused to
a 35S minimal promoter. As a proof of concept, the CsTAC1
tree architecture gene was targeted: either with a single gRNA
or by the nickase system with two gRNAs targeting sites 10bp
from each other. Our results indicated that the chemical-inducible
system resulted in the efficient editing of the target gene when
coupled with the double sgRNA method. The EGFP–Cas9 fusion construct had the lowest mutation rate among the constructs
evaluated. The chemical-inducible system could also minimize
the off-target mutagenesis risk associated with constitutive
expression of the Cas9.
2:30 PM – 2:45 PM

Whole Genome Sequencing and Resequencing
for Genome-wide Study in Cowpea
Ainong Shi*

University of Arkansas, Fayetteville, AR, USA

Jun Qin

University of Arkansas, Fayetteville, AR, USA

Yuejin Weng

University of Arkansas, Fayetteville, AR, USA
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Waltram Ravelombola

University of Arkansas, Fayetteville, AR, USA

Dennis Motes

University of Arkansas, Fayetteville, AR, USA

Haizheng Xiong

University of Arkansas, Fayetteville, AR, USA

Lingdi Dong

University of Arkansas, Fayetteville, AR, USA

Wei Yang

University of Arkansas, Fayetteville, AR, USA

Gehendra Bhattarai

University of Arkansas, Fayetteville, AR, USA

Beiquan Mou

USDA–ARS, Salinas, CA, USA

This purpose of this research is to build a molecular breeding
platform integrated into a classical breeding approach in cowpea
through whole-genome sequencing (WGS) and whole-genome
resequencing (WGR) technology. With improved next generation
sequencing (NGS) and the decreasing cost of sequencing, it is
becoming feasible to discover millions of SNPs for any plant
and to connect these markers to desirable phenotypic traits. So
far, three levels of genome sequencing have been conducting in
cowpea: 1) WGS using 10X Genomics Chromium System powered by 10X GemCode Technology combined with the Illumina
HiSeq X Ten sequencing platform with 100X sequencing depth
and 200X sequencing data in one cowpea genotype AR08-393;
2) WGR using the Illumina HiSeq X Ten sequencing platform
with 5X sequencing depth and 3.5 Gb sequencing data in 300
cowpea genotypes; and 3) genotyping by sequencing (GBS)
using Illumina HiSeq series sequencing platform with 0.1–0.3X
depth and 100–200 Mb data in 720 cowpea genotypes. The de
novo genome assembly of cowpea AR08-393 was created; whole
genome variations were analyzed; and genome-wide association
study (GWAS) was conducted for cowpea bacterial blight resistance, cowpea aphid tolerance, cowpea mosaic virus resistance,
salt tolerance, seed protein content, seed antioxidant content, and
morphological traits such as seed color, seedcoat color, seed size,
and plant habit. Meanwhile, the SNP markers associated with
these traits were identified. The research will provide a tool to
use these SNP markers in cowpea molecular breeding through
marker-assisted selection (MAS) and genomic selection (GS).
2:45 PM – 3:00 PM

Functional Analysis of Transcription Factor
PhERF039 for Enhancing Water Stress
Tolerance in Petunia xhybrida ‘Mitchell Diploid’
Suejin Park*

West Virginia University, Morgantown, WV, USA

Youyoun Moon

West Virginia University, Morgantown, WV, USA

Nicole L. Waterland

West Virginia University, Morgantown, WV, USA

Water deficit is a critical constraint to plant growth and development, and could cause severe crop loss. To develop crops
with increased water stress tolerance, it is necessary to identify
gene(s) that play important role(s) in water deficit stress response
mechanism. We have performed transcriptome analysis of petunia
under water stress using high throughput RNA sequencing. The
expression of 63 transcription factors (TFs) were upregulated
during the early stage of water stress response. Among them,
a gene encoding an ethylene responsive transcription factor
(PhERF039) was selected for functional analysis in petunia.
The objectives of this research were to 1) manipulate the expression level of PhERF039 by over-/under-expression techniques,
and 2) determine whether PhERF039 plays a role in the water
stress response mechanism. The overexpression driven by 35S
promoter was achieved using pICH86988 from Addgene. For
generation of knock-out mutant line, CRISPR-Cas9 and Golden
Gate cloning systems were used. DNA fragments harboring
NPTII, Cas9, and sgRNAs were delivered via Agrobacteriummediated transformation into petunia leaves. T0 and homozygous
T1 transgenic plants, and wild type (WT) were evaluated under
water deficit stress utilizing an automated irrigation system. The
results of the expression and phenotype analyses are presented.
3:00 PM – 3:15 PM

A Petunia ocs Element Binding Factor, PhOBF1,
Is Essential for the Virus-induced Gene
Silencing and Antiviral Defense
Daoyang Sun

University of California Davis, Davis, CA, USA

Yanlong Zhang

Northwest A&F University, Yangling, Shaanxi, China

Lixin Niu

Northwest A&F University, Yangling, Shaanxi, China

Michael Reid

University of California–Davis Davis, CA, USA

Cai-Zhong Jiang*

University of California-USDA–ARS, Davis, CA, USA

Virus-induced gene silencing (VIGS) is a common strategy of
reverse genetics for characterizing function of genes in plant.
Molecular mechanisms governing silencing efficiency of VIGS
are largely unknown. Here, we identified an ocs element binding
factor, PhOBF1, one of basic-leucine zipper (bZIP) transcription
factors that was up-regulated by Tobacco rattle virus (TRV)
infection in petunia. Co-silencing of PhOBF1 with reporter
genes, phytoene desaturase (PDS) or chalcone synthase (CHS),
by TRV-based VIGS led to a failure of the development of leaf
photobleaching and white phenotype in the purple corolla.
PhOBF1 silencing caused down-regulation of key RNA silencing-related genes, including RNA-dependent RNA polymerases
(RDRs), Dicer-like RNase III enzymes (DCLs) and Argonautes
(AGOs). Overexpression of PhOBF1 resulted in a recovery of
photobleaching phenotype in systemic leaves. A compromised
resistance to TRV and Tobacco mosaic virus (TMV) was found

An asterisk (*) following a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S201

Oral Presentations
in PhOBF1-RNAi plants, while PhOBF1-overexpressed plants
displayed an enhanced resistance to their infections. Compared
with wild-type plants, PhOBF1-suppressed transgenic plants
accumulated lower levels of free salicylic acid (SA), salicylic
acid glucoside (SAG) and phenylalanine, contrarily to higher
levels of those in transgenic plants overexpressing PhOBF1.
Furthermore, transcripts of a number of genes from the Shikimate
and Phenylpropanoid pathways were decreased and increased
in PhOBF1-RNAi and -overexpressed transgenic plants respectively. Taken together, our data demonstrate that PhOBF1
regulates TRV-induced gene silencing efficiency through SAmediated modulation of RDRs, DCLs, and AGOs.
Specified Source(s) of Funding: USDA

method should be applicable to many economically important
horticultural plant species.

Growth Chambers and Controlled
Environments 3
Moderator: Geoffrey Weaver

University of Georgia, Athens, GA, USA

1:45 PM – 2:00 PM

Growth and Yield of Vegetables Grown in
Aquaponics in Comparison to Hydroponics
Teng Yang*

3:15 PM – 3:30 PM

Purdue University, West Lafayette, IN, USA

Hye-Ji Kim

Production and High-throughput Screening of
Non-transgenic Mutant Plants Resulting from
Agrobacterium-mediated Transient CRISPR/
Cas9 Expression

Purdue University, West Lafayette, IN, USA

Yi Li*

University of Connecticut, Storrs, CT, USA

Longzheng Chen

Jiangsu Academy of Agricultural Sciences, Nanjing, China

Wei Li

University of Connecticut, Storrs, CT, USA

Lorenzo Katin-Grazzini

University of Connecticut, Storrs, CT, USA

Jing Ding

Nanjing Agricultural University, Nanjing, China

Richard McAvoy

University of Connecticut, Storrs, CT, USA

Fred Gmitter

University of Florida, Lake Alfred, FL, USA

Zhanao Deng

University of Florida, Wimauma, FL, USA

Developing CRISPR/Cas9-mediated non-transgenic mutants
in asexually propagated perennial crop plants is challenging
but highly desirable. We report the development of an Agrobacterium-mediated transient CRISPR/Cas9 gene expression
system to create targeted mutations without stable incorporation of T-DNA into the host plant genomes. Additionally, we
have developed a rapid, cost-effective, and high-throughput
mutant screening protocol based on the novel use of Illumina
sequencing followed by high resolution melting (HRM) analysis.
Using tobacco as a model species, and the phytoene desaturase (PDS) gene as a target, we obtained pds mutant shoots
representing 2.6% of the total number of regenerated shoots,
without the use of antibiotic selection during callus or shoot
regeneration. Among these pds plants, 17% were confirmed to
be non-transgenic. Due to the versatility of CRISPR/Cas9 and
Agrobacterium-mediated transient transformation, as well as the
ease of plant regeneration from leaf, shoot, or root explants, this

Aquaponics is a production system that integrates aquaculture
and hydroponics by recirculating residual nutrients resulted
from fish waste for cop production. Although many different
vegetable crops have been suggested for aquaponics systems,
limited information is available on their growth and yield in
aquaponics or in comparison to hydroponics. This study was
conducted to compare the growth and yield of 10 vegetable
crops (pac choi, mizuna, mustard, amaranth, bekana, Swiss
chard, chia, basil, lettuce, and tomato) grown in aquaponics in
comparison with hydroponics. In aquaponics, fish feed (1% of
fish weight) was added as a source of fertilizer for plants, while
commercial fertilizer was applied in hydroponics to maintain the
electrical conductivity (EC) within the suggested range. Water
quality parameters (temperature,°C; pH; conductivity, µS·cm-1;
dissolved oxygen, mg·L-1) were measured daily. The pH was
adjusted using at around 7 and 5.5 for aquaponics and hydroponics, respectively. Water was sampled for total ammonium
nitrogen (TAN), nitrite, nitrate, and phosphate every four days.
Crop growth parameters were measured weekly, including plant
height, leaf length and number, SPAD value, photosynthetic rate
(Pn) and leaf temperature. Initial and final fish and vegetable
crop biomass was measured. EC in aquaponics increased from
0.7 to 1.4 mS·cm-1, while EC in hydroponics was maintained
at 1.8 mS·cm-1. Nitrate level in aquaponics increased from 10
to 30 mg/L during 30 days, while it increased from 160 to 250
mg/L in hydroponics. Phosphate concentration in aquaponics
increased from 7.2 to 45.2 mg/L, while that in hydroponics
slightly increased from 62.4 to 81.9 mg/L. In general, crops in
hydroponics showed increasing Pn over time, while in aquaponics, Pn quickly dropped down in the second week, then maintained or further decreased in following weeks, depending on
vegetable species. The lower Pn in aquaponics might be partly
due to low nutrient availability during the early-production
phase. However, there were no significant differences between
aquaponics and hydroponics in growth and yield parameters
of most vegetable species. These results indicate that, despite
the limited nutrient availability in aquaponics, the growth and
yield of aquaponically-grown vegetables were not significantly
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different from hydroponically-grown ones. Crop productivity
may be enhanced by increasing nutrition availability during
early-production phase in aquaponics.
2:00 PM – 2:15 PM

A Low-input Alternative Healing System for
Grafted Tomato Transplants
Kristine M. Neu*

Iowa State University, Ames, IA, USA

Ajay Nair

Iowa State University, Ames, IA, USA

Large scale use of vegetable grafting is common in many states,
but adoption has been slow in Midwestern states. This is slowly
changing as small growers begin to utilize grafting. With limited
resources and growing space, a challenge growers face is creating optimum post-grafting healing conditions. The practice of
blocking light for a period of 2–4 days while maintaining high
humidity is widely adopted, but some growers cannot afford to
sacrifice valuable bench space needed for the healing chamber.
This research investigated a low-input healing method for grafted
tomato transplants with specific focus on light and root-zone
temperature during the healing process. We hypothesized that
light exclusion is not necessary and that use of root-zone heating
would create optimum conditions for healing of grafted plants.
‘Cherokee Purple’ was used as the scion and RST-04-106-T as
the rootstock. Plants were grown in 606 cell packs and treatments were laid out in a randomized split plot design with four
replications and 36 plants per experimental unit. The whole
plot factor was root-zone temperature (26.6 °C or no-heat) and
the subplot factor was light exclusion (0, 4, or 6 days of light
exclusion). Plants were grafted three weeks after seeding. Data
collected from the time of grafting to termination included SPAD,
chlorophyll florescence, plant survival percentage, scion stem
diameter, and plant dry weight. Plant health indicators such as
SPAD and chlorophyll florescence improved in the heated root
zone treatment. Transplants that received six days of light exclusion had higher SPAD values. The use of root-zone heat and four
days of light exclusion reduced plant survival to 72%. Survival
percentage of transplants with no-light exclusion averaged 96%
regardless of heat treatment. The scion stem diameter was highest
for plants with no root-zone heat and no light exclusion. Overall,
these results indicate that light exclusion and a heated root zone
may not be necessary for healing of grafted plants and opens the
door for a low-input graft healing method that may be readily
adopted by small-scale tomato growers.
2:15 PM – 2:30 PM

Using Chlorophyll Fluorescence Data to Model
Efficient Lighting Strategies for Lettuce

Real-time dynamic control over the light output from LEDs has
the potential to improve the efficiency of supplemental lighting
in greenhouses. Most current methods for supplemental lighting control are based on incident photosynthetic photon flux
(PPF), daily light integral (DLI), and/or photoperiod. However,
an approach to lighting control that also accounts for plant
physiological responses could improve the overall efficiency
of supplemental lighting. We developed a model for the photosynthetic response of lettuce (Lactuca sativa ‘Green Towers’)
based on 35 days of diurnal chlorophyll fluorescence monitoring to measure the quantum yield of photosystem II (ΦPSII, a
measure of how efficiently leaves use absorbed light). Electron
transport rate (ETR) was described as function of PPF with an
asymptote at ETR = 126 µmol·m–2·s–1. Integrated over entire
days, the daily electron transport rate reached an asymptote
of ~3 mol·m–2·d–1. The instantaneous light response curve was
used to model different lighting approaches to reach a daily
ETR of 3 mol·m–2·d–1. Daily light use efficiency (LUED) was
defined as the ratio of total daily ETR to DLI. Supplemental
lighting use efficiency (LUES) was calculated as the ratio of
the increase in daily ETR to the increase in DLI resulting from
supplemental light. We modeled supplemental lighting scenarios
based on observed ambient PPFs for a day with a 12.2 h natural
photoperiod, a DLI of 8.46 mol·m–2·d–1, and a daily ETR of 2.0
mol·m–2·d–1 (LUED = 0.236). Thus, supplemental lighting had
to provide enough PPF for an additional ETR of 1.0 mol·m–2·d–1.
The modeled scenarios included traditional lighting control
(lights are on at a constant intensity), and a dynamic lighting
approach, that controls supplemental light intensity based on
ambient PPF (i.e. more supplemental light is provided when
PPF is lower), for various supplemental photoperiods. Supplemental lighting was most efficiently provided using a dynamic
strategy to maintain a minimum PPF of 102 µmol·m–2·s–1 over
a 20-hour photoperiod. Providing light in this way resulted
in a LUES of 0.276 and increased the overall LUED (include
value) compared to sunlight alone. In the least efficient scenario,
light was provided at a constant PPF of 140 µmol·m–2·s–1 for
12 hours during the natural photoperiod, resulting in a lower
LUED (0.209) than sunlight and a much lower LUEs than the
dynamic control (0.171). Our model predicts that greater energy
efficiency and lower lighting costs can be achieved by extending
the photoperiod and providing supplemental light at low PPFs.
2:30 PM – 2:45 PM

Bedding Plant Seedling Quality and Production
Time Are Influenced by Supplemental and
Photoperiodic Light Intensity, Quality, and
Duration
Allison A Hurt*

Michigan State University, East Lansing, MI, USA

Geoffrey Weaver*

Roberto G. Lopez

Marc van Iersel

In northern latitudes, it is not uncommon for the photosynthetic
daily light integral (DLI) to be ≤ 5 mol·m–2·d–1 necessitating the use

University of Georgia, Athens, GA, USA
University of Georgia, Athens, GA, USA

Michigan State University, East Lansing, MI, USA
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of supplemental lighting (SL) to reduce plug production time and
increase quality. However, some growers are using low-intensity
photoperiodic lighting (PL) from light-emitting diodes (LEDs)
during plug production. Therefore, our objectives were to: 1)
quantify production time and quality between seedlings produced
under ambient light, PL, and SL and 2) quantify the effects of
continuous 16-hour SL to SL with instantaneous thresholds on
plug quality. Seeds of begonia, petunia, gerbera, and impatiens
were sown in 128-cell trays. Seedlings with cotyledons were
grown at 22 °C under four SL and three PL treatments all for
16 hours/day or 24 hours/day or under ambient light (control).
Supplemental lighting treatments consisted of high-intensity
LEDs providing a light ratio (%) of 9:6:85 blue:green:red (B:G:R)
or high-pressure sodium (HPS) lamps providing a PPFD of 70
µmol·m–2·s–1 (on continuously for 16 hours) or HPS lamps or
R:G:B LEDs providing a PPFD of 90 µmol·m–2·s–1 based on
an instantaneous threshold (on when outdoor PPFD was ≤ 300
µmol·m–2·s–1). Photoperiodic lighting treatments consisted of low
intensity LEDs providing 2 µmol·m–2·s–1 of a light ratio (%) of
6:15:77:2 B:G:R:far-red (FR) for 16-h, 7:12:35:46 B:G:R:FR
for 16 hours, or 3:17:48:32 B:G:R:FR for 24 hours. Seedlings
from each treatment were transplanted and finished under SL
from B:G:R LEDs as previously mentioned. The most compact
plugs were those grown under continuous 16 hours of SL from
LEDs or HPS lamps or LED SL with instantaneous thresholds
and the most elongated were those under PL. Generally, the
RDM of seedlings under SL was significantly higher compared
to those under ambient or PL. For example, RDM of petunia
under SL was 145% higher than seedlings under 24 hours of
PL and 220% higher than seedlings under ambient light or 16
hours of PL. Increased leaf area and internode elongation under
B:G:R:FR LEDs can give the perception that seedlings production
time is reduced. However, time to produce a pullable plug was
delayed by one or two weeks, respectively, under PL or ambient
light compared to seedlings grown under SL. Petunia seedlings
propagated under PL providing FR and HPS lamps flowered 9
days earlier than those under PL or SL without FR while height
and branch number at first flower were not significantly different.

Plants received FR (peak wavelength = 732 nm) at 0, 30, or 75
µmol·m–2·s–1 in addition to equal amounts of blue (peak wavelength = 447 nm) and red (peak wavelength = 661 nm) light,
each at 90 (low light) or 180 (high light) µmol·m–2·s–1. Growth,
morphological, and coloration data were collected on day 8
for ‘Rex’ and day 10 for ‘Rouxai’. We then switched the light
treatments for some plants to assess adaptive growth in the following 5–7 days. Under low light, the addition of FR increased
the shoot dry weight of ‘Rex’ by up to 36% and that of ‘Rouxai’
by up to 52%. The extent of this increase under high light was
less than that under low light. Under the same FR intensity, high
light increased the shoot dry weight of ‘Rex’ by 43–55% and
that of ‘Rouxai’ by 19–67% compared with low light. Although
high light increased chlorophyll concentrations by 16–29%, FR
enrichment decreased it under low and high light by up to 23%
in ‘Rex’ and 10% in ‘Rouxai’, and the percentage reduction
was positively correlated with FR intensity. Low light or FR
enrichment promoted leaf expansion and hypocotyl elongation.
The leaf coloration of ‘Rouxai’ was greater under high light
than low light. However, with increasing FR intensities, the
red pigmentation of ‘Rouxai’ diminished under low light but
intensified under high light. Plants that received the same two
light treatments exhibited similar growth patterns irrespective of
the light sequence. We conclude that FR enrichment improves
photosynthetic light capture and thus promotes lettuce growth in
light-limiting conditions. Growers need to assess which spectral
compositions produce desirable growth attributes and whether
including FR in sole-source lighting is economically viable.
Specified Source(s) of Funding: Michigan State University
Project GREEEN

3:00 PM – 3:15 PM

Physiological Acclimation of Petunia Seedlings
to Varying Light Quality, Light Intensity, and
Carbon Dioxide Concentration for Indoor
Production
Joshua K. Craver*

Purdue University, West Lafayette, IN, USA

2:45 PM – 3:00 PM

Krishna Nemali

Far-red Radiation Promotes Lettuce Seedling
Growth Under Low and High Light

Purdue University, West Lafayette, IN, USA

Roberto G. Lopez

Qingwu Meng*

Michigan State University, East Lansing, MI, USA

Michigan State University, East Lansing, MI, USA

Erik Runkle

Michigan State University, East Lansing, MI, USA

By definition, far-red radiation (FR, 700–800 nm) is outside the
photosynthetically active waveband, but it has a significant role
in plant growth and development. Adding FR to blue (400–500
nm) and red (600–700 nm) light has the potential to produce
desirable growth attributes. We grew green butterhead lettuce
(Lactuca sativa) ‘Rex’ and red oakleaf lettuce ‘Rouxai’ from
seed at 20 °C for 3 days before transferring them to six different
light-emitting diode treatments in a growth chamber at 22 °C.

Indoor production of bedding plant seedlings (plugs) using
sole-source lighting (SSL) may present value in increasing plug
uniformity and consistency compared to greenhouse production.
However, there is currently limited information on physiological
responses of seedlings to varying light intensities, light qualities,
and CO2 concentrations under SSL. Seeds of petunia (Petunia
×hybrida ‘Dreams Midnight’) were sown in 128-cell plug trays
and placed on multi-layer shelves in walk-in growth chambers.
Lighting treatments were established using light-emitting diode
(LED) arrays providing red:blue light ratios (%) of 50:50 or
90:10 and light intensities of 150 or 300 µmol·m–2·s–1. Carbon
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dioxide (CO2) treatments were conducted using two growth
chambers with set points of 450 or 900 µmol·mol-1. Morphological measurements such as extension growth, leaf area (LA),
and dry weight (DW) were measured weekly. Additionally,
photosynthesis (A) response to increasing light (A-PPF) and leaf
internal CO2 concentration (A-Ci) was measured using a portable
leaf photosynthesis system. Results indicated no differences in
seedling growth between the two CO2 treatments. Regardless
of CO2 concentration, seedlings grown under a light intensity
of 300µmol·m–2·s–1 possessed a higher total DW (TDW) and
lower specific leaf area (SLA; LA/TDW) compared to those
grown at an intensity of 150 µmol·m–2·s–1. This increased SLA
in response to lower incident light was expected, as plants will
acclimate to increase light interception under these conditions
by developing thinner and wider leaves. Seedlings grown under
the light ratio of 90:10 and light intensity of 300 µmol·m–2·s–1
produced greater TDW and LA than those grown under the light
ratio of 50:50 at the same light intensity. However, A-Ci and
A-PPF responses of seedlings grown under the light ratio of
50:50 displayed the highest Rubisco efficiency, photosynthesis at
operating Ci concentration (AOP), electron transport rate (ETR),
and light saturation point (LSP). Even though photosynthesis
per unit area was highest for seedlings produced under the light
ratio of 50:50, the increase in leaf area observed under the light
ratio of 90:10 ultimately led to greater biomass accumulation
at a light intensity of 300 µmol·m–2·s–1. While biomass was
greatest under an increased percentage of red light, desirable
qualities in a bedding plant seedling also include compactness
and stress tolerance during transplant. Seedlings grown under
the light ratio of 50:50 were generally more compact (reduced
LA and extension growth) and exhibited a higher LSP, indicating
potential increases in these desirable qualities.
3:15 PM – 3:30 PM

Fertilizer and Cultivar Selection for Sweet
Pepper and Eggplant in Closed Hydroponics
System.
Hardeep Singh*

Oklahoma State University, Stillwater, OK, USA

Bruce Dunn

Oklahoma State University, Stillwater, OK, USA

Hydroponics is gaining increased attention for both commercial
and home gardening application throughout the world, due to
its efficient use of water and fertilizer and competitiveness in
terms of cost and returns with field production. Among the
various factors determining the cost and return of a hydroponic
production system, nutrient solution is the most important one
for crop yield and quality. This study evaluated three different
fertilizers including Jack’s 5–12–26, Peter’s 5–11–26, and Dyna
Gro 7–9–5. Sweet pepper ‘Bentley’ and ‘Orangella’ and eggplant cultivars ‘Jaylo’, and ‘Angella’ suitable for Dutch bucket
greenhouse production were used. The pH of nutrient solution
was maintained in range of 5.5–6.5, while the electrical conductivity was maintained in a range of 2.5–3.5. A fertilizer effect

was found in both crops as plants grown in Dyna Gro became
unproductive after 70 days and died a few days later. Fruit size
from plants growing in Dyna Gro were smaller compared to
plants grown in Jacks and Peters. Fruit weight of ‘Angella’ was
comparatively higher than ‘Jaylo’. Fruit weight per plant per
week and number of fruits was highest from plants grown in
Jacks and Peters than plants grown in Dyna Gro. Incidence of
blossom end rot was similar among all cultivars and fertilizers.
After four months of production, both eggplant cultivars started
producing undersized fruits in all fertilizer treatment and these
small fruits showed yellow color as in over mature fruit.
Specified Source(s) of Funding: Oklahoma Department of Agriculture Food and Forest (ODAFF) grant for speciality crop
3:30 PM – 3:45 PM

Morphological and Developmental Responses
of Chrysanthemum to Night Interruption with
Different Red: Far-red Ratios
Eric Stallknecht*

University of Georgia, Athens, GA, USA

Chrysanthemum (Chrysanthemum morifolium) is a popular
ornamental flowering plant grown in summer months for fall
markets in the United States of America. As a photoperiodic
short-day plant, its production in greenhouses during summer
requires skotoperiod extensions with opaque black cloth to induce flowering. Each sequential day of covering and uncovering
crops requires extensive labor or expensive automated systems.
Proportions of red:far-red light regulate flowering in many crops,
because of the effect on phytochrome interconversions. Using
narrow bandwidth red and far-red light emitting diodes (LEDs)
to induce flowering, instead of physical darkening, could reduce
production costs and increase profits for growers. Inducing
flowering in short-day plants grown under long days has not
received much attention. We hypothesized that night interruption with light with a low red:far-red ratio can cause the rapid
conversion of far-red absorbing phytochrome to red-absorbing
phytochrome. This conversion typically occurs slowly at night
and is needed for flowering of short-day plant. By speeding up
this conversion using dark interruption with light rich in far-red,
we hoped to induce flowering of chrysanthemums. Since the
red:far-red ratio can induce shade responses, we also documented
the morphological and developmental effects of varying ratios
of red:far-red light. Chrysanthemums were grown in a growth
chamber under a 14-hour photoperiod and exposed to different
ratios of red (peak at 630 nm) and far-red (peak at 730 nm)
light during the 10-hour skotoperiod. Night interruption with
red and far-red light was applied for 200 minutes at either the
beginning, middle, or end of the skotoperiod. Night interruption high in far-red light increased plant height (P = 0.001),
without influencing the number of nodes or branches. Internode
length increased with higher proportions of far-red light (P =
0.017). Plant height differences were evident early and persisted
throughout the growing cycle. The low red:far-red ratio likely
induced shade-avoidance responses. Night interruption timing
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had no significant effect on any morphological or developmental
parameters of chrysanthemum. No flower induction occurred
in any treatment. These results further our understanding of
morphological and developmental effects resulting from night
interruption with different red:far-red ratios, but we did not find
any proof that far-red light can induce flowering of short-day
plants growing under long days.
Specified Source(s) of Funding: the ‘American Floral Endowment’ and ‘Georgia Centers of Innovation’

Fruit Breeding 1
Moderator: Sujeet Verma

University of Florida, Wimauma, FL, USA

2:00 PM – 2:15 PM

include computationally characterized transcripts (RefTrans)
assembled and annotated from published RNASeq and EST
data, available to browse, search and download though search
pages and the genome Browser, JBrowse. We have previously
developed a breeder’s toolbox in GDR and integrated breeding
data with other genomic and genetic data. We are enhancing
this tool to build a breeding information management system
(BIMS). BIMS allows individual breeders to integrate their data
with public genomic and genetic data and at the same time have
complete control of their own breeding data and access to tools
such as data import/export, data analysis and a data archive. BIMS
incorporates the use of an Android App called Field Book , an
open-source software for phones and tablets, which will allow
breeders to replace hard-copy field books, thus alleviating the
possibility of transcription errors while providing faster access
to the collected data. We report the progress on BIMS in GDR.
2:15 PM – 2:30 PM

Resources for Breeders in the Genome Database
for Rosaceae

Genomic Sequencing of Japanese Plum (Prunus
salicina Lindl.) Mutants Provides a New Model
for Rosaceae Fruit Ripening Studies

Sook Jung*

Washington State University, Pullman, WA, USA

Taein Lee

Ksenija Gasic*

Washington State University, Pullman, WA, USA

Clemson University, Clemson, SC, USA

Chun-Huai Cheng

Christopher Saski

Ping Zheng

Angel Fernández i Marti

Jing Yu

George Manganaris

Jodi L. Humann

Carlos Crisosto

Ksenija Gasic

Our working hypothesis is that Rosaceae fruit quality and flavor
could be improved if the fruits remain on the tree longer, allowing accumulation of desired sugars, antioxidants, and bioactive
compounds without excessive softening. Thus, if the climacteric response of the ethylene-induced ripening process can be
controlled while fruits are on the tree, ripening-softening can
be optimized to increase fruit consumer quality. Also, keeping
fruit longer on the tree will reduce fruit pickings, saving labor
costs and potentially adapting the cultivar to mechanical harvesting. Our group has recently described the ripening pattern
of six Japanese plum bud sports derived from ‘Santa Rosa’, a
commercial plum cultivar that depicts the typical climacteric
pattern. ‘Santa Rosa’ bud sports series, that contain variations
on ripening from climacteric, suppressed ripening, through
non-climacteric, provides an interesting model to study the role
of ethylene and the key mechanisms governing fruit ripening,
softening, and senescence. The aim of our study was to understand the different fruit softening patterns using this series of
plum, with special reference to known genes involved in ethylene
biosynthesis at the genomic level. Leaf samples of six cultivars
of Japanese plum, Santa Rosa, July Santa Rosa, Late Santa Rosa,

Washington State University, Pullman, WA, USA

Clemson University, Clemson, SC, USA

Washington State University, Pullman, WA, USA

University of California - Davis, Davis, CA, USA

Washington State University, Pullman, WA, USA

Cyprus University of Technology, Lemesos, Cyprus

Washington State University, Pullman, WA, USA

University of California–Davis, Davis, CA, USA

Clemson University, Clemson, SC, USA

Kate M. Evans

Washington State University, TFREC, Wenatchee, WA, USA

Cameron Peace

Washington State University, Pullman, WA, USA

James McFerson

Washington State University, TFREC, Wenatchee, WA, USA

Michael Coe

Cedar Lake Research Group, Portland, USA

Doreen Main

Washington State University, Pullman, WA, USA

The Genome Database for Rosaceae (GDR, https://www.rosaceae.org) provides online resources to facilitate basic, translational and applied research for the many fruit, nut and ornamental
crops belonging to the economically important Rosaceae family.
Fully integrated data includes curated genome sequences, genes,
genetic maps, markers, QTL, genes, transcripts, germplasm, and
publications, made accessible to browse, query and download
through easy-to-use web interfaces and tools. New features
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Sweet Miriam, Roysum, and Casselman, were used for isolation of genomic DNA. Paired-end standard Illumina libraries
for each of these six cultivars were constructed, sequenced and
aligned to the Prunus persica reference genome assembly and
used to compare differences among key ethylene gene families.
We detected several frameshift mutations in genes involved
in sugar transport and ethylene biosynthesis on chromosomes
7 and 8. Gene copy number variation and a comprehensive
mutation profile implications in ripening differences will be
presented.
2:30 PM – 2:45 PM

Detection of a QTL for Soluble Solids Content
in the University of Florida Strawberry
(Fragaria xananassa) Breeding Program Using
Pedigree-based Analysis
Sujeet Verma*

University of Florida, Wimauma, FL, USA

Luis Osorio

University of Florida, Wimauma, FL, USA

Vance Whitaker

University of Florida, Wimauma, FL, USA

Strawberries with better consumer acceptance are currently in
demand in the U.S. market. Thus, fruit quality traits are major
breeding targets for the University of Florida (UF) strawberry
breeding program. In recent decades, several quantitative trait
loci (QTL) for quality traits have been detected in various
germplasm sets using low-density genetic maps. Now that the
IStraw90® single nucleotide polymorphism (SNP) array has
enabled high-throughput genotyping and high-density mapping, QTL analyses in large, complex breeding populations
are now feasible. A dataset of 3799 genetically mapped SNP
markers spanning 28 linkage groups was obtained and genotyped for 1100 pedigree-connected and clonally-replicated
individuals arising from circular diallel mating designs.
Soluble solids content (SSC) was measured for two years and
pedigree-based analysis conducted using FlexQTL™ software.
A consistent moderate-effect QTL was identified for SSC on
LG 6A over the two years. The QTL explained approximately
10% and 15% of the total phenotypic variance in 2013–14
and 2014-–15 respectively, across all genetic backgrounds.
Although previously published experiments have also detected
a QTL for SSC on LG 6A, the genetic location of the SSC QTL
detected in UF germplasm is different from previous studies. Haplotyping of this locus is underway to identify QTL
alleles and individuals predicted to have high as well as low l
evels of SSC. Validation of QTL effects and identification of
QTL alleles will be discussed in the context of future breeding considerations and possibilities for marker-assisted parent
selection.

2:45 PM – 3:00 PM

Identifying Haplotypes for Flowering and QTLs
for Fruit Quality in the Michigan and Oregon
Strawberry (Fragaria xananassa) Breeding Sets
Using Pedigree-based Analysis
Sujeet Verma*

University of Florida, Wimauma, FL, USA

Jason Zurn

USDA–ARS, NCGR, Corvallis, OR, USA

Natalia Salinas

University of Florida, Wimauma, FL, USA

Megan Mathey

Oregon State University, Corvallis, OR, USA

Eric van de Weg

Wageningen University & Research, Wageningen, Netherlands

Beatrice Denoyes

INRA, F-33140 Villenave d’Ornon, France

James F. Hancock

Michigan State University, East Lansing, MI, USA

Chad E. Finn

USDA–ARS, Corvallis, OR, USA

Nahla Bassil

USDA–ARS, NCGR, Corvallis, OR, USA

Vance Whitaker

University of Florida, Wimauma, FL, USA

Strawberry (Fragaria xananassa) is consumed for its flavor
and health benefits. Over the last two decades, several quantitative trait loci (QTL) analysis studies for consumer traits
were conducted using low-density genetic maps. The previous
studies utilized low-throughput genotyping methodologies. The
IStraw90® single nucleotide polymorphism (SNP) array enabled
QTL studies using high-density SNP genetic maps, which can
be linked to physical genome positions. In this study, breederrelevant traits, evaluated in Michigan (MI) and Oregon (OR)
from the ‘RosBREED: Enabling Marker-Assisted Breeding in
Rosaceae’ project, were analyzed using a pedigree-based QTL
analysis approach. During the two years of evaluation in OR
and MI, QTLs were validated for soluble solid content (SSC),
fruit weight (FWT), pH, and flowering habit and unique QTLs
were detected for FWT and titratable acidity (TA). For fruit
quality, a QTL for SSC on linkage group (LG) 6A, four QTLs
for FWT (LGs 1B, 2BII, 3C, and 4A), two QTLs for pH (LGs
4D and 4CII), and two QTLs for TA (LGs 2A and 7A) were
detected. In addition, a large-effect QTL for flowering habit was
detected at the distal end of LG 4A coinciding with the FaPFRU
locus in F. xananassa. Haplotyping of FaPFRU indicated that
the homozygous recessive genotype was highly predictive of
seasonal flowering (SF). SNP probes identified in the FaPFRU
region may be helpful for the development of DNA-based markers for selecting flowering habit.
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scan data for hundreds of individuals of each crop, obtained
in the RosBREED project with Illumina Infinium SNP arrays
of 8K (apple) and 6K (cherry), were subject to haploblocking
with FlexQTL™ and PediHaplotyper software. Numerous new
genetic relationships were elucidated among ancestors, revealing
for each crop that most breeding individuals are substantially
more related than indicated by pedigree records. Introgressed
segments from related species into apple were traced, some
associated with valuable phenotypic effects. Favorable QTL
alleles in important breeding parents often traced to specific
sources. At QTL hotspots, haploblocking enabled dissection of
linkage relationships among adjacent favorable and unfavorable
alleles for breeding individuals. Haploblocking and its associated graphical genotyping of fruit breeding germplasm thus
facilitates “breeding by design”. Breeders of apple and cherry
can now visually experience the genomes of their germplasm
when displayed in a single view, supporting genetic improvement from the holistic perspective of “genotype.”

3:00 PM – 3:15 PM

What You See Is What You Can Improve:
Breeding Utility of Genome-wide Haplotype
Mosaics
Cameron Peace*

Washington State University, Pullman, WA, USA

Lichun Cai

Michigan State university, East Lansing, MI, USA

Feixiong Luo

Washington State University, Pullman, WA, USA

Stijn Vanderzande

Washington State University, Pullman, WA, USA

Nicholas P. Howard

University of Minnesota, St. Paul, MN, USA

James Luby

University of Minnesota, St. Paul, MN, USA

Frederick Bliss

Postharvest 2

UNiversity of California–Davis, Davis, CA, USA

Roeland A. Voorrips

Moderator: Jinhe Bai

Eric van de Weg

2:00 PM – 2:15 PM

Amy Iezzoni

Changes in Postharvest Quality and Polar
Metabolites of Kiwifruit by Exogenous Ethylene

USDA–ARS, Fort Pierce, FL, USA

Wageningen University & Research, Wageningen, Netherlands
Wageningen University & Research, Wageningen, Netherlands
Michigan State University, East Lansing, MI, USA

Breeders and their stakeholders can experience (see, taste,
etc.) the phenotype of any germplasm individual of interest
in its entirety. This experience is critical to goal-setting and
knowing when goals are reached. Until now, breeders have not
had a sensory connection to genome-wide genotypes of their
germplasm. Haploblocking changes that. With pedigree-based
haploblocking, the genome of each individual is characterized
as discrete segments co-inherited over generations of selection. Key data are genome-spanning marker genotypes for
pedigree-connected germplasm, capturing genetic variation
and recombination events. Haplotypes, the detected variants
of each segment, can be traced through breeding pedigrees to
ancestral sources and/or annotated in other useful ways such
as phenotypic effect and frequency of occurrence. Genomewide haplotype mosaics can then be visualized for one or more
breeding individuals on a single page or computer screen,
enabling various genetic inferences. Genetic relatedness is
both qualified and quantified from sets of shared haplotypes
among individuals across extended chromosomal regions. Past
breeding processes are revealed by frequencies and distributions in germplasm of haplotypes associated with QTL alleles.
The genetic virtues and deficiencies of each elite selection are
highlighted by the observed mosaic of QTL alleles, embedded
in larger ancestral segments, across the genome. For parents,
such genomic mosaics display their potential contributions to
the next generation. Haploblocking was applied to representative
U.S. breeding germplasm of apple and sweet cherry. Genome-

Sooyeon Lim*

Seoul National University, Research Institute of Agriculture and Life
Sciences, Seoul, Korea, Republic of (South)

Jeong Gu Lee

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

Jee Won Bang

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

Eun Jin Lee

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

Kiwifruit (Actinidia chinesis ‘Jecy green’) is a typical climacteric fruit and demanded a long period for ripening. Exposure
of fruit and vegetables to ethylene occasionally cause a side
effect contributing to a bad taste but kiwifruit still had not been
demonstrated. We investigated that the changes in postharvest
quality and GC-MS-based metabolites compositions in kiwifruit
under ethylene treatment versus control at room temperature.
Kiwifruit was packaged for ethylene application at harvest, 2
month and 5 month after cold storage at 2 °C and treated ethylene at 20 and 200 µL/L using ethylene generator. The ethylene
treated kiwifruit in whole storage period was most predominant
on ripening qualities including firmness, total soluble solid and
sensory appearance. Controls in three storage resumes as at
harvest, 2 month, and 5 month, were spent to 21, 9, and 5 days,
respectively, for reaching the edible status (6N, 14 °Brix). By
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ethylene treatment (20 µL/L), the kiwi fruits in three storage
resumes were advanced the edible states as 13, 9, and 5 < days,
respectively. By ethylene treatment (200 µL/L), the kiwi fruit
in three storage resumes were advanced the edible states as 7,
4, and 3 days, respectively. In the fluctuation of polar metabolites, ethylene enhanced the degradation of sucrose, inositol,
citric acid, and malic acid and slightly declined to ascorbic
acid content. The sensory appearance, ascorbic acid content,
and principle component assay of polar metabolites had no difference between naturally ripe fruit and ethylene-induced ripe
kiwifruit. In conclusion, our results suggest that application of
ethylene in packaged kiwifruit would be advanced the good
flavor without side effect. Also, we proposed that ethylene is
possible to control the shelf-life of kiwifruit considering to the
resume of storage period and distribution channel.
2:15 PM – 2:30 PM

Suppression of Volatile Production in Tomato
Fruit Exposed to Chilling Temperature and
Alleviation by Pre-chilling Heat and Methyl
Salicylate Treatments
Jinhe Bai*

USDA–ARS, Fort Pierce, FL, USA

Libin Wang

Nanjing Agricultural University, Nanjing, China

Jiang Li

Beijing Technology and Business University, Beijing, China

Anne Plotto

USDA–ARS, Fort Pierce, FL, USA

Elizabeth Baldwin

USDA–ARS, Fort Pierce, FL, USA

Chilling exposure of unripe tomato fruit to 5 °C for less than
five days does not cause visual symptom of chilling injury
(CI), however, such conditions often impact flavor quality
(internal CI) after ripening. This was even true for full ripe
tomatoes. This research was to test if a pre-chilling hot water
dip or methyl salicylate (MeSA) fumigation could alleviate
internal CI. Chilling treatment generally suppressed production
of aldehyde, alcohol, ketone, ester, acid and terpene volatile
compounds, including the following abundant and/or important
volatiles: hexanal, trans-2-hexenal, 6-methyl-5-hepten-2-one,
β-ionone, 2-methylbutanal, 2-phenylethanol, guaiacol and
2-isobutylthiazole. Heat treatment prior to chilling exposure
alleviated the reduction of some key volatile compounds caused
by chilling exposure, which agreed with sensory panel results
in that panelists perceived more tomato flavor in “heating +
chilling” treated fruit than fruit that were chilled only. MeSA
alleviated the CI-induced reduction of a number of volatile
compounds, such as trans-2-pentenal, 6-methyl-5-hepten-2one, geranylacetone, neral, geranial and methyl salicylate, and
thereby enhanced the sensory evaluation score.

2:30 PM – 2:45 PM

Not Just Diffusion: Insights on Mechanisms for
Water Loss in Blueberry
Claudia Moggia

University of Talca, Talca, Chile

Randolph Beaudry*

Michigan State Univ, East Lansing, MI, USA

Gustavo Lobos

University of Talca, Talca, Chile

Jorge Retamales

University of Talca, Talca, Chile

The role of fruit scar on water loss from fresh harvested, fully
blue highbush blueberry (Vaccinium corymbosum L.) fruit was
studied on three germplasm lines from each of three half-sib
families at the University of Talca, Chile. The fruit scar proved to
be an important route of water loss, accounting for approximately
25 % of the moisture lost at 20 °C and 45 % of moisture loss
at 0 °C, although this percentage varied considerably between
lines. Reducing the storage temperature to 0 °C reduced the rate
of water loss about by 90 %, which was largely a function of the
reduction in vapor pressure deficit. Importantly, while the stem
scar covered only 0.19 % to 0.74 % of the fruit surface area,
its rate of transpiration on an area basis was hundreds of times
higher than for the cuticle. The larger the fruit scar area, the
greater was the absolute rate of water loss, but size of the fruit
scar did not affect the rate of weight loss when expressed on a
per gram fruit basis. Higher levels of water loss were associated with a greater loss in firmness such that fruit categorized
as having a large stem scar had a greater rate of water loss and
were less firm than fruit categorized as having a medium- or
small-sized stem scar. The water permeance of the fruit cuticle
varied two-fold and the apparent permeance of the stem scar
varied three-fold among the 9 lines evaluated when held at 20 °C.
Interestingly, one line exhibited a 75 % lower rate of water loss
from its stem scar than the other lines than would be predicted
based on its scar diameter. The highly variable nature of water
loss through the stem scar and the cuticle in this study suggests
that large gains in reductions in water loss are possible for the
highbush blueberry once the mechanisms for transpiration are
better understood.
Specified Source(s) of Funding: Fulbright Foundation
2:45 PM – 3:00 PM

Improving Post-storage Walnut Quality by
Understanding Water Activity Relationships
Erin Claire Adkison*

University of California Davis, Davis, CA, USA

Elizabeth Mitcham

University of California–Davis CA, USA

California grows more than 99% of the walnuts consumed in the
United States and exports $1.4 billion worth of product globally.
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The monounsaturated fats and omega-3 fatty acids present in
walnuts make them prone to quality loss during storage. Understanding oxidation and rancidity of walnuts, determining
optimal storage conditions, and creating a predictive model for
walnut quality degradation is crucial to improve the shelf life
of walnuts to meet an increasing demand. Water activity, the
ratio of the vapor pressure of water contained within a substance
to the vapor pressure of pure water, has been shown to dictate
important physiological processes pertinent to walnut quality
deterioration including lipid oxidation, browning, enzymatic
activity, and microbial growth, but information on water activity pertaining to walnut storage is lacking. Surveys of major
walnut processors in California showed a limited understanding and utilization of water activity in their storage operations,
but a desire to better understand rancidity in their products.
To understand water activity in regards to optimizing storage
conditions for improved quality, a two-year shelf life study
of California walnuts was conducted. Four walnut varieties
(Chandler, Howard, Tulare, and Vina) were stored at 5 °C, 10
°C, and 15 °C as both cracked kernels and in-shell full walnuts.
For each temperature, walnuts were stored in metal bins at three
different humidities: 20%, 40%, and 60% for the first year of
the experiment and 40%, 60%, and 80% for the second year of
the experiment. Walnuts were analyzed every three months for
color, water activity, moisture content, and mold development.
Walnut oil was extracted and analyzed chemically for oxidation
products; hexanal, peroxides, and free fatty acids. A trained
sensory panel was used to determine the organoleptic effects
of storage, especially textural changes and detectable rancidity. All of these parameters were evaluated in conjunction with
water activity to evaluate how water activity relates to quality
degradation in stored walnuts. Temperature was shown to have
the greatest effect on quality degradation, but walnuts stored at
relative humidities of 20% were found to have a higher amount
of oxidation products. A range of water activities correlating to
the greatest levels of quality degradation was discovered and
optimal storage conditions for individual varieties were learned.
Specified Source(s) of Funding: CDFA Specialty Crop Block
Grant
3:00 PM – 3:15 PM

in India. However, at best, these evaporatively-cooled (EC)
structures reduce temperatures only by 10 to 12 °C below the
ambient temperatures during the warmest part of the day and can
actually have temperatures above ambient in the cooler evening
hours. As part of a project supported by the Global Center for
Food Security Innovation at Michigan State University, we
have redesigned these EC structures using novel inexpensive
wall materials in a structure designed to be capable of accepting
refrigeration at a later date. We compared the performance of
a traditional brick-sand-brick (BSB) wall design with two new
wall materials: pervious concrete (PC) and mesh-supported
fabric (MSF) in 1/10th scale (1 m3) prototype structures at the
Indian Agricultural Research Institute, Delhi. The low thermal
mass and high heat transmittance of the PC (750 W·h·°C-1 and
4.12 W·m-2·°C-1, respectively) and MSF (42 W·h·°C-1 and 6.6
W·m-2·°C-1, respectively) walls permitted faster and more extensive cooling than BSB (5804 W·h·°C-1 and 2.01 W·m-2·°C-1,
respectively) walls. This resulted in a 3 to 4 °C reduction in the
temperature of 100 kg of simulated ‘produce’ relative to a BSB
structure during warm dry periods. During cool damp periods,
however, the advantage of the MSF and PC structures was lost.
The new wall materials and designs were less expensive and
easier to construct than the traditional BSB design. We estimate
that full-sized structure made with PC or MSF would cost 30
to 50% less than the BSB design for EC storages. A full-scale
MSF structure has been built and is being evaluated. Data suggest that reducing insolation onto the surface of the structure
can improve functionality and reduce EC wall temperatures as
much as 5 °C. Future plans call for retrofitting this room with a
solar-powered refrigeration system to achieve temperatures as
much as 35 °C below ambient. Modeled thermal properties of
the room suggest that the evaporative cooling will reduce the
size of the refrigeration system and associated solar array by
1/3 relative to a non-EC room.
Specified Source(s) of Funding: Global Center for Food System
Innovation

Organic Horticulture 2
Moderator: Eric Brennan

USDA–ARS, Salinas, CA, USA

Innovative Evaporatively Cooled SolarRefrigerated Structures for Storage of
Perishables in India

2:00 PM – 2:15 PM

Participatory Research on Organic Farms Does
Not Support the Use of Biochar

Sangeeta Chopra*

Kevin Gibson*

Indian Agricultural Research Institute, New Delhi, India

Purdue University, West Lafayette, IN, USA

Randolph Beaudry

Michigan State Univ, East Lansing, MI, USA

Tamara Benjamin

Michigan State University, East Lansing, MI, USA

Amy Thompson

Purdue University, West Lafayette, IN, USA

Norbert Mueller

Evaporative cooling is an ancient technique for removing heat
in warm, dry climates and has been employed for cooling of
structures for storage of perishables for the last two decades

Purdue University, West Lafayette, IN, USA

Biochar, a form of black carbon created from the pyrolysis of
plant biomass, has been shown to improve soil fertility and
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increase crop yields when applied to some soils. Indiana vegetable producers are interested in using biochar to improve crop
productivity and soil health on their farms but need unbiased
research to make informed decisions about the potential benefits
and costs of using biochar. We used a collaborative participatory
research approach to co-design and manage the experiment with
farmers. We also used a structured student internship program
in which the interns managed research plots, collected data,
and assisted with key farm operations. Six organically managed farms participated in the project. Undergraduate students
were selected from a pool of candidates from across the state
and paired with a farmer based on interest and proximity. Six
new interns were selected each year. Biochar, produced from
a pine feedstock, was incorporated into the soil in spring 2015
at rates equivalent to 0, 10 and 20 tons/h. Potatoes and kale
were grown in 2015 and 2016, respectively. Biochar had no
effect on potato yields in 2015 on any farm and did not affect
kale yields on four farms in 2016. The effect of biochar on the
two remaining farms in 2016 was contradictory; kale biomass
increased on one farm but decreased on the other farm. The
interns completed questionnaires before and at the end of their
internships. They indicated that the internship increased their
understanding of farm budgets, marketing, pest and soil management, and their interest in participating in research generally
and in on-farm research specifically. All of the interns indicated
that their overall experience was very positive. Similarly, the
farmers indicated that they considered their intern to be an asset
to their farm and, at the end of the second year, remained very
interested in serving as a mentor for student interns. Given the
current expense of biochar, this research does not support its use
on Indiana vegetable farms. However, the use of a participatory
research approach, coupled with a structured research internship, appears to have potential to increase farmer interest in and
understanding of research and to increase the understanding of
students of farm life and farm management.
Specified Source(s) of Funding: North Central SARE award #:
LNC14-359
2:15 PM – 2:30 PM

Increasing Enrollment in Horticulture Courses
through a Novel Program and Partnership: The
Organic Farming Certificate Program
Jacqueline Ricotta*

Delaware Valley University, Doylestown, PA, USA

Delaware Valley University has a long history of hands-on
education in Horticulture leading to a Bachelor of Science degree. The campus farms, greenhouses and high tunnels provide
infrastructure to teach horticulture production skills. There has,
however, been a nationwide trend of decreasing enrollments in
Horticulture majors but an increase in non-degree programs
leading to careers in farming. In 2012, DelVal and the Rodale
Institute initiated the Organic Farming Program to meet the
growing demand for organic farm products by training and

supporting the next generation of organic farmers, with an emphasis on military veterans. As a longstanding leader in organic
production methods and research, the not-for-profit Rodale
Institute was the ideal partner for DelVal to expand its traditional agricultural degree granting programs with the one-year
certificate. The majority of the required courses in the program
are traditional DelVal horticulture courses plus additional academic courses and an experiential farm practicum during the
summer semester at Rodale. Funded by the USDA Beginning
Farmer and Rancher Development Program grant since 2014,
the program is a mix of practical, experiential on-farm training and classroom-based curriculum. Although still relatively
small, this program has grown from one student in the fall of
2012 to having had 34 participants (75% veterans) since then.
As of spring 2017, approximately one third have completed the
program and are now farming or have continued in school, one
third are actively completing their course work; and one third
of these participants did not complete the program for a variety
of reasons. The certificate students comprise 12% of the entire
Plant Science department, and almost 40% of the Horticulture
majors. Courses that previously struggled to have suitable enrollments are now full. Integrating veterans and non-traditional
students into established Horticulture courses can be challenging
but has not only increased enrollment but has added diversity
in the classroom and helped veterans utilize their unique skills
attained in the military to become organic farmers and transition
to a productive and peaceful civilian life.
Specified Source(s) of Funding: Beginning Farmer and Rancher
Development Program grant

2:30 PM – 2:45 PM

Production and Phenology of Organic Industrial
Hemp and Its Adoption by Midwest Organic
Farmers
Leah Sandler*

Purdue University, West Lafayette, USA

Kevin Gibson

Purdue University, West Lafayette, IN, USA

Industrial hemp (Cannabis sativa L.) is used to produce a wide
range of products including foods, beverages, nutritional supplements, fabrics, and textiles. Although interest is high and there
are encouraging signs that industrial hemp may soon be legal
to grow again in the United States, hemp has not been grown
in this country for decades. Commercially available hemp varieties were largely developed at northern latitudes in Europe
and Canada and may be poorly suited for growing conditions
in the Midwestern United States. The project objectives are to
characterize the growth and phenology of industrial hemp cultivars and identify cultivars suitable for growing conditions in
the Midwest. Ten cultivars (seven seed and three fiber varieties)
were planted on certified organic land near Lafayette, IN, on
three dates (2, 20, and 30 June) in 2016. Data on crop yields,
biomass, and time to flowering and maturity were collected. For
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all data collected there was a planting date*cultivar interaction
with a P-value of < 0.05. Seed yield decreased substantially with
delayed planting date for all cultivars. Seed yields were greatest
Plant height and Vegetative biomass did not differ between the
first and second planting date for all cultivars, nor for plant height
with the exception of three cultivars (Canda, CFX-2, Felina 32).
However, plants seeded on 30 June were had statistically lower
biomass than plants seeded earlier for all cultivars except the
two fiber varieties. Height was particularly reduced by delayed
planting for the fiber varieties Felina 32 and Futura 75. Most
varieties planted on 2 June or 20 June flowered within 4 weeks
but flowering was delayed for varieties planted on 30 June. In
addition to planting date effects, differences in growth were
observed among cultivars suggesting that some varieties may
be better suited for Indiana growing conditions. The results from
our first year suggest that planting date and cultivar selection are
likely to affect the performance of industrial hemp in Indiana.
Specified Source(s) of Funding: Ceres Trust
2:45 PM – 3:00 PM

Cover Cropping Furrows: A “Greener” Way
to Grow Strawberries and Other Plasticulture
Crops
Eric Brennan*

USDA–ARS, Salinas, CA, USA

Consumers that buy organic strawberries may assume that
these production systems have few environmental problems.
However, the common use of single use plastic mulch in
these systems results in a waste product that is challenging to
recycle, and in problems with runoff and soil erosion during
winter rainy periods. Growing cover crops in furrow bottoms
can help to reduce runoff and erosion, but in organic systems,
these cover crops need to be carefully selected so that they are
easy to kill mechanically. This presentation will provide data on
the effect of cover crop seeding rate and planting arrangement
on cover crop biomass production and canopy development,
and weed growth in strawberry furrows. It will also highlight
lessons learned when cover cropping in furrow bottoms, and
novel equipment that has been developed at the USDA–ARS in
Salinas, California to help farmers increase their use of cover
crops in plasticulture systems and improve the efficiency and
sustainability of these systems.
3:00 PM – 3:15 PM

Fruit Quality, Adaptability, Yield, and Biomass
Production of Organically Grown Indigenous
and Exotic Melons (Cucumis melo L.) on a
Heavy Soil
Girish K Panicker*

Alcorn State University, Lorman, MS, USA

Ananda Nanjundaswamy

Alcorn State University, Lorman, MS, USA

Keerthi Mandyam

Alcorn State University, Lorman, MS, USA

Mario Martinez

Alcorn State University, Lorman, MS, USA

Willie Mims

Alcorn State University, Lorman, MS, USA

Rebecca Becker

Alcorn State University, Lorman, MS, USA

Padma Nimmakayala

West Virginia State University, Institute, WV, USA

Umesh Reddy

West Virginia State University, Institute, WV, USA

Yan Tomason

West Virginia State University, Institute, WV, USA

Organic farming is the fastest growing sector in the field of
agriculture due to the severe health related problems from
environmental pollution. Out of the 103 varieties of melons
analyzed for quality, adaptability, yield, and biomass production two cultivars, Pride of Wisconsin and Charentais (French
cultivar), were selected to raise on Memphis Silt Loam soil (Typic
Hapludalf, silty, mixed, thermic) in southwest region of Mississippi. These melons received three treatments of composted
organic manures (cow-C; poultry-P; cow and poultry-C+P) in
a split-plot Randomized Complete Block design. Fruit quality
attributes including total soluble solids, rind pressure, flesh
thickness and pressure, cavity length and width, average fruit
weight, yield, Vitamin C, and biomass development were evaluated for these Melons. Pride of Wisconsin and Charentais were
high in fruit weight and skin pressure under organic P-treatment.
Flesh thickness, seed cavity width, and TSS were high for both
varieties of melons under C+P. The vitamin C content in Pride
of Wisconsin was high for cow manure, followed by poultry, and
least in C+P. Fruit length, width, and seed cavity length were
high for Pride of Wisconsin under poultry manure. Flesh pressure was high in Pride of Wisconsin for cow treatment. While
Charentais was high in biomass production, the yield was high
in Wisconsin. Both varieties of melons respond well to these
organic manures and are highly adapted to this region, without
any pests or diseases. Commercial organic production of these
cultivars are strongly recommended for this region.
Specified Source(s) of Funding: USDA/NIFA
3:15 PM – 3:30 PM

Alternative Effects of Shade Netting over Apple
Orchards
Adrian Marshall*

WSU Tree Fruit Research and Extension Center, Wenatchee, WA, USA

Elizabeth H. Beers

WSU Tree Fruit Research and Extension Center, Wenatchee, WA, USA

The arid climate of Washington State’s Columbia Basin has
caused sunburn to apples for many years. Growers currently use
evaporative cooling, kaolin particle sprays, and shade netting
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practices to combat this damage. Top cover shade netting has
become a popular technique in Central Washington, although
some have completely enclosed their orchards creating a mechanical barrier to wildlife such as deer, birds, and even insects.
These full enclosures could exclude certain insect pests including
codling moth, Cydia pomonella, and the invasive brown marmorated stink bug (BMSB), Halyomorpha halys. Conversely,
the enclosures may disrupt biological control by also preventing
natural enemies. We tested shade net exclusion of pests and natural enemies at a Washington State University research orchard
using four large (4 rows x 12 trees) and twelve small (3 trees)
netted cages combined with a conventional codling moth spray
regime. These plots were compared with insecticide treated and
untreated plots without shade netting enclosure. We used the
native consperse stink bug, Euschistus conspersus, as a model
organism to determine stink bug exclusion. Pest and natural
enemy samples were from naturally occurring populations except consperse, which were from lab colonies and released near
the treatment plots. Our results show that codling moth adult
densities along with direct pest fruit damage were lower in the
cages than in the insecticide treatment and the untreated control.
Woolly apple aphid densities were significantly higher in the
caged plots, along with its parasitoid Aphelinus mali. Earwigs,
an important aphid predator, were more abundant in the small
cages, but were not effected in the large cages. Lacewing and
syrphid fly capture rates were greatly reduced in the cages compared to uncaged plots. These outcomes suggest that although
netting can prevent direct pests, it can also exclude essential
natural enemies and lead to the disruption of biological control.
Specified Source(s) of Funding: Western SARE
Thursday, September 21, 2017

Organic Horticulture 3
Moderator: Milton McGiffen

University of California, Riverside, CA, USA

8:00 AM – 8:15 AM

Fertilizer Source and Cultivar Had More
Impact Than Mulch Type on Biomass Allocation
in Mature Northern Highbush Blueberry
Grown in Long-term Organic Production
Javier Fernandez-Salvador*

Oregon State University, Corvallis, OR, USA

Bernadine Strik

Oregon State University, Corvallis, OR, United States

Our objective was to determine the impact of cultivar (‘Duke’,
‘Liberty’), mulch (sawdust, weed mat), and fertilizer source
(feather meal, fish solubles) on allocation of dry biomass over
two years in mature northern highbush blueberry (Vaccinium
corymbosum) grown under long-term organic management.
Plants were grown on raised beds, fertilized annually with

57–140 kg·ha-1 N (140 kg·ha-1 N during the study period), drip
irrigated, and weeds controlled. Whole plants were dug at the
green fruit stage and postharvest in 2015, and at dormancy
in 2015–2016 and separated into parts. Ripe fruit were handharvested. ‘Liberty’ had greater leaf biomass at senescence in
2015–16 than ‘Duke’ (0.49 versus 0.29 kg/plant, respectively),
produced more whip biomass (0.025 vs. 0.013 kg/plant) at the
green fruit stage, and had heavier crowns when dormant in
2016 (1.43 versus 0.92 kg/plant). At green fruit stage, ‘Liberty’
produced more leaf biomass when fertilized with feather meal,
with no effect in ‘Duke’. In contrast, ‘Duke’ produced more
stem biomass at this stage when fertilized with fish, with little
effect in ‘Liberty’. Long-term fertilization with feather meal
produced larger root biomass at all four stages compared to
fish; differences in root biomass ranged from 44–67%, with the
greatest effect at dormancy. Fertilization with feather meal led to
greater crown biomass at all stages except dormancy, 2015. At
dormancy, 2016, wood biomass was greater when fertilized with
feather meal than fish. Feather meal increased leaf biomass at the
green fruit stage by 24% compared to fish. Total plant biomass
was 26% and 40% greater with feather meal than fish at green
fruit stage and dormancy, 2016. There was a cultivar by fertilizer
by mulch interaction on 1-year-old wood biomass at dormancy,
2015. Sawdust mulch increased stem biomass with feather rather
than fish for ‘Liberty’, but the opposite was found in ‘Duke’.
With weed mat, ’Liberty’ had greater stem biomass with fish
than feather, with the opposite in ‘Duke’. At dormancy, weed
mat led to increased leaf (28%) and one-year-old stem (52%)
biomass in 2015 and 2016, respectively, than sawdust. ‘Liberty’
produced greater fruit biomass (yield) in 2015 (52%) and 2016
(83%) than ‘Duke’. There was no effect of fertilizer source or
mulch on yield. The greatest impacts on biomass allocation in
these long-term organic production systems were cultivar and
fertilizer source; mulch type had relatively little effect on plant
biomass or allocation over the two-year study.
Specified Source(s) of Funding: Oregon Blueberry Commission

8:15 AM – 8:30 AM

Improving Seedling Quality with Locally
Produced Liquid Organic Fertilizer Derived
from Solid Local Meat and Bone Meal
Amjad A. Ahmad*

University Of Hawaii at Manoa, Honolulu, HI, USA

Theodore J.K. Radovich

University of Hawaii at Manoa, Honolulu, HI, USA

Hue Nguyen

University of Hawaii at Manoa, Honolulu, HI, USA

Jensen Uyeda

University of Hawaii at Manoa, Honolulu, HI, USA

Tiare Silvasy

University of Hawaii at Manoa, Honolulu, HI, USA

Fertigation can be a successful method to apply plant available
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nutrient to crops, especially under organic farming. The need
for affordable soluble fertilizers derived from local resources is
crucial for agriculture sustainability and growers profitability.
A recipe to produce liquid organic fertilizer, with high nitrate
(NO3-N) content, was developed locally in Hawaii through a
Western Sustainable Agriculture Research & Education (SARE)
funded project (SW14-026). The recipe was used to improve
the seedling quality of five crops (sweet corn, chili peppers,
tomato, kai choy, and papaya). Seeds were planted in 50 cell
trays filled with Sunshine potting mix. Each crop was planted
in three trays (replicates) in a complete randomized design
(CRD). The liquid organic fertilizer was compared with two
controls (liquid synthetic fertilizer and water only). Fertigation
treatments were applied weekly, beginning one week after seed
germination. At transplant time, 10 seedlings from each tray
were randomly selected. Seedling height, fresh and dry weight
(seedling were dried for 72 hours at 70 °C) were recorded. The
liquid organic fertilizer showed highly significant (P < 0.01)
results for all measured parameters, compared to synthetic and
water only. Also, liquid synthetic fertilizer showed significant
(P < 0.05) results compared to water only treatment. Percent
increase in fresh and dry weight, for the five crops, between
liquid organic/liquid synthetic, liquid organic/water only, and
liquid synthetic/water only treatments varied between 12-49%,
40–79%, and 27–58%, respectively. Improving the quality of
seedlings is expected to lead to uniform field growth, earlier
harvests, and higher yields.
Specified Source(s) of Funding: Western SARE (SW14-026)
8:30 AM – 8:45 AM

Carbon Sources for Anaerobic Soil
Disinfestation in Southern California

large quantities. All carbon sources provided expected anaerobic
conditions, and fresh grass clippings generated strongest anaerobic conditions surpassing 120,000 cumulative Eh mV hours of
anaerobiosis, more than twice the threshold for suppression of V.
dahliae. Nitrate nitrogen availability in plots with grass clippings
was also greatest among treatments. Plants in all ASD plots (no
pre-plant fertilizer) grew more rapidly than in untreated control
(pre-plant fertilized with 500 lbs of 18–6–8) and fresh market
fruit yields were improved 47% with grass clippings, 51% with
brewery waste and 83% with coffee grounds. Due to ease of
application and availability of coffee grounds from a different
supplier at no cost, we evaluated ASD with coffee grounds in
2016 on a larger scale. Even though anaerobic conditions were
sufficient, strawberry plants were stunted and grew poorly in soil
with coffee grounds. Analyses showed that the nitrate nitrogen
was immobilized by these coffee grounds from soil and severe
nitrogen deficiency in strawberry leaf tissues. This was opposite
of the effect of grounds used in 2015 which provided nitrate
nitrogen during strawberry growing season similar to synthetic
fertilizer. Additionally, laboratory tests of coffee grounds used
in 2016 showed twice water holding capacity and ash content
compared to those used in 2015, while all other parameters were
similar among the two roasting suppliers. This work shows that
consistencies in both physical and chemical characteristics are
essential in reliably successful carbon sources for ASD.
8:45 AM – 9:00 AM

Biochar and Cover Crops Shift Microbial
Communities to Improve Soil Fertility in a
Southern California Organic Mango Orchard
Michael Piña*

University of California, Riverside, CA, USA

Oleg Daugovish*

Philippe Rolshausen

Carol Shennan

Milton McGiffen

Joji Muramoto

Mango (Mangifera indica) is major fruit tree crop of the tropics and subtropics, particularly in Asia, where it is among most
economically important fruit crops. Mango has very limited
production in temperate Mediterranean climates and currently
the only U.S. states producing the fruit are California, Florida,
and Hawaii. This study focuses on the improvement of organic
mango production in the Coachella Valley of Southern California,
where the dry/hot desert climate and sandy soil presents a significant challenge for producers. Recent reviews on mango crop
management and physiology indicate that the best prospect for
improving mango production must involve a holistic approach
that considers the specific climate and edaphic environment.
The specific goals of this study are to 1) improve soil fertility
and 2) increase mango fruit yield. To reach these objectives,
sulfur burners were installed in water reservoirs to alleviate the
alkaline soils of the Coachella Valley and improve tree nutrition.
In addition, a combination of cover crops—including alfalfa
(Medicago sativa) and Sudan grass (Sorghum xdrummondi)—

University of California Coop. Ext., Ventura, Ventura, CA, USA

University of California, Riverside, CA, USA

University of California, Santa Cruz, Santa Cruz, CA, USA

University of California, Riverside, CA, USA

University of California, Santa Cruz, Santa Cruz, CA, USA

Anaerobic soil disinfestation (ASD) in an increasingly common non-fumigant soil treatment technology in plasticulture
strawberry production in California. It relies on 3–4 weeks of
anaerobic degradation of added labile carbon source mixed into
soil and covered by plastic mulch. Following ASD, the holes in
plastic are punched, soil is aerated and strawberry planting can
begin. Changes in microbiological, chemical and physical soil
environment during and after ASD have consistently improved
strawberry fruit yields and suppressed pathogens such as Verticillium dahliae. High costs of rice bran, a standard carbon source
for ASD prompted investigation of more affordable locally
available alternatives for ASD in southern California. In trials
at Santa Paula (2015) we evaluated ASD with coffee grounds,
brewery waste and grass clippings incorporated to soil at 9 t (dry
weight) /acre. All of these carbon sources are by-products of local
industries and are available within 20 miles of application sites in
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and biochar soil amendments were used to manage nutrient
cycling and enhance soil fertility. Biochar is a type of charcoal
made from carbon-rich waste products (e.g. wood pellets, tree
trimmings, and municipal waste) that can water/nutrient use
efficiency and yield as well as increase soil populations of
beneficial microorganisms. To observe these differences in soil
microbial communities, DNA was extracted from soil, sequenced,
and analyzed using QIIME. Results indicate that alfalfa cover
crops and biochar work synergistically, shifting toward more
beneficial microbial communities to improve soil fertility, mango
tree health, and ultimately fruit yield in this Southern California
orchard. Mangos produced in the Coachella Valley fit in to a
niche market due to their harvest timing and lack of quarantine
restrictions. Therefore, improved organic production in Southern
California could add great value to this crop.
9:00 AM – 9:15 AM

The Future of Biochar
Milton McGiffen*

University of California, Riverside, CA, USA

Elizabeth Crutchfield

University of California, Riverside, CA, USA

Jonathan F. Montgomery

University of California, Riverside, Riverside, CA, USA

Michael Piña

University of California, Riverside, CA, USA

Biochar is a form of charcoal that can enrich the soil, sequester carbon for centuries, and recycle greenwaste. It is unique
among organic amendments in that it can persist in the soil for
hundreds of years. Biochar generates both great enthusiasm and
great skepticism, partly because the properties vary with how it
is made. The end product can have very specific properties for
specific functions, e.g. reclaiming land from heavy metal pollution; but can also be variable if the production parameters are
not well controlled. We discuss our field experiments in crops
ranging from turf to trees, compare biochar and compost as soil
amendments, and microbial and other effects on soil health.
Formation of the California Biochar Association and working
with growers and state and local agencies are also presented as
case studies of cooperative research and extension of results.

Root Growth and Rhizosphere
Dynamics 2
Moderator: Anne J. Anderson

Utah State University, Logan, UT, USA

Liliana Gomez

National University of Colombia-Bogota, Bogota, Colombia

Sagar Utturkar

Purdue University, West Lafaytte, IN, USA

Sulbha Choudhari

Purdue University, West Lafayette, IN, USA

Jyothi Thimmapuram

Purdue University, West Lafayette, IN, USA

High tunnels are increasingly being used to extend the growing
season and protect crops from weather extremes. We previously
determined that these structures can increase pepper yield relative
to production under open-field conditions, and fertility needs can
be met using either inorganic or organic amendments without
affecting pepper yield. However, active soil organic matter and
microbial activity decreased in plots receiving inorganic fertility
amendments, whereas these properties increased in plots receiving organic fertility amendments derived from plant residues. In
this study, soil collected from these trials was inoculated with
Rhizoctonia solani and planted with snap bean to determine
how differences in soil properties could affect disease severity
in a susceptible crop. Plants grown in soil collected from the
high tunnel were generally more susceptible to R. solani than
plants grown in soil collected from the open-field, but there
was no difference between the systems in plots that received
the organic fertility amendment derived from plant residues.
When soils were pasteurized prior to R. solani inoculation,
there was no difference in disease severity between systems
or treatments indicating that biological factors likely played
a role in the differences observed. Consequently, rhizosphere
soil was subject to a metatranscriptomic analyses to identify the
active microbial community associated with snap bean roots
and determine their potential functional role in the suppressive
activity observed. Results indicate that Actinomycetales, Bacillales, and Pseudomanadales were enriched in soils that received
the organic fertility amendment derived from plant residues,
whereas Enterobactereacea were enriched in soils that received
the inorganic fertility amendment. These results indicate that
while high tunnels can increase crop productivity, soil health
can be degraded over time making crops more susceptible to
soil-borne and potential human pathogens unless plant residues
are applied to improve or maintain soil health.
8:15 AM – 8:30 AM

In Vitro Evaluation of New Oidiodendron
mainus Strains on Blueberry Growth
Xiangying Wei*

Fujian Agriculture and Forestry University, Fuzhou, China

8:00 AM – 8:15 AM

Shiheng Lyu

Fertility Practices Affect Soil Health and
Pathogen Dynamics in High Tunnels

Zonghua Wang

Lori Hoagland*

Purdue University, West Lafayette, IN, USA

Fujian Agriculture and Forestry University, Fuzhou, China
Fujian Agriculture and Forestry University, Fuzhou, China

Dongming Pan

Fujian Agriculture and Forestry University, Fuzhou, China
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Jianjun Chen

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Oidiodendron mainus strains have been reported to improve
the growth of Rhododendron fortunei and blueberry plants. In
this study, a total of 16 mycorrhizal culture types were isolated
from in vitro cultured R. fortunei seedlings. Morphological and
internal transcribed spacer (ITS) rDNA analysis suggested that
these isolates belong to either O. mainus or Hymenoscyphus
ericae. To assess their potentials for improving plant growth, two
isolates, ZO-24 and ZT-13, along with a previously identified
strain Om19 were evaluated for in vitro growth of Vaccinium
corymbosum ‘Sunshine Blue’. Uniform microcuttings of ‘Sunshine Blue’ derived from tissue culture were rooted in a sterile
peat-based substrate in Magenta vessels. The substrate was
composed of Canadian sphagnum peat and coarse sand in a 2 to1
ratio by volume and moistened with a 100 mg L-1 N solution of
Peters 20-20-20 General Purpose Fertilizer (20%N-20%P2O520%K2O). The substrate pH was adjusted to 5.2. Three isolates
were inoculated into the substrate adjacent to each microcutting,
and those without inoculation were considered the control treatment. Plants were grown in a culture room for up to six months.
Results showed that the mean root length, leaf number, and shoot
height of plants inoculated with ZT-13 decreased compared to
control plants. However, mean root numbers of Om19 and ZO24 were 3.78 and 11.18 respectively compared to 2.83 of the
control plants. Total root lengths of plants inoculated with Om19
and ZO-24 were over 5 and 37 times greater than control plants.
Leaf numbers were 40% and 137% more, and shoot heights
were 33% and 268% greater for plants inoculated with Om19
and ZO-24, respectively compared to the control plants. These
results suggest that ZO-24 substantially improves the growth
of the tested blueberry cultivar in vitro. Greenhouse and field
experiments will be carried out to confirm the in vitro results.
8:30 AM – 8:45 AM

Characterizing Root Morphological Responses
of Bare-root Strawberry Transplants to
Nitrogen Fertilization Rates Using a Scannerbased Rhizotron System

their roots are mostly desiccated prior to transplanting. Therefore,
the promotion of new root growth is the key to their successful
establishment. We used a scanner-based rhizotron system to characterize root morphological responses of bare-root strawberry
(‘Florida Radiance’) transplants to nitrogen (N) fertilization rates.
The rhizotrons had 2655 cm³ of soil volume with a 22.9 x 30.5
cm scannable window. Soil was collected from the strawberry
field and packed in the rhizotrons using the field bulk density.
After transplanting into the rhizotrons, plants were watered by
micro-sprinklers for 10 days to simulate the field establishment.
Thereafter, N was applied daily by fertigation at 0.56, 1.12, 1.68,
2.24, 2.80, and 3.36 kg/ha/d for up to 33 days. Leaf area, leaf
chlorophyll index, total root length, root surface area showed
exponential increases with N reaching a plateau at 2.24 kg/ha/d,
although the root responses occurred with a time lag of over a
week compared to the leaf traits. At the end of the experiment,
these traits maintained the similar responses, whereas crown
diameter and number of new primary roots increased linearly
with N up to 3.36 kg/ha/d. Correlation analysis between shoot
and root traits revealed that leaf area had the highest positive
correlation with total root length, and crown diameter had the
highest positive correlation with new primary root number. These
results suggest that the promotion of leaf and crown growth
are important to stimulate new root formation and elongation
for newly planted bare-root strawberry transplants. During the
establishment period, the use of relatively high N fertilization
(2.24 to 3.36 kg/ha/d) compared to the average in-season rate
(0.56 to 1.12 kg/ha/d) may be an effective strategy to improve
their early growth and development.
Specified Source(s) of Funding: Florida Strawberry Growers
Association

8:45 AM – 9:00 AM

Response to Drought Stress of Plants Colonized
by a Beneficial Microbe and Challenged by
Metal Oxide Nanoparticles
Anne J. Anderson*

Utah State University, Logan, UT, USA

Astrid R. Jacobson

Utah State University, Logan, UT, USA

Shinsuke Agehara*

K-Y. Yang

University of Florida, Wimauma, FL, USA

Chonnam National University, Gwangju, Korea, Democratic People’s
Republic of (North)

Bhagatveer Sangha

University of Florida, Wimauma, FL, USA

Joan E. McLean

Vance Whitaker

Utah State University, Utah Water Research Laboratory, Logan, UT,
USA

University of Florida, Wimauma, FL, USA

Diane Rowland

David W. Britt

Guodong David Liu

Nano-formulations that include CuO and ZnO are being considered as agricultural pesticides and fertilizers. In agricultural soils,
the NPs would encounter roots that are microbially-colonized.
Wheat (Triticum aestivum) seedlings, when responding to the
NPs with root shortening, displayed strong microbial biofilms

University of Florida, Gainesville, FL, USA

Utah State University, Logan, UT, USA

University of Florida, Gainesville, FL, USA

Bare-root strawberry (Fragaria xananassa Duch.) transplants
initially have limited water and nutrient uptake capacity because

An asterisk (*) following a name indicates the presenting author.
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on the root surface upon growth from seed inoculated with a
beneficial bacterium, Pseudomonas chlororaphis O6 (PcO6).
Embedded particles within the biofilm showed signatures of
Cu or Zn only when the NPs were present in the growth matrix and increased metal loads were measured in the shoots of
these plants. Entrapment of particles within the mucilage did
not eliminate systemic expression in shoots of genes related to
metal chelation, transport and stress. Genes related to heightened
tolerance to pathogens and protection against water stress also
were expressed. Growth of the wheat seedlings with NPs did
not eliminate increased drought tolerance observed in the PcO6colonized plants. These findings indicate that the NPs were not
antagonistic to the beneficial effects of root colonization by a
rhizosphere microbe.

Vegetable Crops Management 2

9:00 AM – 9:15 AM

Watermelon is a major cucurbitaceae and it is known as a representative of fruits in summer season. These days the consumer
prefer middle and small type watermelon to large type. It is result
from decrease of family members and the small type watermelon
have easy movement. But there has been no research on cultivation and occurrence of diseases and insect pests in small type
watermelon in korea. So we investigated the occurrence pattern
of diseases and insect pests, effect of organic materials to control
against watermelon powdery mildew in small type watermelon.
The result of this study, the small type watermelon was damaged
by Didymella bryoniae, Podosphaera xanthii, Aphis gossypii,
Tetranychus urticae, thrips, Spodoptera exigua, and Spodoptera
litura. Among them, the occurrence of Podosphaera xanthii,
T. urticae and thrips was high. Diseased leaf rate by P. xanthii
was 27 to 99.3% in three small type watermelon cultivars in the
middle of June. The number of Tetranychus urticae per leaf was
high from 79.9 to 111 in three small type watermelon cultivars
in the middle of June. It showed high number of thrips captured
by yellow and blue sticky trap. That of yellow sticky trap was
407 and that of blue sticky trap was 774 in the middle and first
of June respectively. On the other hand, the occurrence of rest
diseases and pests except P. xanthii, T., and thrips was low. The
experiment of control effect against powdery mildew using mayonnaise, oleic acid, and three organic materials showed control
efficacy over 60% in the treatment of material containing sodium
bicarbonate 80%, mayonnaise and extract of Rheum palmatum
1% + ethyl alcohol 30%. The highest control efficacy was 83%
in the treatment of material containing sodium bicarbonate 80%.
From this study, we had a information of the occurrence pattern
of diseases and insect pests in small type watermelon and the
treatment of material containing sodium bicarbonate 80% was
very effective for controlling against powdery mildew.

Assessing the Effect of Root Hair Growth of
Phosphorus-stressed Barley (Hordeum vulgare)
on Physiological Characteristics Using a Splitroot System
Yucong Xie*

University of Florida, Gainesville, USA

Guodong David Liu

University of Florida, Gainesville, FL, USA

Bala Rathinasabapathi

University of Florida, Gainesville, FL, USA

Bruce Schaffer

University of Florida, Homestead, FL, USA

Rao Mylavarapu

University of Florida, Gainesville, USA

Phosphorus (P) deficiency in soil is a global problem. To comprehensively investigate the contribution of root hairs induced
with low-P stress to plant growth and P uptake efficiency, a splitroot experiment in a hydroponic medium was conducted with a
root-hairless mutant barley genotype (brb) and its corresponding
wild type (WT-Pallas). A Pi source with limited solubility (tricalcium phosphate; TCP) was applied to one-half of the root
system to create a soil solution with a buffered low-P condition
and a nutrient solution without Pi (CNS-P) to the other half. The
control was consisted of plants with non-split roots in CNS-P.
Root hair variables (length and density), P uptake efficiency,
plant biomass and tissue P content were calorimetrically determined for both genotypes. The WT-Pallas in a medium with
TCP developed significantly longer and denser root hairs than
in a solution with CNS-P. The mutant was defective in root hair
formation. Short-term P uptake efficiency, root dry weight and
shoot P content in half of the root system of the WT-Pallas with
TCP were significantly greater than in the brb, but not different
from the CNS-P control. Additionally, there were no significant
genotypic or treatments differences in shoot biomass and root
P content. The differences in P uptake efficiency and shoot P
content between WT-Pallas and brb genotypes were attributed
to the root hair development.

Moderator: Barbara Liedl

West Virginia State University, Institute, WV, USA

8:00 AM – 8:15 AM

Control Effect of Organic Materials on Powdery
Mildew and Seasonal occurrence of Diseases
and Insect Pests in Small-type Watermelon in
Korea
Jongwoo Han*

Watermelon Research Institute, Agricultural Research & Extension
Services, Chungcheongbukdo, Eumseong-gun, Korea, Republic of
(South)

8:15 AM – 8:30 AM

Bacterial Spot of Cucurbits (Xanthomonas
cucurbitae): A Serious Emerging Disease and
Progress for Management
Mohammad Babadoost*

University of Illinois,Dept. of Crop Science, Urbana, IL, USA
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Sita Thapa

Eudald Illa Berenguer

Xiaoyue Zhang

Esther van der Knaap

Salisu Sulley

Savithri U. Nambeesan

Bacterial spot, caused by Xanthomonas cucurbitae, is an emerging disease of pumpkin and winter squash in the Midwestern
states and some of the cucurbit growing areas of the world. X.
cucurbitae infect leaves and fruits. Affected fruits are usually
colonized by opportunistic fungi and bacteria, which results in
fruit rot. During 2011–13, field surveys were conducted in Illinois,
Indiana, Iowa, Kansas, Michigan, Missouri, Nebraska, Ohio,
and Wisconsin to assess incidence and severity of the bacterial
spot in pumpkin and squash. During four weeks of the harvest,
111, 132, and 126 fields in 2011, 2012, and 2013, respectively,
were visited. Symptomatic fruit were observed in 95 (86%), 117
(89%), and 113 (90%) of the fields visited, with overall 34, 23,
and 19% fruit infected, in 2011, 2012 and 2013, respectively.
In some of the fields, more than 90% of fruits were affected.
In a field trial, we found that X. cucurbitae survived for more
than 24 months in infected pumpkin leaves and fruits buried at
5 and 15 cm deep. There is not known cucurbit cultivar resistant
to X. cucurbitae. We have evaluated 27 chemical compounds
and biocontrol agents for their efficacy for management of X.
cucurbitae in pumpkin and found that mancozeb (Dithane M45),
cupper hydroxide (Kocide 3000), copper octanoate (Cueva SC),
and an extract from Reynoutria sachalinensis (Regalia) were the
most effective compounds in reducing incidence and severity
of bacterial spot in leaves and fruits of pumpkin. X. cucurbitae
is a seedborne pathogen. Our studies showed that hot water
treatment at 55 °C for 15 minutes and HCl treatment at 0.5%
concentration for 40 minutes eradicated the pathogen in both
naturally-infected and artificially-inoculated pumpkin seeds
without any significant adverse effect on either seed germination or seedling vigor. Effects of crop rotations for management
of the disease is being investigated. X. cucurbitae is identifies
based on the colony characteristics on yeast dextrose agar, PCR
test using RST 2 and RST 3 primers, and pathogenicity test

Blossom-end rot (BER) is a calcium (Ca2+) deficiency disorder
characterized by dry, sunken, brown and/or black spots to the
distal-end of tomato fruit and can result in significant crop loss.
The effects of two irrigation levels [50% and 100% evapotranspiration (ET)] along with two levels of Ca2+ (0 and 100 ppm)
on BER development between a resistant (BGV7900; Solanum lycopersicum cerasiforme) and a susceptible (BGV7936;
Solanum lycopersicum lycopersicum) tomato accessions were
evaluated in the greenhouse following randomized complete
block design. Physiological differences between those two accessions were also compared. The BER-resistant accession did
not display any symptoms of BER under Ca2+ and irrigation
treatments. In contrast, all fruits of the susceptible accession
were affected by BER irrespective of irrigation levels. Application of Ca2+ reduced BER incidence in the susceptible accession
by 5% to 11%. Stomatal conductance and leaf temperature did
not differ between the accessions but varied with irrigation
levels. Stomatal conductance decreased and leaf temperature
increased with lower level of irrigation especially during the
early stages after the commencement of the irrigation treatments,
suggesting that the differences in these responses were mainly
associated with water availability. Plant height and shoot dry
weight were higher and chlorophyll content was lower in the
BER-susceptible accession, only under well irrigated conditions.
Fruit growth rate of the susceptible accession was higher than
that of the resistant accession irrespective of treatments. Our
data indicate that certain plant growth characteristics and fruit
growth rate differ between resistant and susceptible accessions.
Whether differences in plant characteristics and fruit growth rate
between the two accessions can influence fruit Ca2+ availability
and therefore BER development, requires further investigation.

University of Illinois, Urbana, IL, USA

University of Georgia, Athens, GA, USA

University of Illinois, Urbana, IL, USA

University of Georgia, Athens, GA, USA

University of Illinois, Urbana, IL, USA

University of Georgia, Athens, GA, USA

University of Illinois, Urbana, IL, USA

University of Georgia, Athens, GA, USA

Specified Source(s) of Funding: USDA-SCRI funded part of the
research associated with this abstract
8:30 AM – 8:45 AM

The Effect of Calcium Application and
Irrigation on Development of Blossom-end Rot
in Tomato

8:45 AM – 9:00 AM

Evaluation of Anaerobic Soil Disinfestation
Soil Amendments and Rates for Conventional
Tomato Production in Florida
Monica Ozores-Hampton*

University of Florida, Immokalee, FL, USA

Francesco Di Gioia

University of Florida, Gainesville, USA

M. Kabir*

Bodh Paudel

Juan Díaz-Pérez

Xin Zhao

University of Georgia, Athens, GA, USA
University of Georgia, Tifton, GA, USA

University of Florida, Gainesville, USA
University of Florida, Gainesville, FL, USA
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Erin N. Rosskopf

Hannah M. Payne

Methyl bromide and other soil fumigants have been heavily
relied upon to control soilborne plant pathogens, nematodes, and
weeds in polyethylene-mulched vegetable production in Florida.
However, negative aspects of their use on the environment
and human health have increased the interest in non-chemical,
sustainable alternatives. Many of Florida’s vegetable production soils are generally sandy-textured, low in organic matter,
nutrients, and water holding capacity, and therefore inherently
low in fertility and highly leachable. Anaerobic soil disinfestation (ASD) is an emerging alternative to the soil fumigation
model and is effective against soilborne pests in several crop
production systems. Selection of optimal soil amendments and
application rates is critical for successful application of ASD.
Therefore, the objective of this study was to evaluate the effects of different soil amendments for ASD on cumulative soil
anaerobiosis, plant growth, fruit yield, and postharvest quality
of fresh-market tomato (Solanum lycopersicum L.). In the field
experiment conducted during Fall 2016 in Immokalee, FL, the
six soil treatments included composted broiler litter (CBL, 11
Mg/ha) and molasses [(M, 6.9 m3/ha) ASD0.5], modified ASD
with composted yard trimming waste (YTW) at the rate of 26.9
(YTW1+M) or 13.5 Mg/ha (YTW0.5+M), the Soil Symphony
program (SSA, Terra Feed, LLC, Plant City, FL), composted
YTW (26.9 Mg/ha) only (YTW1), and the combined application of YTW1 and SSA (YTW1+SSA). An untreated check
(UTC), and chemical soil fumigation (CSF) treatment [Pic-Clor
60 (1,3-cichloropropene + chloropicrin) at the rate of 224 kg/
ha] were used as controls. Excluding UTC, CSF, and SSA, all
treatments received 5 cm of initial irrigation after polyethylene
mulching and herbicide Reflex before polyethylene mulching.
Cumulative soil anaerobiosis was higher in ASD0.5 compared
to all the other treatments. Plant growth (stem, leaf, fruit) was
greatest with ASD0.5 and the lowest in the UTC. Extra-large
fruit yields resulting from all of the amendment treatments were
equivalent to CSF and greater than the UTC. Total season marketable yields of CSF (78 Mg·ha–1), ASD0.5 (82 Mg·ha–1), YTW1+M
(79 Mg·ha–1), YTW0.5+M (75 Mg·ha–1), and YTW1+SSA (76
Mg·ha–1), were greater than that of UTC (52 Mg·ha–1). Color
and titratable acidity were the only fruit quality parameters
influenced by soil treatments. Anaerobic soil disinfestation applied using alternative composted amendments and molasses
can be a sustainable alternative to CSF producing comparable
plant growth, marketable yield, and fruit quality.

Tomatoes (Solanum lycopersicum) are susceptible to a wide array of arthropod pests. Varieties on the market do not have pest
resistance incorporated to allow for a reduction of pesticides
used on the crop. The major insect pests in protected culture of
tomatoes are: whiteflies, aphids, thrips and spider mites. One
of these, whiteflies, is difficult to eliminate with chemical or
biological methods, thus emphasizing the importance of incorporating pest resistance into tomato varieties. Glucose esters
exuded from type IV glandular trichomes mediate the resistance
of Solanum pennellii to several pest species including aphids
and whiteflies. Since glucose esters are non-toxic to the pests
controlled, the pressure for insects to become resistant to these
compounds should be less than is commonly seen for pesticides
and high antibiosis-mediated plant resistance mechanisms.
However, one concern is how glucose esters could affect biological control agents used to control pests in protected culture.
In order to investigate the potential impacts of glucose esters
on biocontrol agents, triple exposure, single exposure, and
behavioral assays were undertaken on the generalist predator,
green lacewing Chrysoperla rufilabris. For the triple exposure
assay, three routes of exposure were assessed: oral, direct, and
ingestion. This assay utilized Malathion at recommended rates
as a positive control, water, as the negative control, and glucose
esters at biologically relevant concentrations of 60 µg/cm2. Larvae were tracked through development, and those surviving to
adulthood were subjected to the single spray assay. The single
spray assay treatment only evaluated the effect of glucose esters
and water since Malathion resulted in 100% mortality during
the triple exposure assay. There were no significant effects on
mortality, developmental time, gender ratios, fertility, fecundity
or longevity in triple and single exposure assays. However,
since these exposure assays did not assess the possibility that
glucose esters may have repellent or irritability characteristics,
a behavioral assay was employed. Behavioral assays assess the
sensory perception of insects to chemicals, thus affecting their
ability to search for prey. A choice assay using the ViewPoint
tracking system measured individual larvae for ambulatory time
(walking time), percentage of time spent and distance traveled
in each treatment zone. No associated repellence or irritability
was exhibited to glucose esters or the acetone solvent control
for lacewing larvae, however DEET treated surfaces repelled all
larvae. Thus, glucose esters do not have any negative effects on
C. rufilabris using both robust multiple route exposure assays
and a behavioral assay.

USDA–ARS, Fort Pierce, FL, USA
USDA–ARS, Fort Pierce, FL, USA

9:00 AM – 9:15 AM

Trialing Glucose Esters with the Biocontrol
Generalist Predator, Green Lacewing,
Chrysoperla rufilabris

West Virginia State University, Institute, WV, USA
West Virginia State University, Institute, WV, USA

Specified Source(s) of Funding: USDA NIFA Evans-Allen
project #1008504 and WVSU PEER supported by Title III
Funds from US Dept of Education

Barbara Liedl*

West Virginia State Univ, Institute, WV, USA

An asterisk (*) following a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S219

Oral Presentations

Water Utilization and Management 2

in FTWs to remediate nutrients followed by harvest and resale
as a container crop.

Moderator: Craig Ramsey

Specified Source(s) of Funding: This material is based upon
work that is supported by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, under award
number 2014-51181-22372.

USDA-APHIS, Fort Collins, CO, USA

8:00 AM – 8:15 AM

Floating Treatment Wetlands As a Remediation
and Production Tool for Growers

8:15 AM – 8:30 AM

Evaluation of Ozonated Water and Ultraviolet
Light for Sanitizing Recycled Greenhouse
Irrigation Water

Lauren M. Garcia Chance*

Clemson University, Clemson, SC, USA

Sarah White

Craig Ramsey*

Clemson University, Clemson, SC, USA

Greenhouse and nursery effluent often contains elevated levels of
nitrogen and phosphorus which can limit potential for recycling
water on site for production or cause problems in the environment. Floating treatment wetlands (FTWs) are comprised of a
buoyant mat planted with macrophytes that absorb and filter
the excess nutrients. One of the leading problems with FTWs
is the senescence point, when plants begin releasing nutrients
back into the water column. A mesocosm study was conducted
in Summer 2016 to 1) determine efficacy of common landscape plants to remediate nutrients from water and 2) assess
plant viability for container or bare root resale at harvest. An
experimental system was assembled using 32 100-gallon Rubbermaid water troughs. The water troughs were filled with water
spiked with 12 ppm nitrogen fertilizer. Plants were placed in
biodegradable aerator cups and inserted into precut holes with
the floating mats. Four troughs were treated as an open water
control while the remaining 28 troughs were planted with either a monoculture or mixture of five plant species; Iris ensata
(Japanese iris), Canna xgeneralis ‘Firebird’ (Firebird canna),
Agrostis gigantean (redtop), Carex stricta (Tussock sedge),
and Panicum hemitomon (Maidencane). Plants were grown
for eight weeks to quantify nutrient remediation efficacy prior
to harvest. At the end of the eight-week period, three plants
from each monoculture were removed and transplanted into
11.4 L plastic pots, including the biodegradable cup. The pot
was filled with soilless substrate and placed on a growing pad
to determine postharvest survival and aesthetics. An additional
three plants from each monoculture were removed and direct
planted into cecil sandy loam on a pond’s edge to mimic wetland
restoration techniques. Survival and aesthetics were assessed
for eight weeks, consisting of weekly observations based on a
scale from 1–5. While C. ‘Firebird’ and A. alba removed greater
than 50% of nitrate from the system, maximum phosphorus
removal was 28% and 12% with P. virgatum and C. ‘Firebird’,
respectively. Plants transplanted into pots outperformed those
planted using wetland restoration techniques. C. ‘Firebird’,
P. virgatum, and A. alba maintained aesthetic standards with
> 4.5 rating for resale during the eight-week period, while C.
‘Firebird’ and I. ensata performed best when planted pondside
with an average 3.6 rating. Based upon current results, C.
‘Firebird’, P. virgatum, and A. alba are viable options for use

USDA–APHIS, Fort Collins, CO, USA

Steven Newman

Colorado State University, Fort Collins, CO, USA

Non-contained greenhouse irrigation water may soon be required
to be sanitized before it can be released into sewer lines, or
recycled back for reuse. A 2015 USDA Farm Bill grant was
converted into a cooperative agreement between Colorado
State University and USDA–Animal Plant Health Inspection
Service, Center for Plant Health Science and Technology lab
to conduct an irrigation water study. The objective of the water
study was to test the ability of ozonated water and ultra-violet
light to sanitize recycled irrigation water in greenhouses.
Bacillus subtilis spores were used as a hard-to-kill surrogate
for a wide range of plant pathogens that may bio-contaminate
irrigation water. A private microbiology lab prepared the spore
suspension and analyzed the treated water samples. The study
involved four factors: 1) first water treatment – ozonated water or ultraviolet light (UV-C) radiation, 2) second, follow up
water treatment – none, ozonated water, and UV-C radiation,
3) organic challenge - humic acid at 0 and 0.1% v/v, and 4)
water treatment exposure time – 15 and 30 minutes. Ozonated water was generated on-site with a custom-made ozone
machine, and the UV-C lamp dosage was 23 µw-s/cm2 for one
9-watt lamp. Oxidation Reduction Potential (ORP) of ozonated water averaged 933 mV when it was added as a water
treatment. Humic acid was added to water samples inoculated
with a spore suspension to: 1) act as an organic challenge to
ozone and to decrease water quality and 2) reduce UV-C light
transmission by increasing water turbidity. The water treatment
with the highest B. subtilis spore efficacy was UV-C light for
both first (30 minute) and second stage (30 minute) treatment,
which resulted in a 2.55 log10 reduction and 99.7% reduction
of viable spores when compared to the controls. When humic
acid was added as an organic challenge/water quality factor it
had no effect on the spore efficacy results. Future studies are
planned to evaluate commercial water treatment systems that
generate a water solution with hydroxyl radicals and ozone
which should increase efficacy. In addition, higher intensity
UV-C lamps (55 watts) will be also be tested for enhancing
water sanitation efficacy.
Specified Source(s) of Funding: USDA-AQI grant
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8:45 AM – 9:00 AM

Remediating Agrichemicals from Irrigation
Water Using Granular Activated Carbon

Collaborative Efforts to Reduce Pesticide
Concentrations in the Walla Walla Watershed—
What Have We Learned?

George A. Grant*

University of Florida, Gainesville, FL, USA

Paul Fisher

University of Florida, Gainesville, FL, USA

Christopher P. Wilson

University of Florida, Gainesville, FL, USA

James E. Barrett

University of Florida, Gainesville, FL, USA

Residual agrichemicals can potentially accumulate in recaptured irrigation water, which can lead to negative effects on
crop quality, ecosystems, and human health. Filtration with
granular activated carbon (GAC) is one technology for remediating agrichemical residues. The objective was to evaluate the
removal of 11 agrichemicals including herbicides (glyphosate
and triclopyr), insecticides (acephate, bifenthrin, chlorpyrifos,
and imidacloprid), sanitizers (hydrogen peroxide and quaternary
ammonium chloride), and plant growth regulators (flurprimidol,
paclobutrazol, and uniconazole). Each chemical was mixed to
one-tenth of the concentration based on a pesticide label rate
for ornamental greenhouse application. The one-tenth dilution
was chosen because some dilution would be expected when
applied chemical was discharged into collection tanks, ponds,
reservoirs, or surface water. Chemical solutions were passed
through a small-scale GAC system filled with 0.50–4.75 mm
particle size (8 x 30 mesh) bituminous coal GAC at 6 L/minute, and fresh carbon was used for each chemical. Solutions
were exposed to three contact times (0 (no filtration), 12, or
64 seconds), which corresponded to 0, 1.9, or 10.1 L of empty
filter housing volume (excluding the carbon). For each chemical tested, the experimental design was a randomized complete
block with four blocks (time periods) and one replicate of each
GAC treatment per block (12 solutions total). Analysis of all
chemicals using gas chromatography-mass spectrometry (GCMS) or colorimetric testing (hydrogen peroxide only) found
that concentrations for acephate, flurprimidol, paclobutrazol,
quaternary ammonium, and uniconazole decreased by over 90%
with 12 seconds GAC. Chemical concentrations for bifenthrin,
chlorpyrifos, and imidacloprid did not decrease by 90% even
with the highest treatment level of 64 seconds GAC. Activated
carbon filtration was least effective at removing bifenthrin after
64 seconds GAC, with 71% reduction. Chemical concentrations for acephate, flurprimidol, quaternary ammonium, and
uniconazole were reduced below the minimum detection limit
with 64 seconds GAC. Overall, these series of experiments
showed that granular activated carbon filtration has the potential
to remediate these 11 commonly applied agrichemicals from
water with the short contact times tested.
Specified Source(s) of Funding: CleanWateR3, FNGLA

Clive Kaiser*

Oregon State University, Milton-Freewater, OR, United States

Kevin Masterson

Oregon Department of Environmental Quality, Bend, OR, USA

Since 2005, the Oregon Department of Environmental Quality has worked with the Walla Walla Basin Watershed Council
to monitor pesticide water quality in the Walla Walla Basin
through the Pesticide Stewardship Program. Initial investigations centered on waterways traversing the fruit orchards of the
Milton Freewater area. Between 2005–08, only the 12 most toxic
pesticides to salmonoid life were monitored. Since 2009, the
number of pesticides analyzed increased from 12 to over 120
and the number of pesticide detections increased significantly.
OSU Extension Service helped growers adopt best management practices that would help reduce contamination of the
waterways, including: - spray calibration workshops, timing
of sprays, wind speeds notifications, sprayer training to spray
trees adjacent to the ditches on one side only and ensuring that
nozzles were pointing away from the open waterways. Between
2005–09, the acute water quality standard (wqs) for chlorpyrifos
(0.083 µg/L) was often exceeded but the trend was consistently
downwards. Since 2010, most detected concentrations were
below the acute standard and average concentrations have been
close to the chronic wqs (0.041 µg/L). Since 2009, carbaryl has
always been detected at levels of less than half the lowest EPA
aquatic life benchmark (0.5 µg/L). In 2010/2011, diuron was
detected at multiple monitoring sites at levels above EPA aquatic
life benchmarks and was associated with the irrigation district,
which switched to mechanical controls and softer chemistries.
Since 2013, diuron detections have been barely detectable. In
recent years, the program was expanded to include streams traversing peas and wheat plantations and to date, only deminimis
contamination levels of those waterways have been attributed
to pea/wheat growers. Additional best management practices
included the introduction of flags on the edges of waterways
to help growers determine wind direction so that sprays were
only conducted on the side of the waterway on which the wind
was blowing away from the stream. Nozzle choice, inclusion
of anti-drift products in the spray tank, maximum height of the
nozzles set at 10 inches above the ground and avoiding boom
bouncing were all recorded digitally by the growers as proof of
adoption. Despite expanding the geographic area in the project
and increasing the number of pesticide analytes each year, the
total number of pesticide detections in 2016 was the lowest in
the past five years. The Walla Walla basin remains a success
story in reducing pesticide contamination and this has been
achieved through voluntary collaboration only.
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9:00 AM – 9:15 AM

9:15 AM – 9:30 AM

Efficiency of Bioreactor Nutrient Remediation
in the Presence of the Organophosphate
Chlorpyrifos

Drivers and Barriers to Producers’ Voluntary
Adoption of Practices That Protect Water
Quality

Damon Abdi*

Kelly Foley

Michigan State University, East Lansing, MI, USA

Enviroissues, Seattle, WA, USA

Rodney Fernandez

Clinton Shock*

Bert Cregg

Mary Santelmann

Jim Owen

Over twenty alternative agricultural practices have been introduced to producers in Malheur County, OR, over the last thirty
years to protect water quality. Research and outreach were designed to provide technological options for producers. This study
sought to better understand the voluntary adoption by producers
of practices improving water quality. The Reasoned Action Approach/Theory of Planned Behavior was used as a theoretical
framework to identify barriers and incentives to adoption. Study
findings suggest that producers primarily consider practical characteristics of practices when making adoption decisions. Some
of these concerns include the relative advantage of the practice
(derived from the anticipated financial gain or loss, conservation and water quality benefits from adopting a practice), the
compatibility of a practice with existing farm operations, the
ease or difficulty of implementing a practice, and the ability to
observe the success of a practice prior to adoption. These factors
varied widely across individual farms because of the diversity
in farming operations. Producer age and lack of agency over
decision making emerged as barriers to adoption and provide
promising areas for future adoption studies. Recommendations
are provided for enhanced education and outreach programs and
incentive systems that are better suited for the diverse needs of
producers operating small to medium sized farms.

Michigan State University, East Lansing, MI, United States

Oregon State University, Ontario, OR, USA

Michigan State University, East Lansing, MI, USA

Oregon State University, Corvallis, OR, USA

Virginia Tech, Virginia Beach, VA, USA

P. Chris Wilson

University of Florida, Gainesville, FL, USA

Francisca O. Hinz

University of Florida, Gainesville, FL, USA

Agrichemical runoff poses environmental threats if left untreated.
In this study, a combination of mixed deciduous species woodchips followed by calcined mineral substrates were used as twostage bioreactors. The wood chips served as a carbon source for
denitrifying bacteria to reduce the nitrate load and the calcined
minerals as an adsorptive substrate to reduce phosphorus load
from simulated effluent. Microbe mediated processes and adsorptive processes govern the rate and efficacy of these treatments
in applications that are intended to provide recycled irrigation
water to nursery and greenhouse growers, or to mitigate the
harmful impacts that untreated runoff may have on surrounding
environments. Woodchip bioreactors were subjected to either a
standard nutrient only (20 ppm NO3, 4 ppm PO4—derived from
potassium nitrate and monopotassium phospate) or a nutrient
and organophosphate (Chlorpyrifos–Lorsban 4E at a 1 mg a.i.
/L rate) enriched influent at a rate of 4 gallons/day for a 3–4 day
hydraulic retention time. The remediation potential for phosphorus, which is often the limiting factor in eutrophication, of
two highly adsorptive aggregates: a calcined (superheated) clay
(Turface MVP) and a calcined shale (haydite) were compared.
Properties of these substrates, as well as their potential use in an
in-situ water treatment system were investigated during this. The
calcined clay had a measured cation exchange capacity (CEC)
of 10 meq/100g and the CEC of haydite was 4.8 meq/100g. The
phosphorus binding capacity of the calcined clay was reduced
by initially present levels of phosphorus (48 ppm), compared
to the 2 ppm levels found in haydite. Throughout the 10 week
denitrifying microbe incubation process, prior to Chlorpyrifos
injection, composite samples of all calcined clay effluent samples
contained higher phosphorus levels than the haydite counterpart,
despite the same influent P loads. Furthermore, due to particle
size, the calcined clay was prone to wash out with the effluent,
while the haydite was not. The effects of the bioreactors on
nutrient and chlorpyrifos effluent remediation will be presented.
Specified Source(s) of Funding: Project GREEEN ; MDARD

9:30 AM – 9:45 AM

Biofilm Buildup on PVC and Polyethylene at
Three Irrigation Frequencies
Rosa Raudales*

University of Connecticut, Storrs, CT, United States

Juan Cabrera

University of Connecticut, Storrs, USA

Biofilm, bacteria enclosed in a polysaccharide matrix, accumulates on the inner surface of irrigation pipes resulting in clogged
emitters. The objective of this project was to measure if biofilm
buildup differed when a nutrient solution was applied at different
irrigation frequencies and pipe materials. Pond water was treated
with a complete fertilizer applied at 200 mg per L of nitrogen.
The three irrigation frequencies tested were 30 seconds every
10 minutes, 2 minutes twice a day, and continuous flow. The
two pipe materials tested were polyethylene (PE) and polyvinyl
chloride (PVC). The materials and irrigation frequencies were
chose based on common greenhouse practices. The experiment
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was conducted for four weeks and was repeated twice. The experimental design was a full factorial completely randomized
design with six replicates per treatment and the experiment.
Biofilm was measured in terms of total biomass and aerobic and
viable bacteria attached to the inside surface of the pipe. Aerobic
planktonic bacteria and water quality were also measured. All
measurements were collected on week 4. Total biomass and attached bacteria were highest on PVC irrigated at a frequency of
30 seconds every 10 minutes, both measurements were higher
by one or two orders of magnitude compared with the treatments
combinations. Total biomass and attached bacteria was overall
higher in PVC compared with polyethylene. No differences
were observed in planktonic bacteria. The results of this project
suggest that growers using a higher frequency of irrigation (e.g.
greenhouse propagation mist houses) would benefit by using
polyethylene tubing.

Specified Source(s) of Funding: This material is based upon work
that is supported by NIFA U.S. Department of Agriculture, USDA
CARE, under accession number 1009179; and Hatch Multistate
accession number 1004968, project number #CONS00944.

Teaching Methods 2
Moderator: Elizabeth Driscoll

NC State University, Raleigh, NC, USA

8:15 AM – 8:30 AM

Seed Your Future Update: Positioning
Horticulture to Create Excitement and Interest
Among Students
Mary Meyer*

University of Minnesota, Chaska, MN, USA

Susan Yoder

Seed Your Future, Kennet Square, USA

Douglas Needham

Longwood Gardens, Kennett Square, PA, USA

John Dole

North Carolina State University, Raleigh, NC, USA

Michael Neff

already thought about which college major they’ll choose, going
to college and their future career. Nine out of 10 teachers and
counselors feel they have a role in guiding students. Students
desire careers that offer more than a paycheck. They are looking for flexibility and creative work that can make a positive
impact on the world. Horticulture was the college major with
the lowest level of familiarity in this survey. Unfortunately,
only 28% of students were familiar with the term horticulture.
Fortunately, a majority of parents, teachers and counselors are
familiar with the term, however, they don’t understand the types
and diversity of careers in horticulture. Low awareness among
students is likely attributed to limited integration of the topic
into school curriculum. Approximately two-thirds of teachers say
horticulture is not very or not at all integrated in their schools.
Twelve different student, parent, teacher, and counselor focus
groups (80) were conducted across the country to identify the
types of messages and creative approaches that could motivate
students to consider horticulture as a potential area of study or
future career. While not one of the focus group students was
familiar with the term horticulture, once defined for them, they
could understand the diversity of career opportunities. Parents,
teachers, and counselors initially had a narrow view of career
opportunities. Most did not understand the wide variety of
jobs—from STEM—to landscape design—to marketing—to
business owner. All participants reacted to a number of creative
stimuli, including words, phrases and images. The data from this
research will be used to create Seed Your Future’s PR, outreach
and marketing campaigns to promote horticulture careers as
innovative, creative, and having a positive impact on the world
while developing a pipeline of horticulture talent for the future.
8:30 AM – 8:45 AM

Residential Pre-college Program Recruits the
Next Generation of Youth in Horticulture
Elizabeth Driscoll*

North Carolina State University, Raleigh, NC, USA

Lee Ivy

North Carolina State University, Raleigh, NC, USA

Elisabeth Meyer

North Carolina State University, Raleigh, NC, USA

ASHS, Alexandria, USA

North Carolina

Jean Shaw

FleishmanHilliard, St Louis, USA

Seed Your Future – the national movement to promote horticulture and encourage young people to pursue careers working
with plants—completed its qualitative research in early 2017.
This third phase of research included both a survey tool and
twelve focus groups across the country. Middle school students
(1000), their parents (1000), teachers (501) and guidance counselors (200) were surveyed to determine their knowledge of
horticulture, careers in horticulture and how they determined
or influenced students in career choices. A majority of students
plan on obtaining a bachelor’s degree or higher; nearly 70% have

North Carolina State University, Raleigh, NC, USA

Modern agriculture poses interesting and complex ecological
problems and opportunities that require an educated workforce
to pursue careers in this field. Enrollments in agriculture majors
have decreased in the last 20 years, despite the employment
opportunities that continue to grow for college graduates in
the food and agriculture economic sectors. Short residential
programs have increased agriculture knowledge for students
and increased interest in agriculture as evidenced by the work
of Cotton et al., 2009 and Galbraith et al., 2003. Creating an
engaging and enjoyable experiential program for young people
can build positive attitudes toward agriculture as a result and
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increase the likelihood of a student enrolling in an agricultural
college major (Wiley, 1997). Programs that provide an opportunity to build positive attitudes toward agriculture in a
caring, mentoring environment can grow youth self-efficacy,
needed life skills, and enhance their interest in an agricultural
career. The Horticultural Science Summer Institute (HSSI) is a
pre-college program of the College of Agriculture and Life Sciences (CALS) at NC State University. HSSI provides engaging
experiences designed for youth to explore potential careers in
horticulture. The program is targeted toward high school aged
youth that have shown an interest and an aptitude in science,
and are on the cusp of making career decisions. Sharf (2006)
suggests that career exploration is considered to be the most
prominent in late adolescence/early adulthood. HSSI students
participate in a broad range of horticultural experiences, from
faculty and graduate student led, hands-on workshops, keynotes
from industry visionaries, and visits to several horticultural
businesses. Throughout the week, participants are exposed to
career possibilities, college decision-making and leadership
development with an emphasis on using the 4-H Experiential
Learning model to foster reflection and processing of experiences
that facilitate deep understanding and awareness. In programmatic evaluations, HSSI students showed an overall positive
increase in science attitudes and interest in STEM careers. Of
the 114 program alumni, 10% of the students applied and were
accepted into NC State’s Department of Horticultural Science.
Follow-up surveys suggest that HSSI students that did not choose
horticulture as a vocation have found ways to weave horticulture into their daily life including home gardening, agriculture
and environmental coursework, among others. Students shared
that they built strong relationships with departmental personnel
indicating HSSI can be a tangible recruitment mechanism into
the horticultural sciences.

guidance counselors and mostly, peers (Lindner 2012.) Middle
school attitudes toward science were found to be additionally
influenced by visiting university faculty and the involvement
of graduate fellows (Holubec 2007, Degnhart 2007). Mastery
science experiences for middle school students also favorably
impact student self efficacy in science. Strong social support
and group dynamics can positively influence student sense of
belonging, which then builds positive group efficacy. When
students gain a sense of belonging in a group, and a sense of self
confidence in science, they rate a higher willingness to take on
new projects and pursuits within STEM fields. Middle school
students participated in a year-round supplemental horticulture
program, Project PLANTS, at the JC Raulston Arboretum at
North Carolina State University. The Project PLANTS program
consists of a week-long summer camp followed by weekly after
school meetings at “The YURT” at the JC Raulston Arboretum. Students from ten different middle schools across Wake
County participated in the weekly after-school meetings which
highlighted horticulture and agriculture activities, exploration
time, reflection opportunities, and group-bonding activities. At
the end of the year-long program, participants demonstrated attitude shifts in horticulture and agriculture, as well as increased
conceptual understanding. Throughout reflective exercises and
focus groups, students made notable positive commentary about
their peers. When students commented on willingness to continue
with a science group, they echoed an appreciation for fellow
group members. These responses may indicate that horticulture
and agriculture sciences are better received when positive group
dynamics are nurtured as a critical component to curriculum.
Horticulture and agriculture offer many opportunities for group
projects and activities, and therefore offer a promising platform
for students to build a strong sense of group efficacy and interest
for horticultural science and other STEM fields moving forward.

8:45 AM – 9:00 AM

9:00 AM – 9:15 AM

Cultivating Group Efficacy and Positive Science
Attitudes in Middle School Horticulture
Programs

Greenscaping & Growing It Green Readies
Youth for Green Industry Employment

Specified Source(s) of Funding: Ag Foundation Inc.

Specified Source(s) of Funding: Burroughs Wellcome Fund

Michelle Atkinson*

University of Florida, Palmetto, FL, USA

Sarah Dinger*

North Carolina State University, Raleigh, NC, USA

Martha Glenn

North Carolina State University, Raleigh, NC, USA

The green industry demands employees with experience and/
or knowledge of the industry. Without this basic knowledge
considerable time and money is spent on training by the employer. In order to make young, inexperienced workers more
valuable to this industry and help overcome this lack of basic
knowledge, a program titled Greenscaping and Growing it Green
has been created. The UF/IFAS Manatee County Commercial
and Environmental Horticulture programs have partnered with
the Manatee County School District to offer a program that is
geared toward high school students, ages 16–18. This program
and teaches participants how to apply best management prac-

University of Florida/IFAS Extension, Palmetto, FL, USA

Elizabeth Driscoll

Elizabeth Overcash

North CarolinaState University, Raleigh, NC, USA

Middle school represents a critical time period for student social
development and interest in science. Students with a high sustained interest in a STEM focus area are more likely to pursue
the field both in school course selection and as a possible career.
Recent focus on increasing student interest levels in horticulture
and STEM fields has renewed an emphasis on project-based
learning and place-based curriculum. Science attitudes are
often influenced by parents, family members, social media,
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tices to landscape maintenance and nursery production. Three
audiences; FFA students, career prep high school students attending technical schools, and at-risk youth, are targeted. The
participants learn scouting techniques, pest identification, and
principles of Integrated Pest Management (IPM) focusing on
biological, mechanical and cultural practices such as; appropriate fertilizer application, tree and ornamental installation
and maintenance, invasive plant management, sustainable turf
management, biological controls, record keeping for scouting
and nursery production management. Educational outreach
methods include hands on demonstrations, discussions, educational games, and presentations. A pre and posttest and a six
month follow up survey were conducted. Post surveys reported
91% (19/21) showed knowledge gained in basic horticultural
theories. Surveys also recorded 82% (17/21) of the attendees
acknowledged that they changed their perception of agriculture
employment and would consider it as a possible career choice.
In the follow up survey, 86% (18/21) of the attendees stated
that they had changed maintenance practice to align with the
best management practices taught during the workshop (some
examples were to fertilize and irrigate at the correct rate and
time when needed). In order to assist the green industry clientele
with the demand for qualified employees, this workshop serves
as an important step to prepare youth with an understanding
of the industry and teach them the best management practices
making attendees more valuable employees and a productive
members in the agricultural and green industry workforce, and
an asset to the community at large.
9:15 AM – 9:30 AM

The Use of Outdoor Teaching Resources
Andrew Pulte*

The University of Tennessee, Knoxville, TN, USA

Research has shown that plants and the landscapes around us
impact our lives. Plants have been shown to reduce anxiety and
blood pressure, and to have mentally restorative and psychological benefits. These benefits can include but are not limited
to improving our ability to cope with stress and improving our
ability to focus and concentrate. During the formative years of
higher education, the physical grounds of our campuses have
the potential to provide these restorative benefits. Understanding
how these landscapes are maintained can provide useful information for their improvement. In regards to campus grounds
maintenance, select peer institutions of the University of Tennessee are similar in their employment structure and tend to
hire low-wage and low-skill workers to provide the day-to-day
upkeep of campus grounds. This can impact the overall quality
of these iconic landscapes. A multi-stage training program is
proposed to elevate the skill level of these workers. These campus
landscapes also have the opportunity to passively and actively
educate students. Unfortunately, beyond the natural sciences,
little effort has been given to outdoor teaching resources that
could potentially be used by all academic disciplines. Thirteen
individual outdoor teaching resources were identified as needed

by those with teaching responsibilities on the University of
Tennessee campus. This research suggests a model of how a
university can establish and maintain its campus grounds as a
significant and dynamic outdoor classroom and laboratory for
an array of academic disciplines, coupled with improving the
overall quality of the campus aesthetic.

Vegetable Breeding 2
Moderator: Rebecca L. Wente

University of Florida -GREC, Wimauma, FL, USA

8:30 AM – 8:45 AM

Deploying Root-knot Nematode Resistance in
Carrot
Philipp Simon*

USDA–ARS Vegetable Crops Research Unit, Madison, WI, USA

Joe Nunez

University of California Cooperative Extension, Farm and Home,
Bakersfield, CA, USA

William Matthews

University of California, Riverside, CA, USA

Philip Roberts

University of California, Riverside, CA, USA

Root knot nematodes (Meloidogyne spp.) are a major pest attacking carrots (Daucus carota) worldwide. Root knot nematodes
cause galling and forking of the carrot root, rendering an infected
carrot unfit for market. The current management practices of
applying broad spectrum soil fumigants works well, but is
coming under continuously restricted regulations, is costly for
growers, and is considered damaging to the environment. Genetic
resistance to nematodes would be an ideal solution to eliminate
or strongly reduce the use of broad spectrum soil fumigants in
carrot production. Resistance to M. javanica has already been
discovered and mapped to the Mj-1 locus on chromosome 8
in a ‘Brasilia’ cultivar. Beyond M. javanica resistance, genetic
resistance to M. incognita was discovered in three diverse
sources of resistance, from Syria, Europe and South America,
and resistance genes mapped. A consensus genetic map of the
three populations revealed five non-overlapping QTLs for M.
incognita resistance. Resistance was high in the original genetic
backgrounds in which it was discovered and in mapping populations, but introgression of resistance genes into carrots with
horticultural quality suitable for U.S. commercial production has
not yet been reported. In recent field trials new inbreds with M.
incognita resistance genes from multiple genetic sources were
observed to have been a high level of resistance combined with
long, smooth root shape and excellent horticultural quality. Steps
to deploy resistance will be discussed.
Specified Source(s) of Funding: USDA-NIFA-SCRI Award
Number 2008-51180-04896 USDA-NIFA-OREI Award Numbers 2011-51300-30903 & 2016-51300-25721
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8:45 AM – 9:00 AM

Efficacy of Whitefly Resistance in Solanum
habrochaites Accession LA1777 Under Field
Conditions
Rebecca L. Wente*

University of Florida -GREC, Wimauma, FL, USA

Samuel F. Hutton

University of Florida, Wimauma, FL, USA

Hugh A. Smith

University of Florida -GREC, Wimauma, FL, USA

The sweet potato whitefly (Bemisia tabaci) is one of the most
horticulturally detrimental pests to cultivated tomatoes (Solanum
lycopersicum). Besides direct feeding injury, which can result
in irregular ripening of fruit, whiteflies vector many viruses,
including the highly damaging Tomato yellow leaf curl virus
(TYLCV). Whitefly resistance has been identified in the wild
tomato species S. habrochaites and S. pennellii, which may serve
as useful sources of insect resistance genes for backcrossing
into cultivated tomatoes. The development of whitefly-resistant
cultivars could reduce the damages caused by the insect as well
as the amount of insecticides needed for its control. Although
several wild accessions have demonstrated whitefly resistance
under laboratory and greenhouse conditions, little work has
verified the durability of this trait under field conditions over
time. Whitefly resistance in S. habrochaites accession LA1777
was evaluated over two field seasons in Balm, Florida. Replicated experiments included two susceptible controls, ‘Florida
47’ and the inbred line, Fla. 8059; and two advanced lines with
whitefly-resistance derived from S. pennellii. Tomatoes were
transplanted to the field three times at two-week intervals to
compare resistance among different plant ages. Data was collected at three, five, and seven weeks after transplanting, and
included counts of whitefly eggs, nymphs, and adults. Incidence
of TYLCV infection was assessed to determine if whitefly
resistance reduces virus transmission. Egg and nymph counts
among LA1777 tended to decrease throughout the season, suggesting that whitefly resistance is stable over time. Lines with
fewer eggs and nymphs also tended to have lower incidence
of TYLCV infection, implying that whitefly resistance can be
used for management of the vectored viruses. Results suggest
that whitefly resistance in LA1777 is suitable for developing
resistant cultivars.
9:00 AM – 9:15 AM

Novel Sources of Resistance to Fusarium Wilt
Race 3 in Tomato
Jessica Chitwood*

University of Florida, Wimauma, FL, USA

Tong Geon Lee

University of Florida, Wimauma, FL, USA

Samuel F. Hutton

University of Florida, Wimauma, FL, USA

Fusarium wilt, caused by Fusarium oxysporum f. sp. lycopersici, (Fol) is a major soil-borne disease of tomato (Solanum
lycopersicum) in many production regions throughout the world.
Disease management is primarily achieved by the deployment
of dominant, race-specific resistance genes. There are three
races of Fol. Resistance to the third race (Fol3) is conferred
by the I-3 gene originating from S. pennellii accession LA716.
Although cultivars containing I-3 have been available since the
mid 1990’s, the development and adoption of Fol3-resistant
cultivars has been hampered due to the negative association of
the I-3 locus with several horticultural traits. The S. pennellii
species is reported to be highly resistant to all races of Fol, and
it may harbor additional Fol3 resistance alleles. Based on the
hypothesis that an alternative Fol3 resistance allele may have
no such negative horticultural associations, we have sought to
introgress novel Fol3 resistance into cultivated tomato. Seedling
disease screens were employed for backcrossing resistance from
42 S. pennellii accessions into elite, Fol3-susceptible, backgrounds. Markers linked to I-3 were used to select against this
locus at the BC1F1 generation, and selection for horticultural
type was done at the BC4F1 generation. Progeny of singleplant selections corresponding to 32 of the original accessions
were screened at the BC4F2 generation, and families from 18
different accessions segregated for resistance. Ratios of healthy
to infected plants that approximated a 3:1 ratio (indicating the
presence of a single, dominant resistance gene), and phylogenetic relationships among the 18 accessions, were considered
in the selection of two BC4F2 families for genotyping. Results
will allow mapping and subsequent characterization of novel
resistance genes from these accessions.
9:15 AM – 9:30 AM

Characterization of Dominant Resistance to
Tobacco Etch Virus Discovered in Capsicum
baccatum and Its Introgression into a Capsicum
annuum Background
Stephen M. Perry*

Texas A&M University, College Station, TX, USA

Kevin Crosby

Texas A&M University, College Station, TX, USA

John Jifon

Texas A&M AgriLife Research Center, Weslaco, TX, USA

Olufemi J. Alabi

Texas A&M AgriLife Research & Extension, Weslaco, TX, USA

Daniel Leskovar

Texas A&M AgriLife Research & Extension Center, Texas A&M
University, Uvalde, TX, USA

Tobacco etch virus (TEV) is an agriculturally important pathogen of peppers (Capsicum spp.) and several other species including perennial weeds that can act as virus reservoirs. Most
commercial pepper varieties lack resistance to TEV. A novel
dominant gene conferring resistance to TEV has been isolated
from a wild accession Capsicum baccatum, after screening more
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than 500 Capsicum accessions. Successful introgression of this
gene into a Capsicum annuum breeding line has been achieved
after multiple interspecific crossing cycles. Extensive screening has confirmed the presence of a single, dominant gene for
resistance to TEV. Repeated inoculation of selfed progeny from
the donor parent initially showed TEV symptoms, however, all
symptoms subsided and plant vigor was restored in more than
95% of inoculated plants. The pattern of symptom development
following inoculation suggests involvement of a hypersensitive
response-like mechanism as the mode of TEV resistance conferred by this gene. A preliminary screening of resistance gene
donor parents (n = 20) donor parents, three known susceptible
checks, three selections of the initial introgression that were selfed
until stable, and several backcrosses with the original introgression (n = 22) has revealed an interesting pattern of segregation
for TEV symptomology. Plants of the original introgression
lines showed an average segregation pattern of 3:1, resistant to
susceptible, supporting the single dominant gene model. The
second part of this experiment was expanded to include five
commercial checks with known modes of resistance to specific
strains of TEV, as well as 10 each of six different selections of
the original recurrent parent with the introgression; to confirm
100% susceptibility. Available results support the evidence that
there is only one original source of the resistance in our introgression, and that the gene action is single, dominant. Future
work will include selection of three resistant lines that contain
the original introgression and a known susceptible recurrent
parent and increasing seed to screen 200 of each family for additional segregation studies in response to TEV. The final goal
is to utilize genotyping-by-sequencing of a select F2 family to
discover SNPs linked to the dominant TEV resistance locus.
Specified Source(s) of Funding: Texas A&M University Department of Horticultural Sciences

Produce Quality, Safety, and Health
Properties
Moderator: Jacqueline Gordon
WSTFA, Yakima, USA

8:30 AM – 8:45 AM

Improving Apple Packinghouse Food Safety
in Washington State with Tailored Workshop
Modules
Ines Hanrahan

WTFRC, Wenatchee, WA, USA

Manoella Mendoza

WTFRC, Wenatchee, WA, USA

Jacqueline Gordon*

WSTFA, Yakima, USA

Laura Grunenfelder
NHC, Yakima, USA

Prior to 2014, when an outbreak of Listeria monocytogenes found
on Gala and Granny Smith apples packed by a California supplier caused major market disruptions, the Washington tree fruit
industry had not experienced food safety outbreaks associated
with their whole, fresh produce. Outbreak investigations at the
California packing facility revealed insufficient cleaning and
sanitation of direct contact surfaces, resulting in the development of niches and harborage areas for L. monocytogenes. As
an immediate response, the Pacific Northwest tree fruit industry
demanded specialized training on the proper cleaning and sanitation procedures for their facilities. Several industry organizations,
namely the Washington Tree Fruit Research Commission, the
Northwest Horticultural Council, Washington State University,
and the Washington State Tree Fruit Association collaborated to
develop a workshop series for sanitation supervisors, packing
line managers and sanitation lead personnel called “Cleaning and
Sanitation: Putting Principles into Practice”. These workshops
were developed with a combination of classroom presentations
and physical demonstrations of effective cleaning and sanitation
practices in commercial apple, pear and cherry packing lines. The
classroom presentations included an overview of Listeria risk and
the importance of cleaning and sanitation. The demonstrations
were led by industry experts and performed by sanitation crew
members from packing facilities. The training included a) how
to use appropriate personal protective equipment, b) tools and
materials to thoroughly clean and c) how to sanitize different
parts of industry-specific equipment. The presentations in the
packing facility were offered in both English and Spanish. An
advanced version of these workshops was later organized to
train tree fruit industry food safety specialists on environmental
monitoring techniques to verify the efficacy of cleaning and
sanitation practices in the packinghouse. This workshop also
incorporated classroom and hands-on education. Topics covered
during the classroom presentations included the importance of
environmental monitoring (EM), current EM techniques used,
facility mapping and hygienic zoning. The demonstrations were
performed in a commercial cherry packing line with the help of
food safety and industry experts. Key impacts of all workshops
to date include, but are not limited to: increased communication between competing organizations (facilities opened doors
to direct competitors to share their processes and expertise),
active collaboration between industry members (coffee/discussion groups were formed to exchange ideas), expanded research
programs, strengthened industry cooperation with food safety
research, involvement of the tree fruit industry in food safety
meetings and forums (including other industries), and creation
of Listeria-specific food safety committees.
8:45 AM – 9:00 AM

High Tunnel and Grafting Effects on
Postharvest Quality of Tomato in Subtropical
Florida
Craig Frey*

University of Florida, Gainesville, FL, USA
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Jeffrey Brecht

9:00 AM – 9:15 AM

University of Florida, Gainesville, FL, USA

Survival of Generic E. coli on Fuji Apples with
the Applications of Overhead Evaporative
Cooling Water Near Harvest

Xin Zhao

University of Florida, Gainesville, FL, USA

Zack Black

University of Florida, Gainesville, FL, USA

Ines Hanrahan

University of Florida, Gainesville, FL, USA

Manoella Mendoza*

University of Florida, Gainesville, FL, USA

Meijun Zhu

WTFRC, Wenatchee, WA, USA

Dustin Huff

WTFRC, Wenatchee, WA, USA

Kim M. Cordasco

Florida’s subtropical climate of mild winters, with high temperature and humidity in other seasons varies greatly from
other states. This may lead to a different focus in high tunnel
application. An organic tomato trial was conducted in Citra,
FL, during Spring 2016 to determine the impacts of open field
and high tunnel production systems and grafting on fruit quality. Non-grafted ‘Garden Gem’ and ‘Tribute’ tomatoes as well
as plants grafted onto ‘Multifort’ were grown. The experiment
was arranged in a split-split plot design with three replications,
with production system as the whole plot factor, cultivar as the
subplot factor, and grafting as the sub-subplot factor. There
were four harvests of fruit at the pink and red stages. Red fruit
were processed immediately for fruit quality analyses while
pink fruit were held at 12.5 °C or 25 °C until full ripe before
analyses. Additional pink and red fruit were used for shelf life
testing. In 2016, tomato shelf life was significantly impacted
by the high tunnel production system, though results varied by
cultivar (due to tomato type) and harvest stage. Fruit from high
tunnels harvested pink had significantly longer shelf life than
open field fruit for both ‘Tribute’ (128%) and ‘Garden Gem’
(15%) due to reduced decay. Shelf life for fruit harvested red
was only significantly different for ‘Tribute’, with high tunnel
fruit lasting 78% longer. Fruit quality analyses showed that vitamin C, total antioxidant capacity, carotenoids, beta-carotene,
total soluble solids (TSS), titratable acidity (TA), and pH varied
greatly between cultivars, production systems, and harvest
maturity stages. Total phenolics was the only characteristic that
was affected uniformly across all treatments, being significantly
lower in fruit from high tunnels compared with open field, while
grafting had no effect. Lycopene was not significantly affected
by the production system in either cultivar for fruit harvested
pink and ripened postharvest, but significantly increased in
high tunnel fruit harvested at the red stage. Grafting effects
were more uniform across cultivars, with no significant effect
on total antioxidant capacity, lycopene, beta-carotene or total
phenolics. Storage temperature had a significant effect on fruit
composition for ‘Garden Gem’, as demonstrated by an increase
in carotenoids, lycopene, beta-carotene, and pH when stored at
the higher temperature, while TA was significantly decreased.
Overall, the results demonstrated that the potential benefits of
high tunnel production and grafting on tomato fruit quality
depend on the cultivar and harvest maturity selected.
Specified Source(s) of Funding: AFRI

WSU, Pullman, WA, USA

Kyu Ho Jeong

WSU, Pullman, WA, USA

Karen Killinger

WSU, Pullman, USA

The Food Safety and Modernization Act (FSMA) Produce Safety
Rule specifies certain requirements for agricultural water, when
directly applied to covered produce during growing activities.
The Food and Drug Administration (FDA) uses generic E. coli
as the indicator of potential pathogen contamination in the water. Overhead evaporative cooling (EC) using surface water is
frequently used in Washington to decrease sunburn in apples to
prevent economic losses, but it’s influence on food safety risk is
uncertain. This study examined the influence of the EC on the
survival of generic E. coli on Fuji apples in two different regions
in central Washington (Sunrise orchard near Wenatchee, WA
and Roza orchard near Prosser, WA). A generic E. coli cocktail
(four-strains, rifampicin-resistant) was applied onto apples using a backpack sprayer after sunset. In both regions, replicated
blocks of Fuji apples were either treated with EC or without EC
water treatment (UC); an additional mist treatment (MIST) was
utilized at the Roza orchard. In the two-year study, Fuji apples
were harvested at 0, 2, 10, 18, 34, 42, 58, 82, 106, and 154
hours post inoculation (PI). After each harvest period, apples
were immediately put on ice and transported to a microbiology
lab for microbial testing. Uninoculated control apples were
tested for indicator organisms as well as for pathogenic E. coli
and Salmonella spp. The average initial generic E. coli levels
in log of colony forming units per apples (log CFU/apple) at
each region for untreated fruit were 7.40 ± 0.05 (UC, Sunrise)
and 7.52 ± 0.03 (UC, Roza), and the final concentration at 154h
PI was 2.11 ± 0.17 (UC, Sunrise) and 2.20 ± 0.17 (UC, Roza).
Initial concentration for treated fruit were 7.33 ± 0.05 (EC,
Sunrise), 7.47 ± 0.05 (EC, Roza) and 7.60 ± 0.06 (MIST, Roza)
log CFU/apple, with the final concentrations of 1.90±0.16 (EC,
Sunrise), 2.66 ± 0.17 (EC, Roza) and 2.46 ± 0.17 (MIST, Roza)
log CFU/apple. In all treatments, a rapid reduction in generic E.
coli levels was observed between 10–18h PI. Average generic
E. coli reductions at 18h PI were 3.4 and 2.8 log CFU/apple
for UC in Sunrise and Roza respectively. For apples receiving
water treatment, average generic E. coli reductions at 18h PI
were 2.7 and 3.0 log CFU/apple for EC treatment in Sunrise
and Roza, respectively, with 3.0 log CFU/apple of reduction
for MIST treatment. Generally, the type of overhead treatment,
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EC or MIST, did not appear to affect survival of generic E. coli
on Fuji apples.
Specified Source(s) of Funding: Washington Tree Fruit Research
Commission
9:15 AM – 9:30 AM

Current Perspectives on Microbial Food Safety
of Fresh Produce
Fawzy Hashem*

University of Maryland, Eastern Shore, Princess Anne, MD, USA

Patricia Millner

USDA–ARS-BARC, Beltsville, MD, USA

Improving food safety and reducing foodborne illnesses are
USDA–NIFA high priority areas. Ongoing research at the University of Maryland Eastern Shore (UMES) in collaboration with
USDA–ARS, US-FDA, MD, Maryland Department of Environment, and many collaborating universities focuses on addressing
avenues leading to fresh produce and seafood contamination
with pathogenic microorganisms such as E. coli 0157:H7, Salmonella, Staphylococcus and Vibrio. Irrigation water, insects,
manure amendments to cropland, runoff water, farm machinery
and practices, and bioaerosol generated from farm operations
are potential avenues leading to fresh produce contamination.
Our main objective is to minimize microbial contamination of
fresh produce at the farm level. Our bioaerosol studies revealed
that while generic E. coli traveled up to 50 feet, Staphylococcus
traveled to more than 600 feet from the litter-handling site and;
therefore, Staphylococcus could be used as a marker in bioaerosol
studies. Our rain simulation studies, where soils were amended
with poultry litter, poultry compost, and dairy and swine manure, showed that poultry manure enhanced growth of bacteria
more than any other manure. Similar findings were found in
our field studies where soil was amended with various manure
types and inoculated with non-pathogenic strains of generic E.
coli and attenuated E. coli 0157:H7. An irrigation study where
field-grown tomatoes were inoculated 10 days before harvest
with bovine manure examined the persistence of generic E. coli
and total coliforms; bacterial populations fluctuated in response
to weather events within the 10-day sampling period. Addition
studies are also being conducted to gain quantitative insights
about pathogen survival and persistence in field production of
fresh produce.
Specified Source(s) of Funding: USDA-NIFA
9:30 AM – 9:45 AM

Sweetpotato Composition and Nutritional
Attributes
David Picha*

Louisiana State University, Baton Rouge, LA, United States

T.T. Dinh

Vietnam National University of Agriculture, Hanoi, Viet Nam

The respiration rate and chemical composition was character-

ized in the roots of 15 commercially grown U.S. sweetpotato
cultivars and advanced breeding lines. Root respiration rate was
highest in ‘Porto Rico’ and ‘Evangeline’ and lowest in ‘Bonita’
and ‘Murasaki’. Dry matter content was highest in ‘Murasaki’
and ’13–164’ (~28 %) and lowest in ‘Bellevue’ (18.3 %). Total
sugar content was highest in the orange-flesh cultivar ‘Bayou
Belle’ ( 9.8 %) and lowest in the purple-flesh breeding line ’13164’ (4.6 %). Sucrose was the principal sugar in raw roots of all
cultivars except ‘Bellevue’ and ‘14–15’, which contained more
glucose. Glucose was the secondary sugar in most genotypes,
followed by fructose. The orange-flesh cultivars ‘Covington’
and ‘Evangeline’ contained the lowest amounts of monosaccharides. Malic acid was the principal organic acid in all cultivars
except the purple-flesh types, in which citric acid dominated.
Total carotenoid content was highest in the orange-flesh cultivars ‘Burgundy’ and Evangeline’ and lowest in the cream-flesh
cultivars ‘Bonita’ and ‘Murasaki’. Potassium was the principal
macronutrient in all cultivars, followed by phosphorus. Iron and
manganese were the principal micronutrients in all cultivars,
followed by zinc, copper, and boron. Significant differences in
chemical composition and nutritional attributes existed between
cultivars.

Genetics and Germplasm 2
Moderator: James Nienhuis

University of Wisconsin–Madison, Madison, WI, USA

9:30 AM – 9:45 AM

Characterization of Sugar Concentration
Among Edible Podded Accessions in the USDA
Phaseolus vulgaris Germplasm Collection
James Nienhuis*

University of Wisconsin-Madison, Madison, WI, United States

Paul Bethke

USDA–ARS, Madison, WI, USA

Theodore Kisha

USDA–ARS, Pullman, WA, USA

The objective is to gain knowledge regarding variation in sugar
and flavor content among a sample of dry bean and green podtype accessions from the USDA Phaseolus Germplasm Core
Collection, Pullman, WA. The results could be used to market
product quality and offer unique opportunities to expand market share to an increasingly health conscious population. We
developed a diverse sub-core of 94 Plant Introductions (PI)
characterized as snap beans, Romano-types, and other beans
eaten as edible immature pods, and 20 dry bean PI accessions.
Accessions were grown in replicated trials at the West Madison
Agriculture Experiment Station, Madison, WI, and five pods
sampled from each plot when the pods were sieve size 4 (8.339.52 mm) 90° off the suture. A large positive correlation (r =
0.79**) was observed between the simple sugars glucose and
fructose. In contrast a large negative correlation was observed
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between the disaccharide sucrose with both monosaccharides,
glucose (r = –0.37) and fructose (r = –0.43). Glucose concentration had a mean of 19.96 mg·g–1 dry weight, and ranged from
near zero to over 40 mg·g–1 dry weight. P.I accessions with high
concentrations of sucrose were generally heirloom and modern
commercial snap beans cultivars, e.g. Provider, Eagle, Cascade,
Hystyle and BBL47. Fructose concentration had a mean of 19.9
mg·g–1 dry weight, and ranged from near zero to over 50 mg·g–1
dry weight.
Specified Source(s) of Funding: USDA9:45 AM – 10:00 AM

A New Crimson Flowered Vegetable Type Faba
Bean Germplasm Line
Jinguo Hu*

USDA–ARS, Pullman, WA, USA

Among the cool season legumes faba bean (Vicia faba L.) is
the most versatile crop with different end-uses such as grain,
vegetable, feed, forage and green manure. Among the faba bean
germplasm accessions in our collection in Pullman, Washington,
there is a rare, unique historic variety with crimson colored
flowers. It is documented that this variety first appeared in
literature in 1778 in the United Kingdom and the seeds currently available can be traced back to a few seeds donated to
a Heritage Seed Library in 1978. Although the flower color is
appearing this variety has short pods (4-6 cm) and small seeds
(0.7 grams per seed) which limit its yield potential. To develop
a new germplasm we crossed the crimson flower genotype with
an Italian vegetable type faba bean variety ‘Superaguadulce
Morocco’, with the latter being the female parent. In summer
2014, we selected one plant with typical vegetable characteristics
of large pods and seeds from a large segregating F2 population
of approximately 600 plants. After four generations of selection
at both Pullman, WA and Parlier, CA during the past two year,
we obtained a germplasm line that bears uniform and beautiful
crimson-colored flowers. Comparing with the crimson flower
donor, the new line has higher yield potential since the length of
the pods (averaged 15 cm) and the size of the seeds (averaged
1.3 grams per seed) are almost tripled and doubled, respectively.
This new germplasm will be release to the public for variety
development in the near future.
10:00 AM – 10:15 AM

Relationship Between Seed Coat Colors and
Patterns with Phenolic Content and Antioxidant
Activity in a Collection of 120 Heirloom
Accessions of Beans (Phaseolus vulgaris) from
the National Plant Germplasm System.
Theodore Kisha*

USDA–ARS, Pullman, WA, USA

Girish Ganjyal

Washington State University, Pullman, WA, USA

Cristen Frieszell

Washington State University, Pullman, WA, USA

Beans (Phaseolus vulgaris L.) are one of the most economically
and nutritionally important crops world-wide. They are the most
important legume for direct human consumption, with more than
23 million metric tons produced in 2013; more than twice that
of the next most important legume, chickpea (Cicer arietinum
L.) with just over 11 million tons. Beans have numerous nutritional qualities, such as high protein, high amounts of starch,
dietary fiber, minerals, and an array of healthy phytochemicals
associated with health benefits such as reduced cardiovascular
disease, prevention of diabetes, and even the prevention of cancer.
One important class of phytochemicals includes polyphenolic
compounds which impart color, flavor, and anti-oxidant activity.
Growing consumer awareness regarding the health benefits of
beans in general will likely increase demand, especially among
those who frequent farmers markets and health food stores. The
Western Regional Plant Introduction Station of the National Plant
Germplasm System lists 30 different market classes of beans,
including a class of “heirloom” beans. The demand for heirloom
vegetables is rapidly increasing, especially among consumers
looking for unique flavors and traits, including health promoting
characteristics. We analyzed extractable, non-extractable, and
bonded phenolics in 120 heirloom beans exhibiting a wide array
of colors and patterns. Phenolic content was associated with
pigments, with black and red beans exhibiting the highest levels.
10:15 AM – 10:30 AM

Genome-wide Divergence and Linkage
Disequilibrium Analyses for Capsicum baccatum
Revealed by Single Nucleotide Polymorphisms
Padma Nimmakayala*

West Virginia State University, Institute, WV, USA

Principal component analysis (PCA) with 36,621 polymorphic
genome-anchored single nucleotide polymorphisms (SNPs)
identified collectively for Capsicum annuum and Capsicum
baccatum was used to characterize population structure and
species domestication of these 2 important incompatible cultivated pepper species. Estimated mean nucleotide diversity (π)
and Tajima’s D across various chromosomes revealed biased
distribution toward negative values on all chromosomes (except for chromosome 4) in cultivated C. baccatum, indicating
a population bottleneck during domestication of C. baccatum.
In contrast, C. annuum chromosomes showed positive π and
Tajima’s D on all chromosomes except chromosome 8, which
may be because of domestication at multiple sites contributing
to wider genetic diversity. For C. baccatum, 13,129 SNPs were
available, with minor allele frequency (MAF) ≥ 0.05; PCA of
the SNPs revealed 283 C. baccatum accessions grouped into
three distinct clusters, for strong population structure. The
fixation index (FST) between domesticated C. annuum and C.
baccatum was 0.78, which indicates genome-wide divergence.
We conducted extensive linkage disequilibrium (LD) analysis
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of C. baccatum var. pendulum cultivars on all adjacent SNP
pairs within a chromosome to identify regions of high and low
LD interspersed with a genome-wide average LD block size of
99.1 kb. Genome-wide association study of peduncle length,
a trait that differentiates wild and domesticated C. baccatum
types, revealed 36 significantly associated genome-wide SNPs.
Population structure, identity by state (IBS) and LD patterns
across the genome will be of potential use for future genomewide association study of economically important traits in C.
baccatum peppers.

Growth Chambers and Controlled
Environments 4
Moderator: Marc van Iersel

University of Georgia, Athens, GA, USA

9:30 AM – 9:45 AM

Identifying the Spectral Range of Far-red Light
That Enhances Photochemistry of Lettuce
Grown Under Different Spectra
Shuyang Zhen

balance between the two photosystems. More efficient excitation of PSI increases photosynthetic efficiency by accelerating
the re-oxidation of the plastoquinone pool, the intermediate
electron transporter between PSII and PSI. This in turn leads
to faster re-opening of PSII and an increase in ΦPSII. There
were no measurements made within the 732–751 nm range,
due to unavailability of laser diodes within this wavelength
range. Wavelengths greater than 752 nm did not affect ΦPSII,
likely due to the low leaf absorption at these wavelengths. It is
also possible that photons with wavelengths > 752 nm do not
contain enough energy to drive the photochemical reactions
in PSI. Lettuce plants grown under sunlight and subsequently
measured under red/blue LED light with added far-red showed
similar responses.
Specified Source(s) of Funding: American Floral Endowment
and the Georgia Research Alliance

9:45 AM – 10:00 AM

LED Blue Wavelengths Impact Biomass
and Water-soluble Carbohydrates in
Kale Microgreens Grown in Controlled
Environments

University of Georgia, Athens, GA, United States

Dean A. Kopsell*

University of Georgia, Athens, GA, USA

Carl Sams

Marc van Iersel*

Improving photosynthetic efficiency, which is dependent on
the light spectrum, is important in reducing lighting costs in
controlled environment agriculture. Photosynthetic efficiency
decreases upon unequal excitation of photosystem I (PSI) and
photosystem II (PSII), which operate in series to carry out the
light reactions of photosynthesis. Shorter wavelengths, e.g., red
and blue light, tend to under-excite PSI relative to PSII. Using
lettuce (Lactuca sativa) as a model system, we previously found
that adding far-red light (peak at 735 nm) to red/blue or white
LED light, the commonly used grow lights in controlled environments, enables plants to use the provided light more efficiently,
enhancing photochemistry and photosynthesis. The addition of
longer wavelength far-red light helps to balance the excitation of
the two photosystems by preferentially exciting PSI. The spectral
range of far-red light that enhances photochemistry remains
unclear. Our objective was to determine which wavelengths
of far-red light increase photosynthetic efficiency of lettuce.
Lettuce was grown under red/blue LED light and the quantum
yield of PSII (ΦPSII, electrons moved per absorbed photon)
was measured under this red/blue light with wavelengths of
far-red added. Far-red light was provided using narrow-band
(2 nm peak width) laser diodes with wavelengths from 678 to
752 nm. Adding wavelengths within 678–684 nm decreased
the ΦPSII, indicating that a smaller fraction of absorbed light
was used for photochemistry, a typical response when the light
intensity is increased. Wavelengths within the 686-731 nm region
increased the ΦPSII of lettuce, indicating that these wavelengths
excited PSI more efficiently than PSII, restoring the excitation

The University of Tennessee, Knoxville, TN, USA
The University of Tennessee, Knoxville, TN, United States

Rosalie Metallo

University of Tennessee, Knoxville, TN, USA

Nicole L. Waterland

West Virginia University, Morgantown, WV, USA

Light-emitting diodes (LED) are an emerging lighting technology for controlled environments. Recent research is establishing
added benefits to plant quality under narrow-band blue and red
LEDs. The objective of this study was to compare impacts of
different wavelengths of blue light on biomass parameters and
nonstructural water soluble carbohydrates in kale (Brassica oleracea var acephala) microgreens. A comparison to white LEDs
was also made. ‘Toscano’ kale were seeded into shallow (25.4 cm
x 50.8 cm) flats at 10 g per flat. Flats were placed into controlled
environment chambers (Model E15; Conviron, Pembina, ND) at
a constant air temperature of 22 °C and germinated in the dark
for 24 hours. Upon germination, experimental sole source LED
light treatments were applied as: 1) white (Orbital Technologies, Madison, WI); 2) 400 nm; 3) 420 nm; 4) 450 nm; and 5)
470 nm (Ray22; Fluence Bioengineering, Austin, TX), with a
14-hour photoperiod and a light intensity of 250 µmol·m–2·s–1
for all treatments. All blue light treatments contained 625 nm
and 660 nm wavelengths at a ratio of 40% blue/60% red light.
Three flats were used per light treatment and the experiment
was repeated two times. All microgreens were harvested 16 d
after seeding and measured for biomass, % neutral detergent
fiber (%NDF), and concentrations of nonstructural water
soluble carbohydrates. Kale microgreen shoot fresh mass (FM;
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P ≤ 0.001), dry mass (DM; P ≤ 0.001), %DM (P ≤ 0.001), and
%NDF (P ≤ 0.001) varied in response to blue light treatments.
The white LED treatment averaged 106.3 g FM per flat, while
the 470 nm treatment averaged 54.9 g FM per flat. The highest
DM per flat was under the 400 nm treatment (14.8 g DM), while
the lowest DM per flat was under the 470 nm treatment (7.2 g
DM). The 400 nm treatment had the highest %DM (18.8%),
but the lowest %NDF (9.6%). Kale water soluble sucrose (P
≤ 0.001) was influenced by light treatment; however, glucose
and fructose were not. Concentration of sucrose (47.5 mg·g–1
DM) for the 420 nm treatment were significantly higher than the
white light treatment (18.5 mg·g–1 DM). Even though the lower
blue LED wavelengths produced less FM, these two treatments
resulted in significantly higher microgreen %DM, lower %NDF,
and higher soluble sucrose. Data shows that increases in %DM
under the 400 and 420 nm wavelengths were most likely due
to increases in carbohydrate production, which may positively
impact consumer preference.
10:00 AM – 10:15 AM

Nutrient Use Efficiency in Aquaponics and
Hydroponics

production period; however, the concentrations remained low,
ranging from 15 to 40% of those in hydroponics. Meanwhile,
P concentrations maintained at the average of 30 ppm without
significant differences among vegetable crops. Low nitrate levels
in aquaponics changed biomass partitioning patterns of all the
vegetables, particularly in tomato promoting earlier fruiting. In
general, tomato preferentially accumulated nutrient elements in
the leaves and stems, but basil and lettuce either in the leaves
or roots, depending on the type of nutrients. The N and P use
efficiency was affected by the type of vegetables and was 3- to
5-fold higher in aquaponics compared to hydroponics. It is
suggested that nutrient use efficiency of an aquaponics system
can be further improved by selecting vegetable crops that can
produce higher biomass with limited nutrient resources.
Specified Source(s) of Funding: USGS; USDA AFRI
10:15 AM – 10:30 AM

Effects of Slight Changes in Supplemental
Light Quality on the Growth, Height, and
Compactness of Geranium and Petunia Plugs
Cristian Collado*

North Carolina State University, Raleigh, NC, USA

Hye-Ji Kim*

Purdue University, West Lafayette, IN, USA

Ricardo Hernández

Purdue University, West Lafayette, IN, USA

The adoption of Light Emitting Diodes (LEDs) as supplemental
(SL) lighting in greenhouse production continues to increase.
Propagators are often more capable to justify the adoption of LED
technology since plugs and transplants are considered high value
products and are frequently propagated during seasons with low
solar daily light integrals (DLI). Commercially available LED
fixtures are often equipped with blue (B) and red (R) diodes;
however, new SL fixtures have few white diodes to improve plant
appearance to the human eye. The objective of this research is
to examine if slight changes in the SL spectrum will alter plant
growth and morphology in greenhouse plug production. Petunia
and geranium plugs were grown in a greenhouse until the plug
stage (42 days) under 3.2 ± 0.9 mol·m-2·d–1 solar DLI, 23.4 ±
0.36 %°C temperature, and 41.5 ± 16.4 % relative humidity.
Three SL treatments were used in this experiment 1) HPS as
the control, 2) an LED treatment composed of B and R diodes
with 19% B and 81% R photon flux (19B:81R), and 3) an LED
treatment composed of B, white (W), and R diodes with 6% B,
5% G, and 89% R photon flux (6B:5G:89R). The SL treatments
provided an additional 5.8 mol·m-2·d–1 DLI (100 µmol·m–2·s–1
PF for 16h). Plant height, dry mass, leaf area, and plant compactness (the ratio of dry mass to height) were measured. For
Geranium: plant height in 19B:81R and HPS was 35% greater
than plants in 6B:5G:89R. Dry mass in HPS was 14% greater
than in 6B:5G:89R. Leaf area in 19B:81R and HPS was 45%
greater than in 6B:5G:89R. Compactness in 6B:5G:89R was
24% and 15% greater than in 19B:81R and HPS, respectively.
For Petunia: plant height was 64% and 125% greater in 19B:81R
and HPS, respectively than in 6B:5G:89R. Dry mass was 43%

North Carolina State University, Raleigh, NC, USA

Teng Yang

As an integrated food production system that links aquaculture
with hydroponic crop production in a recirculating ecosystem,
aquaponics holds great promise for helping to ameliorate agricultural challenges through efficient use of resources for crop
production. It recycles more than 90% of its water, and dramatically reduces discharge of nitrogen (N)- and phosphorus (P)-rich
wastewater to the environment. Improving N and P use efficiency
through proper management practices is particularly important
for better performance of an aquaponics system. The objectives
of this study were to investigate nutrient use efficiency of aquaponics in comparison to hydroponics and examine the effects of
vegetable species on the efficiency of each system. Three model
crops, lettuce, basil, and tomato, were chosen in this study for
their differences in edible parts as well as morphological and
physiological functions. The crops were separately grown in
tilapia-based aquaponics and compared with the ones in hydroponics controls. Water quality parameters [pH, dissolved oxygen
(DO), temperature, and electrical conductivity (EC)] including N
and P concentrations were monitored on a regular basis, and plant
growth parameters (plant fresh weight, height, leaf number and
length, and fresh weight) were recorded weekly. At harvest, the
growth parameters were measured again, and plant tissues were
separately harvested and processed for nutrient analysis. Water
was sampled throughout production period for nutrient analysis.
The EC of aquaponics increased gradually in all the aquaponics
systems, with the highest increase in lettuce, followed by basil
and tomato. Nitrate was one of the major contributors for such
increase in the EC and increased by 3-fold during a three month

An asterisk (*) following a name indicates the presenting author.
S232

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Oral Presentations
greater in 19B:81R and HPS than in 6B:5G:89R. Leaf area was
68% and 87% greater in 19B:81R and HPS, respectively than
in 6B:5G:89R. Compactness in 6B:5G:89R was 64% greater
than in HPS. In summary, a slight change in the light spectrum
does affect plant growth and morphology even in greenhouse
conditions were solar light already provides a balanced spectrum.
Overall, plants under 19B:81R had greater growth rate and plant
height than in 6B:5G:89R. However, plants in 6B:5G:89R had
greater plant compactness than in 19B:81R.
Specified Source(s) of Funding: Partial Funding Provided by
Philips Lighting
10:30 AM – 10:45 AM

Minimum UV-B Radiation Dose to Prevent
Intumescence Injury of Tomato Rootstock
Plants Grown Under LEDs
Chieri Kubota*

The University of Arizona, Tucson, AZ, USA

Tomomi Eguchi

University of Arizona, Tucson, USA

Intumescence injury has been problematic when plants of
susceptible plant species (or cultivars) are grown under light
environments deficient in ultraviolet-B (UV-B) radiation. The
problems are reported in greenhouses covered with glazing
materials with low transmission in UV-B range (300–320 nm)
of solar radiation as well as indoor environment using electric
lighting lacking UV-B. Incidence in greenhouse could be seasonal as the severity of intumescence injury is affected by other
factors such as level of global radiation as well as humidity
inside the greenhouse. In indoor growing environments, especially when the light spectrum is rich in red (600–700 nm), the
problem is consistent and does not allow growing susceptible
plants. Our group worked on developing light recipes for suppressing intumescence injury on tomato plants grown under
UV-B deficient light environment. the UV-B supplementation
in greenhouse was reported by a research group at Kansas State
University and shown to be an effective solution to prevent
the injury. However, this approach has not been examined for
indoor growing environment. Furthermore, the minimum dose
of UV-B radiation must be found in order to evaluate/modify
light environment to grow susceptible species as emitting excessive amounts of UV-B can be harmful for workers as well as
plants. In this experiment, we used a tomato rootstock cultivar
‘Beaufort’ (Solanum lycopersicum x S. habrochaites) and grew
the seedlings under red and blue LEDs (219 mmol·m–2·s–1 PPFD)
supplemented with varied low doses of UV-B using UV fluorescent lamps (0–7.1 mmol·m–2·d–1 or 0–2.7 kJ·m–2·d–1 achieved by
0.33 µmol·m–2·s–1 or 0.125 W·m–2 UV-B photon flux for 0–6 h).
Severity of intumescence injury declined linearly with increasing
dose. The linear regression suggested that the minimum dose of
UV-B radiation to eliminate the injury was likely around 12–15
mmol·m–2·d–1, which agreed with our previous observation of
the same rootstock seedlings grown under T12-type fluorescent

lamps (emitting 15 to 23 mmol·m–2·d–1 under the conditions
previously examined). In contrast, T5-type fluorescent lamps
provided only 4.4 mmol·m–2·d–1 at the PPFD and photoperiod we
examined and induced moderate level of intumescence injury
over the plants. The results obtained in this experiment can be
used as a guideline to examine other susceptible species and
cultivars as well as design/evaluate the light environment for
these susceptible plants.
Specified Source(s) of Funding: USDA SCRI

10:45 AM – 11:00 AM

Impact of Green, Far-red, and White Light on
Lettuce Grown Under Sole Source Lighting
Neil Scott Mattson*

Cornell University, Ithaca, NY, USA

Wan Soon Kim

The University of Seoul, Seoul, Korea, Republic of (South)

Heiner Lieth

University of California–Davis Daivs, USA

The objective of this experiment was to determine impact of
different light spectral treatments on lettuce (Lactuca sativa
L.) under sole source lighting (i.e. indoors only, no sunlight).
Seedlings of lettuce ‘Black Seeded Simpson’ (BSS), ‘Parris
Island’ (PI), and ‘New Red Fire’ (NRF) were germinated and
established in rockwool. Fourteen days after seeding, transplants
were established in 20 L hydroponic tubs with a complete nutrient
solution at pH of 5.5 ± 0.3 and electrical conductivity (EC) of
2.3 ± 0.3 dS·m–1 at a spacing of 5 plants per square foot. Eight
replicate plants per cultivar were randomly placed under one of
four LED lighting treatments 1) R:B, 61% red (peak 665 nm) and
39% blue (peak 460 nm); 2) R:B:FR, trt #1 plus an additional 38
µmol·m–2·s–1 far-red light (peak 740 nm); 3) R:G:B, 61% red, 14%
green (peak 530 nm), and 25% blue; and 4) W, a phosphor coated
blue white LEDs (peaks at 455 and 550 nm). In all treatments,
lights were adjusted to 180 µmol·m–2·s–1 at canopy level for 24
h continuous lighting resulting in a daily light integral (DLI) of
15.5 mmol·m–2·d–1. Air temperature was maintained at 21 °C.
Plants were destructively harvested 18 d after sowing, and the
experiment was replicated three times. For BSS and NFF, shoot
fresh weight (FW) and dry weight (DW) was greatest for the
R:B:FR treatment and least for the B:R and W treatments. For
example, FW of BSS was 147, 129, 114, and 110 g, respectively
for R:B:FR, R:G:B, R:B, and W. FW of PI was 94, 78, 70, and
80 g, respectively for R:B:FR, R:G:B, R:B, and W. Cultivar
NRF was less responsive to light treatment, there was a 10%
reduction in FW under W and all other lighting treatments had
similar biomass. Leaf surface area followed similar trends to
FW/DW. While far-red led to increases in plant biomass it also
led to earlier bolting of lettuce. This suggests the far-red light
treatment might be useful in early plant development, but not
for the entire crop cycle.
Specified Source(s) of Funding: USDA Hatch
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Computer Applications in
Horticulture
Moderator: Russell Plowman

Texas Tech University, Lubbock, TX, USA

9:45 AM – 10:00 AM

Quantifying the Environmental Services
That Selected Trees, Shrubs and Herbaceous
Plants Provide in an Urban Arid–Semi-Arid
Environment
Russell Plowman*

Texas Tech University, Lubbock, TX, USA

Cynthia McKenney

Texas Tech Univ, Lubbock, TX, United States

David Montague

Texas Tech University, Lubbock, TX, United States

Programs such as iTree designed to represent the relationships
of plant to their environments are primarily based on data generated from coastal regions of the United States. For plants located
in more arid and semiarid regions, current data is not readily
available in such a format. This project addresses this situation
by measuring selected plant material responses to demanding
environments including photosynthesis, florescence, respiration,
and hardscape temperatures. To collect this information, a Licor
6400XT photosynthesis system and an infrared temperature
gun were used to collect plant responses to the environment
over multiple seasons. These data are being incorporated into
a computer program which will allow for a similar presentation
format as iTree.
10:00 AM – 10:15 AM

consumer-grade Android phones and tablets, thereby decreasing
the cost to breeders and creating a viable solution for research
programs in developing countries. By utilizing a modern mobile
operating system, it becomes simple to receive feedback, add
requested features, and publish continuous updates. Field Book,
an app for field and greenhouse data collection, has a simple and
intuitive interface that allows adoption without a steep learning curve. Inventory pairs with a USB scale to simultaneously
organize and weigh samples. Coordinate organizes data being
collected in grids using customized templates. 1KK extracts
seed morphological measurements from photos taken with the
device camera. By creating this collection of PhenoApps, we
attempt to decrease both technological and cost barriers that
hinder adoption of electronic data management in plant breeding programs. With our open-source, accessible solutions, the
vision of one handheld per breeder can become a reality for
plant breeding and genetics programs around the world and
will enable the transformational capacity essential to achieve a
contemporary green revolution.
Specified Source(s) of Funding: NSF BREAD IOS-1543958

10:15 AM – 10:30 AM

Using Tripal As a Project Database: The
Hardwood Genomics Project
Margaret Staton*

University of Tennessee, Knoxville, TN, USA

Ming Chen

University of Tennessee, Knoxville, TN, USA

Abdullah Almsaeed

University of Tennessee, Knoxville, TN, USA

Bradford Condon

University of Tennessee, Knoxville, TN, USA

Jiali Yu

Using Field Book and Other Free Apps for
Specialty Crop Field and Lab Data Collection

University of Tennessee, Knoxville, TN, USA

Nathan Henry

Trevor Rife*

University of Tennessee, Knoxville, TN, USA

Kansas State University, Manhattan, KS, USA

Jill Wegrzyn

Jesse A. Poland

University of Connecticut, Storrs, CT, USA

Kansas State University, Manhattan, KS, USA

Plant breeding, horticultural, and genetics research are inherently data-driven enterprises. Typical experiments and breeding
nurseries can contain thousands of unique entries and programs
will often evaluate tens of thousands of plots or plants each year.
Due to temporal and economic limitations, many phenotypes
that could prove useful for selection are neglected or collected
only on a subset of lines. To operate a modern breeding program
efficiently, electronic data capture and management is essential.
Many research programs, however, continue to operate by scribing and transcribing much, if not all, of their data. This creates
a heavy burden on human resources, decreases data integrity,
and limits future utilization of data. We have developed several
open-source apps to increase the speed and robustness of data
collection in plant breeding programs. All of our apps run on

Doreen Main

Washington State University, Pullman, WA, USA

Stephen P. Ficklin

Washington State University, Pullman, WA, USA

The Hardwood Genomics Databases (HWG) provides access to
genetic and genomic data from ecologically and phylogenetically
important angiosperm tree species. The site is built with the
Tripal1 software system, an open-source platform that bridges
Drupal, a popular content management system (CMS), and
Chado2, a standardized relational database for storage of biological data. Using Tripal and additional tools such as JBrowse3 and
BLAST, HWG provides interfaces to reference genomes from
four species, reference transcriptomes from 15 species, and low
coverage whole genome sequence data from 10 species. One of
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the major advantages to Tripal is the ability to extend the core
software by developing extension modules to handle new data
types and provide access to new tools. The HWG development
team has taken advantage of this flexibility to build new modules
for our users to search, download, and visualize tree data. We
recently released Tripal ElasticSearch, a module that uses the
open access ElasticSearch4 search engine to provide powerful,
full text search for any Tripal site. We have also developed and
released the new Tripal Expression Analysis module to enable
users to explore a RNASeq-based gene expression experiment,
from biological samples, to lab methods and analysis of data,
to gene expression levels. The HWG is a excellent use case
for the Tripal software system that demonstrates the various
levels of utility of the software. We were able to leverage the
core modules “out of the box,” to continue adding content by
taking advantage of extension modules provided by other developer groups, and finally, to build and make public our own
new extension modules for unique needs and new data types.
Specified Source(s) of Funding: NSF #1444573, #1443040
10:30 AM – 10:45 AM

Evaluating an Online Tool for Managing
Water and Nitrogen Fertilizer for Celery and
Strawberry Production in California
Andre Biscaro*

University of California Cooperative Extension, Ventura, CA, USA

GS for the four studies; water and N fertilizer amounts varied
according to each field. For the celery experiments, the CM
treatment resulted in either similar or greater (although not
statistically significant) yields compared to GS: 5.8%, 0.7%,
and 13.5% greater (P = 0.286, 0.864, and 0.448, respectively).
Water use for the CM treatment was 1.2% greater, 22.0% lower,
and 2.4% greater for CM compared to GS. Nitrogen fertilizer
use was 24.1%, 10.6%, and 22.5% lower for the CM treatment,
compared to GS. For the strawberry study, CropManage recommendations resulted in 22% greater yields (P = 0.0008), 11.4%
greater water use, and 34.6% greater N fertilizer use compared
to the GS treatment. The plants of the GS treatment were noticeably under-fertilized, which consequently resulted in less water
use and lower yields. Seasonal average soil nitrate of the CM
treatments was slightly greater for the strawberry experiment,
and lower for all celery experiments. The results of this study are
encouraging and indicate that CropManage’s recommendations
did not decrease yields while substantially reducing fertilizer use
in all celery fields; strawberry yields were significantly greater
with increased N fertilizer use.
10:45 AM – 11:00 AM

Non-destructive Imaging of Buds Using X-ray
Phase Contrast
Alisson Pacheco Kovaleski*

Cornell University, Ithaca, NY, USA

Michael D. Cahn

Jason Londo

Oleg Daugovish

Kenneth D. Finkelstein

In order to assist berry and vegetable growers with managing
irrigation and nitrogen (N) for the specific growth stage of
their crops and field conditions, the University of California
Cooperative Extension developed an online decision support
tool. CropManage (cropmanage.ucanr.edu) is a free web-based
app that uses data from multiple sources to customize water
and N fertilizer recommendations on a field-by-field basis. The
software estimates crop evapotranspiration from daily reference
evapotranspiration from a network of weather stations, and crop
coefficients that are based on models of canopy cover. Nitrogen
fertilizer rates are estimated using models of crop N uptake
and soil nitrate quick test. The objective of this study was to
assess the effectiveness of CropManage’s recommendations
in four experiments conducted between 2015 and 2016. Three
experiments were conducted in celery (Apium graveolens L.) and
one in strawberry (Fragaria xananassa) in commercial fields
located in Ventura County, CA. Each experiment was followed
a randomized complete block design with four replications and
consisted of two treatments: CropManage’s recommendations
for water and N fertilizer (CM), and the grower standard water
and N fertilization practices (GS). All other cultural practices
were performed equally in both treatments. Overall, yields of
the CM treatment were either greater or similar compared to

Non-destructive imaging is key to studying some processes
in plants. Although various types of microscopy can be used
without the necessity of slicing samples, the presence of opaque
tissues or thickness of samples prevents light to go through
and greatly reduces the capability or prevents the use of such
methods. Previous studies have used X-ray phase-contrast imaging to visualize feeding and ice formation in insects. Initial 2D
images of grapevine (Vitis spp.) were collected at the Cornell
High Energy Synchrotron Source (CHESS). A 15 KeV, 7 mm x
7 mm monochromatic beam was used. Phase contrast is obtained
when a highly parallel beam passes through the sample, in which
density variations of the tissues slightly distort the wavefront.
Interference with the unperturbed beam causes intensity recorded
on 2D images. The distance between the sample and detector
must be optimized for best contrast, which was found to be ~16
cm for our setup. The layered structures in the grapevine bud,
as well as the similar densities in the layers made it difficult to
discern the structures within the bud in a 2D image. Therefore,
3-dimensional reconstruction of the bud was proposed. Buds
of different grapevine species (e.g. V. vinifera, V. amurensis),
peach (Prunus persica), and cherry (Prunus avium), and a piece
of V. ripariacane were imaged. In order to produce a 3D image,
the buds were rotated 180 degrees, with images taken every

University of California Cooperative Extension, Salinas, CA, USA
University of California Coop. Ext., Ventura, Ventura, CA, USA

USDA–ARS Grape Genetics Unit, Geneva, NY, USA
Cornell High Energy Synchrotron Source, Ithaca, NY, USA
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quarter or third of a degree. For this, the buds were placed on
a small goniometer and then mounted on a Huber 4-circle diffractometer. The maximum resolution of the 2D images was ~1
µm. Image sets were used for 3D reconstruction using °Ctopus
Reconstruction (Inside Matters NV, Belgium). The 3D renderings were produced using OsiriX (Pixmeo, Switzerland). This
approach demonstrated to be useful to identify structures within
a bud, as well as differences between species in the morphology
of the bud. In the cane, different tissues were evident. Xylem
vessels were prominent, likely due to the greater density of its
walls. X-ray phase contrast imaging is a technique that can be
very useful in studying morphology of small plant structures as
a non-destructive method.

than hand harvest. We are developing fully mechanical harvest
systems as well as mechanical-assist systems that function in
a variety of architectures. The successful development of any
high efficiency orchard system will depend upon addressing
the total system with research at the intersection of biology and
technology being key. This presentation will summarize a more
than decade-long collaboration toward the development of high
efficiency sweet cherry production systems and the vision we
have for orchards of the future.
10:00 AM – 10:15 AM

Blue Photoselective Protective Netting Improves
Light Use Efficiency in Malus domestica Borkh
Specified Source(s) of Funding: CHESS is supported by the NSF
during a Heat Stress Event
& NIH/NIGMS via NSF award DMR-1332208
Giverson Mupambi*

Washington State University, Wenatchee, WA, USA

Pomology 3

Desmond Layne

Moderator: Stefano Musacchi

Washington State University, Pullman, WA, USA

Washington State University, Wenatchee, WA, USA

Stefano Musacchi

Washington State University, Wenatchee, WA, USA

9:45 AM – 10:00 AM

Tory Schmidt

Research at the Intersection of Biology and
Technology: Sweet Cherry Orchard Systems for
the Future

Washington Tree Fruit Research Commission, Wenatchee, WA, USA

Sara Serra

Washington State University, Wenatchee, WA, USA

Matthew Whiting*

Lee Kalcsits

Sweet cherry (Prunus avium L.) remains among the most laborintensive temperate tree fruit crops, requiring large crews of
skilled labor for harvest and pruning. Indeed, regional growers
associations in the United States have identified labor shortages as their highest concern. As new sweet cherry orchards
are planted, growers must consider the system precocity and
productivity, the fundamentals of orchard profitability. Yet
equally important is orchard labor efficiency and its potential
to incorporate mechanization and/or automation. The tree fruit
physiology team at Washington State University has been refining
the high efficiency orchard systems that are sustainable, consistently productive, and yield superlative fruit. Clearly, compact,
planar architectures will be essential where the entire canopy is
readily accessible. There is much interest in the Upright Fruiting
Offshoots (UFO) architecture due to its planar nature and the
simplicity of pruning and training. In our trials, hand harvest
efficiency was 72% greater in the UFO system compared with
traditional, multi-leader systems. In addition, we have demonstrated the potential to mechanically prune vertically-trained
UFO orchards. Despite requiring three passes per tree (hedging
the east and west sides + topping), mechanical pruning was ~20
times more efficient (time/tree) than hand pruning. In addition, we
have documented no negative effects of full mechanical pruning
on fruit yield and quality in the UFO system. Our partnership
with agricultural engineers into novel harvest technologies has
revealed great potential to harvest stem-free sweet cherries
with excellent quality and efficiencies that are 50-fold greater

Apple production in Washington State occurs under semi-arid
climate characterized by high temperatures and solar radiation.
Heat stress events occur regularly during the growing season.
Historical weather data showed that on average, 33% of the
days during the growing season exceed ambient air temperature
of 30 °C. Apple growers in Washington State are increasingly
turning toward photoselective protective netting to reduce the
occurrence of sunburn in apple fruit. Our goal was to understand
the ecophysiological response of apple under blue photoselective
protective netting during a heat stress event. An experiment was
conducted on a day that had been predicted to be over 30 °CC.
The experiment was conducted on potted ‘Honeycrisp’ apple trees
during a heat stress event on 6 June 2016, at the WSU Tree Fruit
Research and Extension Center in Wenatchee, WA, (Latitude:
47°26’29.1” N; Longitude 120°20’90.1”W). Two treatments
were evaluated, an uncovered control and blue photoselective
protective netting. Plant water status, chlorophyll fluoresce,
leaf gas exchange and leaf spectral reflectance measurements
were done at two-hour intervals from 08:00 HR to 16:00 HR.
Results showed no differences in ambient temperature, soil
temperature and above canopy relative humidity between the
treatments, while photosynthetic photon flux density was reduced
by 22% under blue photoselective netting. Midday stem water
potential and leaf water potential at 08:00 and 12:00 HR were
significantly higher under photoselective netting compared to
the uncovered control. Maximum photochemical efficiency of
PSII (Fv/Fm) was significantly higher at all measurement times

Washington State University, Wenatchee, WA, USA

Washington State University, Prosser, WA, USA
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under blue photoselective protective netting compared to control.
Fv/Fm went below 0.79, which is considered the threshold for
stress at 10:00 HR in the control and at 12:00 HR under blue
photoselective protective netting. Quantum photosynthetic yield
of PSII (Y(II)) was significantly higher under blue photoselective
protective netting at 08:00 HR, 12:00 HR, and 16:00 HR compared to the control. Results from leaf spectrometry showed
that photochemical reflectance index (PRI) which is a light
use efficiency index was better under the blue photoselective
compared to the control. From the results, apple trees under
blue photoselective protective netting performed much better
during a heat stress event compared to an uncovered control.
Photoselective protective netting is a potential tool for apple
growers to reduce tree stress under harsh conditions.
Specified Source(s) of Funding: Washington State Department
of Agriculture Specialty Crop Block Grant (K1771), Washington
Tree Fruit Research Commission
10:15 AM – 10:30 AM

Cosmic CrispTM: Optimization of Rootstock,
Training System, and Pruning Technique
Stefano Musacchi*

Washington State University, Wenatchee, WA, USA

Angela Knerl

Washington State University, Wenatchee, WA, USA

Ryan Sheick

Washington State University, Wenatchee, WA, USA

Sara Serra

Washington State University, Wenatchee, WA, USA

The new apple variety released by Washington State University’s
(WSU) breeding program, named Cosmic CrispTM (‘Enterprise’ x
‘Honeycrisp’), has been characterized by an upright and spreading growth habit (like ‘Granny Smith’ is a Type IV) with high
vigor. This variety mainly crops on spurs borne on two-year-old
wood and one-year-old short shoots (Brindilla). It presents the
tendency to produce in the outer part of the canopy and leave
blind wood near the trunk. The fruit is crisp, firm and juicy with
non-browning flesh and consistently shows excellent long-term
storability. First trees of the variety will be planted in 2017 in
Washington State only, so optimization of the performance in
terms of growth and productivity could be very beneficial to the
local fruit industry. Cosmic CrispTM pilot orchards were planted
in 2013 at two sites (WSU Wenatchee Sunrise Orchard and WSU
Prosser Roza Orchard). Their performance was evaluated in two
training systems (vertical spindle system and V-system), grafted
on two rootstocks (Geneva 41 and M9-Nic29) and pruned with
two techniques (“bending” and “click”). The planting density for
spindle is 3 ft x 10 ft (1,499 trees/A) and for the V system 1.5
ft x 10 ft (2997 trees/A). Pruning weights and time, vegetative
parameters, yield, fruit size/grading and fruit quality at harvest
and after 6-month-storage, were assessed and performed for
three years. In 2015 and 2016, flower bud count, fruit set and
length of blind wood were counted and measured on selected

trees. The highest value of trunk cross-sectional area (TCSA)
and annual trunk growth were reported for spindle trees in
both Sunrise and Rosa orchard locations. Spindle had higher
yield per tree in both locations. Yield per acre was higher in V
system in Roza only. Different results in terms of fruit quality
were obtained in 2015 depending on the location, this reflects
the two different environmental conditions investigated in the
trial. “Click” pruning technique yielded fruit with more intense
red color than “bending” after 1 month storage (only in Sunrise),
had higher soluble solids content (SSC) and higher dry matter
% than “bending” fruits both after 1 month (both locations) and
6 months storage (only Sunrise).
10:30 AM – 10:45 AM

Evaluation of Flower, Fruit, and Juice
Characteristics of a Multinational Collection of
Cider Apple Cultivars Grown in the U.S. Pacific
Northwest
Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

Jacky King

Washington State University, NWREC, Mount Vernon, WA, USA

Travis Robert Alexander*

Washington State University, NWREC, Mount Vernon, WA, USA

Ed Scheenstra

Washington State University, NWREC, Mount Vernon, WA, USA

Little information exists on the bloom and fruit characteristics
of cider apple (Malus xdomestica) cultivars grown in the United
States. In this study, a total of 17 cider apple cultivars, including
four American, nine English, and nine French, plus one Danish
standard dessert apple cultivar (Red Gravenstein, Worthen strain)
commonly used for cider, all grown in northwest Washington,
were evaluated from 2000–2015 for commercially relevant traits.
The mean full bloom date of the 18 apple cultivars evaluated
ranged from 25 Apr. to 25 May, with six cultivars categorized
as early season bloomers, nine as mid-season, and three as late
season. The mean bloom density rating (measured on a scale of
1–5) for all cultivars was 3.8 ± 0.6 (moderate bloom), with the
bloom habit of 1 cultivar categorized as biennial, 11 as consistent, and 6 as strongly consistent. The mean productivity rating
(measured on a scale of 1–5) for all cultivars was 2.9 ± 0.6 (light
fruiting), with the productivity of four cultivars categorized as
biennial, 10 as consistent, and four as strongly consistent. The
mean fruit diameter of the 18 apple cultivars was 2.7 ± 0.4 inches
(medium sized), with the fruit size of 2 cultivars categorized
as small-fruited, 15 as medium-fruited, and 1 as large-fruited.
For the 18 cultivars, the mean tannin and titratable acidity were
0.20% ± 0.14% and 0.54% ± 0.28%, respectively, and using the
English cider apple classification system of juice type, 4 of the
cultivars were classified as bittersweet, 1 as bittersharp, three as
sweet, and 10 as sharp. Three of the cultivars had tannin content
lower than what was historically recorded at the Long Ashton
Research Station in Bristol, England for those same cultivars.
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The mean specific gravity of the 18 cultivars was 1.052 ± 0.007,
the average predicted alcohol by volume was 6.9% ± 0.9%, and
the mean pH was 3.68 ± 0.39. Classification of three cultivars in
northwest Washington, based on juice characteristics, differed
from their historical classification in England, likely because of
differences in climate and management. Only cultivars Golden
Russet (sharp), Grimes Golden (sharp), and Yarlington Mill
(sweet, but borderline bittersweet) were strongly consistent in
productivity, but none produced high levels of tannin; while only
cultivars Bramtot (bittersweet), Chisel Jersey (bittersweet), and
Breakwell Seedling (bittersharp) were consistent in productivity
and produced high levels of tannin.
Specified Source(s) of Funding: Washington State Department
of Agriculture, the Washington State University Center for
Sustaining Agriculture and Natural Resources, the Northwest
Agricultural Research Foundation, the Northwest Cider Association, and State project WN00427–Acc.No.1000194.
10:45 AM – 11:00 AM

Individual Sugar and Acid Composition within
Southeastern Peach Germplasm

significantly highest accumulation of sorbitol was detected in
late ripening cultivars (1–15 Aug.). The predominant sugar
was sucrose, while the major acids were malic and citric acid.
Only slight differences were observed in the individual sugar/
acid ratios among the 14 commercially significant cultivars.
Significant differences were discovered within the more genetically diverse breeding germplasm. These selections provide an
opportunity to introduce a more diverse set of individual sugar
and acid profiles within breeding programs through selective
crossing, which could eventually lead to new flavor profiles
for the peach market.
Specified Source(s) of Funding: Specialty Crop Block Grant
Program at the U.S. Department of Agriculture 12-25-B-1695

11:00 AM – 11:15 AM

Self-compatibility in Pawpaw: Parentage
Confirmation and Evaluation of Fruit and Seed
Set in Two Pawpaw Varieties ‘Sunflower’ and
‘Susquehanna’ in Kentucky
Srijana Thapa Magar*

Kentucky State University, Frankfort, KY, USA

Ralph Burrell*

Clemson University, Clemson, SC, USA

Kirk Pomper

Clemson University, Clemson, SC, USA

Jeremiah Lowe

Clemson University, Clemson, SC, USA

Sheri Crabtree

Kentucky State University, Frankfort, KY, USA

Asma Abdelghafar

Kentucky State University, Frankfort, KY, USA

Ksenija Gasic

Kentucky State University, Frankfort, KY, USA

Gregory Reighard

Clemson University, Clemson, SC, USA

William R. Okie

USDA–ARS, SEFTNRL, Byron, GA, USA

Chunxian Chen

USDA–ARS, SEFTNRL, Byron, GA, USA

Peaches grown in the Southeast are valued for their acidic,
sweet flavor. A complex mixture of various sugars and acids
at different ratios play a key role in determining these unique
peach flavor attributes. To understand the flavor profile of
fresh market peaches, individual sugar and acid components
were investigated in 14 commonly grown cultivars from the
southeastern United States over three seasons (2013–15), and
in 43 selections and cultivars from the Clemson University
peach germplasm collection over two seasons (2014–15). Fruits
were harvested at the commercially ripe stage as determined by
flesh firmness and by the chlorophyll content (IAD index). A
composite flesh sample from five fruits for each genotype was
analyzed using HPLC to quantify four sugars: sucrose, fructose,
glucose and sugar alcohol sorbitol, and five acids: malic, citric,
quinic, shikimic, and fumaric, commonly found in peach. Total
sugar accumulation (sucrose, fructose, glucose, and sorbitol) was
highly influenced by cultivar, ripening season and environment.
However, individual sugars (sucrose, fructose, and glucose)
were accumulated in similar levels in fruit of peach cultivars
for all ripening groups except for sugar alcohol sorbitol. The

Pawpaw (Asimina triloba), a North American native fruit, is
emerging as an alternative high-value niche crop to tobacco
among Kentucky farmers. Pawpaw is thought to require crosspollination however, there is some evidence of self-compatibility
in few varieties. The objective of this study was to determine
the level of self-compatibility and its impact on fruit and
seed set in pawpaw. Two pawpaw varieties, Sunflower, and
Susquehanna, were examined in this study at Kentucky State
University’s Research and Demonstration Farm. The flowering
branches were bagged with Tyvek-made pollination bags on 25
Mar. Unfortunately, the flowers inside pollination bags died,
so 1000 crosses, including 250 self and cross pollinations for
each variety, were carried out with open flowers in April, 2016
and were tagged with different colored flags. Since pawpaw
tends to flower at different times, the flower buds observed
after pollination were removed in May. The fruit clusters along
with fruit number were then recorded on three dates, first on
24 May, second on 9 June and third on 22 Aug. The seeds from
each treatment were collected and stored at chilling temperature
(40 °C) with wet peat moss for 110 days. The stratified seeds,
60 of each cross, were then randomly transferred to growth
chamber at 210 °C for 10 weeks for germination. The leaf of
parent material and the roots of newly germinated offspring
were collected for DNA extraction. Parentage analysis was done
using microsatellite (SSR) DNA markers. The data analysis
indicates that the highest fruit set recorded was 65.2% in self-
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pollination of ‘Susquehanna’ whereas the lowest was 31.2% in
cross pollination of ‘Susquehanna’ to ‘Sunflower’. The average seed set ranged 6–8 per fruit. Although the data were not
significantly different, self-pollination tends to set more fruit
than cross-pollination. However, there was a trend of higher
fruit drop with time in self-pollination than cross-pollination.

Citrus Crops 2

Moderator: Manjul Dutt

University of Florida, Lake Alfred, FL, USA

11:00 AM – 11:15 AM

Citrus Genome Database: Resources That
Enable Basic, Translational, and Applied
Research
Doreen Main*

Washington State University, Pullman, WA, USA

Jodi L. Humann

Washington State University, Pullman, WA, USA

Morgan Frank

friendly. It contains curated citrus genetic marker, map, and
QTL data, genome data for clementine and sweet orange, as
well as annotated reference transcriptomes (RefTrans) generated by analysis of published RNA-Seq and EST datasets. The
database also has the most up-to-date version of CitrusCyc v3.0
which includes metabolic maps for the Citrus clementina and
Citrus sinensis genomes. Tools such as BLAST for searches
against the genome sequences, JBrowse for viewing genomes,
and CMap/MapViewer for viewing and comparing genetic map
data are also available on CGD. In addition to the tools to view
and search published data in CGD, the Breeding Information
Management System (BIMS) allows breeders to upload their
data via the web, or directly from the Field Book app, to a private
account. The private data than can be analyzed in conjunction
with the public data. In addition to citrus data, the genomes
of the different ‘Candidatus Liberibacter’ species and psyllid
vector are available in CGD in JBrowse and the sequence data
is searchable with the BLAST tool. As a community resource,
CGD is being developed based on user feedback with the goal
of providing the data and tools that will enable citrus crop
improvement. CGD is supported by USDA–NRSP10, NSFPGRP, and USDA-SCRI.

Washington State University, Pullman, WA, USA

Specified Source(s) of Funding: USDA-NRSP10, NSF-PGRP,
and USDA–SCRI

Washington State University, Pullman, WA, USA

11:15 AM – 11:30 AM

Julia Piaskowski
Sook Jung

Washington State University, Pullman, WA, USA

Chun-Huai Cheng

Washington State University, Pullman, WA, USA

Taein Lee

Utilizing Australian Lime Genetics for Citrus
Improvement
Manjul Dutt*

University of Florida, Lake Alfred, FL, USA

Washington State University, Pullman, WA, USA

Ethan Nielsen

Washington State University, Pullman, WA, USA

Qibin Yu

Washington State University, Pullman, WA, USA

Fred Gmitter

Boyce Thompson Institute, Ithaca, NY, USA

Jude Grosser

Boyce Thompson Institute, Ithaca, NY, USA

Australian limes are Citrus relatives belonging to the genera
Microcitrus and Eremocitrus. These species are sexually and
graft compatible with other Citrus cultivars and several hybrids
between the two groups exist. A long-term field evaluation
study recently concluded in Florida has identified several of
these Australian limes to be resistant to Huanglongbing (HLB).
HLB is a phloem-restricted disease, vectored by the asian citrus psyllid, that has had a significant negative impact on the
Florida citrus industry. Most commercially cultivated sweet
oranges, grapefruits and mandarins are highly susceptible to
this disease. We have developed a large population of diploid,
triploid, and tetraploid Citrus x Australian lime hybrids using
conventional and somatic cell fusion techniques. Diploid and
triploid progeny were created by conventional breeding between selected monoembryonic citrus cultivars as the female

Kristin Scott
Ping Zheng

Mirella Flores
Surya Saha

Lukas Mueller

Boyce Thompson Institute for Plant Research, Ithaca, NY, USA

Fred Gmitter

University of Florida, Lake Alfred, FL, USA

Albert Abbott

University of Kentucky, Lexington, KY, USA

The Citrus Genome Database (CGD, www.citrusgenomedb.
org) is being developed as a one-stop resource for citrus genetics, genomics, and breeding research. In this presentation we
highlight CGD features that provide the citrus community with
data and tools to combat Huanglongbing (HLB). The database
has been redesigned and features a streamlined user interface
that allows for quick access to data and tools and is also mobile

University of Florida, Lake Alfred, FL, USA
University of Florida, Lake Alfred, FL, USA
University of Florida, Lake Alfred, FL, USA
University of Florida, Lake Alfred, FL, USA
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parent with pollen obtained from Microcitrus accessions at the
USDA–ARS National Germplasm Repository for Citrus and
Dates in Riverside, CA ,and the Florida Department of Plant
Industry Citrus Arboretum in Winter Haven, FL. Allotetraploid
progeny were created using the process of somatic fusion while
autotetraploid progeny were created following treatment in
a 0.00044% oryzalin solution. In addition, several potential
somaclonal variants were induced by treatment of seeds with
ethyl methane sulphonate (EMS). Field testing is underway for
these novel and potentially HLB tolerant hybrids.
11:30 AM – 11:45 AM

Breeding Citrus Scion Cultivars—New
Opportunities and Overcoming Obstacles
Ed Stover*

USDA–ARS, Ft Pierce, FL, USA

Qingchun Shi

USDA–ARS, Ft Pierce, FL, USA

Shujian Zhang

USDA/ARS, Fort Pierce, FL, USA

William Belknap

USDA/ARS, Albany, CA, USA

James Thomson

USDA–ARS, Albany, CA, USA

The vast majority of citrus trees grown worldwide are accidental cultivars with highly desirable characteristics which
are recognized and sought by consumers. Sweet orange is the
most widely grown citrus type representing 65 to 70% of U.S.
citrus production and projected at 52 to 59% of global citrus.
Mandarins, pummelos, grapefruit, lemons, and limes are the
other primary “market” phenotypes. Interestingly, many of these
phenotypes are largely represented by a single primary genotype
with most variability resulting from mutations within each genotype. Genomics has revealed the origins of these phenotypes
and provides additional guidance for citrus improvement. Even
though each of these market phenotypes has been considered a
species, it is now apparent that there are four “parent” species
that have contributed to the accepted market phenotypes. Information on pedigrees for primary citrus types and availability
of diverse material similar to the parents permits resynthesis
using similar parents with additional desirable characteristics.
There are additional Citrus species and genera that are cross
compatible which could be used to provide specific desirable
traits, broaden desirable diversity, and potentially contribute
to new market types. These “other” parents may also confer
undesirable traits necessitating unlinking desirable and undesirable traits through numerous cross-over events. This can be
achieved through many generations of pseudo-backcrossing to
market phenotypes. New technologies are being implemented to
reduce time between generations. The numbers of cross-overs
per linkage group per generation is also a substantial limitation and may be amenable to improvement through selected

parents or biotechnological strategies. As with almost all crops,
improvement through biotechnology is actively underway
and is likely to be critical in ongoing cultivar development.
Genetic transformation has been used extensively for materials
currently being evaluated, including transgenes designed for
RNA interference that allows complete, partial or tissue specific
gene silencing. Gene targeting through the use of site-specific
recombinases is being developed. Improved understanding
of promoter specificity, transit peptide inclusion, and expression enhancing sequences will all provide greater precision in
achieving desired phenotypes. Genome editing methods such
as CRISPR will be increasingly important. However, there are
currently two major limitations: 1) the technique is most readily
applicable to silencing genes; and 2) stable integration of Cas9
and DNA for a guide RNA is needed. Combining site-specific
recombinase technology with the CRISPR system allows the
possibility of Cas9 and DNA guide RNA excision, after gene
editing, through employment of inducible promoters. Since
the most critical citrus improvement is for existing cultivars,
efficient and transgene-free genome editing through transient
gene expression of CRISPR/Cas9 DNA or RNA is essential if
it is desirable to produce improved types, that are not considered transgenic.
Specified Source(s) of Funding: Citrus Research and Development Foundation, USDA/SCRI, New Varieties Development
and Management Corporation, Citrus Research Board

Temperate Tree Nut Crops
Moderator: Jessica Chitwood

University of Arkansas, Fayetteville, AR, USA

11:15 AM – 11:30 AM

History of Macadamia Domestication in Hawaii
Cathy Nock

Southern Cross University, Lismore, Australia

Annital Ahmad Termizi

University of Queensland, St Lucia, Australia

Jacqueline Batley

University of Westeran Australia, Crawley, Australia

Craig M. Hardner*

University of Queensland, St Lucia, Australia

While indigenous to Australia, macadamia is an iconic Hawaii
crop. Hawaii initiated the commercial production of the crop,
developed grafting to support vegetative propagation of the crop,
selected superior cultivars that remain the predominate source
of germplasm in commercial orchards throughout the world,
and lead world production until the mid-1990s. It is therefore
important to improve understanding of the domestication history of the crop in Hawaii to add to the history of the crop,
and improve conservation and use of genetic resources. This
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paper describes archival, field and genetic research undertaken
to improve this knowledge and results from this research.
Published research suggests the Hawaiian germplasm derived
from three introductions of the genus into Hawaii in the late
19th century. However, there is archival evidence of at least
two additional importations of germplasm, one in the early- and
one in the mid-20th century. The first cultivars were selected
from seedling orchards following the development of grafting
technology. Archival research supported identification of the
location of remnants of these old seedling orchards that were
subsequently sampled for DNA testing to identify genetic
relationships. Chloroplast analysis of these samples and the
Hawaiian cultivars identified that the original introductions were
predominantly from a small wild population in the northern range
of M. integrifolia, in contrast to previous reports that suggested
a southern origin. There is also evidence of that the inedible M.
ternifolia was introduced into Hawaii in the late 20th century.
These results suggest the genepool of Hawaiian macadamia
is limited and addition of diversity to breeding populations
could assist selection response. The remnant seedling orchards
are also significant cultural records of the development of the
crop. Further research will explore the diversity of the remnant
orchards, and remnants of the other introductions to improve
knowledge of germplasm structure and relative importance of
the different introductions.

Specified Source(s) of Funding: Horticulture Innovation Australia
11:30 AM – 11:45 AM

Pistachio Improvement—Future Directions
Dan Parfitt*

University of California–Davis CA, USA

Craig Kallsen

University of California Coop. Extension, Bakersfield, CA, USA

Since 1989, we have been breeding and selecting new pistachio
cultivars for California. We have focused on improved yield
and earlier harvest while maintaining quality characteristics
found in the standard California cultivar Kerman. New challenges will confront the industry in the coming decades due
to a changing climate. Future cultivars will need to be able
to flower and fruit in a lower chilling environment. Some
climate models have predicted more rainfall, while others
have predicted more extended drought. More spring and summer rainfall would require cultivars with better resistance to
foliar diseases, while drought could require rootstocks with
better performance under less water or greater salt stress.
Access to new germplasm to address these issues is becoming a greater challenge. Several approaches to address these
problems will be discussed, including alternative approaches
to phenotyping, possible uses and limitations for molecular
genetic genotype selection, and suggestions for using existing
germplasm.

Specified Source(s) of Funding: University of California Agricultural Experiment Station, California Pistachio Commission
11:45 AM – 12:00 PM

The Characterization of Pecan (Carya
illinoinensis) Germplasm Using Genotyping
by Sequencing (GBS)
Nolan Bentley*

Texas A&M University, College Station, TX, USA

Patricia Klein

Texas A&M University, College Station, TX, USA

Larry Grauke

USDA, Somerville, TX, USA

Pecan (Carya illinoinensis) is an outcrossing, highly heterozygous, and slow to mature tree native to North America. The
USDA–ARS Pecan Breeding Program worked with verified
pecan cultivar collections of the National Collection of Genetic
Resources for Pecans and Hickories to develop microsatellite
molecular markers capable of verifying cultivar identity and parentage. By working within range-wide provenance collections
of pecan and other Carya species, patterns of regional genetic
variation have been observed. In order to better understand
cultivar characteristics, appreciate regional adaptation, and
improve selection in the USDA–ARS and other pecan breeding
programs, improved genomic tools are necessary that are cost
effective and capable of high-throughput screening. A diverse
panel of 108 cultivars and accessions was selected to represent
historic use by regional pecan producers, with many controlled
cross progeny and both parents represented within the panel.
A 169-member biparental mapping population designed to
segregate on reaction to pecan scab (Venturia effusa) was also
analyzed. We have implemented a genotyping by sequencing
(GBS) technique to discover over 87,446 single nucleotide
polymorphisms (SNPs) throughout the pecan genome. This is
the first reported use of this technology in pecan and represents
a large step forward in the industry’s ability to measure genetic
relationships with high resolution. From these markers, we have
discovered, confirmed, and refuted many pedigree-level relationships between cultivars. Twenty-one accessions of known
geographic origin show strong regional genetic variations and
have been utilized to characterize the genetic backgrounds
of cultivars of ambiguous origin. A genome wide association
study (GWAS) was performed to discover 39 SNPs across five
contigs significantly associated with expression of the simply
inherited trait controlling flowering type (heterodichogamy).
Finally, 6756 SNPs segregating in the mapping population
were used to develop a genetic linkage map. These resources
are intended to benefit the pecan community by improving
the ability to characterize germplasm and utilize marker data
to reduce breeding time by facilitating more informed and efficient selection.
Specified Source(s) of Funding: USDA–ARS and Texas A&M
AgriLife Research
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Herbs, Spices, and Medicinal Plants

12:00 PM – 12:15 PM

Using Dormant Almond Orchards for
Groundwater Recharge—Impacts on Trees

Moderator: Alexander G. Litvin

Iowa State University, Ames, IA, USA

Astrid Volder*

11:15 AM – 11:30 AM

University of California–Davis, Davis, CA, USA

Hydroponic Cilantro, Dill, and Parsley Growth
and Tissue Nutrient Concentration As Affected
by Electrical Conductivity or Daily Light
Integral

David A. Doll

University of California Agriculture and Natural Resources, Merced,
CA, USA

Roger Duncan

University of California Coop. Extension, Modesto, CA, USA

Christopher J. Currey*

Allan Fulton

Iowa State University, Ames, IA, USA

University of California Agriculture and Natural Resources, Red
Bluff, CA, USA

Kellie J. Walters

Iowa State University, Ames, MI, USA

Dani Lightle

Nicholas J. Flax

University of California Agriculture and Natural Resources, Orland,
CA, USA

Iowa State University, Ames, IA, USA

Bruce D. Lampinen

University of California Agriculture and Natural Resources, Davis,
CA, USA

Kenneth Shackel

University of California–Davis Davis, CA, USA

Helen E. Dahlke

University of California– Davis, Davis, CA, USA

Groundwater depletion is a serious problem in California,
where up to 60% of the annual water supply can come from
groundwater during drought years. As underground reservoirs
are being depleted at an unsustainable pace, agricultural lands
are being looked at as potential sites where excess winter
water can be used to recharge groundwater. Almond orchards
cover 1.1 million acres, predominantly in the Central Valley.
An estimated 675,000 acres may be moderately suitable for
recharge from a water movement perspective, however, tree
health impacts of using this land for water recharge are unknown. Two central Valley and one northern Valley orchards
with mature trees were exposed to winter flooding in January
2016 (two central suites) and 2017 (all three sites). In 2016 and
2017, the central sites received an additional 24” (61 cm) of
water, while the northern site, which has much less permeable
soil received an additional 4” (10 cm) of water in 2017. Root
observation tubes were installed to track root production and
death, and trees were monitored for bloom data, stem water
potential, twig carbohydrate content (starting Fall 2016) and
yield. Preliminary data show few impacts of the treatments
on stem water potential, twig carbohydrate content and yield.
Root production was marginally greater in the block used for
recharge at the most sandy site, however this effect was likely
confounded by a slight change in soil characteristics across
the site. As two of the sites suffer from a lack of replication,
a comparison between the 2016 data (a normal year) and the
2017 data (wettest year on record) will help determine the range
of possible positive and negative impacts of winter recharge.
Specified Source(s) of Funding: Almond Board of California

Recirculating nutrient solutions for hydroponic production systems are frequently adjusted to maintain target pH and electrical
conductivity (EC) values. Greenhouse hydroponic crop production occurs year-round, and the photosynthetic daily light integral
(DLI) varies throughout and across seasons and greenhouse
facilities. Crop culture, such as nutrient solution EC, may need to
be adjusted with the changing light environment. The objectives
of our research were to quantify the impact of DLI and nutrient
solution EC on the growth and tissue nutrient concentration of
cilantro (Coriandrum sativum L.), dill (Anethum graveolens
L.), and parsley [Petroselinum crispum (Mill.) Fuss.]. Seeds of
‘Santo’ cilantro, ‘Fernleaf’ dill, and ‘Giant of Italy’ parsley were
sown in 162-cell sheets of phenolic foam propagation cubes
and grown in an environmental growth chamber. Three weeks
after sowing seeds, seedlings were placed into NFT systems
in greenhouses with either a low (5.5–7.5 mol·m–2·d–1) or high
(17.9–19.3 mol·m–2·d–1) DLI and an air temperature of 21.4 to
22.3 °C across DLIs and replications. The NFT systems contained
nutrient solutions comprised of deionized water supplemented
with a complete, balanced water-soluble fertilizer (16N–2.2P–
14.3K) maintained at 0.5, 1.0, 2.0, 3.0, or 4.0 dS·m–1. Fresh and
dry mass were affected by DLI but not EC. Compared to plants
grown under a low DLI, fresh mass increased by 21.0, 17.1, or
13.3 g for cilantro, dill, and parsley, respectively, under a high
DLI. Dry mass followed a similar trend as fresh mass. Tissue
nutrient concentrations were affected differently by DLI and
EC across species. Nitrogen concentration of cilantro, dill, and
parsley shoots were unaffected by DLI or EC and were 5.5%,
6.1%, and 4.7%, respectively. Alternatively, while P concentration for parsley increased as DLI increased, K decreased. while
tissue K concentration for dill grown under low DLIs increased
as EC increased from 0.5 to ≥ 1.0 dS·m–1, it was unaffected by
EC under high a high DLI. There were few effects of DLI or EC
on micronutrient tissue concentrations. Nearly all tissue nutrient
concentrations were within or above recommended ranges for
each species across ECs and DLI among species. The results of
this study illustrate that DLI, not nutrient solution EC, affects
growth. Furthermore, as long as nutrient solutions ECs are fre-
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quently supplemented or amended with fertilizer, low ECs may
be used under low and high DLIs and produce healthy plants
with adequate tissue nutrient concentrations.
11:30 AM – 11:45 AM

Daily Light Integral Affects Growth,
Development, and Chlorophyll Fluorescence of
Eight Culinary Herbs Grown Hydroponically
Alexander G. Litvin*

11:45 AM – 12:00 PM

Interspecific Variation for Yield, Curcumin,
and Elemental Content of Turmeric (Curcuma
longa) Rhizomes Grown in Alabama
Rao Mentreddy*

Alabama A&M University, Normal, AL, USA

Thilini Ranatunga

Alabama A&M University, Normal, AL, USA

Iowa State University, Ames, IA, USA

Kamala Bhat

Iowa State University, Ames, IA, USA

Brian Thomas

Christopher J. Currey

Light drives photosynthesis and the cumulative amount of light
over the course of the day (daily light integral; DLI) influences
crop growth. Under low ambient DLIs, supplemental lighting is
used to increase growth. However, species-specific responses to
DLI affect the efficiency of supplemental lighting. Our objective was to quantify the growth of culinary herbs in response to
DLI. Seedlings of sweet basil (Ocimum basilicum L.), parsley
[Petroselinum crispum (Mill.) Fuss.], dill (Anethum graveolens
L.), mint (Mentha spp. L.), oregano (Origanum vulgare L.),
sage (Salvia officinalis L.), cilantro (Coriandrum sativum L.),
and thyme (Thymus vulgaris L.) were placed in nutrient film
technique hydroponic systems in a glass-glazed a greenhouse.
Plants were grown under no shade or shade cloth (33% or 69%
shading) and provided with supplemental light from 1000-W
high-pressure sodium lamps over the course of numerous seasons from the fall through spring, resulting in DLIs from 2.1 to
15.0 mol·m–2·d–1 over the course of the study. Data collected
or calculated included shoot fresh (SFM) and dry mass (SDM),
growth index, and chlorophyll fluorescence throughout the day
(Fv/Fm morning, midday, evening). As DLI increased from 2.1
to 15.0 mol·m–2·d–1, SFM (g) and growth index (GI) increased in
basil (116.6, 14.4), sage (30.4, 7.4), cilantro (58.0, 13.6), thyme
(8.9, 4.4), oregano (7.0, 9.6), dill (33.1, 28.8), mint (67.4, 14.9),
and parsley (155.2, 8.8), respectively. Growth of some species,
such as cilantro, increased linearly with increasing DLI (r2 = 0.92)
from 2.1 to 15.0 mol·m–2·d–1. Other species growth exhibited a
quadratic response and saturated at lower DLIs, such as parsley
(r2 = 0.87). Chlorophyll fluorescence at the end of the day (Fv/
Fm evening) as affected by increasing DLI was species-specific;
Fv/Fm evening of light-sensitive species like parsley decreased
with increasing DLI, while other species like cilantro exhibited
no or minimal reduction in Fv/Fm evening with increasing DLIs
. Though fresh mass increased with increasing DLI for all species, our models can be used to distinguish which species would
benefit most from increasing light. The relationship for growth
(SFM, GI) in response to DLI provides a tool to predict growth
and yields in response to DLI, as well as determine the economic
and physiological efficiency of supplemental lighting decisions
on yield and make decisions on environmental management
of lighting. Species-specific changes in SFM and Fv/Fm with
increasing light illustrate the relationship of the photosynthetic
efficiency of PSII and growth.

Alabama A&M University, Normal, AL, USA
Alabama A&M University, Normal, AL, USA

Keonna Hunter

Alabama A&M University, Normal, AL, USA

The markets for fresh or dried turmeric (Curcuma longa) is
expanding rapidly in the United States due to its anti-inflammatory and anti-microbial properties, and its ability to alleviate Alzheimer’s disease. The medicinal properties of turmeric
are attributed to the curcumin content of its rhizomes. This is
one of the crops many U.S. herbal products manufacturers are
seeking for domestically grown raw materials due to the inconsistencies associated with quality and production methods
of imported raw materials. However, a lack of robust varieties
that combine high rhizome yield with high levels of curcumin,
and adapted to the southeastern United States, is limiting its
commercial production. Fifteen turmeric genotypes belonging
to four Curcuma species were grown in replicated field plots
using organic production methods and were assessed for their
yield and rhizome curcumin and elemental contents with aims to
develop an adapted variety with desirable traits for commercial
production in the southeastern United States. Two to three plants
from middle row were harvested from each plot to determine
fresh and dry rhizome yields and their curcumin and elemental
(Mn, Mg, Zn, Al, Cu, K, Na, and P) contents. The rhizomes
were washed, weighed, and dried in a forced-air drier at 50 °C.
The dry rhizome samples were extracted with 70% ethanol and
analyzed for curcumin content using HPLC. The elemental
content was determined using an Inductively Coupled Plasma
Spectrophotometer. The crops planted in early June matured
by the end of November. Rhizome fresh and dry yields varied
from 8921 and 1126 Kg/ha for CL9 to 27,802 and 4003 Kg/ha
for CL7. The average fresh and dry yield across genotypes were
17,177 and 2337 Kg/ha. The curcumin content varied between
0.01% and 0.03% for C. zadoaria genotypes and 0.3% to 2.3%
for C. longa lines. Potassium was the most dominant element
and ranged from 7.4 in CAER to 21.72 mg/g in Cl3. Mg was
the second dominant element in the genotypes. While copper
was present in trace amounts in all of the genotypes, Na was
not present in any of the genotypes. Curcuma longa genotypes
had consistently higher percentage of curcumin and greater
amounts of elements than C. zadoaria and C. amada lines.
The results of this study combined with our three-year trials
showed that turmeric has the potential for commercial produc-
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tion in Alabama and perhaps the southeastern United States.
The wide variation for both rhizome yield and curcumin content among these genotypes indicates the potential for variety
improvement.

12:15 PM – 12:30 PM

Grants Small and Medium-Sized Farm Sustainability Program

Qurrat ul Ain Farooq*

12:00 PM – 12:15 PM

Misha Arshad

Study of Antibacterial Properties of Herbal
Essential Oils and Plant Extract Against Plant
Specified Source(s) of Funding: NIFA-AFRI-Foundational Pathogenic Bacteria
University of the Punjab, Lahore, Pakistan
University of the Punjab, Lahore, Pakistan

Development of Non-opioid Antiinflammatory
Extracts Derived from Vegetative Mass of
Common Medicinal Plants and Vegetables
Katherine Warpeha*

University of Illinois at Chicago, Chicago, IL, USA

Nayfah Thnaibat

University of Illinois at Chicago, Chicago, USA

Shamaila Zaheer

University of Illinois at Chicago, Chicago, IL, USA

Leon M Tai

University of Illinois at Chicago, Chicago, IL, USA

The inflammatory basis of pain is supported by human subject
studies. Chronic pain from injuries or stress may not only impede
performance, but also lead to anxiety and depression. Current
pain medications (non-narcotic: acetaminophen, NSAIDs; narcotics/opioids) have major drawbacks including lack of efficacy
(particularly in neuropathic pain), toxic side effects with longterm use (e.g. liver and kidney damage, nausea, heartburn, and
disrupted nutrition, including vitamin C, calcium, potassium,
zinc), tolerance, and addiction. Opioid addiction is considered
a huge problem that is underresourced. Thus, there is a critical
need to develop effective, novel, and safer approaches to address
the physical, emotional, and economic difficulties of chronic
pain. We tested the hypothesis that ramping up specific classes
of polyphenol compounds in broccoli (Brassica oleracea) and
licorice (Glycyrrhiza glabra, a commonly used medicinal plant)
at a specific developmental time in the plant life cycle could
improve the harvest of value-added antiinflammatory plant
extracts. We made chemical libraries and abiotic treatment
protocols and measured changes in sinapates, HCAAs, flavonoids, and specific terpenoids. The polyphenols isolated from
over 100 broccoli lines and over 10 licorice cultures indicated
that stable extracts could be obtained from specific light and
temperature regimes. We overcame breeding bottlenecks by
developing a vegetative culture system. Plant materials were
extracted and tested for stability and tested in vitro and in vivo.
Specific lines reduced inflammation markers in cell culture.
The polyphenol-associated chemicals of broccoli and licorice
have great potential for use in prevention of inflammation in
order to prevent pain. Studies to increase bioavailability to
absorptive cells in digestion are in progress in order to develop
a nutraceutical that could be a non-addictive, affordable, and
pain-preventative for common use.

The present study was carried out to assess the antimicrobial
activity and to determine the zone of inhibition of four herbal
essential oils, four weeds extracts and eight bacteria on seven
pathogenic bacterial strains. The antimicrobial activity was determined in the oil and extracts using agar well diffusion method.
The antibacterial activities of EOs (50 µL) were maximum of
clove, cumin, carom (white) and fennel respectively. The results
showed that the remarkable inhibition of the bacterial growth
was shown against the target organisms. Zone of inhibition were
maximum in the case of clove against bacteria Serratia rubidae
(19 mm), Xanthomonas oryzae (16.6 mm), Xanthobacter flavus
(16.3 mm), Serratia plumethica (15 mm), Serratia liquifaicens
(13.6 mm), and Pseudomonas maltophila (13.3 mm). Aqueous
extracts of plants (25, 50, and 75 %) were tested against seven
pathogenic strains. Zone of inhibition of extracts were compared
with that of standard like ampicillin (20 mg/mL), for antibacterial
activity. Results showed that 75% concentration of Trianthema
portulacastrum formed maximum 11.66 mm zone of inhibition
against P. maltophila and minimum 3.66 mm for X. oryzae.
Digeria arvensis, Parthenium hysterophorus, and Cyperous
rotundus give minimum inhibition zones as compared to Trianthema portulacastrum for all target strains. In vitro screening
of test bacteria against target bacterial strains were evaluated.
Results with respect to the above mentioned bacteria represented
that Azotobacter nigricans formed maximum zone of inhibition
(18.6 mm) against Serratia rubidae while (15 mm) for Serratia
liquifaciens. Kurthia spp. formed (14 mm) zone against Xanthobacter flavus. Xanthomonas oryzae was maximally controlled
by the Xanthobacterium autotrophicus (12.66 mm).
Specified Source(s) of Funding: University of the Punjab

Undergraduate Student
Moderator: Joel Loveland

Texas State University, San Marcos, TX, USA

12:15 PM – 12:30 PM

Improved Cultivars for Blueberry and
Blackberry Production Affected by Increased
Seasonal Temperatures
Amelia Loeb*

University of Maryland, College Park, MD, USA

Chris Walsh

University of Maryland, College Park, MD, USA
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Maryland pick-your-own (PYO) growers are very concerned
about the negative effects of increased seasonal temperatures.
Peak PYO season is moving earlier in the summer as consumers try to avoid hotter August days. The heat and the market
window shift presents growers with new challenges. Blueberries (Vaccinium corymbosum), raspberries (Rubus idaeus) and
blackberries (Rubus spp. L.) are among the most popular, but
blueberry production requires soil amendments to acidify the
soils in Maryland; raspberry and blackberry cultivars must be
thornless and produce large, firm fruit. Heat-tolerance and a
requirement of an earlier harvest time increase the difficulty in
choosing cultivars. A blueberry management trial and a blackberry propagation trial were initiated to answer growers’ questions. Northern highbush ‘Blue Ray’ and southern highbush ‘New
Hanover’ blueberries were grown in a greenhouse in different
soil compositions. Pots contained treatments of pure field soil,
a ratio of 1:3 horse waste to soil, or soil with added gypsum.
Gypsum was applied twice to the appropriate treatments at a
scaled rate of 1 ton/acre. These treatments mimic common field
growing conditions for PYO growers. Blueberry plants were
evaluated after five months of being grown in their treatment
based on soil pH and overall growth of the plant. In most cases,
the barn waste amendment proved to be detrimental to plant
health while gypsum applications encouraged plant growth. This
matched growers’ previous observations. ‘New Hanover’ grew
better than ‘Blue Ray’ plants, suggesting that ‘New Hanover’ is
more resistant to upland soil conditions or heat. With increased
seasonal temperatures, southern highbush blueberries deserve
additional testing. Blackberries are naturally more heat tolerant
than red raspberries. A “distinct thornless blackberry” cultivar,
‘Black Jack’ was released in 2013 (USPP25433 P3). Its potential
has not been widely explored due to a lack of available plants
for study. An exploratory propagation trial was initiated in
2016. This experiment was designed to test whether producing
plants from cuttings could be done readily. Two-node cuttings
were taken from young primocanes in July and grown out in a
greenhouse. A high rate of mortality was experienced from high
greenhouse temperatures. Leaf necrosis and unusual chlorosis
was experienced during leaf growth but were not pathogen related. No plants have exhibited undesirable variations. True to
type, ‘Black Jack’ can be asexually propagated by cuttings which
allows for future field nursery production and research trials.
Specified Source(s) of Funding: Maryland State Horticulture
Society Research Fund
12:30 PM – 12:45 PM

Increasing the Efficiency of Vitis Somatic
Embryo Germination Utilizing Cold and
Desiccation Treatment
Crystal Conner*

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Matthew Creech

University of Florida/IFAS, Apopka, FL, USA

Annette Chandler

University of Florida/IFAS Mid-Florida Research and Education
Center, Apopka, FL, USA

Trudi Grant

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Dennis Gray

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Somatic embryogenesis, the process by which single somatic
cells develop into plants, has become a valuable tool for genetic
engineering. The ability to insert specific genes into plants is
especially important for wine grapes because unique sensory
components are lost in conventional breeding so that they
cannot be improved by adding important traits such as disease
resistance. However, Somatic embryos (SE) germination and
the ability to grow them into plants remains a limiting factor in the pipeline of producing the number of plants needed
for trait evaluation, especially for muscadine (Vitis rotundifolia Michx) grape. Other Vitis spp. including Euvitis (the
European), Vitis vinifera L. grapes, and the American bunch
grapes, Vitis labrusca L., are also difficult to germinate. An
array of treatments were previously tested to improve the efficiency of SE germination and plant recovery. These include
various concentrations of plant growth regulators partial
desiccation, low-temperature storage or a combination of
one or more of these treatments. For all of the plants reported
here, germination of SEs and their conversion into plantlets
have been improved significantly. Grape seeds need both cold
treatment and desiccation to germinate, and by utilizing the
same treatment for grape SEs, our hope was to improve the
efficiency for their germination. Our objective was to determine
whether cold and/or desiccation treatment will improve the
germination and plant recovery of Vitis SEs. I hypothesized
that a combination of temperature and desiccation treatments
will be most effective in increasing embryo germination. SEs
are routinely maintained on X6 (bunch grape) and DMX (muscadine) media. To initiate germination, cotyledonary-stage SE
(CSE) will be selected for one of the following treatments after
which they will be placed on a MS based germination media,
with or without 6-Benzylaminopurine (BA). BA was previously
found to improve grape somatic embryo germination. Cultivars
tested: Existing somatic embryos of the Euvitis or bunch grape
cultivar, Thompson Seedless (TS) and the Muscadine cultivar,
Fry. Germination frequency was determined by counting the
number of germinated SE with shoots and roots. Statistical
analysis was accomplished to compare the relative germination percentages among the treatments to determine if any
one was better than the BA or non-BA media controls. Results
showed that shoots proliferated after four days when treated
prior with 10 days of desiccation. Cold treatment gave rise to
a dormant phase while combination treatments varied across
cultivars.
Specified Source(s) of Funding: USDA
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12:45 PM – 1:00 PM

The Effect of Marketing and Compost
Education on College Students’ Compost
Knowledge, Attitudes, and Actions
Joel Loveland*

Texas State University, San Marcos, TX, USA

Tina Waliczek

Texas State University, San Marcos, TX, USA

Americans generate the most waste of any society in the world.
In 2013, Americans generated 254 million tons of waste. During
that year, 87 million tons of waste was composted and recycled
which is equal to a recycling rate of only 34%. Around 61%
of solid waste in landfills is compostable materials. College
campuses are a huge contributor to this issue. But given the
environment, students are still able to learn new practices that
can change their lifestyle choices. The purpose of this study was
to determine if specific marketing strategies using new signage,
posters, and table tents were effective in educating the campus
population on what should be composted and how to separate
waste for proper disposal. In 2009, a composting program, Bobcat
Blend, was initiated in hopes of reducing the amount of waste
that is produced on the Texas State University campus. While
the old signage was in use, pre-test surveys were distributed in
cafeterias and populated areas in order to find out how much
knowledge students had regarding composting practices. Then,
new signage and educational posters were placed in these areas
and a testing period of at least two weeks began. Post-test surveys
were then distributed in order to determine the effectiveness of
these signs. Additionally, pre and post-test waste audits were
used to measure the impact of the signage and education on
students’ choices in sorting waste in the cafeterias. Results of
this study will help to determine the best possible strategy to
educate students on proper waste separation.
1:00 PM – 1:15 PM

Germination Success Rates of Zinnia
grandiflora, Salvia farinacea, and Berlandiera
lyrata
Kolbie J. Tyler*

Texas Tech University, Lubbock, USA

Cynthia McKenney

Texas Tech University, Lubbock, TX, USA

Russell Plowman

Texas Tech University, Lubbock, TX, USA

With a nationwide increase in drought and the depletion of water
resources, native plants are becoming more desired due to their
lower water and fertility requirements. Additionally, they help
native fauna, and can aid in erosion control. Because of germination and production issues, there are not many marketable native
plants for arid and semiarid environments. The objective of this
project was to test and enhance the germination of three native
plant species using various pre-emergent treatments. The goal

was to find a treatment that produced over 80% germination, so
the seeds would become commercially marketable. Treatments
included cold water drip, room temperature soak, cold water
soak, cold moist stratification, hot water soak, potassium nitrate
soak and freeze, cold soak/dry/freeze, tepid soak/dry/tepid soak,
and a 5% solution Clorox bleach soak. The treated seeds were
then stratified. Germination rate and germination percent were
recorded. Plant species included: Zinnia grandiflora, Salvia
farinacea, and Berlandiera lyrata. Both the ray and disk seeds
of Zinnia grandiflora were tested alongside the Salvia and
Berlandiera. Overall, various water soaks and drips increased
percent germination. Additionally, the Zinnia ray flower seed had
a higher germination percentage than did the disc flower seed.

Specified Source(s) of Funding: Texas Tech Center for Active
Learning and Undergraduate Engagement

1:15 PM – 1:30 PM

Bobcat Bloom: Using a Service-learning
Campus Floral and Plant Marketing Program
to Teach Advanced Floral Techniques
Christopher Wheeler*

Texas State University, San Marcos, TX, USA

Tina Waliczek

Texas State University, San Marcos, TX, USA

At Texas State University, a student run floral shop provides
floral designs and seasonal plants for holidays and special events
on campus. Bobcat Bloom has been in operation since 2005.
This unique learning experience is administered through the
horticulture program in the Department of Agriculture. Students
order flowers and foliage materials, create floral designs and
deliver floral arrangements weekly during full semesters. These
designs are advertised via email to members of the university’s
faculty and staff. The campus community is also able to utilize
Bobcat Bloom for special events and functions. Bobcat Bloom
offers these services at a discounted rate, allowing its clients
(who often have tighter budgets) to have quality designs at every
event. Students involved in this program gain knowledge of the
wholesale market, how to communicate with clients, floral and
plant marketing skills and advanced floral design techniques and
principals. Participants in this program are also able to implement the design skills learned in the basic floral design class as
well as gain real world experience in the operation of a floral
studio. The unique nature of this program allows students to gain
hands-on experience in the floral industry while simultaneously
helping to enrich the lives of the faculty, staff, and students of
the university through floral design and seasonal plants.
1:30 PM – 1:45 PM

Effect of Pollen Parents on Oil Characteristics
in European Hazelnuts
David Hlubik*

Rutgers University, New Brunswick, USA
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Megan Muehlbauer

Andy Hammermeister

John Michael Capik

Source-separated municipal solid waste (SMSW) compost is
increasingly available throughout Nova Scotia, Canada. Yet, how
to effectively combine SMSW compost with soluble nitrogen
(N) fertilizer for day-neutral strawberry (Fragaria xananassa
Duch.) production has not been determined. The objective of
this study was to identify optimal SMSW compost (0, 2.5, 5.0
and 10 Mg Mg·ha–1 Fresh Mass; Dry Matter: 48.3%) and fertigation (25, 50, 75, and 100% of the recommended N rate) rates
to maximize fruit yield in a two-year strawberry plasticulture
production system in Kingston, Nova Scotia. The day-neutral
cultivar ‘Albion’ was grown. In the late season of year-one,
marketable fruit yield was 14% and 27% greater in response
to the 10 than 0 Mg·ha–1 SMSW compost rate (P < 0.01) and
100 than 25% fertigation rate (P = 0.055), respectively. The 2.5
Mg·ha–1 SMSW compost and 100% fertigation rate total fruit
yield was 8% greater than the 10 Mg·ha–1 SMSW compost and
75% fertigation rate (P < 0.05). Fertigation could be reduced
to 25% until late-August in year one and be increased to 100%
to the end of season and the first half of year-two, and then reduced to 75% for the remainder of the second year. The SMSW
compost should be applied at 10 Mg·ha–1 Fresh Mass to optimize
fruit yield. The SMSW compost can synergistically supplement
soluble N fertilizers and increase fruit yields for day-neutral
strawberry plasticulture in Nova Scotia, Canada.

Rutgers University, New Brunswick, NJ, USA
Rutgers University, New Brunswick, NJ, USA

James Simon

Rutgers University, New Brunswick, NJ, USA

Thomas Molnar

Rutgers University, New Brunswick, NJ, USA

Today, 99% of the U.S. hazelnut crop is produced in the Willamette Valley of Oregon. However, efforts are currently underway
to develop hazelnuts as a commercial crop in eastern North
America. Hazelnuts are wind pollinated and self-incompatible
with monecious flowers. While the pistillate flowers are known
to be very cold hardy, the male flowers can be cold sensitive
in the East, especially for the European hazelnut of commerce,
Corylus avellana. The native American hazelnut, C. americana,
as well as hybrids of C. avellana x C. americana, may be ideal
to use as pollinizers in orchards since they offer increased cold
hardiness, but their effect on kernel quality characteristics of
European hazelnut has not been studied. In this study, three
genotypes of C. avellana were hand pollinated with pollens from
several accessions of C. americana, C. avellana, and hybrids of C.
avellana x C. americana. Nuts were collected and evaluated for
fruit set, physical characteristics, and oil quantity and fatty acid
content. Results showed that using C. avellana x C. americana
hybrids as pollinizers produced nuts with similar physical and
chemical characteristics to those pollenated with C. avellana
pollen. However, C. americana proved to be a poor pollinizer as
the genotypes used in this studied appeared to be incompatible
with the C. avellana genotypes used. The results of this study
suggest we need to explore a wider diversity of C. americana
pollen parents for use in orchards and that C. avellana x C.
americana hybrids hold potential to be successful pollinators in
commercial hazelnut orchards where cold tolerance is needed.

Plant Nutrient Management 3
Moderator: Mehdi Sharifi

Agriculture and Agri-Food Canada, Summerland, BC, Canada

1:45 PM – 2:00 PM

Optimizing Compost and Fertigation Rates
to Maximize Yield in a Biennial Day-neutral
Strawberry Plasticulture
Ben Thomas

Agriculture and Agri-Food Canada, Lethbridge, AB, Canada

Mehdi Sharifi*

Agriculture and Agri-Food Canada, Summerland, BC, Canada

John Lewis

Perennia, Kentville, NS, Canada

Sherry Fillmore

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Dalhousie University, Truro, NS, Canada

Specified Source(s) of Funding: Technology program 2000,
Nova Scotia Resource Recovery Board, Dalhousie Universoty,
Agriculture and Agri-Food Canada
2:00 PM – 2:15 PM

Comparison between Fertigation and Granular
Application of Potassium Fertilizer on Mineral
Nutrition, Yield, and Fruit Quality in Northern
Highbush Blueberry
David Bryla*

USDA–ARS, Corvallis, OR, USA

Scott Orr

USDA–ARS, Corvallis, OR, USA

Fertigation with N increases growth and production relative to
granular N applications in northern highbush blueberry (Vaccinium corymbosym L.), but little information is available on
whether there is any benefit to fertigating with other nutrients.
The objective of this study was to compare fertigation to granular
application of K fertilizer in a mature planting of ‘Duke’ blueberry. The plants were grown on raised beds and irrigated using
two lines of drip tubing per row. Treatments were initiated in
2016 and included fertigation (once a week from April to August) with potassium sulfate (K2SO4) or potassium thiosulfate
(KTS), a single application (April) of granular K2SO4, and no
K fertilizer. Each K fertilizer was applied at a total rate of 75
kg·ha–1 K2O per year. Ammonium sulfate was also applied to each
treatment (by fertigation) at a total rate of 150 kg·ha–1 N per year.
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The treatments had no effect on yield or leaf K concentration to
date, which could be due to the fact that changes in blueberry
tissue K usually occur a year or two after K fertilizer is applied.
However, fertigation with K2SO4 or KTS resulted in lower pH
and higher concentrations of K, Ca, Mg, and S in soil solution
under the drip emitters than either no K or granular K2SO4, while
granular K2SO4 resulted in higher concentration of K than any
other treatment at 6 six inches from the drip emitter (edge of
the wetting front). By the end of the first season, the fertigation
treatments contained nearly twice as much extractable K but
less Ca and Mg in the soil than the non-fertigated treatments.
So far, there have been no apparent benefits to fertigating with
K in blueberry but further research is warranted.
Specified Source(s) of Funding: Fluid Fertilizer Foundation,
Tessenderlo Kerley Inc
2:15 PM – 2:30 PM

Reducing the Environmental Footprint of Red
Raspberry (Rubus idaeus L.) Production—N
Dynamics in Response to Water and Nutrient
Management Practices.
Denise Neilsen*

scheduled irrigation and 50 kg N/ha fertigated. In Experiment
2 (2013–15), all treatments had a perennial alley crop and four
replications of eight treatments with some combinations of N
rate: 0, 25, 50, and 100 kg· ha–1 N; irrigation management: as
in Experiment 1; irrigation frequency: 1 or 2 days; and manure
legacy (0 N). There were no yield responses to any treatments.
A perennial alley crop reduced total nitrate leaching from
45 kg/ha N to 5 kg/ha N. Scheduling irrigation to meet evaporative demand reduced total nitrate leaching losses by 50% mainly
due to the difference in growing season drainage. Highest N
losses were consistently from the manured plots (2009–12)
which persisted in the manure legacy treatment until 2015.
There were also considerable ecosystem inputs, particularly
from groundwater used for irrigation, (up to 71 kg/ha N), and
these along with atmospheric deposition and soil mineralisation
influenced both the lack of plant responses and nitrate leaching
to the aquifer. In a single year, fertilizer N inputs, as measured
by the 15 N label, accounted for only 3 to 9% of leached nitrate.
Beneficial management for this production system would include
a perennial alley crop, irrigation scheduled to meet evaporative
demand and fertigated N inputs adjusted for ecosystem supply.
These practices were demonstrated to substantially reduce nitrate
leaching losses while maintaining crop yield.

Agriculture and Agri-Food Canada, Summerland, BC, Canada

2:30 PM – 2:45 PM

Agriculture and Agri-Food Canada, Summerland, BC, Canada

Creating Acidic Compost Using Elemental
Sulfur

Shawn Kuchta
Nathalie Nick

Matthew Taylor*

BC Ministry of Agriculture, Abbotsford, BC, Canada

Longwood Gardens, Kennett Square, PA, USA

Tom Forge

Agriculture and Agri-Food Canada, Summerland, BC, Canada

Bernie Zebarth

Agriculture and Agri-Food Canada, Fredericton, NB, Canada

The shallow Abbotsford-Sumas aquifer, which is highly susceptible to contamination from leaching, underlies an intensive
raspberry production area in the Fraser Valley, BC, Canada.
The region is characterized by warm, dry summers, requiring
irrigation inputs for raspberry production, and cool wet winters.
Therefore nitrate leaching losses are a function of irrigation
and nutrient management in the dry season and residual nitrate
content in the soil profile in the wet season. Two consecutive
randomized complete-block design experiments were conducted
with a range of nutrient and drip irrigation practices. Passive
capillary wick samplers were installed at 55 cm depth below
the raspberry rows and adjacent alleys to capture water and
nutrient fluxes. In Experiment 1 (2009–12), four replications of
eight treatments included some combinations of N rate: 0, 50,
and 100 kg/ha N; irrigation management: unscheduled, scheduled to meet 100% ET demand; N source: fertilizer, manure;
alley management: tillage or alley crop; fertilizer application
method: broadcast (split) or daily fertigation for six weeks.
In 2011, 15 N label was added to four of the treatments: 100
and 50 kg/ha N with unscheduled irrigation, 50 kg N/ha with

Compost typically has an alkaline pH of 7.5 to 8.5. Continual
application of compost can cause soil pH to rise above the desired
range. Furthermore, if a soil has a pH above the suitable range,
alkaline soil amendments should not be used. Three experiments
were conducted to determine the amount of elemental sulfur (S)
required to create acidic compost. In the first experiment, finished
compost created from wood chips, horse manure, green plant
material and food waste was amended with pelleted S (90% S)
at six rates (0, 0.9, 1.8, 3.5, 5.3 and 7.1 g·L–1). Treatments were
in 2.5-L containers and were watered once a week. Compost
pH was measured once per week over 150 days, and there were
minimal treatment differences for the first 30 days. Compost pH
then began to decrease in all treatments receiving more than 0.9
grams of S, and this decrease continue for 60 days. At 90 days,
the pH ranged from 5.5 to 8.2 and increased with decreasing S
rates. In experiment two, pelleted S was blended at four rates
(0, 2.3, 4.6, and 9.2 g·L–1) with compost feedstocks prior to the
thermophilic composting process. Each treatment consisted of
approximately ten cubic meters of feedstock material. At the end
of the three-month composting process, the respective compost
pH was 6.9, 6.0, 5.2, and 2.9. Microbial analysis of the finished
compost indicated the highest rate of S suppressed populations
of bacteria and actinomycetes. The third experiment was similar
to the second with S rates of 0, 4.6, and 6.9 g·L–1. The resulting
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compost pH values were 8.01, 5.39, and 3.55, respectively. Results indicate that combining S with compost is an effective way
to lower compost pH. If S can be blended with the feedstocks
prior to the composting process rather than finished compost,
reaction time to lower pH can be reduced or eliminated.
2:45 PM – 3:00 PM

Physiology and Morphology of Containergrown Ornamentals in Response to Phosphorus
Fertilization

driven by plant growth stages and high phosphorus application
caused luxury consumption in all the species. Finally, optimum
phosphorus dose was found to be species specific.
3:00 PM – 3:15 PM

Potassium Release Pattern and Mechanics from
Three Invasive Algae with Different Media in
Leachate Column Studies
Chandrappa Gangaiah

University of Hawaii at Manoa, Honolulu, HI, USA

Shital Poudyal*

Amjad Ahmad*

Bert Cregg

Celia M. Smith

In recent years, phosphorus runoff from agriculture has been
implicated in water quality issues in the Great Lakes region.
Past research on fertilization in ornamental nurseries has
largely focused on nitrogen additions. Studies that have been
conducted on phosphorous fertilization suggest that operational
application rates may be reduced but the response is species
specific. Therefore, our work focused on optimizing the rate
of phosphorus for commonly grown woody ornamental plants
namely, Hydrangea quercifolia (Queen of hearts), Cornus obliqua
(Redtwig dogwood), and Physocarpus opulifolius (Seward).
We planted 36 plants of each taxa in #3 (12 L) containers. They
were then transferred to the greenhouse, randomized and were
subjected to temperature of 20 °C and 16 hours of photoperiod.
There were total of six replications per treatment and each treatment consisted of 100 mg·L–1 N and 60 mg·L–1 K 80 mg·L–1 of
micronutrient (Micromax) and one of six doses of P (0, 1, 2,
4, 6, 8 mg·L–1) mixed in irrigation water. Plants were watered
regularly using a target leaching fraction of 15%. Plant physiological parameters were measured three times over the course of
the study. Quantum yield efficiency of photosystem II (ΦPSII),
photochemical quenching (qp), maximum carboxylation rate
of rubisco (Vcmax), maximum rate of electron transport (J),
maximum rate of triose phosphate use (TPU), dark respiration
(Rd), mesophyll conductance (gm) were estimated based on
gas exchange and chlorophyll fluorescence measurements.
Shoot growth and chlorophyll content (SPAD index) were also
assessed periodically during the study. Plant shoot and root
mass, specific leaf mass and leaf area were measured following
destructive harvest at the end of the trial. We developed phosphorous budgets for each plant by calculating the total amount
of phosphorus applied via irrigation and the amount lost via
leaching. Total plant phosphorous uptake was estimated from
destructive plant harvests at the end of the study and harvests of
a subsample of plants at the start of the trial. Likewise, changes
in container substrate phosphorous content were estimated from
pre- and post-study samples. Rate of photosynthesis, quantum
yield efficiency, plant height and root to shoot ratio differed
among the treatments. Total phosphorus uptake was largely

Hue Nguyen

Michigan State University, East Lansing, MI, USA
Michigan State University, East Lansing, MI, USA

University of Hawaii at Manoa, Honolulu, HI, USA
University of Hawaii, Manoa, Honolulu, HI, USA
University of Hawaii at Manoa, Honolulu, HI, USA

Theodore J.K. Radovich

University of Hawaii at Manoa, Honolulu, HI, USA

Recent work in our lab has shown that invasive algae species
can serve as a source of potassium (K) for crops, but questions
remain regarding differences in pattern and mechanisms of release
of K from these materials. Our objective here was to study the
patterns of K release from the dry biomass of three invasive red
algae (Eucheuma denticulatum, Gracilaria salicornia, and Kappaphycus alvarezii) as compared with synthetic potassium fertilizers (potassium chloride (KCl) and potassium nitrate (KNO3).
Three leachate column studies were undertaken in the laboratory
with three media types: peat moss, Oxisol, and Mollisol soils.
Two rates of K (112 and 336 kg·ha–1) were provided, adjusting
for K concentration of the materials. Treatments were replicated
three times. Columns were leached weekly with DI water over a
period of 16 weeks. The collected leachates were analyzed for K
concentration using a K ion selective electrode, with NaClO4 as an
ion strength adjustment buffer. Results showed the concentrations
of K were much higher in the leachates treated with synthetic
K in the first 6th week (4100–4200 ppm) and sharply declined
at later weeks. In contrast, the release of K from algae treated
leachates was slower in the first 3 weeks and reached highest at
8–9 weeks (2800–3400 ppm). Interestingly, the release rate of
K from G. salicornia was consistently and significantly lower
than measured for E. denticulatum or K. alvarezii in all media.
To better understand the slow release of K from G. salicornia,
a leachate study was conducted with oxisol soils and dried gels
of agar extracted from G. salicornia and carrageenan from K.
alvarezii at two rates. A total of 12 leachate samples collected
over 6 weeks, measured for K. Cumulative recovery of K from
agar was significantly lower (10 to 12%) than carrageenan . We
conclude that the rate and total amount of K released from algae
was lower than synthetic K fertilizers applied at equivalent rates
of K, and that differences in release among algal species may be
explained in part by differences in cell wall composition.
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Postharvest 3

3:15 PM – 3:30 PM

Wastewater-grown Algae Pellets and Paste As
Slow-release Fertilizers

Moderator: Elizabeth Baldwin

USDA–ARS, Fort Pierce, FL, USA

J. Austin Gimondo*

1:45 PM – 2:00 PM

Iowa State University, Ames, IA, USA

Abiotic Stress Hormesis As a Tool to Enhance
the Phytochemical Composition of Fruits and
Vegetables during Storage

William R. Graves

Iowa State University, Ames, IA, USA

Max T. Gangestad

Iowa State University, Ames, IA, USA

Arturo Duarte Sierra*

Iowa State University, Ames, IA, USA

Joseph Arul

Universite Laval, Quebec, QC, Canada

Martin A. Gross

Universite Laval, Quebec, QC, Canada

Zhiyou Wen

Iowa State University, Ames, IA, USA

James A. Schrader

Iowa State University, Ames, IA, USA

Darren H. Jarboe

Iowa State University, Ames, IA, USA

The drawbacks of traditional sources of fertilizer provided to
horticultural crops grown in containers led us to explore alternatives. Our objective was to compare two microalgae-based
materials (pelletized microalgae biomass and a paste suspension of microalgae in wastewater) with commercially available
fertilizers for effects on growth, nutrient content, and salability
ratings of three crops (‘Honeycomb’ marigolds [Tagetes patula
L.], ‘Beefsteak’ tomato [Lycopersicon esculentum Mill.], and
‘Ambrosia’ sweet corn [Zea mays L.]). The experiment comprised a two-way factorial of treatments. Four sources of fertility (microalgae pellets, microalgae paste, the organic fertilizer
Milorganite, and the controlled-release fertilizer Florikan CORE
16-5-11) were one factor, and two media types (sphagnum peat
moss plus perlite and a commercial soilless medium with a starter
charge of fertilizer) were the other factor. Treatments of 763 g
N·m–3 were applied in containers with top diameters of 11.4 cm.
Fertility source, medium, and their interactions affected growth,
nutrient content, and salability ratings. Responses were similar
among crops, so results for only marigolds will be presented
for simplicity. The microalgae pellets and paste promoted shoot
height, width, and weight of marigolds in the medium without
nutrient charge; the gains were similar to those that resulted from
the Florikan CORE, and the microalgae was more effective than
Milorganite. Marigolds in the medium without nutrient charge
and provided microalgae in paste form were rated as most salable. Although growth of plants was somewhat less responsive
to treatments when the medium with nutrient charge was used,
salability ratings were highest for plants provided Florikan
CORE or microalgae in either form. These results provide proof
of concept of the effectiveness of wastewater-grown microalgae
fertilizers for use with crops produced in containers.
Specified Source(s) of Funding: USDA-SBIR

Hormesis is a phenomenon that describes various adaptive and
beneficial responses of organisms to low levels of stressors
of chemical, biotic or abiotic in nature. This phenomenon has
been reported in plants since 1900s, where herbicides such as
glyphosate enhanced the accumulation sucrose in sugar cane
plant. The application of UV-C hormetic phenomenon to fresh
produce began in the 1990s as a tool initially to reduce decay
and later to delay senescence. Since the last decade, this concept
is being investigated for improving and maintaining the quality
of fresh fruits and vegetables, and more recently for enhancement and maintenance of phytochemical compounds in fresh
produce during storage. The physiological and biochemical
basis of induced disease resistance by UV-C hormesis has been
established in a few crops, tomato fruit and carrot root that involves a multi-component system including hypersensitive-like
reaction and phytoalexins, ultra-structural modification leading
to the formation of a physical barrier reinforced with phenolic
compounds, lignin and suberin, and pathogenesis-related proteins. Furthermore, UV-C hormesis has been shown to improve
microbiological safety of minimally processed vegetables, and to
enhance specific phytochemicals that are potentially beneficial
to human health. Other abiotic stresses have also been examined
as means of increasing phytochemicals; the most recurrent in the
literature are UV-B, heat and ozone. Treatments with UV-B have
been shown to increase the titers of flavonoids and glucosinolates
in Brassica. Likewise, the application of heat and low doses of
ozone have elevated the levels of total phenols in fruits. Despite
these findings, the application of abiotic stresses, in most cases, is
performed arbitrarily without clearly defining the hormetic dose
for stresses for a specific crop leading to significant variations in
the responses. Consequently, there is a need for standardization
with respect to hormetic doses of abiotic stresses as well as a
need to establish the biochemical mechanisms underlying the
hormetic effects in postharvest crops.
2:00 PM – 2:15 PM

Transcriptome and Metabolomic Analysis
of High CO2-responsive Genes in Harvested
Strawberry Fruit
Ji Won Bang*

Research Institute of Agriculture and Life Sciences, Seoul National
University, Seoul, Korea, Republic of (South)

An asterisk (*) following a name indicates the presenting author.
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Sooyeon Lim

Research Institute of Agriculture and Life Sciences, Seoul National
University, Seoul, Korea, Republic of (South)

Eun Jin Lee

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

Strawberry fruit, a popular horticultural crop cultivated around
the world, is a good source of vitamin C and flavor. Strawberry
fruit are highly perishable and easy to weak against Botrytis
cinerea thus significant postharvest losses and short shelf-life
are major concerns. In order to solve these problems, postharvest
technology of short-term high CO2 treatment has been applied
to strawberry fruit to maintain fruit firmness and to prevent
fruit decay after harvest. However, postharvest physiological
changes and responsive genes induced by high CO2 have not been
clarified yet. By using transcriptome and metabolomic analysis,
we first reported new cellular responses caused by high CO2
in harvested strawberry fruit. Harvested strawberry fruit were
stored at 10 °C after 30% CO2 exposure for 3 h, or air for 3 h
respectively. 30% CO2 showed an effect on inhibiting the fruit
decay. Transcriptome analysis showed that the contigs encoding the peroxidase, that is involved in the defense mechanism
and transmembrane protein that acts as a receptor for detecting
the extracellular signal, were up regulated by 30% CO2. The
contigs that encode pectinesterase and expansin, which are cell
wall degradation enzymes, were down regulated by 30% CO2.
Changes in fruit phenotype as well as gene expressions were also
observed. At three days of storage, pectin content in the cell wall
of strawberry fruit treated 30% CO2 was 46% higher than that
in the control fruit. We could presume that high CO2 increase
defense mechanism by activating several antioxidant enzymes
and reduce pectin decomposition of cell wall by deactivating
cell wall degradation enzyme in strawberry fruit.
Specified Source(s) of Funding: This work was supported by the
Basic Science Research Program (NRF-2013R1A1A1057658)
through the National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology

2:15 PM – 2:30 PM

Fresh Orange Fruit Juice versus Processed
for Flavor, Phytonutrients, and Phytonutrient
Bioavailability
Elizabeth Baldwin*

Thais Cesar

Sao Paulo State University, Araraquara, Brazil

‘Hamlin’ and ‘Valencia’ oranges were freshly squeezed by hand
(FSJ), with a fresh commercial juicer (FCJ) and lightly pasteurized, or with a commercial processing extractor for pasteurized
processed juice (PPJ) and frozen for later analyses. The FSJ
(similar to eating quality of the fruit) was most preferred in
sensory panels, with no difference between the FCJ, which
contained a lot of peel oil, and PPJ. The titratable acidity was
generally higher and the solids/acids ratio lower in FSJ and FCJ
than PPJ. The major juice flavonoid glycosides, total phenolic
content and carotenoids were higher in PPJ than FCJ and FSJ,
likely from albedo and flavedo tissue. The polymethoxylated flavones (PMFs) were associated with the peel oil and
were highest in FCJ and lowest in FSJ, while limonoids and
alkaloids were higher in PPJ and FSJ. To determine bioavailability, human subjects consumed 11.5 mL/kg body weight of
FCJ and PPJ. There was no significant difference in the T max
of the pharmacokinetic curves for the metabolites of hesperidin and narirutin in blood plasma or urine, and corrected for
differences in doses in the FCJ and PPJ consumed, there were
no significant differences in the percent absorption of these
compounds. Therefore both types of juice contain similar
health benefits.
Specified Source(s) of Funding: Florida Citrus Packers
2:30 PM – 2:45 PM

Comparative Browning Susceptibility of
Genomically Diverse Banana (Musa spp.)
Cultivars in the Southeastern United States
Mahnaz Kargar*

Auburn University, Auburn, AL, USA

Floyd Woods

Auburn University, Auburn, AL, USA

Marisa Wall

USDA–ARS, Hilo, HI, USA

Kalidas Shetty

North Dakota State Univeristy, Fargo, ND, USA

J. Raymond Kessler

Auburn University, Auburn, AL, USA

Esendugue Greg Fonsah

University of Georgia–Tifton Campus, Tifton, USA

USDA–ARS, Fort Pierce, FL, USA

Ramesh B. Jeganathan

USDA–ARS, Fort Pierce, FL, USA

Dipayan Sarkar

USDA–ARS, Fort Pierce, FL, USA

Curtis Jolly

USDA–ARS, Fort Pierce, FL, USA

Bananas peel and pulp tissues are inherently prone to browning
during postharvest handling and marketing. This physiological
disorder limits consumer quality, nutrition, and demand and fruit

Jinhe Bai

Anne Plotto

John Manthey

Jacqueline Silveira

Sao Paulo State University, Araraquara, Brazil

Auburn University, Auburn, USA
North Dakota State Univeristy, Fargo, ND, USA
Auburn University, Auburn, USA
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shelflife. Dependent on cultivar, genomic group and stage of
maturity, susceptibility to browning may significantly influence
overall consumer quality and demand. This study, compared
and determined the influence of cultivar, genomic group and
stage of maturity of ‘FHIA 1’ (AAAB), ‘Hua Moa’ (AAB),
‘Kandarian’ (ABB), ‘Pisang Raja’ (AAB), ‘Saba’ (ABB), and
‘Williams’ (AAA) banana peel and pulp tissue browning based
on pro-oxidant, hydrogen peroxide (H2O2), malondialdehyde
(MDA) and degree of browning (DOB). There were significant
interaction between cultivar, genomic group and stage of maturity for H2O2, MDA and DOB. Overall, change in pro-oxidant
content of H2O2 correlated with change in MDA and DOB in all
cultivars, genomic group and stage of maturity. In all cultivars,
H2O2 content was quadratic with respect parameters determined.
MDA and DOB values increased with advancing maturity in all
cultivars. Among the six cultivars compared, ‘Hua Moa’ (AAB)
and ‘Pisang Raja’ (AAB) were more prone to browning in both
peel and pulp tissue as evidenced by MDA content and DOB.
The results of the present study highlight the interactive influence and complexity of browning disorder in banana peel and
pulp tissues and associated mechanisms that potentially affect
consumer quality and demand of diverse banana genotypes.
Based on results obtained, H2O2, MDA and DOB could be used
as reliable indicators to assess tissue browning in both peel and
pulp tissues of banana fruit. This study provides initial insights
of the role reactive oxygen species (H2O2) in banana peel and
pulp tissue browning.
2:45 PM – 3:00 PM

Enhancing Postharvest Tree Fruit Quality with
Functional Genomics
Loren A. Honaas*

USDA–ARS, Wenatchee, WA, USA

Decoding tree fruit genomes is an important step toward understanding how genotype gives way to phenotype in climacteric
tree fruit. Toward that understanding we are using functional
genomics to place genes in functional contexts by leveraging
powerful technologies to produce massive gene activity datasets—typically on the scale of 100s of millions of data points.
One widely used approach is RNA-Seq, where the sequence of
messenger RNAs (often small mRNA fragments) are determined
in a massively parallel fashion. These measurements are taken
in the context of familiar molecular biology and horticulture
experiments and greatly enhance our ability to discover genes
with functions related to postharvest fruit quality. Our approach
includes the use, development, and refinement of bioinformatic
approaches to maximize the impact of functional genomics
techniques to enhance postharvest tree fruit quality. Results of
this work potentially include predictive and diagnostic tests,
and eventually refined postharvest management practices and
novel therapeutics. Ultimately, a detailed understanding of the
genetics of fruit ripening and quality will emerge as a powerful
tool for tree fruit research.

Specified Source(s) of Funding: USDA–ARS base funds, Washington Tree Fruit Research Commission
3:00 PM – 3:15 PM

Postharvest Management Practices for
Improving Quality of Blackberries
Juan Carlos Melgar*

Clemson University, Clemson, SC, USA

Brian T. Lawrence

Clemson University, Central, SC, USA

Blackberries are very perishable and growers face several postharvest handling issues such as changes of color (for instance,
red drupelet inversion), leakiness, and fresh weight loss during
cold storage. Some varieties are more prone to develop changes
that reduce fruit quality than others. Thus, understanding how to
handle different varieties can help growers to harvest and store
fruit more efficiently, to reduce losses, and to increase postharvest fruit quality. The objective of this study was to determine
the effect of different harvest and postharvest practices on the
quality of eleven blackberry cultivars. This study was carried
out at the Clemson University Musser Fruit Research Farm, in
Seneca, SC. A randomized block design with eight treatments
and three blocks were used. Treatments were the result of the
combination of 1) harvesting time (7:00 am or 10:00 am); 2)
transfer time of the fruit from the field to cold storage (less
than 30 min or 1.5 hours from harvest); and 3) length of time in
cold storage (one week or two weeks). We harvested blackberries from fifteen blackberry plants of the following varieties:
‘Osage’, ‘Natchez’, ‘Ouachita’, ‘Navajo’, ‘Apache’, ‘Arapaho’,
‘Prime-Ark Freedom’, ‘Prime-Ark Traveler’, ‘Triple Crown’,
‘Chester’ and ‘Von’. Cultivars responded differently to these
treatments. Red drupelet inversion increased in ‘Natchez’ and
‘Apache’ due to a longer transfer time to cold storage and the
duration of cold storage; however, longer transfer time to the
cold chamber did not increase reddening in ‘Prime-Ark Freedom’
or ‘Prime-Ark Traveler’ nor did the length of time in cold storage for ‘Osage’ or ‘Ouachita’. Harvesting time or duration of
storage seemed to increase leakage in ‘Apache’ more than the
effect of transferring fruit time fruit to cold storage but none of
these factors seem to increase leakage in ‘Prime-Ark Freedom’
or ‘Prime-Ark Traveler’. Thus, handling practices at harvest
and postharvest affected postharvest quality of blackberries
differently depending on the cultivar.
3:15 PM – 3:30 PM

Preharvest Effects on Harvest and Postharvest
Quality of Spring-planted, Day-neutral
Strawberries in High Tunnel Systems
Kelly Gude*

Kansas State University, Olathe, KS, USA

Helena Pontes Chiebao

Kansas State University, Olathe, KS, USA

An asterisk (*) following a name indicates the presenting author.
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Cary L. Rivard

Kansas State University, Olathe, KS, USA

Eleni Pliakoni

Ornamentals/Landscape and Turf 2
Moderator: Charles Fontanier

Oklahoma State University, Stillwater, OK, USA

Kansas State University, Olathe, KS, USA

Crop production within high tunnels in the central United
States has greatly expanded. High tunnels are used primarily to
protect intensive, specialty crops like strawberries from harsh
environmental changes. Spring-planted, day-neutral strawberry
(Fragaria xananassa) production within high tunnels could
provide growers with enhanced yields and marketability, improved storage quality, and late-season prices. High Tunnel,
day-neutral strawberry production in the central United States.
may be limited by high summer temperatures. Evaporative
cooling (EC) within a high tunnel is a novel method meant
to cool the plant temperature. Currently, EC is implemented
during plant initation. This study identifies the most successful
cultivars in a plasticulture, high tunnel system with or without
EC in regards to yield, marketability, feasibility, and quality.
The trial was conducted at Kansas State University Olathe
Horticulture Research and Extension Center (OHREC) during
2014 and 2015. Mature fruit (90-100% red) of six commerciallyavailable cultivars (‘Albion’, ‘Evie 2’, ‘Monterey’, ‘Portola’,
‘San Andreas’, and ‘Seascape’) were harvested twice per week
to monitor total and marketable yield, while four harvests
were evaluated for at-harvest and postharvest quality each
year. Physical and organoleptic measurements (texture and
color, and soluble solids content (SSC) and titratable acidity)
were evaluated every other day, while nutritional quality (total
phenolic and antioxidant capacity) was evaluated at-harvest.
Additionally, respiration rate, moisture content and overall visual
quality, using a scale from 5 (excellent) to 1 (very poor), was
monitored every 24 hours. Our results indicated that ‘Portola’
had the highest total yields in 2014 and 2015 at 1.33 lbs/plant
and 1.12 lbs/plant, respectively. At-harvest and postharvest
quality results show ‘San Andreas’, ‘Monterey’, ‘Portola’, and
‘Albion’ had firm texture (P < 0.0001). SSC was highest for
‘Monterey’ and ‘Albion’ (P < 0.0001). All present cultivars
met desired ORAC, FRAP, and total phenolic levels, although
‘Evie 2’ had higher nutritional capacity by ORAC (P < 0.0001)
and total phenolic (P < 0.001). ‘Albion’, ‘Monterey’, ‘Portola’,
and ‘San Andreas’ maintained overall visual quality until day
8, had lower respiration rates, and less moisture content loss
(P < 0.001, P < 0.0001, P < 0.05). ‘Seascape’ respired at a
greater rate (P < 0.0001) and had low overall visual quality (P
< 0.01). EC did not affect yield and changes in quality were
inconsistent; this requires further study. Our results indicated
that day-neutral strawberries in a high tunnel in the central
United States can be feasible based on yield and quality of the
present study.

2:00 PM – 2:15 PM

Perceptions of Homeowner Association (HOA)
Board Members in Orange County, Florida,
about Water Conservation and the Use of
Florida-friendly Landscaping (FFL) Principles
Liz Felter*

University of Florida, Orlando, FL, United States

Tracy Irani

University of Florida, Gainesville, FL, USA

Michael Dukes

University of Florida, Gainesville, FL, United States

A recent study was conducted to examine the perceptions of homeowner association (HOA) board members in Orange County,
Florida about water conservation and the use of Florida Friendly
Landscaping (FFL) principles. Specifically, the study looked
at how open the HOAs were to increasing water conservation
among the residents and how likely they were to accept FFL
designs. This study used qualitative research methods through
the use of focus groups to determine whether the board members
attitude was open to change when it came to increasing water
conservation and incorporating FFL principles. A total of four
focus groups were conducted which included 42 participants, and
represented 31 different homeowner associations. An emerging
theme for barriers to increasing water conservation practices was
the need to maintain property value by having a nice landscape
and green grass. Another emerging theme was that as an HOA
board they did not have the skills to build consensus between
the residents that had lived in the subdivisions for 30 years and
the young 30 year olds moving into the neighborhood. Some
HOAs are allowing residents to have Bahia grass in the backyard
and St. Augustine in the front yard. Felter et al. determined in
2013 that homeowners do not know how to maintain each of the
different varieties of turf. Allowing this practice will contribute
to the confusion that already exists about lawn care. The use of
FFL was supported if it was well manicured and did not create
a security hazard.
Specified Source(s) of Funding: University of Florida Center
for Public Issues Education
2:15 PM – 2:30 PM

Nutrient Use, Water Use, and Growth of
Manilagrass, Hybrid Bermudagrass, and
Specified Source(s) of Funding: National Sustainable StrawSeashore Paspalum Turfgrass in Central
berry Initiative
Thailand
Micah Woods*

Asian Turfgrass Center, Bangkok, Thailand
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Rujira Deewatthanawong

Thailand Institute of Scientific and Technological Research, Pathum
Thani, Thailand

Supavadee Chanapan

Thailand Institute of Scientific and Technological Research, Pathum
Thani, Thailand

Manilagrass (Zoysia matrella ‘nuan noi’), hybrid bermudagrass
(Cynodon dactylon x. C. transvaalensis ‘Tifway 419’), and seashore paspalum (Paspalum vaginatum ‘salam’) are commonly
used as fairway grasses on golf courses in Southeast Asia. There
is little data about the growth and nutrient use of these grasses
when maintained as fairway turf in a tropical environment. Our
objective in this experiment was to measure the growth rate and
associated water use and nutrient use of these species in response
to three N:K fertilizer ratios. We filled 16-cm-diameter plastic
pots with a sand typically used on golf course fairways in central Thailand. Then we planted stolons of these grasses in the
pots and grew them in a plastic greenhouse in Pathum Thani,
Thailand. Twelve pots were planted of each species, for a total
of 36 pots. After a grow-in of 168 days, the fertilizer treatments
were started. For 48 days, from 20 Nov. 2013, to 7 Jan. 2014,
we applied weekly treatments of three different N:K ratios to
four pots of each species. Nitrogen was supplied from urea at
1 g·m–2 N each week. Potassium was supplied from KCl at 0.5,
1, and 2 g·m–2 K each week. This gave N:K ratios of 2:1, 1:1,
and 1:2. Irrigation was supplied twice weekly, and the pots were
weighed before adding water. Mowing of the pots was done
with scissors at 15 mm once per week, and the grass clippings
were collected, dried, weighed, and analyzed for leaf nutrient
content. Averaged across all N:K ratios and across the 48 day
duration in which the clippings were collected, the daily dry
matter clipping yield was 2.8 g·m–2 for bermudagrass, 3.4 g·m–2
for seashore paspalum, and 4.3 g·m–2 for manilagrass. There was
a small effect of N:K ratios. Increasing the N:K ratio from 2:1
to 1:1 caused an 8% increase in clipping yield, averaged across
species. Changing the N:K ratio from 1:1 to 1:2 had no effect.
The species differed more among themselves than they did in
response to N:K fertilizer ratios. The manilagrass produced 1.3 g
dry clippings for each liter of irrigation water applied, seashore
paspalum produced 1.1 g, and hybrid bermudagrass 1 g. On a
dry matter basis, the bermudagrass clippings contained 2.9%
N, 1.9% K, and 0.3% P. Seashore paspalum clippings contained
2.5% N, 2.8% K, and 0.3% P. Manilagrass clippings contained
2% N, 1.8% K, and 0.4% P.
Specified Source(s) of Funding: This research was self-funded.
2:30 PM – 2:45 PM

Glyphosate Application Timing Affects Tall
Fescue Conversion to ‘Sharp’s Improved II’
Buffalograss
Jared Hoyle*

Kansas State University, Manhattan, KS, USA

Buffalograss [Buchloe dactyloides (Nutt) Engelm.] is a native
warm season turfgrass that is being utilized for decreased inputs

in the landscape. Proper timing for glyphosate applications for
reducing green cover loss period is vital for planning a transition. Limited information exists on glyphosate timings including
pre- and post-seeding for conversion from tall fescue (Lolium
arundinacea) to buffalograss to reduce the green cover loss
period. The objective of this study was to determine the best
glyphosate timing for conversion of tall fescue to buffalograss.
Field studies were conducted in 2015 and 2016 at the Rocky
Ford Research Center in Manhattan, KS. Plots were seeded with
195.29 kg·ha–1 non-deburred ‘Sharp’s Improved II’ buffalograss.
Experimental design was a 5 by 5 factorial, randomized complete
block design with four replications. Treatments were applied
to 1.2 x 1.2 m plots on designated intervals with the seeding
date as 7 July 2015. Main effects included glyphosate application timings on the intervals weeks before seeding (WBS) and
days after seeding (DAS). WBS treatments included 4, 3, 2, 1
WBS, and nontreated. DAS treatments included 0, 2, 4, and 7
DAS, and nontreated. Combinations of each WBS and DAS
application timing were included to view timing interactions.
Glyphosate applications were all made at a rate of 2.2 kg·ha–1.
Buffalograss visual cover (0 to 100%), tall fescue visual cover
(0 to 100%), buffalograss color (1–9), buffalograss quality (1–9),
digital image analysis (percent green cover), and weed cover (0
to 100%) were collected weekly. All data was analyzed using
SAS (SAS Institute, Inc., Cary, NC), and means were separated
according to Fisher’s Protected LSD (P < 0.05). Buffalograss
establishment was slowed when prior to seeding there was no
application or if spraying 7 DAS. All treatments provided acceptable establishment by trial conclusion (70 DAS), except the
treatments receiving no glyphosate.
2:45 PM – 3:00 PM

Chilling Tolerance and Post-dormancy
Regrowth of Three Turf-type Bermudagrasses
Charles Fontanier*

Oklahoma State University, Stillwater, OK, USA

Justin Moss

Oklahoma State University, Stillwater, OK, USA

In warm, arid regions of the world, particularly those having a
Mediterranean climate, both warm- and cool-season turfgrasses
can be successfully grown. Historically, cool-season turfgrasses
have been preferred in these climates because of their superior
winter color. With increasing pressure to conserve water, there
has been renewed interest in developing warm-season turfgrasses
with enhanced winter color retention (chilling tolerance). The
objective of the present research was to evaluate three turf-type
bermudagrasses (Cynodon spp. Rich.) for their apparent winter
color retention and spring regrowth potential. An experiment
was conducted in a growth chamber at the Oklahoma State
University Controlled Environment Research Lab in Stillwater,
OK. The cultivars tested included the common bermudagrass
[C. dactylon (L.) Pers.] ‘Celebration’ and the interspecific
hybrid bermudagrasses (C. dactylon x C. transvaalensis) ‘Tifway’ and an experimental cultivar OKC-1131. The plants were

An asterisk (*) following a name indicates the presenting author.
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established from sprigs and allowed to mature under optimal
growing conditions (30/25 °C day/night, 680 mol·m–2·s–1, 14hour photoperiod). At initiation of the experiment, the ambient
temperature was gradually decreased to 8/2 °C temperature
regime and 10-hour photoperiod to simulate seasonal patterns.
These conditions were maintained for 10 months until apparent
dormancy was achieved for each plant, after which temperatures
were gradually increased to 27/14 °C temperature regime and
10-hour photoperiod to simulate seasonal patterns. Plants were
assessed for visual canopy green color, chlorophyll content,
and electrolyte leakage at 0, 2, 4, and 6 weeks after reaching
the final chilling temperature and again at 0, 3, and 6 weeks
after achieving the final warming temperature. Tifway showed
superior winter color retention compared to Celebration and
OKC-1131. This pattern corresponds to known cold hardiness of
each plant, with the most cold hardy entry being the OKC-1131
and the least cold hardy being Tifway. Interestingly, OKC-1131
was the earliest to emerge from dormancy. These results suggest that cold survivability could be related to spring green up,
but may not be a good indicator of chilling tolerance. Further,
it shows that genotypic variation in chilling tolerance can be
successfully reproduced in controlled environment experiments.
3:00 PM – 3:15 PM

Effects of Biochar and Compost on Tall Fescue
Establishment Rates

compost with biochar as biosolids compost was shown to most
negatively impact turfgrass establishment, most likely due to
high salinity levels (20 dS/m). Seedling density was measured
biweekly, subjected to Digital Image Analysis (DIA), and used
to construct sigmoidal regression comparing establishment
rates, turf cover at 50 and 75 days after seeding (DAS), and
final cover at each study’s conclusion. Compost-amended soils
resulted in slower establishment measured as reductions in live
turf cover. Combining greenwaste compost with biochar did
not improve performance compared to compost alone, but the
combined addition of biosolids compost with biochar resulted
in improved establishment rates compared to biosolids alone.
While soils amended only with biosolids compost reduced
establishment rates compared to controls, including biochar
in the amendment increased establishment rates, making them
comparable to controls. These results suggest that combining
biochar with compost amendments in turfgrass culture can
reduce negative impacts of compost amendments on turfgrass
establishment.
3:15 PM – 3:30 PM

Impact of Metsulfuron-methyl on Landscape
Species When Applied to Adjacent Turf Areas
Chris Marble*

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Jonathan F. Montgomery*

Celeste White

Milton McGiffen

Jason Smith

Compost, a stabilized form of organic matter derived from the
biological decomposition of plant, animal, or human waste,
has been traditionally used for purposes of fertilization and soil
amelioration. Biochar is produced through anaerobic heating of
plant biomass to produce extremely stable carbon in the form
of amorphous graphene sheets. Both technologies increase soil
organic matter (SOM), which can convey improvements in soil
water and nutrient retention, and soil structure. Biochar is more
highly resistant to degradation and recent work has suggested
a synergistic effect between biochar and compost materials. A
field study was conducted at University of California, Riverside in 2014 and a greenhouse replication in 2015 to evaluate
the effects of compost, biochar, and combined biochar and
compost amendments on the establishment rate of tall fescue
(Schedonorous arundinaceous). Biochar and compost amendments were incorporated on 16 April 2014, while tall fescue
was seeded on 5 May 2014. The study was replicated in the
greenhouse beginning 13 May 2015, when pots were seeded.
Field plots were amended to a depth of 15 cm with either
greenwaste compost (5.1 or 10.2 cm), biosolids compost (5.1
cm), biochar (2.2, 11.2, or 22.4 t·ha–1), or combinations of
biochar and greenwaste compost (5.1 cm compost, 11.2 t·ha–1
biochar). The greenhouse study used identical amendments and
rates, but included an additional treatment combining biosolids

Metsulfuron-methyl (or MSM) is a sulfonylurea herbicide used
primarily as a selective postemergence herbicide for broadleaf
weeds in turf. Due to its low cost and high efficacy at low
dosages, MSM has become one of the most widely used turf
herbicides in the industry. While there has been extensive research published pertaining to efficacy and safety in turf, very
little research has focused on the impacts of this herbicide to
landscape plants growing in these turf sites. The objective of
this project was to determine the impact of MSM on growth
and establishment of live oaks and ligustrum following spring
and summer applications to nearby turf. Quercus virginiana
(live oak) and Ligustrum japonicum (ligustrum) (both in 11.4-L
containers) were outplanted into the field at the Mid-Florida
Research and Education Center in Oct. 2015, mulched, and
drip-irrigated. In Apr. 2016, directed applications of MSM
were made to both species with a CO2 backpack sprayer 2
inches outside of the initial root-ball zone so that no foliage
was contacted and the initial root ball area (11.5-inch diameter
pot size) was not directly contacted. Metsulfuron was applied at
8.9, 17.5, 35, 70, and 140 grams active ingredient per ha. Data
collected included visual phytotoxicity ratings at 15, 30, 60,
and 90 days after treatment (DAT) on both species. At 90 DAT,
growth indices [(plant height + plant width1 + plant width2)/3]
were taken on ligustrum and caliper and height were measured

University of California, Riverside, Riverside, CA, USA
University of California, Riverside, CA, USA

UF/IFAS Extension Orange County, Orlando, FL, USA
University of Florida, Gainesville, FL, USA
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on live oak. Results showed that MSM reduced growth of both
species at all rates tested with limited differences between the
four lowest rates. The greatest growth reduction was observed
in plants treated at the 2x rate. Both species exhibited injury at
all rates, and injury increased with increasing MSM rate with the
highest rate typically resulting in plant death. Results suggest
that, as per label instructions, MSM should not be applied in
areas where roots of ornamental plants extend. It is important
to educate pesticide applicators on how far ornamental roots
may extend into areas planted with turf.

Specified Source(s) of Funding: Florida Nursery Growers and
Landscape Association and Center for Landscape Conservation
and Ecology (UF/IFAS)

Vegetable Crops Management 3
Moderator: Samuel Essah

Colorado State University, Center, CO, USA

2:00 PM – 2:15 PM

Preliminary Data Indicates Annual and
Perennial Pollinator Attracting Plants
Differentially Affect Yield of Cucumbers and
Habanero Peppers

have demonstrated the potential of pollinator-attracting plants
to be used as a lure to enhance the visitation of honey bees
and other pollinators to adjacent food crop species. This study
evaluated the potential of adding pollinator attracting plants in
close proximity to cucumber and habanero pepper plants. Two
treatment groups of pollinator attracting plants were evaluated:
perennials and annuals. The perennial treatment group consisted
of Phyla [Phyla nodiflora (L.) Greene], Borricia [Borrichia
frutescens (L.) DC.[, Saliva (Salvia ‘Augusta Duelberg’ L.),
and Texas kidneywood (Eysenhardtia texana Scheele). The annual treatment group consisted of Cosmos (Cosmos bipinnatus
Cav.), Zinnia (Zinnia marylandica D.M. Spooner, Stimart &
T. Boyle), Borage (Borago officinalis L.) and Basil (Ocimum
basilicum L.). The economic sustainability of the proposed system was measured by determining whether the investments in
pollinator-attracting plants are justified economically in terms of
crop yield or quality improvements. Yield and quality data were
recorded for each crop species and analyzed using analysis of
variance. A significant increase in yield was found in the annual
treatment group compared to control plots lacking pollinator
attracting plants. During the first year a significant difference
was not found in the perennial treatment group compared to
control plots, which may be attributed to the establishment
period necessary for perennial plantings.
2:15 PM – 2:30 PM

John E. Montoya*

Use of Single Line Source Irrigation Technique
for Deficit Irrigation Studies in Potatoes

Texas A&M University, College Station, TX, USA

Michael Arnold

Abdulssamad M.H. Barka

Texas A&M University, College Station, TX, USA

Colorado State University, Fort Collins, CO, USA

Juliana Rangel

Texas A&M University, College Station, TX, USA

Samuel Essah*

Texas A&M University, College Station, TX, USA

Allan Andales

Texas A&M University, College Station, USA

Troy Bauder

Colorado State University, Center, CO, USA

Larry A. Stein

Colorado State University, Fort Collins, USA

Marco Palma

Pollination is a key component to optimal yield and fruit set in
numerous vegetable crops, with honey bees being the primary
pollinator. Honey bee (Apis mellifera L.) populations in the
United States have experienced dramatic declines, exhibiting
a loss of 59% of colonies from 1947 to 2005. Likewise, several
native bees have exhibited sustained declines over the past
century. Decline in managed honey bee populations can be attributed to habitat loss, intensive fertilizer/pesticide application,
inhospitable field conditions, and limited food supplies. We
hypothesized the addition of strategic and methodical placement
of bee-attracting plants in cultivated landscapes near vegetable
crops will increase the yield and quality of the agricultural crops
and serve as a supplemental nutrition source for bees. Commercial farmers of cucumbers (Cucumis sativus L.) and habanero
peppers (Capsicum chinense L.) have observed increased yield
with the addition of bees in close proximity to their vegetable
crops. However, the addition of bees is not typically feasible
for small-scale farmers and home gardeners. Limited studies

Colorado State University, Fort Collins, CO, USA

David Holm

Colorado State University, Center, CO, USA

Irrigation water is one of the most important inputs for any successful potato (Solanum tuberosum L.) production in Colorado.
Cost of irrigation water is increasing due to the depleting water
table, and the slow rate of aquifer recharge. There is a need
to use irrigation water more efficiently in potato production,
while sustaining productivity. The recommended quantity of
irrigation water applied is equivalent to evapotranspiration
(ET) replacement. ET rates can vary among a wide range of
potato cultivars. Studies were conducted at Colorado State
University San Luis Valley Research Center, to evaluate the
impact of reduced irrigation water use below estimated ET on
performance of three contrasting Colorado Potato cultivars.
Treatments for Canela Russet included 100% ET replacement
(full irrigation), 82% ET replacement, and 55% ET replacement.
For Mesa Russet, treatments included 100% ET replacement,
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90% ET replacement, and 65% ET replacement. Deficit irrigation treatments for Yukon Gold included 61% and 83% ET
replacement, and a control with full ET replacement. Reduced
irrigation water application was achieved by using the single
line source irrigation technique. Full ET replacement increased
green leaf area duration in Canela Russet, but the rate of tuber
bulking with 18% reduction in irrigation water was similar to
that of full ET replacement. Total and marketable tuber yields
for Canela Russet were similar for full and 82% ET replacement treatments. Green leaf area duration was longer, and tuber
bulking was faster when irrigation water was reduced by 35% in
Mesa Russet production. However, total and marketable tuber
yields were higher when irrigation water was reduced by 10%.
Green leaves persisted longer in ‘Yukon Gold’ with full ET
replacement, but tuber bulking was faster when irrigation water
was reduced by 17%. Total and marketable tuber yields were
not significantly impacted when irrigation water was reduced
by 17%. Data from these studies indicate that potato cultivars
can vary in their requirements for irrigation water. Research
is therefore needed on cultivar specific water management for
new potato cultivars.
Specified Source(s) of Funding: USDA–ARS, through Colorado
Department of Agriculture
2:30 PM – 2:45 PM

Stormwater Performance of a Full-scale
Rooftop Farm: Runoff Quantity
Leigh Whittinghill*

Kentucky State University, Frankfort, KY, USA

Patricia Culligan

The Earth Institute at Columbia University, New York, NY, USA

Richard Plunz

The Earth Institute at Columbia University, New York, NY, USA

Robert Elliot

Columbia University, New York, NY, USA

Daniel Marasco

U.S. Department of Homeland Security, Washington, D.C, DC, USA

Tyler Carson

ARCADIS, New York, NY, USA

Green roofs have been shown to have many environmental
benefits. Of these benefits, stormwater management has received
a great deal of attention in both policy and incentive programs,
which require green roofs to meet certain criteria. It is unclear
at this time if agricultural green roofs meet these requirements
or have the same stormwater benefits as conventional green
roofs. This study was designed to monitor the stromwater retention of a full scale rooftop farm and compare retention rates
to conventional extensive sedum green roofs. V-notch weirs
with acoustic distance sensors were installed in one drainage
basin on the roof to measure runoff. A weather station was also
installed to measure ambient weather conditions and rainfall.
Rainfall retention rates were then compared to the results of

a previous study on an extensive sedum green roof (referred
to as USPS). Overall stomrwater retention on the Brooklyn
Grange was 50%. The Brooklyn Grange roof exhibited greater
retention for smaller storms and during the summer months,
a similar pattern to the USPS roof and patterns of retention
reported in the green roof literature. In most cases, retention
on the Brooklyn Grange was no significantly different from
that of the USPS roof. It was also similar to retention values
reported in the green roof literature. There was no difference
between peak flow reduction on the Brooklyn Grange and
USPS green roofs and peak flow reductions from the Brooklyn
Grange resembled those reported in the green roof literature.
Differences in retention on the Brooklyn Grange and USPS
rooftops can most likely be attributed to the use of irrigation
on the Brooklyn Grange.
Specified Source(s) of Funding: National Science Foundation
(NSF) grant CMMI-0928604, the Environmental Protection
Agency grant AE-83481601-1, and the Doris Duke Charitable
Foundation
2:45 PM – 3:00 PM

Low Tunnels Increase Vegetative Growth and
Yield, and Reduce Insect Injury in Kale and
Swiss Chard in Virginia
Ramon Arancibia*

Virginia Tech, Painter, VA, USA

James Jenrette

Virginia Tech, Painter, VA, USA

Rowcovers as low tunnel have been used successfully in
protected production systems to extend the production season
in temperate climates because the increased temperature and
protection against light freezes. Kale and chard are grown in
Virginia by rural and urban vegetable farmers due to the high
value and demand in local direct sale markets. However, production and quality in summer and open fields is limited due
to environmental conditions and pests. The objective of this
study was to determine differences in growth and yield under
row cover and insect net as low tunnel in comparison to open
field. Also, the difference in insect injury was determined among
treatments. Three experiments were conducted in the spring (17
MarGreat. and 16 May) and late summer (6 Sept.) of 2016 at
the Eastern Shore AREC in Painter, VA. Kale cultivars were
‘Toscano’ and ‘Fordhook Giant’, and Swiss chard cultivars
were ‘Starbor’ and ‘Peppermint’. Transplant were grown in
the greenhouse at 20 to 30 °C for 3–4 weeks in soilless media
before field planting. Rowcover increased temperature in all
three studies, and consequently increased growth and yield. In
the summer experiment, leaf area and biomass per plant, and
their ratio (specific leaf area) were increased by 77%, 51%,
and 18%, respectively. Consequently, yield under rowcover
increased by 140%, 41%, and 38% in early spring, late spring,
and summer, respectively. In addition, rowcover and insect net
reduced the level of insect injury the resulted in higher market-
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able yields. In conclusion, kale and Swiss chard can be grown
under rowcover throughout the season in Virginia. Rowcover
protects against insects and increases yield of leafy vegetables
and therefore it is a useful tool to improve sustainability of
vegetable farmers and urban agrculture.
Specified Source(s) of Funding: Southern SARE

Floriculture 4

Moderator: Qingwu Meng

Michigan State University, East Lansing, MI, USA

4:00 PM – 4:15 PM

Water and Fertilizer Management in Geranium
Under Elevated CO2

3:00 PM – 3:15 PM

Megha R. Poudel*

Expanding Local Specialty Crop Opportunities
in North Dakota through Season Extension
Using High Tunnels

Oklahoma State University, Stillwater, OK, USA

Bruce Dunn

Oklahoma State University, Stillwater, OK, USA

Kyla Splichal*

Charles Fontanier

Harlene Hatterman-Valenti

Vijay Gopal Kakani

Esther E. McGinnis

Abstract

North Dakota State University, Williston, ND, USA

Oklahoma State University, Stillwater, OK, USA

North Dakota State University, Fargo, ND, USA

Oklahoma State University, Stillwater, OK, USA

North Dakota State University, Fargo, ND, USA

Jerald Bergman

North Dakota State University, Williston, ND, USA

Tyler Tjelde

North Dakota State University, Williston, ND, USA

Audrey Kalil

North Dakota State University, Williston, ND, USA

Jacob Kluza

North Dakota State University, Fargo, ND, USA

High tunnels effectively modify the growing environment to
extend the growing season in the cold climates of the northern
Great Plains. This modified environment is advantageous for
warm season crops such as tomatoes, peppers, and cucumbers
that benefit from a longer, warmer growing season. This project
evaluated three traditional high tunnel crop species, tomato
(Solanum lycopersicum L.), bell pepper (Capsicum annuum
L.) and cucumber (Cucumis sativus L.); and compared crop
yield and quality using two trials in western and eastern North
Dakota. Nine cultivars of each crop were grown inside the high
tunnel. Of the nine tomato cultivars, ‘Tomimaru Muchoo’ and
‘Cobra’ were the top yielding in the western and eastern trials
at 6 and 9.6 kg/plant, respectively. The top producing pepper
cultivars for the western and eastern trials were ‘Islander’ and
‘Sprinter’, respectively with 3 kg/plant for each. The cucumbers consisted of six slicing and three pickling cultivars. In
the western and eastern trials, ‘Corinto’ had the greatest yield
at 14 and 8 kg/plant, respectively. ‘Harmonie’ had the greatest
pickling yield in the western trial at 9 kg/plant, while for the
eastern trial ‘Excelsior’ had the greatest pickling yield at 2 kg/
plant. High tunnels have extended the season, improved crop
quality, and increased production relative to normal North
Dakota field growing conditions.

Carbon dioxide (CO2) supplementation is an important factor
for optimal growth of ornamental plant in greenhouse. The
objective of this study was to understand water and nutrient
requirements of potted geranium (Pelargonium xhortorum L.
‘Pinto Premium Rose Bicolor’) under elevated CO2 conditions.
The study was conducted with three factorial treatments arranged
in a split-split plot design. Two identical greenhouses were used
and CO2 was supplemented to maintain 1000 ppm in one of the
greenhouses from 7 AM to 1:00 PM Plants in each greenhouse
had moisture regimes of either 5, 10, or 15 cb, maintained by
automatic tensiometer settings. Four nutrient levels of 0, 3, 6,
and 9 g of 15N–9P–12K slow release granular fertilizer was
used in each of the water treatments. A single potted plant was
taken as one replication and 10 replications were made in each
fertilizer treatment and the study was repeated. Height, width, the
number of umbels, umbel width, number of flowers per umbel,
photosynthesis, transpiration, stomatal conductance, and dry
weight were recorded. The results showed that plants grown at
elevated CO2 had a higher rate of photosynthesis and higher dry
weight. Plants grown at 10 cb moisture level at elevated CO2
condition had the greatest number of flowers. Similarly, plants
showed a higher rate of growth with increasing fertilizer rate
in both elevated and ambient CO2 conditions.
4:15 PM – 4:30 PM

Regulation of Flowering by Different Green
Light Intensities: A Dose-Response Relationship
Qingwu Meng*

Michigan State University, East Lansing, MI, USA

Erik Runkle

Michigan State University, East Lansing, MI, USA

Lighting can extend short days to promote flowering of long-day
plants and inhibit flowering of short-day plants. Red/far-red and
blue light control flowering primarily through phytochromes and
cryptochromes, respectively. Green light acts antagonistically
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to blue light in cryptochrome-mediated physiological responses
such as stomatal opening; however, the role of green light in
photoperiodic regulation of flowering is not well understood.
We grew four long-day plants [two petunia (Petunia ×hybrida)
cultivars, ageratum (Ageratum houstonianum), and snapdragon (Antirrhinum majus)] and four short-day plants [three
chrysanthemum (Chrysanthemum xmorifolium) cultivars and
marigold (Tagetes erecta)] at a set point of 20 °C in a research
greenhouse with supplemental high-pressure sodium lighting.
Plants received 9-hour natural short days with or without 7-hour
day-extension lighting from green light (peak = 522 nm) at 2, 13,
or 25 µmol·m–2·s–1 or red+white+far-red light at 2 µmol·m–2·s–1.
We observed a dose-response relationship between green light
intensity and flowering time. As green light intensified from
0 to 25 µmol·m–2·s–1, petunia flowered earlier, and chrysanthemum
flowered later. Ageratum and marigold perceived green light at
2 µmol·m–2·s–11 as a saturating long-day signal. However, petunia
flowered most rapidly when green light was ≥ 13 µmol·m–2·s–1.
In contrast, green light at 25 µmol·m–2·s–1 promoted flowering of
snapdragon marginally. Therefore, depending on the intensity,
green light can effectively control flowering of some, but not
all, photoperiodic floriculture crops.
4:30 PM – 4:45 PM

Light Spectrum Effects on Edible Pansy
Wan Soon Kim

The University of Seoul, Seoul, Korea, Republic of (South)

Neil Scott Mattson*

Cornell University, Ithaca, NY, USA

Heiner Lieth

University of California–Davis Daivs, USA

This study was carried out to determine potential benefits of additional far-red or ultra-violet light spectrums in indoor production of edible pansy which was mainly growing under combined
red and blue lighting. Viola Sorbet XP Purple (Viola cornuta)
was materialized in this study. The seeds were germinated and
grown indoor condition of LED 180 µmol·m–2·s–1 PPFD with 18
daylength and 25 ℃ atmosphere temperature. After 60 seedling
days, the plants were treated by different wavelength light spectrums: red-blue (RB, T1), RB with far-red (RBFR, T2), RB with
ultra-violet (RBUV, T3), or white (W, T4) with the same light
intensity as seedling stage. The treated plants were exposed daily
to 11.7 mol·m–2·d–1 PPFD. As results, flower yield was highest in
T2 (far-red added) in addition to shoot extension growth which
was highest in T2 as well and lowest in T3 (UV-added). Flower
quality was partly affected by light wavelength, and petal color
or anthocyanin contents were typically affected by UV-band.
However UV treatment was partly beneficial or detrimental to
edible pansy production. The cause of beneficial effects of FR
can be discussed in relation to light-dominant LDPs (Runckle
et al., 2003; Randall and Lopez, 2013), related to phytochrome
activity R+FR Emerson Effect (Emerson, 1957), shade stretch,
or plant heating (no data). Also the positive effect of FR would
be derived from high R : FR ratio (2.3) which was 1.1 in natural

sun lighting system. Conclusively additional FR lighting can be
applicable to increasing the petal yield of edible pansy indoor
production.
4:45 PM – 5:00 PM

Regulating Flowering and Extension Growth
of Poinsettia Using Red and Far-red LEDs for
End-of-day Lighting
Mengzi Zhang*

Michigan State University, East Lansing, MI, USA

Erik Runkle

Michigan State University, East Lansing, MI, USA

Manipulating light quality is a potential alternative method of
regulating plant height in the commercial production of ornamental crops. The red (R, 600–700 nm) to far red (FR, 700–800
nm) ratio (R:FR) of end-of-day lighting can regulate extension
growth and development. Poinsettia, which is one of the most
economically important floriculture crops, is sometimes shorter
than market height specifications. We investigated the impacts of
the R-FR and duration of day-extension lighting in controlling
the extension growth and flowering of two poinsettia cultivars,
‘White Glitter’ and ‘Marblestar’. Plants were grown at 20 °C
under 9-h short-days with or without end-of-day lighting,
provided by two different types of light-emitting diode (LED)
bulbs: R+white+FR (subsequently referred to as R+FR) and FR
only. The R:FR ratios were 0.73 and 0.04 respectively, and the
photon flux density between 400–800 nm was adjusted to 2–3
µmol·m–2·s–1 at plant canopy. The six end-of-day lighting treatments were 2 h of R+FR, 2 h of FR, 2 h of R+FR followed by
2 h of FR, 4 h of R+FR, 4 h of FR, and 4 h of R+FR followed
by 2 hours of FR. Compared with the 9-h short-day control, all
lighting treatments significantly promoted plant height (from
47% to 195%), with the greatest promotion under the longest
lighting periods. There were no differences in days to first bract
color and days to anthesis when the 9-h day was extended by
2 h, but anthesis was delayed under all 4- or 6-h lighting treatments, especially in the R+FR treatments. Low-intensity FR
significantly promoted extension growth for ‘White Glitter’
when delivered alone for 2 h and delayed anthesis for both
cultivars when delivered alone for 4 h. We conclude that endof-day lighting promotes extension growth of poinsettia and that
low-intensity FR is not as effective as R+FR light in regulating
flowering. Further research is needed to determine whether a
higher-intensity of FR has greater impact on regulating flowering and extension growth.
5:00 PM – 5:15 PM

Creating Customized Photoperiod Tools for
Calibrachoa Growers
Alicain Carlson*

Syngenta Flowers, Gilroy, CA, USA

Matthew Blanchard

Syngenta Flowers, Gilroy, CA, USA
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Colin Bergman

Ki Kim

Delivering the proper photoperiod is essential for many species
of floriculture crops to induce or prevent flowering. For long-day
crops such as Calibrachoa spp., knowing the critical photoperiod
is important for finishing plants within a production schedule
and with sufficient flowering and quality to attract consumers at
retail. Experiments were performed at Syngenta Flowers, Gilroy,
California with 23 varieties of the Callie® Calibrachoa series to
determine the influence of photoperiod on finish time, flower
number, and plant vigor. Plugs were propagated for 3 weeks
and then transplanted into 15-cm pots and grown in controlled
environment greenhouses with a 10- or 10.5-hour day that was
extended with 150-W HPS lamps to achieve photoperiods of
10, 10.5, 11, 11.5, 12, 12.5, 13, and 13.5 hours. Average daily
temperatures and daily light integrals were similar among the
photoperiod treatments. Each experiment consisted of 10 replications (pots) per variety in each photoperiod and plants were
grown until finish stage (five open flowers per plant). Flowering
data were analyzed to determine the minimum photoperiod required for flowering of each calibrachoa variety to avoid no more
than 1 week delay in crop time and no more than 50% decrease
in flower number compared to 13.5- or 14-hour photoperiod
treatments. Over half of the varieties flowered under 10.5 or
11 hours and all of the varieties flowered under photoperiods
≥ 13 hours. Using the minimum photoperiod information, a
customized grower tool was created that allows the selection
of Callie Calibrachoa varieties that can be grown under natural
photoperiods during the production period and which varieties
require long-day photoperiodic lighting. Photoperiods change
throughout the year and depend on location, specifically latitude.
The tool is customized to the growers’ latitude to the nearest 5°
and shows a graph of their natural photoperiods throughout the
year for reference. A comparison of how each variety finishes
relative to one another under five different photoperiods is also
provided. This is a valuable tool that allows growers to choose the
varieties that best match their location and production schedule
to ensure high quality flowering calibrachoa ready for retail.

This study was conducted to determine the effects of relative
humidity (RH) and nighttime CO2 concentration control on the
photosynthetic characteristics of young Phalaenopsis orchids. In
RH experiment, young Phalaenopsis ‘Blanc Rouge’ clones, with
2–3 fully developed leaves, were grown under three different RH
conditions (30, 50, and 70%). In CO2 experiment, young Doritaenopsis ‘Mantefon’ clones, with 2–3 fully developed leaves,
were grown under four different nighttime CO2 concentration
conditions [400 (control), 900, 1500, and 2100 ppm]. Each treatment was maintained for 6 months in environment-controlled
growth chambers. In RH experiment, the highest rate of CO2
uptake was observed in the 70% treatment, followed by the 50
and 30% treatments. The stomatal conductance increased with
increasing RH. In CO2 experiment, the amount of CO2 that was
absorbed during nighttime was the highest under 900 ppm of
CO2 concentration after 2 weeks of treatment. However, the CO2
uptake of a new leaf, newly developed after treatments, significantly increased with increasing CO2 concentration. The highest
rate of CO2 uptake of a new leaf was observed in the 2100 ppm
treatment, but there were no significant differences among 900,
1500, and 2100 treatments. In CO2 exchange-CO2 concentration
curve, CO2 uptake of a new leaf was saturated above 900 ppm in
the 900, 1500, and 2100 ppm treatments, while the CO2 uptake
decreased above 1200 ppm in the control treatment. These results
indicate that RH and nighttime CO2 concentration control can
improve the photosynthesis of Phalaenopsis orchids. In this
study, 70% of RH and 900 ppm of nighttime CO2 concentration
are recommended for Phalaenopsis cultivation.

Seoul National University, Seoul, Korea, Republic of (South)

Syngenta Flowers, Gilroy, CA, USA

5:15 PM – 5:30 PM

Investigating CO2 Uptake Behaviors Under
Increasing Relative Humidity and Nighttime
CO2 Concentration in Young Phalaenopsis
Orchids
Hyo Beom Lee*

Seoul National University, Seoul, Korea, Republic of (South)

Nam Hyeon Lim

Seoul National University, Seoul, Korea, Republic of (South)

So Hyeon Lim

Seoul National University, Seoul, Korea, Republic of (South)

Seong Kwang An

Seoul National University, Seoul, Korea, Republic of (South)

5:30 PM – 5:45 PM

Monitoring Supplemental Light Use of Petunia
Using Normalized Difference Vegetation Index
(NDVI) and Quantum Sensors
Krishna Nemali*

Purdue University, West Lafayette, IN, USA

Supplemental lighting is an expensive but a required input
in greenhouse production. Currently, there are no simple and
affordable techniques to measure how effectively plants use
supplemental light in greenhouses. The efficacy of normalized
difference vegetation index (NDVI) and quantum sensors to
measure supplemental light use of petunia plants was tested
in this study. The logic was that stress exposure would reduce
supplemental light use and result in increased reflectance from
the plants, which can be detected by the sensors. Incident photosynthetic photon flux (PPF), reflected PPF, leaf photosynthesis
rate, and NDVI values were measured continuously after withholding irrigation. Our results indicate that both sensors can be
used to measure supplemental light use of plants, but quantum
sensors appear to be less sensitive than NDVI sensors to detect
small changes in supplemental light use. The NDVI values
showed reasonable correlation with leaf photosynthesis rate but
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were significantly influenced by solar angle which may limit
their use to fixed lighting conditions.
Friday, September 22, 2017

Genetics and Germplasm 3
Moderator: Chihcheng T. Chao

PGRU USDA–ARS, Geneva, NY, USA

8:00 AM – 8:15 AM

Increased Phloridzin Content Associated with
Russeting in Apple Fruit
Benjamin Gutierrez*

Cornell Univ. & PGRU USDA–ARS, Geneva, NY, USA

Gan-Yuan Zhong

PGRU USDA–ARS, Geneva, NY, USA

Susan Brown

Cornell University, Geneva, NY, USA

Phloridzin (phloretin 2-O-glucoside) is unique to apple (Malus
xdomestica Borkh.) and its wild relatives. Phloridzin has been
researched extensively for its nutraceutical properties, including anti-diabetic, anti-cancer, and antioxidant activities, making
phloridzin a potential target for nutritional improvement in new
apple cultivars. However, phloridzin accumulates at significantly
lower concentrations in fruit than in vegetative tissues and seeds.
To understand the variation of phloridzin content in apple fruit
and leaves, we surveyed 109 accessions from the USDA–ARS
Malus germplasm collection in Geneva, NY from 2015 to 2016
using High Performance Liquid Chromatography. Some of the
accessions surveyed were cultivars and sports with a peel disorder
termed russet, due to the color of the fruit. In russeted apples, the
smooth waxy surface of the fruit is partially or entirely replaced
by a corky layer. We observed that phloridzin content tended to
be higher in the peels of russeted cultivars than non-russeted.
This trend was evident in peels of russet sports compared to
their standard-peel counterparts. Peel phloridzin content ranged
from 23.5 µg/g FW to 978.8 µg/g FW. We found no significant
correlation between leaf and fruit flesh phloridzin content and
russeting. Our results suggest that both genetic factors and
russeting occurrence and intensity (surface of fruit covered)
influence peel phloridzin content.
Specified Source(s) of Funding: USDA–ARS Plant Genetic
Resources Unit
8:15 AM – 8:30 AM

Apomixis As an Alternative for Preservation of
Wild Malus Germplasm
Chihcheng T. Chao*

PGRU USDA–ARS, Geneva, NY, USA

Heidi Schwaninger

PGRU USDA–ARS, Geneva, NY, USA

Gan-Yuan Zhong

PGRU USDA–ARS, Geneva, NY, USA

Apple is one of the most important fruit crop in the world and
the value of U.S. utilized production was $3.394 billion in 2015.
There are about 50 wild Malus species in the world, including
four Malus species in North America, six species in Europe and
Central Asia, and 40 other species in China and other Asian
countries. Plant Genetic Resource Unit (PGRU), USDA–ARS
focuses on the preservation of cultivated apple varieties and all
the wild Malus species. The apple (Malus) collection normally
are preserved as trees in the field or as open pollinated seeds
from exploration and stored in a –200 °C freezer. All Malus have
a very strong self-incompatibility system that prevents selfing.
Apomixis is the asexual reproduction of seeds that found in
many wild Malus species. The apomictic seeds have the same
genotype of their parents. Eight Malus species, M. hupehensis,
M. platycarpa, M. rockii, M. sargentii, M. sieboldii, M. sikkimensis, M. toringoides, and M. xiaojinensis, are known to have
different level of apomixis. Since 2015, we began confirming
the known apomictic Malus species in PGRU collection and
investigated apomixis in other wild Malus species. We bagged
the wild Malus accessions before bloom, removed the bags after
fruit set, collected the fruit produced from within the bags in the
fall, and extracted the seeds for storage in a –200 °C freezer. In
2016, we were able to collect apomictic seeds from M. coronaria, M. ioensis, and M. spontanea. Three bagged accessions
of M. asiatica, one accession of M. fusca, M. tschonoskii, and
M. yunnanensis did not produce any fruit that suggest all four
species are most likely not apomictic. In 2016, we also germinated 20 apomictic seeds collected in 2015 from some Malus
and comparing their genotypes with the parental genotypes
using RosBREED SNP chip. We confirmed the presence of
apomixis in M. coronaria, M. hupehensis, and M. sikkimensis
using the RosBREED SNP chip. Apomictic seeds are small in
size and weight comparing with budwood, they could be stored
in freezers and maintain high viability for a long term, they
could be germinate and recreate the parental genotypes, and
they do not need to go through lengthy quarantine process for
international exchange. We will continue identifying other wild
Malus species and M. hybrids (crabapples) for the presence of
apomixis. We will generate more apomictic seeds and use the
apomictic seeds as alternative for preservation and exchange of
wild Malus germplasm.
8:30 AM – 8:45 AM

Morphological and Genetic Perspectives of
Peach Fruit Responses to Spring Frost
Chunxian Chen*

USDA–ARS, SEFTNRL, Byron, GA, USA

Thomas Beckman

USDA–ARS, SEFTNRL, Byron, GA, USA

Spring frost is one of the most unpredictable cropping factors
in many peach production areas. A severe spring frost can
wipe out an entire peach crop whereas a mild spring frost may
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naturally help thinning as is common practice in commercial
peach production. The extent of frost damage depends on the
duration and climate of freezing temperature, and also varies
from peach genotypes. Deeply frozen buds, flowers and/or
fruitlets will dry out and abscise shortly. Low-chill cultivars in
corresponding areas bloom earlier than higher chill cultivars and
are generally more vulnerable to frost damage. A severe spring
frost on 29 Mar. 2015, after three weeks of bloom dramatically
reduced fruit set and resulted in many buttons (abnormally
small fruit with dead embryos), which also provide a chance
for morphological observation on frost affected peach fruit and
genetic perspectives of buttoning. The fruit set rating was different in 2014, 2015, and 2016, averaging 5.61 in 2014, 2.61
in 2015, and 6.04 in 2016, on a scale of 0 to 9. Frost damaged
fruitlet buttons and skin-damaged fruit in 2015 varied among
peach genotypes. Comparison of fruit and button set rating
showed some significant differences in fruit set for four ripening months, among the three years, and among the nine chilling
classes, respectively. Among the cultivars, the most common
button set rating was 0–3. In the population derived from a cross
of button-prone selection and button-free selection, fruit and
button counts from ten shoots ranged from 4–53 fruit and 2–27
buttons, respectively. The peach button rate ranged from 5.4%
to 87.1%. The range, distribution, and percentage of the button
counts suggested that, if buttoning was genetically controlled, it
was likely inherited quantitatively. A healthy fruitlet affected by
spring frost had four outcomes: dropped fruitlet, small button,
normally-sized but skin-damaged fruit, or normal marketable
fruit. Quick fruitlet drop was primarily due to a freezing injury
to the entire fruitlet, including skin, flesh, pit, and embryo tissue. Button or normally-sized but skin-damaged fruit could
develop if frost damage caused only embryo abortion or skin
micro-fracture, respectively. A frost tolerant peach would need
to minimize loss to the first three outcomes.
8:45 AM – 9:00 AM

Environmental Stability of Genomic Predictions
of Cherry and Peach Performance Using Models
of Large Effect QTL and Genetic Background
Effects
Craig M. Hardner*

University of Queensland, St Lucia, Australia

Cameron Peace

Washington State University, Pullman, WA, USA

Ben Hayes

University of Queensland, St Lucia, Australia

Satish Kumar

The New Zealand Institute for Plant and Food Research Limited,
Havelock North, New Zealand

Julia Piaskowski

Washington State University, Pullman, WA, USA

Stijn Vanderzande

Washington State University, Pullman, WA, USA

Miguel Villamil Castro

University of Queensland, St Lucia, Australia

Lichun Cai

Michigan State university, East Lansing, MI, USA

Nnadozie Oraguzie

Washington State University, Pullman, WA, USA

Jose Quero-Garcia

INRA & University of Bordeaux, Villenave d’Ornon, France

Teresa Barreneche

INRA & University of Bordeaux, Villenave d’Ornon, France

Jose Campoy

INRA & University of Bordeaux, Villenave d’Ornon, France

Gerard Charlot

Centre Technique Interprofessionnel des Fruits et Légumes,
Bellegarde, France

Daniela Giovannini

Council for Agricultural Research and Economics, Forli, Italy

Alessandro Liverani

Centre Technique Interprofessionnel des Fruits et Légumes, Forli, Italy

Ksenija Gasic

Clemson University, Clemson, SC, USA

David Byrne

Texas A&M University, College Station, TX, USA

Margaret Worthington

University of Arkansas, Fayetteville, AR, USA

Cassia Da Silva Linge

Clemson University, Clemson, SC, USA

Ana Wunsch

Centro de Investigación y Tecnología Agroalimentaria de Aragón
(CITA), Zaragoza, Spain

Amy Iezzoni

Michigan State University, East Lansing, MI, USA

New parents and candidate cultivars can be identified by
modelling performance information as allelic effects at known
individual large-effect loci influencing traits (QTLs) and genomewide small-effect loci (genetic background). Typically, markerassisted breeding targets QTLs while genomic selection targets
the genetic background. However, interaction between variable
environmental and genetic effects (GxE) might influence selection accuracy of these approaches for commercial deployment. On
one hand, if factors that predict GxE patterns can be identified,
candidate cultivars might be targeted to specific environments,
while on the other, unaccounted-for GxE will compromise
selection response. Typically, GxE in horticulture is studied
using multi-environment trials (METs) of clonally replicated
individuals across locations. However, METs are expensive for
fruit trees, particularly due to the size of the experimental unit
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and the long juvenile period. Here we outline a RosBREED-led
international collaboration to extend genomic selection methods
to study GxE. Single nucleotide polymorphism (SNP) array data
on individuals assessed for sweetness in multiple environments
are used to model replication of QTLs and genetic background
effects across these environments. This new approach allows
historical data to be combined to study stability of these genetic
effects over various environments without the need for clonal
replication and is demonstrated using sweet cherry fruit maturity
data collected in the United States and Europe across two years
and peach sweetness data collected at three locations in the UNited
States across two years. We encourage others to contribute data
to this international collaborative effort as additional individuals, locations, years, and growing and fruiting conditions will
improve the generality and accuracy of predictions.

Specified Source(s) of Funding: RosBREED: Combining Disease Resistance With Horticultural Quality In New Rosaceous
Cultivars
9:00 AM – 9:15 AM

The Global Conservation Strategy for Coffee
Genetic Resources
Sarada Krishnan*

goal of this Global Strategy is to ensure the conservation and
use of coffee genetic resources for a positive, sustainable future
of the crop and for those dependent on coffee for a livelihood.
The Strategy will act as a framework for bringing together stakeholders at all levels—local, regional, national and global—in
building awareness, capacity and engagement in conserving
the genetic diversity and use of coffee genetic resources for the
long term. Key elements of the Coffee Conservation Strategy
will be discussed.
9:15 AM – 9:30 AM

Development and Characterization of 13
Polymorphic Microsatellite Loci for Cryptolepsis
sanguinolenta, an African Antimalarial Plant
J. Naalamle Amissah

University of Ghana, Accra, Ghana

Sarah L. Boggess*

University of Tennessee, Knoxville, TN, USA

Phillip A. Wadl

USDA–ARS, U.S. Vegetable Laboratory, Charleston, SC, USA

Denita Hadziabdic

University of Tennessee, Knoxville, TN, USA

Denver Botanic Gardens, Denver, CO, USA

Robert N. Trigiano

The Global Crop Diversity Trust, Bonn, Germany

Cryptolepsis sanguinolenta is an herbaceous perennial plant
indigenous to West and Central Africa. The roots are harvested
and widely used in the preparation of herbal decoctions to treat
malaria. The process of harvesting wild grown roots is unsustainable, and the plant is becoming more difficult to find as over
harvesting has occurred. As part of a comprehensive program
to conserve and domesticate C. sanguinolenta, we developed
microsatellite markers to assess genetic diversity and population structure of wild plants. A genomic library was prepared,
sequenced, and the raw reads were assembled de novo into
contigs. Microsatellites were identified from the contigs and
primers developed using BatchPrimer3. Seventy-five primer pairs
were screened to discover 13 polymorphic microsatellite loci.
In our initial study, 22 C. sanguinolenta samples were collected
from 8 geographical locations. Alleles per locus ranged from 3
to 7 with a mean of 4.4. Expected heterozygosity ranged from
0.24 to 0.77, and all but one locus significantly deviated from
Hardy-Weinberg equilibrium. Genetic differentiation mean was
0.06 among all loci, signifying relatively low genetic diversity
among the samples included in the study. The 13 microsatellites
that were developed will be used in more extensive studies to
evaluate the genetic diversity and population structure of C.
sanguinolenta, and will help conservation and domestication
efforts for this important native medicinal plant in western and
central Africa.

Paula Bramel

Daniela Horna

The Global Crop Diversity Trust, Bonn, Germany

Brian Lainoff

The Global Crop Diversity Trust, Bonn, Germany

Christophe Montagnon

World Coffee Research, College Station, TX, USA

Tim Schilling

World Coffee Research, College Station, TX, USA

Coffee plays a significant economic role globally and serves as
a major source of foreign earnings in many producing countries.
Despite challenges, world coffee production has grown steadily
over the past 50 years, though it will be difficult to maintain
this trend due to continued rise in production costs, as well as
problems related to negative impacts of climate change and
higher incidence of pests and diseases. Developing adaptation
strategies will be critical in sustaining the coffee economy
and livelihoods in many countries. The key to meeting this
goal will lie in utilizing the varied coffee genetic resources to
develop varieties with drought stress tolerances, pest and disease resistances, high cup quality, and increased production. In
2016, World Coffee Research and the Global Crop Diversity
Trust spearheaded the development of the Global Conservation
Strategy for Coffee Genetic Resources. Through engagement
of multi-national stakeholders from various aspects of coffee
production, processing, breeding, conservation and research, the

University of Tennessee, Knoxville, TN, USA

Specified Source(s) of Funding: Volkswagen Foundation, Hannover, Germany and the United States Department of Agriculture
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Postharvest 4

days after anthesis. Generally, it can be concluded that dudaim
fruits can be harvested at an optimum stage of maturity, similar
to known climacteric melons, and allowed be ripen at proper
storage temperatures (e.g. 13 °C) before consumption.

Moderator: John Beaulieu

USDA–ARS, New Orleans, LA, USA

8:00 AM – 8:15 AM

Postharvest Evaluation of Stored Dudaim Melon
Fruits (Cucumis melo var. dudaim) Harvested at
Different Stages of Maturity
Mohsen Hatami

8:15 AM – 8:30 AM

Preharvest Soil and Tissue Nutrition Linked
to Postharvest Needle Abscission Dynamics in
Balsam Fir

University of Tehran, Karaj, Iran (Islamic Republic of)

Mason T. MacDonald*

University of Tehran, Karaj, Iran (Islamic Republic of)

Rajasekaran Lada

Dalhousie University, Faculty of Science, Halifax, Canada

Siamak Kalantari

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Forouzandeh Soltani

University of Tehran, Karaj, Iran (Islamic Republic of)

John Beaulieu*

USDA–ARS, New Orleans, LA, USA

Dudaim or Queen Anne’s Pocket melon is a unique member of
the edible melon (Cucumis melo L.) family and less attention has
been paid to its postharvest physiology. They are characterized by
small reddish yellow fruits with ochre stripes, a unique fragrant
and musky aroma, ornamental beauty, medicinal properties and a
whitish and insipid pulp that is oftentimes barely edible. Volatile
information exists for these fruit but, only one previous paper
outlining the horticultural and cultural attributes was found. In
order to investigate postharvest behavior of the fruit, two dudaim
melon cultivars (‘Zangi-Abad’ and ‘Kermanshah’) were planted
at the research station of the University of Tehran, and harvested
at two maturity stages (21 and 28 days after anthesis, DAA).
Fruits were stored at two storage temperatures (5 and 13 °C) and
analyzed weekly through 21 days. Quality parameters assessed
included color, firmness, TA, pH, TSS, weight loss, protein content, glucose, fructose, sucrose, maltose and ethylene production.
The experiment was performed according to a factorial design
and data subjected to an ANOVA. The a* color increased (from
green toward orange/red) in both cultivars throughout storage in
fruit harvested 21 DAA. After three weeks of storage at 13 °C,
fruit harvested at 21 DAA had relatively similar color values
(L*, a*, b*), TA and firmness compared to late harvested fruits
(28 DAA) but some quality traits such as TSS were not similar.
Glucose and fructose generally decreased, while sucrose and
maltose increased with advancing maturity. Storage at 5 °C
seemed to create some maturity-related “delays” regarding typical and normal ripening. For example, ‘Zangi-Abad’ held at 5°C
did not ripen fully (incomplete ethylene climacteric). Yet, this
could be confounded if insufficient DAA were assessed (i. e. if
35 DAA was required). The cultivar ‘Kermanshah’ demonstrated
a climacteric-like behavior in both 21 and 28 DAA harvests but,
not when stored at 5 °C. Increased ethylene production during
storage at 13 °C, in concert with color development, reaching
similar qualities to ripe fruits, and the changing balance of mono
and disaccharide sugars, likely indicates that ‘Zangi-Abad’ and
‘Kermanshah’ are climacteric. Further study could determine
the per cultivar-dependent optimum harvest window regarding

Postharvest needle abscission is a complex physiological process
in balsam fir involving many factors, but little is known about
the link between soil and tree nutrition and needle loss. Soil,
tissue, and branches were collected from 18 balsam fir trees each
month from April to November and evaluated for postharvest
needle abscission characteristics. Soil samples were evaluated
for moisture, pH, organic matter, cation exchange capacity, and
various mineral elements. Needle tissue samples were evaluated
for mineral elements. Many parameters were found to vary based
on month throughout the study, but not all were associated with
needle abscission. Soil organic matter, cation exchange capacity,
Ca, and Mn all had a significant (P < 0.01) positive relationship
with needle retention; soil Al had a significant (P < 0.01) negative relationship with needle retention. Needle NO3-N, Ca, and
Fe were also associated with needle abscission. The strongest
positive relationship was found between needle Ca and needle
retention (R2 > 0.50), suggesting that higher concentrations of
tissue Ca were linked to superior needle retention in balsam
fir. Overall, this study provides evidence that changes to soil
management, such as inclusion of organic matter and adjusting
certain mineral elements may provide benefit to postharvest
needle retention in balsam fir.
Specified Source(s) of Funding: Atlantic Canada Opportunities
Agency, SMART Christmas Tree Cooperative, NSERC
8:30 AM – 8:45 AM

Production of Organic Tomatoes in High
Tunnels Reduces Pre- and Postharvest Losses
Konstantinos Batziakas*

Kansas State University, Olathe, KS, USA

Helena Pontes Chiebao

Kansas State University, Manhattan, KS, USA

Cary L. Rivard

Kansas State University, Olathe, KS, USA

Eleni Pliakoni

Kansas State University, Olathe, KS, USA

Consumer demand for organic and/or local fresh produce has
been growing steadily in the United States during the last decade.
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To meet that demand, many growers have adopted high tunnel
production systems, which have successfully increased the yield
of several crops. However, little is known about the effect of
this production system on the quality and shelf-life of produce.
Our objective was to determine how high tunnel production affects the pre-harvest and postharvest losses of organic tomato as
compared to the open-field. Two tomato cultivars, ‘BHN 589’
and ‘Cherokee Purple’ were grown at the Kansas State University
Olathe Horticulture Research and Extension Center from 2014
to 2016. We utilized a split-plot randomized complete block
design with six replications and typical production practices
for the area. Tomatoes were harvested twice per week at pink
maturity stage and yield was measured. Pre-harvest losses were
assessed by determining the marketability of the tomato fruit.
Tomatoes were stored at 12.5°C and 25°C for 21 days. Respiration rate, overall quality, texture, color, as well as nutritional and
organoleptic quality were evaluated for both crops during storage
in order to assess postharvest losses. Main effects showed that
plants grown in the high tunnel system had 142% higher yield
compared to the ones in the open-field in 2014–16 (P < 0.05).
Tomato fruit marketability was 64.5% in the high tunnel whereas
in the open-field it was 52.8% (P < 0.05). For both cultivars and
storage temperatures, the samples grown in the high tunnel had
higher overall quality and demonstrated 3 to 5 days longer shelflife compared to the open-field. The sugar/acid ratio was higher
in the tomatoes grown in high tunnel compared to open-field
indicating improved organoleptic quality. There were no differences in the antioxidant capacities for ‘BHN 589’, but they were
higher for ‘Cherokee purple’ tomatoes grown in the open-field.
There were no differences in lycopene and β-carotene content
during storage for both cultivars. Our results indicate that the
utilization of high tunnels for organic and/or local production
of tomatoes could reduce pre-and postharvest losses and could
help growers obtain high quality crops with longer shelf-life.
8:45 AM – 9:00 AM

Biodegradable Plastic and Paper Mulches
Produced Pumpkin with Similar Quality As
Polyethene Mulch
Shuresh Ghimire*

Washington State University, Mount Vernon, WA, USA

Annette Wszelaki

University of Tennessee, Knoxville, TN, USA

Jennifer Moore

University of Tennessee, Knoxville, TN, USA

Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

While numerous studies have investigated the effect of biodegradable mulches on crop yield, few studies have evaluated
their effect on postharvest crop quality. This study compared
five biodegradable mulches (BioAgri®, Exp PLA/PHA, Organix,
and Naturecycle, WeedGuardPlus), with polyethene (PE) mulch
and a bare ground treatment for pumpkin (Cucurbita pepo cv.

Cinnamon Girl) fruit quality at harvest and over eight weeks
of storage at two diverse locations in the United States (Mount
Vernon, WA, and Knoxville, TN) across two years (2015 and
2016). Pumpkins were stored at ambient conditions at each location for eight weeks postharvest, and fruit quality was measured
at harvest and every two weeks thereafter: fruit size (length and
diameter measured only at harvest), total soluble solids (TSS),
and percent dry matter. Pumpkin fruit size did not differ due
to mulch treatment. While TSS in 2015 did not differ due to
treatment, in 2016 TSS was highest for all plastic mulches (7.96
°Brix on average), intermediate for WeedGuardPlus (7.78) and
lowest for bare ground (7.49) (P = 0.02). Overall, TSS increased
from harvest to two weeks of storage and then declined over
storage. Percent dry matter did not differ due to mulch treatment either year, and did not differ over eight weeks of storage.
Thus biodegradable mulches were comparable with PE mulch
in pumpkin fruit size, TSS, and dry matter.
9:00 AM – 9:15 AM

Assessing Green-processing Technologies for
Wet Milling Freshly Hulled and Germinated
Brown Rice, Leading to Naturally Fortified
Plant-based Beverages
John Beaulieu*

USDA–ARS, New Orleans, LA, USA

Maureen A. Tully

USDA–ARS, New Orleans, LA, USA

Kim W. Daigle

USDA–ARS, New Orleans, LA, USA

Stephen M. Boue

USDA–ARS, New Orleans, LA, USA

Rice milk beverages offer lactose-free, hypoallergenic, cholesterol and gluten free value-added food sources which, with
natural fortifications, may offer well balanced nutrition. With
healthier nutrition in consumer’s minds, national and worldwide consumption/production of plant-based milk beverages
are increasing. Much past research and invention was based
on enzymatic conversion processes for starch that were uncomplicated because the utilized stabilized rice or rice flour
had minimal fat, fiber, protein and contaminants. The ultimate
objective is using green technologies focusing on brown and
colored rice with berry-based infusions and enzymatic treatments
(not relying upon stabilization) to produce rice milk products.
Herein, we focus on preliminary details regarding wet-milling
and pre-germinating brown rice prior to gelatinization and enzyme treatments. ‘Rondo’ paddy rice was freshly hulled using
a pilot plant dehusker, manually sorted in mesh sieves along
with culling out rough rice kernels and rice stinkbug/smutty
grains. Then 400 g brown rice was pre-rinsed, placed into 1-L
mason sprouting jars with screen lids, for 30-minute soaking
treatments at 35 °C in water and peracetic acid (30 and 300
ppm). Rice was soaked 24 hours in water at 35 °C, then was
inverted for 24 hours germination; both with 4-hour periodic
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rinses. Samples were softened at 65 to 70 °C in a hot water bath
until wet-milled kernels passed through a 30-mesh sieve prior
to gelatinization at 75 to 90 °C. Measurements included proximate analysis, pH, phytase, arsenic content, germination % and
coleoptile lengths, total phenolics, microbial, starch/sugar, and
°Brix. Initial ‘Rondo’ pH was ~7.00–7.16 which dropped after
germination to 5.20 ± 0.05, with germination rate of 97.0-99.0
± 1.0%. Proximate brown rice analysis for crude protein (%),
fat (%), fiber (%), ash (g/100g) and moisture content (%) was:
7.23 ± 0.10, 4.16 ± 0.13, 1.70 ± 0.10, 1.40 ± 0.03 and 9.88 ±
0.09, respectively. Protein, fat and ash decreased in all treatments after germination, and coleoptile lengths (2.30 ± 0.89mm)
decreased slightly in peracetic acid (~2.09 ± 0.71 mm). Phytic
acid (0.78%) decreased markedly after germination, and with
increasing treatment acidity, as there was 0.25 ± 0.01, 0.21 ±
0.01 and 0.17 ± 0.00% in control, 30 and 300ppm peracetic acid,
respectively. Total phenolics increased from initial brown rice
(7.21 ± 0.48 µL/mL); however, the highest acidity was detrimental whereby there was 7.52 ± 0.44, 7.61 ± 0.36 and 6.93 ±
0.73 µL/mL in germinated control, 30 and 300 ppm peracetic
acid respectively. The initial total arsenic was 0.52 ± 0.01 mg/
kg, comprised by inorganic (0.22 ± 0.01) and organic (0.25 ±
0.02) species. Initial liquefaction enzyme treatments for starch/
sugar conversions and analyses are in progress.
9:15 AM – 9:30 AM

The Mechanism of Deterioration of the
Glucosinolate Myrosinase System in Radish
Roots during Cold Storage after Harvest
Jeong Gu Lee*

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

Sooyeon Lim

Research Institute of Agriculture and Life Sciences, Seoul National
University, Seoul, Korea, Republic of (South)

Eun Jin Lee

Seoul National University, Department of Plant Science, Seoul, Korea,
Republic of (South)

The hydrolysis of glucosinolates (GSLs) by myrosinase yields
varieties of degradation products including isothiocyanates
(ITCs). This process is controlled by the glucosinolate
myrosinase (G-M) system. The major ITCs in radish roots
are raphasatin and sulforaphene (SFE), and the levels of these
compounds decrease during storage after harvest. We investigated the GM system to understand the mechanism behind the
decrease in the ITCs in radish roots. Six varieties of radish roots
were stored for eight weeks at 0 to 1.5 °C. The concentrations
of GSLs (glucoraphasatin and glucoraphenin) were maintained
at harvest levels without significant changes during the storage
period. However, SFE concentration and myrosinase activity
remarkably decreased for 8 weeks. Pearson correlation analysis between ITCs, GSLs, and myrosinase activity showed that
a decrease of SFE during storage had a positive correlation
with a decrease in myrosinase activity, which resulted from

a decrease of ascorbic acid but also a decrease of myrosinase
activity-related gene expressions.
Specified Source(s) of Funding: This work was supported by Basic
Science Research Program (NRF-2016R1A1A1A05919210)
through the National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.

Viticulture and Small Fruits 3
Moderator: William T. Hlubik

Rutgers Cooperative Extension of Middlesex County, New Jersey
Agricultural Experiment Station, Rutgers University, North Brunswick,
NJ, USA

8:00 AM – 8:15 AM

Effect of Drought on Southern Highbush
Blueberry Photosynthesis and the Positive
Impact of Using Vaccinium arboreum As a
Rootstock
M. Isabel Hernandez*

University of California–Davis, Davis, CA, USA

Matthew E. Gilbert

University of California–Davis, Davis, CA, USA

The wild blueberry relative or sparkleberry (Vaccinium arboreum) is being used as a rootstock in Southern Highbush (SH)
blueberry production to mitigate the intolerance to high pH soils.
Additionally, previous experiments showed that the rootstock
leads to better performance than whole blueberry plants under
drought conditions. We developed the present work to find if
the better adaptation of the rootstock to water stress conditions
has a positive impact on photosynthesis rate in blueberry production when grafted. We collected data during the summer of
2015 and 2016 in the San Joaquin Valley in California, using
sparkleberry as a rootstock and three SH Blueberry varieties:
Jewel, Star and Emerald as scions. There were no differences
found in photosynthesis rate among varieties, however, shoots
from the rootstock had significant differences when compared
to SH blueberry. The average in photosynthesis rate was 12.87
µmol·m–2·s–1 CO2 for sparkleberry and 8.89 µmol·m–2·s–1 CO2
for the southern highbush blueberry species. What it is important to highlight is that when SH blueberry was grafted onto
sparkleberry, the photosynthesis rate increased to reach a value
of 11.27 µmol·m–2·s–1 CO2, which might be an evidence that
constrained transpiration leads to lower photosynthesis and possibly yield. To understand the magnitude of the constraint and
if the blueberry and sparkleberry plants were photosynthesizing
at their optimum or if they had restrictions due to hot weather
conditions, we performed CO2 curves. With this, we found that
even though the grafting has a positive impact, these plants are
only operating at around 50% of their photosynthetic capacity
even under an atmospheric concentration of CO2 of 400 ppm.
This could be a suggestion that the restrictions in transpiration
might been constraining photosynthesis in Californian weather
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conditions such as the ones during the experiment, with 28 to
35 °C air temperature and a VPD of 2.1 to 4.8 kPa In conclusion,
the photosynthesis rate in SH blueberry can be enhanced when
grafted onto sparkleberry, and this better performance seems
to be related to the access to water by the rootstock in deeper
soil. However, this better performance is under the optimum
photosynthesis rates that could be reached by SH blueberry
plants in CO2 atmospheric conditions.
Specified Source(s) of Funding: California Department of Food
and Agriculture

8:15 AM – 8:30 AM

Assessing the Status and Needs of the Small
Fruit Industry in New Jersey with a Focus on
Strawberries
William T. Hlubik*

Rutgers Cooperative Extension of Middlesex County, New Jersey
Agricultural Experiment Station, Rutgers University, North Brunswick,
NJ, USA

Peter J. Nitzsche

Rutgers Cooperative Extension, Morristown, NJ, USA

Gillian Armstrong

Rutgers Cooperative Extension of Middlesex County, New Jersey
Agricultural Experiment Station, Rutgers University, North Brunswick,
NJ, USA

Kevin Sullivan

important to extremely important in attracting new customers
to their markets and 86.7% reported that selling small fruit has
a greater impact on their farm/marketing operation beyond the
absolute dollar value of the crop. Survey participants ranked the
following attributes as very important to extremely important
to consider when selecting strawberry varieties for their farm:
flavor (93.8%), disease resistance (75.4%), yield (73.9%), and
size (72.3%). Twenty-eight percent of the strawberry growers
surveyed sold their products through wholesale markets including produce auctions, brokers, processors, supermarkets, to local
farmers, and/or to restaurants at an average price of $2.20 per
pound. Eighty-one percent of growers surveyed sold directly
to consumers through farm stands, community supported agriculture, pick-your-own, and community farmers markets at an
average price of $3.31 per pound. Fifty-two percent of participants planned to increase their retail sales in 2016 while only
24% planned to increase their wholesale market sales. Sixty-nine
percent of participants reported that farming generated 50% or
more of their total income. In addition, 42.6% of participants
reported a total gross farm income of $100,000 to $500,000 or
more. Thirteen percent of farmers reported that they derived 50%
or more of their total farm operation income from small fruits.
The information gathered from the survey will help guide New
Jersey Agricultural Experiment Station research and extension
programs in addressing the needs of small fruit growers.
Specified Source(s) of Funding: Specialty Crop Block Grant
Agricultural Marketing Services USDA

Rutgers Office of Research Analytics, School of Environmental and
Biological Sciences, Rutgers University, New Brunswick, NJ, USA

8:30 AM – 8:45 AM

Rutgers Cooperative Extension of Middlesex County, New Jersey
Agricultural Experiment Station, Rutgers University, North Brunswick,
NJ, USA

K.M. Orde*

Matthew Millburn

Richard B. Weidman

Rutgers Cooperative Extension of Middlesex County, New Jersey
Agricultural Experiment Station, Rutgers University, North Brunswick,
NJ, USA

Farmers in New Jersey grow small fruit crops such as strawberries and brambles, which account for minimal acreage but play
an important role in farm marketing and viability. For example,
the 2012 National Agriculture Statistics Service census reported
a total of 174 farmers growing only 281 acres of strawberries
in New Jersey. A survey was developed to examine the current
size, needs and value of the small fruit industry in New Jersey.
The survey consisted of 24 questions with a majority of the
questions focused on the status and needs of strawberry growers. Paper surveys were distributed at Extension meetings and
grower site visits. Seventy-five growers provided responses to
a majority of the questions on the survey. Respondents most
frequently rated marketable yield (57%), disease problems
(52%), weather (49%), variety selection/availability (48%) and
weed pests (48%) as very important to extremely important challenges to growing small fruit on their farm. Sixty-eight percent
of respondents reported that growing small fruits was very

Effects of Low Tunnels on Day-neutral
Strawberry Production in the Northeastern US
University of New Hampshire, Durham, NH, USA

R. Sideman

University of New Hampshire, Durham, NH, USA

K. Demchak

Pennsylvania State University, University Park, PA, USA

R. Marini

Pennsylvania State University, University Park, PA, USA

M. Cooper

Pennsylvania State University, University Park, PA, USA

In the northeastern United States, day-neutral strawberry cultivars fruit continuously from mid-summer until fall frost in the
planting year. Preliminary studies indicate covering plants with
plastic-covered low tunnels can increase marketable yield and
berry size, and provide protection from potentially damaging
weather events. The objective of this study was to compare
yield, fruit quality, and runner production for strawberry cv.
Albion grown on raised beds with three mulch treatments: black
plastic, white plastic, and unmulched; and under five cover treatments: KoolLite Plus (KL+) Tufflite IV (TIV), Experimental
UV-Blocking (UV-B), Experimental UV-Transparent (UV-T),
and no low tunnel. Experiments were conducted in Durham,
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NH, and at Rock Springs, PA, in 2016. A replicated split plot
design with four replicates was used, with mulch type serving
as the main plot and cover type the sub-plot. In both locations,
the presence of low tunnels significantly increased the percent
of marketable fruit produced (P < 0.001). Under low tunnels,
the percent marketable fruit averaged 83% in NH and 60% in
Pennsylvania. Without low tunnels, the percent marketable fruit
decreased to 71% in NH and 40% in PA. Cover treatment also
affected total marketable yield (g/plant) in NH (p < 0.05) and PA
(P < 0.001). In NH, yields were higher under UV-T than TIV (P
≤ 0.05). In Pennsylvania, plants under low tunnels (regardless
of cover type) producing higher yields than those without low
tunnels (P ≤ 0.05). Yield was also strongly influenced by mulch
in PA (P < 0.001), where percent marketable yield was highest
on unmulched (63%) and lowest on white plastic mulch (50%).
However, in PA total marketable yield by weight (g/plant) was
significantly higher on black and white plastic mulches than
for unmulched treatments, at 231 and 250 g/plant, versus 150
g/plant, respectively (P ≤ 0.05). Total yield was not affected
by mulch in NH, and averaged 354 g/plant. Mulch and cover
treatments did not affect fruit soluble solid content at either site
for a single mid-September sample date. However, sequential
sampling in NH showed that sampling date did significantly
affect berry soluble solid content (P < 0.0001). We conclude
that fruit yields and quality may be maximized by producing
day-neutral strawberries under low tunnels.
Specified Source(s) of Funding: NIFA USDA SCRI Award
Number 2014-51181-22380 (TunnelBerries)
8:45 AM – 9:00 AM

Alleviating Heat Stress during Early Season
Establishment of Containerized Strawberry
Transplants
Prosanta K. Dash*

University of Florida, Gainesville, USA

Carlene Chase

and white-on-black polyethylene mulch on the establishment,
growth, and yield of containerized strawberry transplants. Trials
were conducted in Citra and Wimauma, Florida using a split-plot
design in which main plot treatments were either white-on-black
mulch or black mulch; and a factorial arrangement of strawberry
transplant type and stress-prevention application was randomly
assigned to the subplots. ‘Florida Radiance’ plug and tray transplants were treated either with s-ABA (150 mg/L) as a 5-second
root dip immediately before transplanting or with kaolin (56 kg/
ha) as two consecutive sprays: the first shortly after transplanting
and the second at 7 days after planting. Nontreated plug and tray
transplants were included as controls. White-on-black mulch
consistently resulted in plants that exhibited greater survival,
vigor, photosynthesis, and vegetative growth than nontreated
control plants on black mulch. Kaolin applied in combination
with white-on-black mulch provided further protection against
heat stress as indicated by increased photosynthesis rates within
three days of transplanting, and higher leaf number and leaf
area during the first eight and six weeks after transplanting,
respectively. Flowering occurred earlier in plants on white-onblack mulch than on black mulch and a further decrease in the
days to first flower resulted with the combination of s-ABA and
kaolin with white-on-black mulch that was more pronounced
with plug transplants than with tray transplants. Early and total
marketable yields were generally higher with white-on-black
mulch than with black mulch. Compared to black mulch alone,
early marketable yields in Wimauma were highest with black
mulch + kaolin and with white-on-black mulch + either s-ABA
or kaolin. At Citra the highest early yields occurred with whiteon-black mulch in combination with either s-ABA or kaolin.
Although early yield was unaffected by transplant type, total
marketable yield was higher with plug transplants than with tray
transplants. A combination of white-on-black mulch, plug transplants, and kaolin application appears to have the best potential
for alleviating heat stress during early-season establishment of
containerized strawberry transplants.
Specified Source(s) of Funding: Southwest Florida Water Management District

University of Florida, Gainesville, FL, USA

Shinsuke Agehara

9:00 AM – 9:15 AM

Gulf Coast Research and Education Center, University of Florida,
Wimauma, FL, USA

Does Incorporating Straw Mulch Negatively
Affect Strawberry Plant Growth and
Productivity?

Lincoln Zotarelli

University of Florida, Gainesville, FL, USA

Zhengfei Guan

Maria Gannett*

University of Florida, Wimauma, FL, USA

Earlier planting to take advantage of higher prices for early fruit
has been proposed for stabilizing the Florida strawberry (Fragaria
xananassa Duch.) industry from the effects of market incursions
from California and Mexico. However, early planting in Florida
exposes strawberry transplants to heat stress. Additionally, containerized strawberry transplants are of interest as a means of
addressing the high sprinkler irrigation requirement for bare-root
transplant establishment. Therefore, the objective of this study
was to evaluate the effects of s-abscisic acid (s-ABA), kaolin,

Cornell University, Ithaca, NY, USA

Marvin Pritts

Cornell University, Ithaca, NY, USA

A soil health survey of perennial strawberry (Fragaria
xananassa) fields in New York in 2012 indicated that many had
low biological soil health scores. A major difference between
strawberry and other row crop production practices in the
same location is the use of straw mulch for winter protection,
weed suppression and prevention of soil splashing on fruit.
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We hypothesized that incorporating straw mulch with a high
C:N ratio in perennial strawberry fields decreases biological
soil health and could lead to depressed yields. We incorporated
14.5 kg dry weight of three soil amendments with differing C:N
ratios into a field in Oct. 2013, prior to planting strawberries in
May 2014. Treatments were sawdust (344 C:N), wheat straw
(93), grass clippings (19) and a control. Amendments were
incorporated both shallowly and deeply, with four replications
of each treatment combination. Treatments were maintained
over two fruiting seasons with additional amendment applied
after harvest and incorporated in fall, 2014 and 2015. After the
2016 harvest, straw mulch in one half (16) of the plots was
incorporated at renovation, whereas straw on the other half was
removed before renovation. Two sheets of 1.5 oz row cover
were used for winter protection each year. Fruit was harvested
in 2015, 2016, and 2017. In addition, soil respiration, potential
mineralizable N, bulk density and soil pH were monitored in
each of the treatments. Although tillage depth had no effect on
yield, straw mulch incorporation significantly suppressed total
yield by 22% and 17% in 2015 and 2016, respectively. Differences in yield were not associated with measured soil biological
or physical attributes. If differences exist in the 2017 harvest,
we will have strong evidence that straw mulch incorporation is
detrimental to strawberry production, although the mechanism
will likely still remain unclear. Alternative management practices
may be warranted.
Specified Source(s) of Funding: Hatch

Pic (39% 1,3-dichloropropene + 59.6% chloropicrin) that was
shank-fumigated in beds at 152 kg/ha and covered with virtually
impermeable film and nontreated control. PPM was applied on
the surface of the beds underneath the tarp, while MSM was
incorporated in the beds up to 0.15 m depth at the time of bed
preparation. Beds were 11.3 m in length, 0.7 m wide and 0.14
m high. The center 4.6 m of the bed was used for transplanting ‘Chandler’ strawberry plugs in two rows at 36 cm in-row
spacing where data collection was done. Weed density data was
taken in a 1.5 m length x 0.7 m wide area by creating a weed
viewing window and yield data was taken on remaining 3 m bed
length. Total weed density was the least in 1,3-D + Pic treated
plots and it was comparable to the PPM + MSM plots, though
PPM+MSM and nontreated plots were not significantly different.
Compared to the nontreated plots, marketable yield was higher
and comparable in MSM, PPM + MSM and PPM at 7324 kg/
ha, while total yield was highest in PPM+MSM plots compared
to the nontreated and the 1,3-D + Pic plots. Both marketable
and total yield was comparable in nontreated and 1,3-D + Pic
plots. Fruit size was significantly different with larger fruits in
MSM and 1,3-D + Pic plots compared to the nontreated plots.
The study is being repeated in 2016-17 growing season.
Specified Source(s) of Funding: VT CALS

Weed Control and Pest Management
Moderator: Ed Peachey

Oregon State University, Corvallis, OR, USA

9:15 AM – 9:30 AM

Evaluating Paper Pellet Mulch and Mustard
Seed Meal As Fumigation Alternatives in
Annual Plasticulture Strawberry Production
Sanghamitra Das*

Virginia Polytechnic Institute and State University, Virginia Beach,
VA, USA

Jayesh Samtani

Hampton Roads AREC, Virginia Tech, Virginia Beach, VA, USA

Biodegradable paper mulches play a role in increasing soil
temperatures during sunny days, retaining soil moisture, increasing organic content, with an effect on weed control. Yield
response with paper mulch has been variable. Mustard seed
meal (MSM) is a by-product of the oil processing process and
pelleted MSM has been used in strawberry production, due to
its allelopathic properties to control soil borne pests. The objective of this study was to see if paper pellet mulch (PPM), MSM
and their combination had an effect on weed control, crop yield
and strawberry plant growth and to compare their performance
to standard fumigation practice. Study was established in the
2015–16 growing season at the Hampton Roads Agricultural
Research and Extension Center in a randomized complete block
design with seven treatments and four replications. Treatments
were PPM at 4882, 6103,7324 kg/ha respectively, MSM at
2242 kg/ha, PPM at 6103 kg/ha + MSM at 2242 kg/ha 1,3-D +

8:00 AM – 8:15 AM

Intra-row Weed Control Automation in
California Vegetable Crops
Steven A. Fennimore*

University of California–Davis Salinas, CA, USA

David C. Slaughter

University of California–Davis Davis, CA, USA

Physical control methods such as cultivation and hand weeding
are used to manage weeds in vegetable crops. Hand weeding
of the intra-row space to remove weeds not controlled by other
methods is effective, but expensive. Furthermore, the pool of
laborers available to perform hand weeding is shrinking and
increasingly more expensive. Our project objective is to integrate
various engineering and automation technologies to develop
cost-effective weed control systems for intra-row weed control
in lettuce and tomato. Differentiation of crops and weeds is
a major obstacle to automation of weed removal. Crop/weed
differentiation, in theory would allow for very precise weed
detection and removal while leaving the crop untouched. We
seek to differentiate weeds from the crop by a marker on the
crop detectable by a camera. Three approaches to mark the crop
are: 1) physical markers that do not contact the crop plant; 2)
topical markers on the plant; and 3) root absorbed markers that
translocate from the roots to the foliage. Physical markers under
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evaluation include biodegradable plastic straws that are readily
detected, indicating close proximity to the crop. The advantage
to the straws is that they do not contact the crop and could be
used in organic fields. The disadvantage is that the straws stunt
the crop when placed in seedling trays with the germinating
crop, and growers do not like plastic clutter in the field. Topical
markers include easily detectable fluorescent paint applied to
the crop plants before or during transplanting. The paint does
not contact harvestable portions of the crop. However, crop
growth and sprinkler irrigation causes the marker to quickly
fade, especially in lettuce. Root absorbed markers have been
difficult to implement. The ideal material could be applied as a
seed treatment that is absorbed by the growing crop plant and
then translocated to foliage where it can be rapidly detected
during the first 4–5 weeks of growth. The product also must
be food safe if it is to be used on crops like lettuce and tomato.
Products that we have tested thus far do not translocate readily
and are hard to detect unless high doses are applied. The weed
control actuator used in the project is an intra-row cultivator
under control of the crop detection system. The detection system controls pneumatic cylinders that push cultivator knives in
to cultivate intra-row space between crop plants and pulls the
knives out to protect the crop.
Specified Source(s) of Funding: USDA NIFA SCRI, California
Leafy Greens Research Program, California Tomato Research
Institute
8:15 AM – 8:30 AM

The Potential of Brassicaceous Seed Meal
Amendment and Root Inoculum Removal to
Affect Pratylenchus penetrans and Other Soil
Microorganisms in Red Raspberry (Rubus
idaeus)

of P. penetrans and other soilborne issues to evaluate Brassicaceous seed meal (BSM) soil amendment combined with
root inoculum removal (RR) as preplant alternatives to soil
fumigation. Treatments were applied once prior to planting and
included: Brassicaceous seed meal at 3.4 t/ha with root removal
(BSM+RR), soil fumigation using metam sodium at 692 L/ha
(industry standard rate) with root removal (Max Fum+RR), soil
fumigation using metam sodium at 346 L/ha with root removal
(Min Fum+RR), and soil fumigation using metam sodium at
692 L/ha without root removal (Max Fum–RR; control). Data
collected included: P. penetrans population dynamics in soil
and roots, microbial (bacterial and fungal) communities in
soil, raspberry vegetative growth, estimated yield, and fruit
quality. Population densities of P. penetrans in soil and roots
were significantly higher in BSM+RR than in Max Fum+RR
and Max Fum–RR during the first two years of the study. Root
removal did not affect P. penetrans densities as there were no
significant differences between Max Fum+RR and Max Fum–
RR. Root removal and BSM have not dramatically altered the
soil microbiome compared to other treatments. The only difference among treatments was observed in the first spring after
treatment when BSM+RR displayed differences in bacterial soil
populations compared to the other treatments; this difference
did not persist into the next sampling date. The most noticeable
differences in bacterial and fungal soil populations were due
to season, not treatment. There were no significant differences
in raspberry vegetative growth the first summer after planting.
The second summer after planting, there were no significant
yield or fruit quality differences among treatments. This study
is ongoing, but current data show BSM amended to soil at this
experimental rate and root removal are not effective in reducing
P. penetrans population densities, and BSM only has short-term
impacts on the soil microbiome in red raspberry.
8:30 AM – 8:45 AM

Rachel E. Rudolph*

Developing Practical Interseeding Strategies
for Cover Crops in Sweet Corn: The Effects
of Timing, Interseeding Method, and
Postemergence Herbicide

Washington State University, Mount Vernon, WA, USA

Inga A. Zasada

USDA–ARS, Corvallis, OR, USA

Cedar Hesse

Ed Peachey*

USDA–ARS, Corvallis, OR, USA

Oregon State University, Corvallis, OR, USA

Lisa DeVetter

Washington State University, Mount Vernon, WA, USA

Washington produces the majority of red raspberry (Rubus
idaeus) for processing in the United States. Although total
acreage of red raspberry has increased in Washington, crop
longevity has decreased. The decline has been partially attributed
to plant-parasitic nematodes. The most common plant-parasitic
nematode in Washington red raspberry is Pratylenchus penetrans. Soil fumigation is a common management practice for
P. penetrans, but efficacy is inconsistent and there are strict
regulations regarding application; therefore, alternatives are
needed. A three-year study is being conducted in a renovated
commercial ‘Chemainus’ red raspberry field with a history

Cover crop establishment for producers of sweet corn in
western Oregon is challenging after harvest, particularly for
late planted corn, or if fall rains begin early. One solution for
farmers is to broadcast cover crop seed over the corn canopy
early in the season. This method often produces poor or erratic stands of cover crop because of poor seed to soil contact
and seed predation. Another option is to drill the cover crop
between corn rows when the corn is between V4 and V8. The
objective of this research was to contrast the effect of cover
crop seeding strategy and an amended weed control program
with direct-seeded or conventional establishment of cover crops.
In 2015, a cover crop of oat and crimson clover produced the
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most cover crop biomass when interseeded at V4 compared to
V6 and V8 plantings, but interseeding at V4 may have reduced
corn yield slightly because the cover crop competed for water
and nutrients. Applying tembotrione herbicide immediately
after interseeding of the cover crop had no effect on cover crop
establishment, even when seeds were broadcast on the soil
surface and incorporated lightly. Clover establishment was best
when seed was broadcast on the soil surface and incorporated
with shallow tillage. In 2016, competition from white super
sweet corn hampered cover crop growth after emergence, and
extremely wet conditions in the fall suppressed drymatter accumulation to less than 25% of drymatter produced in 2015.
Applying topramezone herbicide immediately after interseeding did not effect cover crop establishment. We noted in one
on-farm trial that tembotrione severely injured red clover, and
a separate study evaluated clover tolerance to tembotrione and
topramezone applied during interseeding. Crimson clover was
tolerant to all rates of tembotrione and only showed signs of
injury at four times typical field rates. In contrast, red clover
was killed by tembotrione at typical field rates. Topramezone
injured red clover, but only at four times typical field rates.
Interseeding cover crops into sweet corn is possible, but careful timing and selection of herbicide is needed if the practice
is to be successful.
Specified Source(s) of Funding: Oregon Processed Vegetable
Commission, Agriculture Research Foundation
8:45 AM – 9:00 AM

Improving Soil Fumigation Strategies in
Raised-bed Production
Ruijun Qin*

Oregon State University, Hermiston, OR, USA

Oleg Daugovish

improving pest control efficacy for strawberry production. In
the trials, we covered the raised beds with low permeability film
(LPF) and applied fumigants (either with full rate according to
growers’ standard or with half rate) through two or four drip
tapes in compassion with the conventional fumigation methods
(full rate fumigants applied through two drip tapes under PE).
A non-fumigated control is also included in the trials. Each
treatment was replicated four times in a randomized completeblock design. Our results showed that the fumigant emissions
were reduced dramatically from LPF covered raised-beds,
which was < 10% of the PE covered beds. The LPF covering
was found to improve fumigant retention significantly and
even the beds with half-rate had higher fumigant concentrations than the beds with full rate under PE. The four drip-tape
layout further improved fumigant distribution compared to
the two drip-tape layout. Corresponding with the improved
fumigant distributions, the LPF beds showed better pest control
results and higher early-season berry production than the PE
beds or the non-fumigation control. Particularly, the beds with
four drip tapes were superior. Our findings indicate that LPF
covering and increasing drip tape number is the optimized
fumigation solution for raised-bed production systems. Further
research will be needed for optimizing the irrigation and nutrient
management with the adoption of the LPF and multiple-drip
tapes.
Specified Source(s) of Funding: CDFA Specialty Crop Block
Program
9:00 AM – 9:15 AM

IPM for the Master Gardener Program in West
Virginia
Mirjana Bulatovic-Danilovich*

West Virginia University, Morgantown, WV, USA

University of California Coop. Ext., Ventura, Ventura, CA, USA

Rakesh Chandran

USDA–ARS, Parlier, CA, USA

Daniel Frank

University of California–Davis, Davis, USA

Barbara Liedl

University of California–Davis Davis, CA, USA

Sheldon Owen

Suduan Gao

Tom Gordon

Brad Hanson

Raised-bed system is broadly used for high-value crop production, such as strawberry in California. Typically, the raised-beds
are covered with standard polyethylene (PE) film and have
two drip tapes installed near soil surface for applying water
and nutrients throughout the crop season. The drip tapes are
also used for applying soil fumigants before planting to control
soilborne disease, named drip fumigation. However, these fumigation practices often result in high fumigant emission loss
and poor pest control results, impacting the sustainability of
the crop production. Over past years, we carried out a series
of trials in growers’ fields in southern coastal region of California, with the objectives of reducing fumigant emission and

West Virginia University, Morgantown, WV, USA
West Virginia University, Morgantown, WV, USA
West Virginia State University, Institute, WV, USA
West Virginia University, Morgantown, WV, USA

Mahfuz Rahman

West Virginia University, Morgantown, WV, USA

The IPM specialists have been routinely engaged in carrying
out Extension programs for Master Gardeners and Urban Horticulture providers in West Virginia. Our multi-disciplinary team
has been conducting work in the arena of weed management
with emphasis on invasive species, insect, diseases and wild
life management. The Consumer Horticulture component has
been packaging research information into education and outreach efforts through the Master Gardner Program. Educational
outreach on insecticide, herbicide and fungicide resistance was
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provided through Master gardeners’ classes. Workshops on
grafting tomatoes on resistant rootstocks were also conducted
as practical IPM tools for managing soil-borne tomato diseases.
All IPM specialists actively participated in Master Gardener
Program delivery and at the State Master Gardener Conference during the past three years. In Consumer Horticulture,
participants learned about the most common pests (insects,
diseases, and weeds) found in fruit crops and ornamentals as
well as what pesticides to use in organic and conventional settings and proper pesticide handling in reference to pesticide
transportation, storage, applications and disposal.
Specified Source(s) of Funding: This material is based upon
work that is supported by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, under award
number 2014-70006-22578
9:15 AM – 9:30 AM

Air Potato Biological Control Extension
Program
Kenneth Thomas Gioeli*

UF/IFAS, Fort Pierce, FL, USA

Carey Minteer

UF/IFAS, Fort Pierce, FL, USA

Min Rayamajhi

USDA–ARS, Fort Lauderdale, FL, USA

Christopher Kerr

Florida Department of Agriculture, Gainesville, FL, USA

William Overholt

UF/IFAS, Fort Pierce, FL, USA

Eric Rohrig

Florida Department of Agriculture, Gainesville, FL, USA

A program is connecting Floridians managing invasive air
potato (Dioscorea bulbifera) with a biological control agent:
the air potato leaf beetle (Lilioceris cheni). Researchers with
the USDA–ARS Invasive Plant Research Laboratory in Fort
Lauderdale demonstrated that L. cheni is a viable biological
control. A team of scientists with UF/IFAS, USDA–ARS and
the Florida Department of Agriculture and Consumer Division
of Plant Industry partnered to conduct research on L. cheni.
In addition to the research team, an extension agent with the
UF/IFAS St Lucie County Extension was invited to develop
an Extension program to bring focus to outreach efforts for
this biological control agent. As a result of this Extension
program, outreach efforts produced research-based information and targeted project resources to meet program clientele
needs. Since the project’s inception, there have been 176,574
visitors using content on the air potato biological control project
website. YouTube videos, brochures, posters and other Extension deliverables were developed. This Extension program has
resulted in a high level of satisfaction with 95% (196/207) of
surveyed program participants expressing their level of satisfaction to others.

Water Utilization and Management 3
Moderator: Erik Feibert

Oregon State University, Ontario, OR, USA

8:00 AM – 8:15 AM

Water and Salt Balance in Desert Vegetable
Cropping Systems
Charles Sanchez*

University of Arizona, Yuma, AZ, USA

Andrew French

Aridland Research Center, Maricopa, USA

Paul Brown

University of Arizona, Tucson, USA

The lower Colorado River region of the southwestern United
States is the location of a multi-billion dollar vegetable industry.
Water and salt management are of paramount importance to
agricultural sustainability in this region. This region has been
challenged to utilize water resources more efficiently but data
was limited to estimate annual water and salt balance across the
cropping systems. The objective of these studies was to quantitatively track water use and salt balance across typical crop production systems and rotations. Electromagnetic surveys (EM38),
augmented with soil samples, were used to estimate spatial and
depth related salinity distributions. Water measurement flumes,
water depth sensors, soil moisture and salinity sensors, and data
loggers, were utilized to measure in-flow hydrographs during
irrigation events and quantitate the water delivered and water
and salt redistribution in the soil. Eddy-Covariance (ECV) instrumentation was used to track water evapotranspiration losses from
fields over the cropping season. Overall, the data show in-season
irrigation application efficiencies are high, often approaching or
exceeding 90%. Much of the required leaching for salt occurs
in irrigation events outside those applied to the major vegetable
cash crop, including the rotational lower value crop. Future
implications for salt management and the prospects for further
improvement in water application efficiency will be discussed.
Specified Source(s) of Funding: The Yuma Center of Excellence
for Desert Agriculture
8:15 AM – 8:30 AM

Using Matric Potential to Schedule Irrigation
of Horticultural Crops in Soils and Soilless
Substrates
John Lea-Cox*

University of Maryland, College Park, MD, USA

Bruk E. Belayneh

University of Maryland, College Park, MD, USA

Andrew G. Ristvey

University of Maryland, Wye REC, Queenstown, MD, USA

Limitations in water availability and quality are among the
primary challenges to achieving sustainable horticultural crop
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production. There is lack of information on precision methods
to schedule controlled irrigation events based on actual plant
water requirements, to increase water-use efficiency. In part,
this requires better understanding of how soil/substrate matric
potential (SMP; ψm) affects readily-available water (RAW) in
the root-zone, that can be related to measurements of crop water
stress (i.e., stem or leaf water potential). In associated research
studies, we are investigating the effect of various soil/substrate
moisture regimes on strawberry (Fragaria xananassa) growth,
yield and fruit quality, and on greenhouse grown poinsettia
production, using both soil volumetric water content (VWC)
and SMP as set-points for irrigation treatments. The primary
objective in both studies was to optimize water applications
without imposing plant water stress. In both studies, a wireless
sensor network using nR5 control nodes (Meter-Group; Pullman, WA) was utilized with SensorwebTM software (Mayim,
LLC; Pittsburgh, PA) to automatically control irrigation events.
Soil/substrate moisture retention curves were developed using
a Hyprop apparatus (UMS; Munich Germany) to relate VWC
and SMP measurements. Strawberry field experiments during
2014–15 and 2015–16 showed significant decreases in irrigation
water volume between –30 kPa and –50 kPa, but significantly
decreased yield and number of fruits per plant at SMP’s below
-50kPa. This indicated the sensitivity of strawberry plants to
decreased RAW within a very narrow range of SMP values. In
2016, MPS-6 sensors (Decagon Devices, Inc.) and high-precision
T8-field tensiometers (UMS) were used to accurately quantify and
validate in situ SMP’s between irrigation treatments. Similarly,
in a poinsettia (Euphorbia pulcherrima cv.) greenhouse study
in a 80% peat : 20% perlite substrate, plant growth parameters
were not significantly affected by decreasing substrate matric
potential levels from –6.3 kPa to –26.3 kPa, corresponding to
45% and 25% VWC, respectively. Increasing our understanding
of plant-available water in different soils and substrates will enable us to employ irrigation sensor threshold values which are
specific and clearly defined. This will enable us to save water
and reduce nutrient leaching but maintain crop yields, increasing
the sustainability of specialty crop production systems.
Specified Source(s) of Funding: USDA-NIFA SCRI Award
2014-51181-22372
8:30 AM – 8:45 AM

Irrigation Requirements for Seed Production
of Eriogonum Species for Use in Intermountain
West Rangeland Restoration
Nancy Shaw

U.S. Forest Service, Boise, ID, USA

Clinton Shock

Oregon State University, Ontario, OR, USA

Erik Feibert*

Oregon State University, Ontario, OR, USA

Alicia Rivera

Oregon State University, Ontario, USA

Monty D. Saunders

Oregon State University, Ontario, USA

Francis F. Kilkenny

U.S. Forest Service, Boise, ID, USA

Seeds of native plants are needed for rangeland restoration in the
Intermountain West of North America. Many of these plants are
rarely cultivated and relatively little is known about the cultural
practices required for their seed production. Irrigation trials were
conducted for two perennial Eriogonum species over multiple
years. The two species grown at the Oregon State University
Malheur Experiment Station, Ontario, OR, received 0, 100, or
200 mm of drip irrigation per year. Seed yield responses to irrigation were evaluated by linear and quadratic regression over
irrigation rates. In general, seed yields responded quadratically
to irrigation. For E. umbellatum, over 11 years, highest yields
averaged 260 kg·ha–1 and ranged from 207 to 508 kg·ha–1. For
E. heracleoides, averaged over 6 years, highest yields averaged
353 kg·ha–1 and ranged from 168 to 588 kg·ha–1. To improve the
accuracy of estimated irrigation water needs in any given year,
regressions were also run on seed yield responses to irrigation
plus precipitation during the previous spring; spring and winter;
and spring, winter, and fall. Adding spring precipitation to applied
water improved the accuracy of estimated water requirements for
maximum seed production of E. umbellatum. Averaged over 11
years, seed yield of E. umbellatum was maximized by 208 mm of
spring precipitation plus irrigation. For E. heracleoides, adding
precipitation to applied water did not improve the accuracy of
estimated water requirements for maximum seed production.
Averaged over six years, seed yield of E. heracleoides was
maximized by 126 mm of applied water.
Specified Source(s) of Funding: Great Basin Native Plant Project

8:45 AM – 9:00 AM

Photosynthesis, Growth, and Water Use of
Hydrangea paniculata ‘Silver Dollar’ Produced
with Different Irrigation Schedules and Biochar
Substrate Amendment
Nastaran Basiri Jahromi*

University of Tennessee, Knoxville, TN, USA

Forbes Walker

University of Tennessee, Knoxville, TN, USA

Amy Fulcher

University of Tennessee, Knoxville, TN, USA

James Altland

USDA Technology Application Unit, Wooster, OH, USA

Integrating precise irrigation application systems with needbased irrigation scheduling can increase water use efficiency
by applying the appropriate amount of water only when needed
to support plant growth and avoiding over or under-watering.
Using amendments such as biochar manipulates substrate
particle size and reduces the proportion of large components,
which increases the amount of available water and improves
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irrigation efficiency and plant growth. The objective of this
research was to evaluate the impact of biochar and need-based
irrigation scheduling on gas exchange, plant water relations, and
biomass gain of container-grown ‘Silver Dollar’ hydrangea with
the goal of reducing water use and maintaining or shortening
production cycles. Containers were filled with either 100% pine
bark or amended with (v/v) 10% or 25% hardwood biochar.
Plants were automatically irrigated by one of three irrigation
systems. The conventional irrigation system delivered 0.7
inch of water every day and was compared with one of two
on-demand irrigation schedules: 1) a system that maintained
a volumetric water content (VWC) to support photosynthesis
at 90% of the maximum predicted photosynthetic rate, or 2) a
system based on substrate physical properties where irrigation
was applied when the substrate water content decreased to the
driest point at which there was plant available water, –0.1 bar.
Both on-demand treatments used less water than the conventional
irrigation system with equal or higher water use efficiency. The
amount of water used over the 8-week experiment was reduced
from 35 liters in conventional irrigation to 19 and 30 liters in
10% and 25% biochar treatment in substrate-based irrigation
schedule and 18 and 20 liters in 10% and 25% biochar treatment
in plant physiology-based irrigation schedule. Photosynthesis,
stomatal conductance and plant water potential were not different
with respect to irrigation treatment, although both on-demand
irrigation systems decreased water use. Biomass metrics were
generally unaffected by treatments or were lower for intermediate biochar treatments in on-demand irrigation systems. This
research demonstrated that on-demand irrigation scheduling
with a physiological basis or substrate physical properties basis
in combination with biochar substrate amendment could be an
effective approach to reduce water requirements for containergrown nursery crops without negatively affecting plant growth.
9:00 AM – 9:15 AM

How Much and for How Long? Determining
Ornamental Plant Water-Use Requirements
with Sensor Based Technologies.

including many valuable ornamental flowering plants, the relationship between soil-water status and plant water-status has not
been clearly demonstrated. This lack of understanding of basic
physiological requirements for growth and yield represents a
fundamental gap in knowledge for growers of specialty crops
who wish to use technology to maximize crop water management. Poinsettia (Euphorbia pulcherrima cv. Prestige Red)
was selected as an ideal species for study, because it is one
of the highest valued greenhouse plants in the United States.
Yet, other than photoperiodism, very little information has
been published on the physiological requirements for growth
for this species. We established an experiment in a natural lit
greenhouse (Davis, CA) where poinsettia plants were grown in
3-gallon, black, plastic, nursery pots, filled with potting media
composed of equal parts peat, sand, and redwood compost. Each
pot was watered automatically by drip emitters. We applied
three different watering frequencies to test the relationship
between moisture availability and growth physiology. The
three watering treatments were weekly, bi-weekly (i.e., every
two weeks), and tri-weekly (i.e., every three weeks). Available
soil moisture was measured with volumetric SMS (Decagon
EC-5) placed in each pot; and also by using the amount of
water applied and physical properties of the soil-less media.
Plant water use was monitored with external heat-pulse sapflow sensors, leaf porometer (Decagon SC-1), and leaf water
potential (Scholander pressure chamber), as well as traditional
growth measurements (e.g., biomass, height, etc.). The results
show a clear relationship between available soil moisture and
plant growth. Plants in the weekly watered treatment group were
on average more than 2.5x larger than bi-weekly water plants;
and more than 3x larger than tri-weekly watered plants. This
information provides growers with first known reported wateruse-efficiencies for Poinsettia ‘Prestige Red’. Additionally, the
results also present the first reported data correlating soil water
content with Poinsettia sap-flow, stomatal conductance, and leaf
water potential. These types of physiological indicators provide
growers with new information about critical thresholds, which
can become guidelines for irrigation management.
9:15 AM – 9:30 AM

Lloyd L. Nackley*

Oregon State University, Aurora, OR, USA

Controlling Irrigation Onset by Soil Water
Tension

Jared Sisneroz

UC Davis, Davis, CA, USA

Clinton Shock*

Bruno J. Pitton

Oregon State University, Ontario, OR, USA

UC Davis, Davis, CA, USA

Feng-Xin Wang

Elias Fernandes de Sousa

China Agricultural University, Beijing, China

Universidade Estadual do Norte Fluminense, Rio de Janerio, Brazil

Lorence Oki

UC Davis, Davis, CA, USA

It has been widely demonstrated that the best tool to improve
and increase water-use efficiency is to adopt soil-moisture
sensor (SMS) based irrigation. SMS provide information on a
continuous basis, reflecting soil moisture content during, before
and after an irrigation event. However, for many specialty crops,

Sustainable irrigated agricultural production depends on high
and stable productivity using limited inputs of water and nutrients. When irrigation events are triggered by soil water tension
(SWT) criteria, the criteria should be adjusted to precisely meet
plant needs and provide increments of applied water consistent
with soil properties. Drip irrigation systems are often used for
triggered irrigation due to the potential to precisely control the
irrigation system. This presentation will review the processes of
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collecting, filtering, and using SWT data for irrigation onset. A
compilation for many crops will be presented of the successful
triggering of irrigation onset using SWT criteria.
9:30 AM – 9:45 AM

Measuring the Impact of Irrigation Distribution
and Nursery Media on Plant Growth
Mark Wilson*

Louisiana State University, Baton Rouge, LA, USA

Edward Bush

Louisiana State University AgCenter, Baton Rouge, LA, USA

Irrigation efficiency has become an essential component of
nursery production in the United States. Water shortages require
efficient application to optimize plant growth and reduce runoff.
Previous overhead irrigation empirical data indicated a 300%
variation within several plant production yards. The objective
of this research was to determine the wide range of plant shoot
and root growth, and fertility management under several media
and irrigation rates. ‘New Gold’ Lantana plant growth was
significantly impacted by both media and irrigation rate. Plants
receiving rates as low as 0.25” daily became stunted 3 weeks
after planting. Leaf curling became evident after 4 weeks with
selected nursery media blends. Flowering was noticed after 4
weeks with irrigation rates near 1” daily. Effluent increased
with irrigation rates above 1” daily irrigation rates. Both shoot
and root dry weights were impacted by low and high irrigation
regimes as expected. Shoot growth was reduced by > 100%.
Specified Source(s) of Funding: Hatch

Ornamental Plant Breeding
Moderator: Ryan Contreras

Oregon State University, Corvallis, OR, USA

2:15 PM – 2:30 PM

Interspecific Hybridization with Abutilon
menziesii
John Ruter*

University of Georgia, Athens, GA, USA

Abutilon menziesii is an attractive ornamental shrub native to
the Hawaiian Islands. The species is listed as federally endangered and is considered critically endangered on the IUCN Red
List. As the plant is endemic to dry forests, it is considered to
have excellent heat and drought tolerance and can be used for
xeriscaping. Abutilon xhybridum is an attractive ornamental
plant having several species from South America as parents.
One drawback with Abutilon xhybridum is that flowering is
reduced during the summer months in the southeastern United
States. The purpose of this research was to determine if Abutilon menziesii and Abutilon xhybridum could be hybridized.
In 2014, 15 reciprocal crosses were made as each species has
perfect flowers. Only one cross, Abutilon menziesii × Abutilon

xhybridum #2012-3, produced a single schizocarp with four
seeds. All four seeds germinated and the resulting plants demonstrated intermediate morphological characteristics between
the two parents. One hybrid seedling has survived since 2014.
The hybrid is sterile and does not produce viable pollen. The
period of bloom in the greenhouse is very similar between the
hybrid and the male parent. Sterility may have occurred since
A. menziesii is a tetraploid (2n = 4x = 28) whereas A. xhybridum is a diploid with a different base chromosome number
(2n = 2x = 16). While A. menziesii is known to hybridize with
two other endemic Hawaiian species (A. eremitopetalum and
A. sandwicense, ploidy unknown), this is the first report of a
Hawaiian species hybridizing with a species originating from
germplasm native to South America. Morphological differences
between the parents and the hybrid will be discussed.
2:30 PM – 2:45 PM

Use of SEM to Select Genotypes for Increased
Trichome Production in Chrysanthemum
cinerariifolium
Michele Schermann*

University of Minnesota, Saint Paul, MN, USA

Neil Anderson

University of Minnesota, St. Paul, MN, USA

Robert A. Suranyi

McLaughlin Gormley King Company, Minneapolis, MN, USA

Steven M. Gullickson

McLaughlin Gormley King Company, Minneapolis, MN, USA

Chrysanthemum cinerariifolium Vis., or Dalmatian pyrethrum
(Asteraceae), is an herbaceous perennial native to the eastern
coast of the Adriatic Sea. Its flowers yield sustainable, natural
or “organic” insecticide compounds, particularly pyrethrins
(Py I, II), which are non-toxic to mammals. High expression
of the precursor for a key pyrethrin biosynthetic enzyme (chrysanthemyl diphosphate synthese) is in the glandular trichomes
on the seed coats. To breed for plants with increased Py I, II,
chemical extraction of these compounds on a per flower or
per plant basis is one method for parental selection. Chemical
extractions are costly to perform with large, segregating populations of hybrid or inbred genotypes. Our research focused on
the ability to screen flowers using portable scanning electron
microscopy (SEM) to determine trichome number and density and their relation to Py I, II concentrations. This would
streamline breeding studies for heritability and enhance the
rate of selection. Fresh flower samples were bisected, mounted,
and scanned with a TM3030 benchtop SEM; digital images of
disc and ray florets were recorded and analyzed with Image J
using a Huion H610 Pro Graphic Drawing Tablet. The highest
concentration of trichomes occurred on the basal surface of
each disc or ray floret’s 4-sided ovary epidermis. This surface
area was measured as well as trichome lengths, number of trichomes/unit area, and the number of disc/ray florets (ovules)
per flower. Based on these data, the total number of trichomes/
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flower was estimated. Cross-sections of flowers were examined
under SEM for 1-2 sides of each ovary (the remainder could
not be visualized). Trichome length range was 65-80 µm with
a total production of 77-216 trichomes per unit area. The mean
number of ovules was ~167/flower, producing an estimated
total of 13,948 to 72,698 trichomes/flower. All traits varied
significantly among genotypes demonstrating the opportunity
to use these data to select parents for heritability studies and
to increase Py I, II concentrations.

and field position relative to diploids. Future investigations will
assess rates of self-pollination, rates of unreduced gametes, and
fertility of progeny with various ploidy levels.

Specified Source(s) of Funding: J. Frank Schmidt Family
Charitable Foundation
3:00 PM – 3:15 PM

Autotetraploid Induced Sterility in Cassia
Specified Source(s) of Funding: McLaughlin Gormley King bakeriana, the Pink Shower Tree
Kenneth Leonhardt*

Company, MN Agricultural Experiment Station

University of Hawaii at Manoa, Honolulu, HI, USA

2:45 PM – 3:00 PM

Developing Triploid Maples
Ryan Contreras*

Oregon State University, Corvallis, OR, USA

Maples are common shade and street trees that make up a
substantial percentage of the urban canopy and are of great
economic importance to the nursery industry. Unfortunately,
some species have escaped cultivation and become established
in native forests. Specifically, Acer platanoides (Norway maple)
and A. ginnala ( = A. tataricum ssp. ginnala; Amur maple)
are listed as noxious weeds in Connecticut and the former is
listed in Massachusetts. Amur maple has naturalized from Kentucky north through the Canadian provinces of Saskatchewan,
Manitoba, and Ontario. Norway maple has naturalized over an
even greater area including an area similar to Amur maple in
the eastern United States as well as the western United States
from Oregon and Idaho north to British Columbia. Less fecund
cultivars would benefit growers by allowing them to maintain
these species in their product line but also prevent further
spread from cultivation and any potential negative ecological
impacts. We developed tetraploids (4x) of Norway and Amur
maples in 2011 and 2012, respectively. Early attempts for
controlled crosses were largely unsuccessful for Amur maple
in 2014, therefore all plants were field-planted in Fall 2014.
Tetraploids were interplanted with diploids (2x) and allowed
to open-pollinate. In 2016, 471 seeds were collected from one
tetraploid Norway maple and 3574 seeds were collected from
five Amur maple tetraploids including two cytochimeras that
were confirmed to have tetraploid LII histogenic layers. Seed
germination varied among parents but was approximately 10%
for both Amur (372 seedlings) and Norway (46 seedlings)
maples. Preliminary ploidy analysis revealed intraspecific
variation in the percentage of triploid (3x), tetraploid (4x), and
pentaploid (5x) plants derived from each parent. For example,
one Amur maple parent (OSU74.19) produced 0% 3x, 12.5%
4x, and 87.5% 5x, whereas OSU74.22 produced 100% 3x. Overall, seedlings derived from Amur maple tetraploids were 74%
3x, 14% 4x, and 12% 5x. The single Norway maple produced
similar percentages with 66.7% 3x, 16.7% 4x, and 16.7% 5x.
Factors that may have affected the ploidy levels of progeny
include relative rates of self-pollination, unreduced gametes,
sex expression (percentage of staminate vs. perfect flowers),

The pink shower tree, also known as the dwarf apple blossom
tree, Cassia bakeriana (Craib), in the Fabaceae (subfamily
Caesalpinioideae) and native to the forested areas of Thailand
and Myanmar, grows to 7 to 10 meters high and wide. It is
spectacular when in bloom with showy and mildly fragrant pinkpurple flowers on 10- to 25-cm-long drooping racemes with 20
to 40 flowers per raceme in March and into May. However, the
liberal production of 40- to 50-cm-long malodorous fruits make
the normal diploid form of this species high maintenance and
undesirable for areas with foot traffic, and potentially invasive. A
sterile form of this prolific seed producing tree would be highly
desirable for tropical landscapes. Triploid plants are usually
sterile and can usually be produced by crossing tetraploid and
diploid plants of the same species. In a first step toward creating
triploid C. bakeriana plants, tetraploid and mixoploid individuals
were induced from colchicine treatments on recently germinated
seedlings. Upon flowering, two 5-year-old autotetraploid and
three mixoploid C. bakeriana plants were completely sterile,
and remained sterile in subsequent years of flowering. It is not
uncommon for autotetraploid plants to have reduced fertility,
but complete sterility was unexpected, however welcomed. The
sterile autotetraploid plants are being vegetatively propagated
for introduction to the Hawaii landscape industry.
Specified Source(s) of Funding: This work was supported by
the USDA National Institute of Food and Agriculture, Hatch
project No. 819, managed by the College of Tropical Agriculture
and Human Resources.

Fruit Breeding 2

Moderator: Stephanie Fong

Rutgers University, New Brunswick, NJ, USA

2:15 PM – 2:30 PM

Aroma and Fruit Quality Analysis of 20 Guava
Varieties at Three Stages of Fruit Development
Alan H. Chambers*

University of Florida, Homestead, FL, USA

Anne Plotto

USDA–ARS, Fort Pierce, FL, USA

An asterisk (*) following a name indicates the presenting author.
S276

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Oral Presentations
Jinhe Bai

USDA–ARS, Fort Pierce, FL, USA

Pamela Moon

University of Florida, Homestead, FL, USA

Yuqing Fu

University of Florida-TREC, Homestead, FL, USA

Guava (Psidium guajava) fruits are valued for their rich, tropical aroma, but fruit quality data are lacking for many important
cultivars. Guava is native to warm-climate parts of the Americas
and is grown commercially in south Florida. Varieties relevant
to south Florida show a high level of morphological diversity
including aspects of fruit color and shape. The fruit is suitable
for consumption at various maturation states including green
(crisp, mild flavor), commercial mature (moderate aroma), or
consumer mature (robust flavor). We sampled twenty accessions
growing at the University of Florida’s Tropical Research and
Education Center for fruit quality traits of green unexpanded,
commercial mature, and consumer mature fruit developmental
stages. Variability for pulp acidity (pH 3–4.6), titratable acidity
(0.1 to 1.8%), and soluble solids content (6 to 26%) indicated
significant differences among accessions. Accession-level differences were also found in the patterns of response for the fruit
quality traits over the three fruit developmental stages. Individual
aroma compounds showed fold changes across accessions and
over developmental fruit stages. These preliminary results
demonstrate suitable variability for future work culminating in
accession recommendations for specific end uses. Further, this
quality data will support future breeding work involving the
genetic improvement of guava for south Florida production.
Specified Source(s) of Funding: University of Florida
2:30 PM – 2:45 PM

Mapping of Fruit Color and Flower Type in
Muscadine Grape (Vitis rotundifolia)
Jennifer Lewter*

University of Arkansas, Fayetteville, AR, USA

John Clark

University of Arkansas, Fayetteville, AR, USA

Margaret Worthington

University of Arkansas, Fayetteville, AR, USA

Chris Owens

International Fruit Genetics, Bakersfield, CA, USA

Muscadines (Vitis rotundifolia Michx.) are a diploid (2n = 40)
fruit-bearing vine indigenous to the southeastern United States.
The grape-like berries are considered a local delicacy for fresh
consumption and for making wines, jams, and jellies. While
limited genetic information is available for muscadines, they
are closely related to the European winegrape, Vitis vinifera L.,
(2n = 38), for which a reference genome is available. We have
created a high-density linkage map of a F1 muscadine population
(‘Black Beauty’ x ‘Nesbitt’) segregating for fruit color (bronze
and black) and flower type (female and hermaphroditic) using

genotyping-by-sequencing (GBS). Over 1200 single nucleotide
polymorphism (SNP) markers were placed in 20 linkage groups
on the genetic map. Synteny was strongly conserved between the
muscadine linkage map and the V. vinifera reference genome.
The splitting of V. vinifera chromosome 7 into two independently
segregating linkage groups accounted for the higher chromosome number in muscadine. The locus controlling flower type
in muscadine was mapped to chromosome 2, the same location
as the previously described sex locus in V. vinifera. Interestingly,
the candidate gene for fruit color in V. vinifera is located on
chromosome 2, but the muscadine fruit color locus was placed
on chromosome 4. This dense linkage map lays the groundwork
for the implementation of marker-assisted breeding in muscadine.
2:45 PM – 3:00 PM

Identifying New Sources of Resistance to
Phylloxera in a Hybrid Grape Population
Matthew Clark*

University of Minnesota, Saint Paul, MN, USA

Lu Yin

University of Minnesota, St. Paul, MN, USA

Eric Burkness

University of Minnesota, St. Paul, MN, USA

William Hutchison

University of Minnesota, St. Paul, MN, USA

Grape phylloxera (Daktulosphaira vitifoliae Fitch) can decimate
crops due to its ability to infest roots of European grapevine (V.
vinifera) leading to secondary infections and vine decline. This
insect pest can also infect the leaves of North American native
species and hybrid cultivars, with some reports of crop reduction
in serious infestations. We identfied a major quantitative trait
locus (QTL) for resistance in to the foliar form of phylloxera
in a hybrid breeding family (n = 125) on chromosome 14 using
field observations and a replicated greenhouse study. We quantified multiple traits in order to identify a phenotyping method
that was most efficient to capture the variation observed in the
population. Visual rating (1–7 scale) identified the same QTL
as counts of galls per plant, count of infected leaves per plant,
or the area under disease progress curve over three weeks. Additionally, two novel QTL for root resistance were identified on
chromosomes 5 and 10.
Specified Source(s) of Funding: Minnesota Dept. of Agriculture
Block Grant; VitisGen USDA/NIFA: 2011-51181-30635

3:00 PM – 3:15 PM

Pucker Down!: Breeding for Lower Acidity in
Cranberry Fruit
Stephanie Fong*

Rutgers University, New Brunswick, NJ, USA

Yifei Wang

Rutgers University, New Brunswick, NJ, USA
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Jennifer Johnson-Cicalese

Brigitte Uwimana

Nicholi Vorsa

Rony Swennen

American cranberry (Vaccinium macrocarpon) fruit is renowned
for its tart flavor. However, most cranberry products contain a
considerable amount of added sugar to achieve a desired sugar
to acid ratio for palatability. Commercially grown cranberries
have an average titratable acidity (TA) of 2.3 to 3.0% (citric
acid equivalents), while Granny Smith, what is considered a
tart apple variety, has a TA of about 0.8%. Therefore, one of the
selection criteria in Rutger’s cranberry breeding program has
been for lower TA, but there is little variability in domesticated
varieties for this trait. Two main acids contribute to cranberry
fruit’s TA: citric acid which imparts a sour taste and malic
acid which imparts a tart taste. Fresh cranberry fruit typically
has a malic acid concentration of 6-8 mg/g FW and citric acid
concentration of 8-11 mg/g FW. Two unique wild germplasm
accessions were identified with reduced TA, resulting from low
citric acid and low malic acid levels, respectively. Segregation
in crosses indicate that both the low citric and low malic acid
traits are independent, recessive, and consistent with single
locus Mendelian inheritance. Partial dominance of ‘normal’
alleles is also apparent. Using these selections in our breeding
program, we have recovered plants that have a low titratable
acidity (0.5 to 2.0% TA) phenotype, as well as promising
fruit quality and horticultural characteristics. A molecular
marker was identified within 1 cM of the low citric acid locus
through a bulk-segregant analysis using simple sequences
repeat (SSR) markers. Identification of a molecular marker(s)
for the low malic acid locus is underway. These markers will
facilitate breeding for lower citric and malic acid phenotypes.
With the development of lower acid cranberry cultivars, we
can reduce ‘added sugar’ in future cranberry products, allowing
for the health benefits of cranberry consumption with reduced
caloric intake.

East African diploid (cooking) bananas (EADB or Mchare) are
a staple crop for millions of consumers in Tanzania and Kenya.
Molecular phylogenic studies suggest that representatives of
this group may also be the closest known diploid relatives to
the commercially important dessert varieties ‘Cavandish’ and
‘Gros Michel’. Currently, threats to banana and plantain production worldwide from fungal pathogens such as Fusarium
oxysporum f. sp. cubense (Foc) and Sigatoka disease complex
endanger both the staple cooking bananas of East African and
the worldwide export market of dessert bananas. Sources of
resistance to these diseases have been identified but successful
introgression of resistance is impeded by several factors that
include partial to complete male sterility which complicates
breeding efforts. Despite their close relationship to ‘Cavendish’,
little is known about genetic diversity among EADP and how
this relates to pollen production and viability. Pollen production and viability was measured over a nine month period in
2016/2017 for 10 replicated clones of Mchare cultivars. While
all Mchare cultivars showed less pollen production than standard check varieties such as ‘Calcutta 4’, significant variation
was observed and potential seasonal effects are discussed. The
cultivars fell into 3 categories: moderate pollen production,
reduced pollen production and sterile. In addition the same 10
Mchare cultivars were genotyped using microsatellite markers,
along with five EADB cultivars from Kenya (‘Mararu’). The
relationship among these cultivars is described as is the potential impact of this information on worldwide improvement of
Banana. The results show that while these bananas are closely
related to each other, there are significant differences in pollen
production and viability.

Rutgers University, Chatsworth, NJ, USA

International Institute of Tropical Agriculture, Sendusu, Uganda

Rutgers University, Chatsworth, NJ, USA

3:15 PM – 3:30 PM

Pollen Viability and Genetic Diversity of East
African Diploid Bananas and Their Impact on
International Musa Breeding
Allan Brown*

International Institute of Tropical Agriculture, Arusha, Tanzania,
United Republic of

Veronica F. Massawe

International Institute of Tropical Agriculture, Arusha, Tanzania,
United Republic of

Hassan S. Mduma

International Institute of Tropical Agriculture, Arusha, Tanzania,
United Republic of

Mwajuma K. Zinga

International Institute of Tropical Agriculture, Arusha, Tanzania,
United Republic of

International Institute of Tropical Agriculture, Arusha, Tanzania,
United Republic of

Specified Source(s) of Funding: Bill and Melinda Gates Foundation
3:30 PM – 3:45 PM

Naturally occurring Resistance to Banana
Bunchy Top Virus
Gabriel L. Sachter-Smith*

University of Hawaii at Manoa, Honolulu, HI, USA

Richard M. Manshardt

University of Hawaii at Manoa, Honolulu, HI, USA

Hawaii’s banana industry has experienced losses due to banana bunchy top virus (BBTV) for three decades. ‘Williams’
(Cavendish AAA) and ‘Santa Catarina Prata’ (Pome AAB) are
important commercial clones in Hawaii that are susceptible. Our
objective was to screen banana germplasm to identify naturally
occurring resistance to BBTV. A collection of 46 genotypes in
six replicates was assembled at Waimanalo Experiment Sta-
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tion in 2012, including clones that are representative of the
major genomic groups (AA, AAA, AAAB, AAB, AB, ABB,
and BB) and related wild species. The aphid vector Pentalonia nigronervosa (Coquerel) was manually transported from
a BBTV-infected field to the collection site, and virus disease
development was monitored for 31 months. Thirty clones developed disease symptoms in half or more of the reps within
this time period. Among the best performers in terms of BBTV
resistance, productivity, and fruit quality were two Gros Michel
variants (‘Cocos’ and ‘Highgate’) and two Pisang Awak clones
(‘Kayinja’ and ITC0459). All reps of ‘Highgate’ and a seedy
wild Musa acuminata ssp. malaccensis (Simmonds) remained
symptomless and PCR-negative for BBTV for the duration of
the field trial. More stringent aphid inoculations of 3 to 6 reps
of the best clones in greenhouse cages revealed their superiority to susceptible check ‘Dwarf Cavendish’, which became
infected within the first month. All reps of ‘Highgate’ tested
BBTV-positive by PCR, but only one plant showed obvious
symptoms at the end of the 3-month trial. ‘Cocos’ showed more
typical symptoms in two reps, and the Pisang Awak clones and
Musa acuminata ssp. malaccensis remained mostly symptomless. The BBTV-resistant banana selections are not intended
to replace standard commercial varieties, but to provide small
growers, who might typically sell their fruit at local farmers’
markets, with clones that have a longer BBTV-free production
window and a greater economic return before virus infection
necessitates replanting from clean stock. A grant-funded program
to propagate and distribute clean tissue-cultured plants of the
BBTV-resistant clones to Hawaii growers is recently under way.
Specified Source(s) of Funding: USDA–ARS

Growth Chambers and Controlled
Environments 5
Moderator: Krishna Nemali

Purdue University, West Lafayette, IN, USA

2:15 PM – 2:30 PM

Transient Low-light Stress and the Effect on
Tassel Quality in Maize Grown in a Controlled
Environment

when grown in a greenhouse setting. During winter months in
northern latitudes of North America, poor tassel development
is observed. Poor tassel development is defined as shorter, less
branched tassels that are partially to completely lacking anthers.
The objective of this research was to determine which stages
of corn development were most sensitive to low-light stress in
relation to tassel development. Two maize inbreds, referred to
as Genotype A and Genotype B, were sown in packs filled with
a peat-based soilless substrate and placed in a greenhouse. After
three weeks, plants were transplanted into 22.8-cm-diameter
plastic containers and transferred to a growth chamber. The
day/night temperature set points were 29.1/21.1 °C and a day/
night vapor pressure deficient (VPD) of 1.4/0.87 kPa. A 16-hour
photoperiod was maintained using metal halide lights as the sole
light source providing a photosynthetic photon flux (PPF) 550
µmol·m–2·s–1, resulting in a daily light integral (DLI) of 23.7
mol·.m–2·d–1. When plants reached a specific developmental
stage (V4, V5, V6, or V7), plants were transferred to a second
chamber with the same air temperature and VPD set points,
but a PPF 210 µmol·m–2·s–1 (9.3 mol·m–2·d–1) for seven days.
An additional group of plants was grown the entire time in the
high-light chamber to serve as the control. Tassel length, viable
tassel length, and tassel branch number were recorded. Viable
tassel length was shorter than untreated plants when plants were
subjected to a low light stress for both genotypes, though the
magnitude of effect varied with genotype. Genotype A plants
receiving a low light stress at V6 or V7 had viable tassel lengths
that were 46% or 41% shorter, respectively, compared to untreated plants (100.9 cm). Alternatively, Genotype B plants that
received a low light stress treatment at V4 or V7 resulted in viable
tassel lengths that were 26% or 24% shorter, respectively, than
untreated plants (103.0 cm). This research indicates that light
levels at specific stages of vegetative growth have a significant
impact on tassel quality. Additionally the vegetative stages that
are most susceptible to low-light stress on tassel development
are dependent on the genotype.
2:30 PM – 2:45 PM

Using Crop Reflectance Ratio to Optimize
Nitrogen Concentration in the Nutrient Solution
for Hydroponic Lettuce

Elizabeth Trecker

Krishna Nemali*

Brian Krug*

Nutrient solution concentration for hydroponically grown lettuce in plant factories and greenhouses is adjusted based on
electrical conductivity (EC) of the recycled solution. This is not
an accurate method as EC of the solution does not indicate the
concentration of individual nutrients in the supplied solution.
A better approach is to adjust nutrient solution concentration
using plant-based measurements. Green leaf lettuce was grown
in 4-inch containers and sub-irrigated with five different levels
of nitrogen in the fertilizer (83, 150, 168, 208, and 250 ppm
N resulting in EC levels of 1.0, 1.8, 2.0, 2.5 and 3.0 dS/m).

DuPont Pioneer, Johnston, IA, USA
DuPont Pioneer, Johnston, IA, USA

Jonathan Frantz

Dupont Pioneer, Johnston, IA, USA

Christopher J. Currey

Iowa State University, Ames, IA, USA

Maize (Zea mays L.) is a high-light requiring plant, and for yearround growth of high-quality maize in greenhouses there are no
specific guidelines for light levels at critical developmental stages

Purdue University, West Lafayette, IN, USA
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Reflectance from plants in the range of 400 and 700 nm was
measured using a spectro-radiometer at three different times
during the growth. The ratio of reflectance in the green (496 to
570 nm) to the sum of reflectance in the red (620 to 700 nm),
green and blue (450 to 495 nm) wavelengths was calculated for
lettuce plants in different treatments. In addition, dry weight of
lettuce plants in different treatments was measured at harvest.
Results indicated that dry weight of green leaf lettuce increased
quadratically with increasing reflectance ratio of plants. Potential use and the physiological basis for the correlation between
the reflectance ratio and dry weight will be discussed in this
presentation.

3:00 PM – 3:15 PM

Effects of Interaction Between Atmospheric
Humidity and Nutrient-solution Water
Potential on Growth and Photosynthesis
of Cucumber Seedlings Under Different
Atmospheric CO2 Concentration
Levels
Toshio Shibuya*

Osaka Prefecture University, Sakai, Japan

Kenji Kano

Osaka Prefecture University, Sakai, Japan

2:45 PM – 3:00 PM

Ryosuke Endo

Factors Affecting Relative Growth Rate of
Lettuce and Spinach

Osaka Prefecture University, Sakai, Japan

Yoshiaki Kitaya

Martin Gent*

Osaka Prefecture University, Sakai, Japan

Connecticut Agr. Expt. Sta., New Haven, CT, USA

The relative growth rate of hydroponic lettuce and spinach in
greenhouses was predicted from contributions due to various
environmental parameters. The growth experiments for lettuce
in 2006–08 including all times of year, high vs low temperature,
and effect of withdrawal or resupply of nitrogen. Four of the
environmental parameters were significant; irradiance divided
by leaf area index if it was greater than one, solution electrical
conductivity, solution temperature, and solution nitrate that was
a linear function of concentration between 6 and 65 mg·L–1, and
1.0 when above this. The regression for RGR had R2 = 0.606 for
114 growth experiments. After eliminating three values with a
high residual, the response increased to R2 = 0.640. The coefficient for regression vs irradiance divided by leaf area index
was most significant, but all coefficients had a value that was
more than three time standard error. The relative growth rate
of spinach in 2009–10 was predicted from the four parameters
defined above. The regression for 30 growth experiments had an
R2 = 0.200. Solution electrical conductivity did not differ among
these experiments, and regressions vs this parameter were not
significant. After three outliers were deleted, regression vs the
other three parameters gave R2 = 0.758. All coefficients had a
value that was more than three time standard error. The coefficient for irradiance divided by LAI was about half the value
for lettuce. The coefficient for solution temperature had a value
two times that for lettuce, and the coefficient for low nitrate was
more than twice that for lettuce. When these parameters were
used to predict relative growth rate for lettuce in 1996–98, they
showed many differences. Using the values from 2006–08 to
predict results for 52 growth experiments in 1996–98, showed
that solution temperature was the only significant parameter.
The constant in regression was positive not negative, as in the
regressions above. The coefficient for solution temperature was
about the same as that for regression of lettuce in 2006–08.
Because only one of the four parameters used for regression in
1996–98 was significant, we could not show any relationship
for the other parameters in the two sets of lettuce data.

There have been many reports that investigate effects of atmospheric humidity on plant growth in many species, but their
interactions with other factors are less well known. In the present study, we grew cucumber seedlings hydroponically under
two vapor-pressure deficit (VPD) levels, two nutrient-solution
water potential (Ψs) levels, and two CO2 concentration levels
in controlled-environment chambers, and determined their
growth and photosynthetic properties by means of growth
analysis and gas-exchange measurements to reveal the potential
interactions among these environmental factors. The increased
VPD inhibited growth of the seedlings, but the causal factor
that inhibited growth differed between Ψs and CO2 concentration levels. Under ambient CO2 concentration, increased VPD
inhibited the seedlings’ growth at high Ψs due to decreased
leaf expansion, versus decreased CO2 assimilation per unit leaf
area at low Ψs. The decrease in intercellular CO2 concentration
(Ci) with decreasing stomatal conductance (gs) caused by high
VPD did not significantly limit CO2 assimilation at high Ψs,
but at low Ψs the decrease in Ci occurred within the range in
which CO2assimilation is more strongly limited by Ci because
of smaller gs. This difference created a VPD x Ψs interaction
that limited CO2 assimilation. There was a significant VPD x Ψs
interaction for leaf expansion; high VPD reduced leaf expansion
only at high Ψs. At high CO2 concentration, increased VPD
inhibited leaf expansion, but did not affect CO2 assimilation
per unit leaf area. This is because the decrease in Ci with decreasing gs occurred where CO2 assimilation was only slightly
limited by Ci because of the higher CO2 concentration level.
Such complex interactions resulted from the interactions among
these environmental factors on CO2 assimilation and expansion
growth in complicated ways through the resulting changes in
the gaseous diffusion and water balance, and through direct
responses to water deficit conditions.
Specified Source(s) of Funding: Japan Society for the Promotion
of Science Grant-in-Aid for Scientific Research (B) (KAKENHI
24380140, KAKENHI 15H04575)
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3:15 PM – 3:30 PM

The Biological Effects of Different Phosphors
Used in LED Down Conversion
Tessa Pocock*

Rensselaer Polytechnic Institute, Troy, NY, USA

Light-emitting diodes (LEDs) proposed for use in horticulture
can be direct emission LEDs (individual colors) or blue LEDs
that are down converted to white through the use of a variety
of different phosphors. Biomass, anthocyanin, carotenoid and
chlorophyll concentrations as well as photochemical analyses
were performed on red lettuce ‘Rouxai’ grown under LED
light sources using four different phosphor combinations and a
direct RBG emission fixture in environment controlled growth
chambers. Previous work indicated significant differences
in plant biomass and pigment concentrations in leafy greens
grown under phosphor converted LEDs but the spectral ratios
between the different light sources were different, therefore the
effects could not be attributed to phosphor conversion or spectral
ratios. The LED fixtures used in this study were specifically
designed to give identical PFDs and RBG spectral ratios in LED
fixtures using different phosphor combinations. The red lettuce
plants grown under all light treatments were able to utilize the
absorbed light in photochemistry equally well as the effective
and maximum quantum yields were similar as were nonphotochemical and photochemical quenching as determined through
chlorophyll fluorescence measurements. Similar findings were
observed for total carotenoid concentrations under the different light treatments. However, fresh weights, anthocyanin and
chlorophyll concentrations were significantly different between
the different phosphor converted and direct emission LEDs.
Detailed spectral analyses and their resultant biological effects
on red lettuce ‘Rouxai’ will be discussed.
Specified Source(s) of Funding: NYSERDA
3:30 PM – 3:45 PM

Far-red LED Light on Greenhouse Fruiting
Vegetables Grown Under High Pressure Sodium
Light
Xiuming Hao*

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Rong Cao

early stage of plant growth when plant canopy is small, especially
for greenhouse fruiting vegetables (tomatoes, cucumbers and
sweet peppers) grown with supplemental lighting. The plants
grown under intensive HPS (high pressure sodium lamps)
light tend to have shorter internodes, small and more compact
canopy, which may limit the light interception at early stage
of plant growth. Far-red light has been known for increasing
plant height (internode length) and leaf size, and thus could be
used for improving canopy growth, light interception, and crop
productivity in greenhouse fruiting vegetables grown under HPS
lighting. Therefore, we initiated a three-year project in 2014 to
investigate the effects of far red LED light on plant growth, fruit
yield and quality of greenhouse tomatoes, cucumbers and sweet
peppers. The experiments were conducted in a large greenhouse
over three winters (one winter for each type of vegetables). Four
top far-red LED light treatments, which provided 0 (control), 8,
16, and 24 µmol·m–2·s–1 of far red photon flux, were applied to 16
plots in a Latin-square design with four replications. Overhead
HPS (high pressure sodium) lamps provided 160 µmol·m–2·s–1
of photosynthetic active radiation (PAR) to all the plots in the
greenhouse. It was found that the response to far-red light was
different among the three types of fruiting vegetables. Tomatoes
and sweet peppers usually having slow canopy growth had much
larger response to far-red light than cucumbers usually having
fast canopy growth. Far-red light increased internode length and
plant height in both tomatoes and sweet peppers but not much
in cucumbers. Far-red LED light increased fruit yield, fruit size
and carotenoid content in early tomato production. Therefore,
this study clearly demonstrated some beneficial effects of far-red
LED light on fruiting vegetables grown under HPS lighting in
early production period, especially for tomatoes.
Specified Source(s) of Funding: AgriInnovation Program and
Ontario Greenhouse Vegetable Growers

Plant Growth Regulation
Moderator: Aimee N. Uyehara

University of Hawaii at Manoa, Honolulu, HI, USA

2:15 PM – 2:30 PM

Pre-plant Treatment of 1-Methylcyclopropene:
A New Stress Management Strategy for
Vegetable Transplants

Agriculture and Agri-Food Canada, Guelph, ON, Canada

Shinsuke Agehara*

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Vegetable transplants can be subjected to a high degree of mechanical stress during shipping and transplanting. Mechanical
stress generally increases ethylene production and induces stress
responses. Therefore, it was hypothesized that transplant performance is limited by ethylene-induced stress responses, and that
inhibiting ethylene signaling in transplants prior to shipping can
improve their growth and yield. To block ethylene receptors and
inhibit ethylene signaling, 1-methylcyclopropene (1-MCP) was
used 1–2 days before shipping or transplanting. Post-planting

Celeste Little

Jingming Zheng

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Shalin Khosla

Ontario Ministry of Agriculture Food and Rural Affairs, Harrow, ON,
Canada

High light interception area (large canopy) is very important to
increase whole plant photosynthesis and light use efficiency in

University of Florida, Wimauma, FL, USA
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growth of tomato (Solanum lycopersicum L.) transplants was
significantly accelerated by pre-plant treatments of 1-MCP at
12.5 and 50 mg/L, with plant height increasing by 7% to 12%
at the flowering stage. At the time of harvest, 1-MCP treatments
resulted in 17% to 19% increases in shoot biomass and 10%
to 14% increases in flower number. Consequently, both extralarge fruit and total marketable fruit yields were significantly
increased by 1-MCP by up to 51% and 25%, respectively. Yield
increases by 1-MCP treatments were also observed for cucumber (Cucumis sativus L.) and muskmelon (Cucumis melo L.).
Bioassay experiments using tomato, cucumber, and muskmelon
transplants demonstrated that 1-MCP was effective in reducing
stress responses induced by ethephon, such as leaf chlorosis
and epinasty. Furthermore, root image analysis in rhizotron
experiments revealed significant stimulation of root formation
and elongation by 1-MCP. These results suggest that pre-plant
1-MCP treatment is highly effective in alleviating undesirable
stress responses and improving the performance of vegetable
transplants.
Specified Source(s) of Funding: AgroFresh

2:30 PM – 2:45 PM

Effect of Soil Drenches of Gibberellic Acid on
Root Development of Citrus Nursery Trees
L. Gene Albrigo*

University of Florida, Lake Alfred, FL, USA

Greg McCollum

USDA–ARS USHRL, Fort Pierce, FL, USA

Citrus root systems are very vulnerable to losses when the tree
is infected by the bacterial pathogen that causes Huanglongbing
(HLB) disease. Gibberellic acid (GA3) reportedly enhances root
growth in tomato. Two tests were conducted with low rates
of GA3 (ProGibb) to determine if it stimulated root growth of
field ready citrus nursery trees. The first root development test,
conducted in a greenhouse, used disease free trees and GA3
rates of 0, 0.00125, 0.0025, 0.005, and 0.0063 g ai/plant as soil
drenches. The number of new roots was increased 38 and 31%
by the two higher concentrations after 3 weeks. Total and average root length increased by 27 and 28%, respectively, 6 weeks
after application and by 21 and 23 % for numbers at the two
higher rates after 12 weeks with a second GA3 application at 6
weeks. A second test of GA3 applications in two 4-week cycles
to roots of nursery trees was done after the trees were infected
with HLB. Trees were infected with the HLB disease bacteria
by psyllid vectors in a ‘hot psyllid greenhouse’. The GA3 had
less effect on root growth than in the first test on healthy trees.
At the end of 8 weeks the healthy control trees has 160 gm of
roots while the HLB control plants had 100 demonstrating the
reduced root growth of HLB infected plants. The best GA3 treatment (0.0025 gm) had 132 gm versus 100 for the HLB disease
control. For dry wt the 0.00125 gm/plants were best and had 22,
18 and 26 % more root, stem and leaf weight, respectively, than
the control. Results were not as consistent as the previous test

with healthy plants, but variability due to level of HLB infection
probably is responsible. It does appear that the GA3 improved
root growth, at least within the first 4 to 8 weeks of treatment
for both healthy and HLB infected plants.
Specified Source(s) of Funding: Citrus Research and Development Foundation
2:45 PM – 3:00 PM

Engineering Rootstocks with an Auxin
Biosynthetic Gene Improves Their Rooting
Performance and Micro-grafting Success
Wei Li*

University of Connecticut, Storrs, CT, USA

Yi Li

Nanjing Agricultural University, Nanjing, China

Richard McAvoy

University of Connecticut, Storrs, CT, USA

Micro-grafting, an increasingly popular method, involves grafting an aseptic scion onto an in vitro-grown rootstock. Success
of micro-grafting is largely depended on firm contact between
rootstock and scion at the graft junction. Success rates of
micro-grafting are generally low. In this study, we used a rootpredominant gene promoter (SbUGT) to drive the expression of a
tryptophan-2-mono oxygenase gene (iaaM) from Agrobacterium
tumefaciens to increase auxin levels in rootstock. Tobacco was
used as a model plant for this study. Our results showed that
over-expression of the iaaM gene enhanced development of
vascular system in stem tissues. We observed that expression
of the SbUGT::iaaM gene in rootstock helped to form tighter
junctions with scions, and therefore increased success rate of
micro-grafting. Also, we have shown that the SbUGT::iaaM
rootstock can be easily rooted. Furthermore, the expression of
the iaaM gene in rootstock did not disrupt normal growth and
developmental patterns of wild-type scions. In conclusion, the
SbUGT::iaaM gene may be effective in improving success rates
of micro-grafting for many crop plant species.
3:00 PM – 3:15 PM

miRNA156 and DOG1 regulate Seed Dormancy
and Vegetative Phase Transitions
Heqiang Huo*

University of Florida, Apopka, FL, USA

Kent Bradford

University of California–Davis CA, USA

The life cycle of annual flowering plants is marked by several
distinct developmental phases. It initiates with seed germination, goes through juvenile to adult and reproductive phase
transitions, and ends up with flowering, embryogenesis and seed
maturation. The flowering time and seed germination are two of
most critical developmental phase transitions; both of them are
coordinately regulated by genetic and environmental factors to
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greatly affect the success of establishment, reproduction, colonization and adaptation of plant populations. The DELAY OF
GERMINATION1 (DOG1) gene is involved in regulating seed
dormancy in response to temperature and has also been associated genetically with pleiotropic flowering phenotypes across
diverse Arabidopsis thaliana accessions and locations. Here we
show that DOG1 can regulate both seed dormancy and flowering times in lettuce (Lactuca sativa) and Arabidopsis through
an influence on levels of microRNAs miR156 and miR172. In
lettuce, suppression of LsDOG1 expression enabled seed germination at high temperature and promoted early flowering in
association with reduced miR156 and increased miR172 levels.
Overexpression MIR156 under CaMV35S promoter in lettuce
caused extremely late flowering, whereas sequestering miR156
resulted in early flowering and loss of lettuce seed thermoinhibition. In Arabidopsis, higher miR156 levels resulting from
overexpression of the MIR156 gene enhanced seed dormancy
and delayed flowering. These phenotypic effects, as well as
conversion of MIR156 transcripts to miR156, were compromised
in DOG1 loss of function but enhanced in DOG1 gain of function in mutant seeds. Over-expression of MIR172 reduced seed
dormancy and promoted early flowering in Arabidopsis, and
the effect on flowering required functional DOG1. Transcript
levels of several genes associated with miRNA processing were
consistently lower in dry seeds of Arabidopsis and lettuce when
DOG1 was mutated or its expression was reduced; in contrast,
transcript levels of these genes were elevated in a DOG1 gain of
function mutant. Our results reveal a previously unknown linkage between two critical developmental phase transitions in the
plant life cycle through a DOG1-miR156-miR172 interaction.
3:15 PM – 3:30 PM

Investigating the Roles of the Plant Hormones
Jasmonic Acid and Cytokinin in Control of
Maize Leaf Growth
Aimee N. Uyehara*

University of Hawaii at Manoa, Honolulu, HI, USA

and maturation- at the leaf base. This spatial separation makes
the maize leaf a useful and simple model for investigating growth
at the molecular and cellular levels. Our lab studies mutants that
affect maize leaf growth as an entry into the molecular networks
guiding growth. Using the semi-dominant maize mutant, Hairy
Sheath Frayed (Hsf1), we showed that hypersignaling of the plant
hormone cytokinin (CK) reduced leaf size. CK typically promotes
cell division but can repress growth in certain tissues. Analysis
of Hsf1 leaves indicated there was a decrease in the number of
dividing cells and increased levels of the hormone jasmonic acid
(JA) in the leaf growth zone. JA is known to reduce cell division in the model plant A. thaliana, implying that CK-signaling
may restrict maize growth by influencing JA accumulation. To
test this hypothesis, we determined (1) if exogenous JA could
reduce maize leaf growth, (2) the effects of JA treatment on cell
division and expansion, and (3) how responsive Hsf1 mutant
plants were to JA treatment. Results from these tests showed
that exogenous JA treatment dramatically reduced leaf growth
primarily through reducing the length of time leaves grew. In
addition, Hsf1 mutant plants had a limited response to JA treatment, indicating the JA response in this mutant background was
already saturated. These data help explain the cause of growth
reduction in Hsf1 and set the foundation for further molecular
and histological studies to uncover the players that mediate this
novel hormone interaction.
Specified Source(s) of Funding: University of Hawai’i at Manoa

3:30 PM – 3:45 PM

Changes in Growth, Physiology, and
Antioxidant Systems during UV-B Radiation
Treatments in Cucumber Seedlings in the
Biotron
Peng Liu

Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Science, Beijing, China

Qiang Li

Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Science, Beijing, China

James F. Cahill

Iowa State University, Ames, USA

Charles Hunter

Yunyun Li

Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Science, Beijing, China

CMAVE-USDA, Gainesville, USA

Hilde Nelissen

VIB, Gent, Belgium

Michael G. Muszynski

University of Hawaii at Manoa, Honolulu, HI, USA

Plant growth is the accumulation of biomass due to both cell
division and cell expansion. External challenges such as diseases
and insect pests lead to reductions in growth and subsequent
biomass loss. Thus, understanding the molecular basis of plant
growth is important for agriculture and horticultural sciences
and using a simple model to study growth is necessary to enable
this type of research. In Zea mays (maize), growth is spatially
separated into three distinct growth zones- division, elongation,

Hongjun Yu

Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Science, Beijing, China

Weijie Jiang*

Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Science, Beijing, China

Abstract: Ultraviolet-B radiation (UV-B) radiation is a key environmental signal for plant growth and development. An excess
or lack of UV-B can affect plant growth, resistance, yield and
quality. However, the appropriate dose of UV-B for cucumber
seedlings growth in plant factories is not well understood. Cucumber seedlings (C. sativus L. cv. Chinese long 9930) were
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used as the test material in this study, when the sixth leaf had
expanded, the plants were moved into a controlled chamber with
a 14-hour photoperiod, 28/20℃, 60% relative humidity and 150
µmol·m–2·s–1 photon flux density (400–700 nm) supplemented
with high-pressure sodium lamps from 6:00 AM to 8:00 PM.
After the cucumber seedlings were moved into a controlled
chamber for three days, they were exposed to biologically effective UV-B irradiance for four hours (11:00 AM to 2:00 PM).
The experiments included five different doses: 0(CK), 10(T1),
20(T2), 30(T3) and 40(T4) µW·cm–2. The physiological indexes
of cucumber plants were determined every seven days. The result
showed that UV-B radiation effectively decreased the cucumber
seedlings by 4.2–32.0%, and decreased soluble protein content
in cucumber leaves. Stem diameter growth, soluble sugar content, total ascorbic acid (AsA) and the activities of superoxide
dismutase (SOD), peroxidase (POD) and catalase (CAT) were
significantly promoted by about 15.9 to 33.3%, 31.3 to 51.4%,
31.5 to 36.3%, 27.7 to 31.5%, 31.6 to 44.7% and 33.3 to 42.8%
in cucumber seedlings by 20 µW·cm–2 UV-B. By contrast, these
characteristics were inhibited by 40 µW·cm–2 UV-B. 20 µW·cm–2
UV-B had no significant influence on hydrogen peroxide(H2O2)
and malondialdehyde (MDA) content in cucumber leaves,
whereas high intensity UV-B (30 or 40 µW·cm–2) led to increase
in MDA and H2O2 levels. Low and medium intensity UV-B
(10 or 20 µW·cm–2) had no influence on the net photosynthetic
rate of cucumber leaves after 7 days of treatment, while high
intensity UV-B (30 or 40 µW·cm–2) reduced it. In addition, the
UV-B radiation had no effect on the biomass accumulation of
cucumber plants after 28 days of the treatment. Therefore, we
conclude that the growth of cucumber seedlings are promoted
by 20 µW·cm–2 UV-B, and 20 µW·cm–2 UV-B increased the
anti-oxidase activities and AsA content of cucumber seedlings
in the biotron. The results of this study indicates that supplied
20 µW·cm–2 UV-B to promote the growth and improve stress
resistance of cucumber plants in plant factory.
Specified Source(s) of Funding: the National Natural Science
Foundation of China [No.31471920] and National Public
Welfare Industry Science and Technology (agriculture) Project
[No.201203095]

Pomology 2

Moderator: Charles Forney

Agriculture and Agri-Food Canada, Kentville, NS, Canada

2:15 PM – 2:30 PM

Long-term Effects of Tree Density and Tree
Shape on Apple Orchard Performance—A 20year Study
Jaume Lordan*

Cornell University, Geneva, NY, USA

Poliana Francescatto

Cornell University, Geneva, NY, USA

Terence Robinson

Cornell University, Geneva, NY, USA

While the adoption of high-density apple orchards during the
last decades has resulted in a significant improvement in yield
and fruit quality, there is great disparity of opinion on the optimum density or the optimum tree shape. A 2-ha replicated field
trial was planted in 1997 at the New York State Agricultural
Experiment Station in Geneva, New York, with 4 apple varieties
(‘Empire’, ‘Fuji’, ‘Gala’, and ‘McIntosh’), where we compared
eight tree planting densities (598, 840, 1026, 1283, 1655, 2243,
3262, and 5382 trees/ha), and two tree shapes (conic and V). At
the lowest two densities, trees were planted on M.7 rootstock
(598 trees/ha) and M.26 rootstock (840 trees/ha). At all of the
higher tree densities, trees were planted on M.9. There was a
strong negative correlation on tree planting density and trunk
cross sectional area for all the varieties and training systems,
with the exception of ‘McIntosh’ on a V tree shape where no
clear differences for 598-1655 trees/ha were observed. With
‘Fuji’ and ‘Gala’, and for both tree shapes, the highest yields
were strongly positively correlated with tree planting density.
With ‘Empire’ and conic tree shapes, highest yields were observed when planting 3262-5382 trees/ha. On the other hand,
highest yields were more correlated to 1283 and 1655 trees/ha
than to 3262–53282 trees/ha when using V tree shapes. With
‘McIntosh’, highest yields were also observed with highest
densities when using conic tree shapes, whereas there was no
a clear correlation when using V tree shapes and this variety.
Planting density had a strong positive effect on light interception
over the years. There were no significant differences between
tree shapes during the first four years, after that, more light
was intercepted for the V tree shapes. Cumulated yield was a
linear function of light energy intercepted by the canopy. Color
distribution tended to be more affected by planting density than
by tree shape on ‘Empire’. Planting density significantly affected firmness, soluble solids, fruit size and color distribution
on ‘Fuji’ and ‘McIntosh’. On the other hand, neither fruit size
nor soluble solids were affected by planting density with ‘Gala’.
2:30 PM – 2:45 PM

Comparing the Efficacy of Blossom Thinning
Chemicals on ‘Golden Delicious’ Apple
Thomas M. Kon*

North Carolina State University, Mills River, NC, USA

James Schupp

Pennsylvania State University, Biglerville, PA, USA

Blossom thinning can increase apple fruit size and promote
annual bearing when compared to later application timings.
In this study, the following blossom thinning strategies were
evaluated on mature ‘Golden Delicious’ apple trees: 1) unthinned
(control), 2) hand-thinned at bloom (HT), 3) 2% (v:v) liquid
lime sulfur + 2% (v:v) stylet oil (LS + SO), 4) 2% (v:v) ammonium thiosulfate (ATS), 5) 1.5 mL·L–1 endothal (ET), and
6) 50 mg·L–1 naphthaleneacetamide (NAD). HT was conducted
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during bloom to manually adjust crop load to 6 blossoms per
cm2 limb cross-sectional area. All chemical treatments were
applied twice during bloom, and a predictive model was used
to determine application timing based on estimated ‘Golden
Delicious’ pollen tube growth rates. Blossom thinner effects
on pollen tube growth in vivo, leaf phytotoxicity, crop density
(fruit per cm2 trunk cross-sectional area; TCSA), yield, and fruit
quality were determined. Compared to the control, LS + SO
and ATS reduced the number of pollen tubes that entered the
style by 75% and 63%, respectively. While ET did not influence pollen tube growth, increased damage to spur leaf tissue
was observed. LS + SO and ET reduced crop density (7.5 fruit
per cm2 TCSA) when compared to the control (12.2 fruit per
cm2 TCSA), while HT had the lowest crop density (3.9 fruit
per cm2 TCSA). HT, LS + SO, and ET increased fruit weight
when compared to the control. ATS and NAD did not affect
crop density or fruit weight. Fruit russet and seed number was
not influenced by any treatment. Of the products evaluated, LS
+ SO provided the best overall thinning response in this study.
2:45 PM – 3:00 PM

New Pruning and Flower Removal Techniques
to Improve Fruit Quality of ‘Wonderful’
Pomegranate (Punica granatum L.)
Kylie Mendonca*

Cal Poly San Luis Obispo, San Luis Obispo, CA, USA

Lauren Garner

California Polytechnic State University San Luis Obispo, California,
San Luis Obispo, CA, USA

New practices to improve quality and size of fresh market
‘Wonderful’ pomegranate fruit are needed. A previous study
indicated that younger wood was more likely to produce staminate flowers and early-produced flowers produced higher
quality fruit. Therefore, the objective of this project was to
investigate pruning and flower removal protocols to increase
production of high-value, fresh market pomegranates. A
combination of three pruning strategies with or without late
season flower removal was applied to mature ‘Wonderful’
pomegranate trees in a commercial California orchard. Treatments were replicated four times within seven blocks using a
randomized complete block design (168 data trees). Pruning
treatments included Mechanically Topped (MT), with data trees
pruned using industry standards by mechanically topping and
hand pruning to skirt, sucker and remove branches that extend
outside tree row width. Cut to Lateral Branches (CLB) data
trees were pruned by the MT method followed by hand pruning to a lateral branch to remove stumps left by heading cuts.
Thinning One-Year-Old Wood (TOW) data trees were pruned
using the CLB method and one-third of remaining 1-year-old
wood was removed by thinning cuts. Mechanically Topped
with Flower Removal (MT+FR), Cut to Lateral Branches with
Flower Removal (CLB + FR) and Thinning One-Year-Old Wood
with Flower Removal (TOW + FR) data trees were pruned by
the respective method and flowers produced after peak bloom

were removed every 7-17 days until flowering ended. Removed
hermaphroditic flowers were quantified and characterized. At
harvest, trees were strip picked and total fruit mass from each
data tree was recorded. A subsample of 20 fruit from each
data tree was measured to determine individual fruit mass
and diameter. Aril mass and mass of 100 arils were measured
for 10 randomly selected fruit from each subsample. Pruning
treatments did not result in statistically significant differences
in any measured parameter. There was a statistically significant
relationship between flower removal and fruit size, with flower
removal resulting in fruit that were on average 4 mm larger in
diameter and 47 g heavier than fruit from trees from which
flowers were not removed. Such fruit had higher aril number
and larger arils. Annual CLB and/or TOW treatments might
increase fruit quality as tree architecture changes. Removal of
late season flowers improved fruit size and quality, suggesting
that cultural or chemical control measures that decrease lateseason flower and/or fruit production should be investigated to
improve production of high-value, fresh market pomegranates.
Specified Source(s) of Funding: Funded in part by the California
State University Agricultural Research Institute and an unrestricted gift from Paramount Farms (now Wonderful Orchards)
3:00 PM – 3:15 PM

Efficacy of Hydrogen Cyanamide in Inducing
Budbreak in ‘Harvester’ Peach (Prunus persica)
during an Exceptionally Mild Winter
Edgar L. Vinson*

Auburn University, Auburn University, AL, USA

Elina Coneva

Auburn University, Auburn, AL, USA

James Pitts

AAES, Clanton, AL, USA

J. Raymond Kessler

Auburn University, Auburn, AL, USA

Peach trees have a chill hour requirement that is satisfied when
they are exposed to temperatures between 0 °C and 7 °C. Over
recent years, peach trees have been able to accumulate fewer
chill hours and therefore, flowering occurs sporadically and
over a longer period. This leads to less profitable harvests and
protracted harvest periods. Hydrogen cyanamide (HC) is a plant
growth regulator used to break bud dormancy when chill hour
requirements for peach trees have not been reached. Effectiveness of application will depend on concentration of HC used and
number of chill hours accumulated at the time of application.
The objective of this study was to determine the most effective
rate and timing of application of HC in inducing budbreak in
‘Harvester’ peach trees. Applications of HC were made with a
blast sprayer to ‘Harvester’ peach trees, previously treated with
ethrel, at rates of 0.5 %, 1.0 %, 2.0 %, and 4.0 % when trees
received 70 %, 80 %, and 86 %, of the chill hour requirement.
One treatment received ethrel at the recommended rate and
HC while the control treatment received neither HC or ethrel.
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Four one-year–old shoots per tree, 50–60 cm long and 1–2
m from the ground were selected and flower buds were rated
periodically according to developmental stage. High rate of HC
application (4%) caused bud break to occur approximately 7
days earlier than other HC treatments. Peach trees that received
HC at the 4% rate and applied after trees received natural chill
of 86% of the chill hour requirement broke dormancy sooner
and reached fruit set earlier than did those that received fewer
natural chill hours. Generally, trees that received the highest chill
hours exhibited more optimal proportion of fruit to leaf surface
area. Hydrogen cyanamide is effective in breaking dormancy
in peach trees that are deficient in chill hour accumulation;
however, even high application rates are ineffective when chill
hour accumulation is substantially deficient.
3:15 PM – 3:30 PM

Renewal Pruning Strategies for Tart Cherry in
High-density Management Systems
Sheriden M. Hansen*

Utah State University, Logan, UT, USA

Brent Black

Utah State University, Logan, UT, USA

High density orchard management requires strategies for renewal
pruning to regenerate adequate fruiting wood. Cherry does not
respond to the type of renewal pruning typically used for peach
or apple. The effect of pruning cut length and diameter on the
regeneration of fruiting wood was evaluated in ‘Montmorency’
tart cherry over two seasons. Dormant pruning cuts were made
to branches of varying diameter leaving a range of stub lengths
(0–25 cm). Resulting growth was evaluated for number, length
and branch angle. Results show that stub cuts at least 10 cm in
length produce at least one replacement shoot, with the majority (59%) of shoots having a predominantly horizontal (< 45°)
growth habit. Large cuts (> 2.5 cm diameter) produced 70 to
80% more replacement shoots than the smallest branch cut size
class (< 1.5 cm). These extended-stub pruning cuts provide a
renewal pruning strategy appropriate for developing high density
tart cherry training systems, that can facilitate over-the-row
harvest equipment.

key for high productivity and fruit quality throughout the life
of an orchard. Typical renewal involves replacement of 10 to
20% of the tree canopy annually by removing one to several of
the largest branches. In a mature orchard, this renewal process
is subject to competition between sun-exposed fruiting sites
and interior canopy renewal sites that intercept less light and
compete poorly for translocated photoassimilates, often resulting in poor renewal growth. This is particularly problematic for
high density orchards that utilize rootstocks selected for reduced
vigor and high productivity. Renewal of canopy fruiting sites on
a whole tree basis, by annually removing the entire secondary
canopy structure of 10 to 20% of the trees in the orchard, is
an alternative renewal method that eliminates the competitive
inhibition of shoot regrowth while promoting a proportional
level of overall orchard renewal. This study explores the initial
response of sweet cherry trees on various training systems and
size-controlling rootstocks to whole tree renewal. Four training
systems were studied: Tall Spindle Axe (TSA), Super Slender
Axe (SSA), Upright Fruiting Offshoots (UFO), and Kym Green
Bush (KGB). A preliminary study in 2015 with UFO-trained
‘Rainier’ on dwarfing Gisela 3 showed the best regrowth response of whole tree or standard selective renewal cuts when
made at bloom. In 2016, whole tree renewal of the four systems
was studied with ‘Benton’ on three rootstocks : Gisela 3, semidwarfing Gisela 5, and semi-vigorous Gisela 6. During bloom,
all fruit-bearing components of the canopy were pruned back
to stubs close to the permanent structure (usually the trunk or
cordon, depending on system). Regrowth occurred from May
to September, and renewal shoot data were taken in December.
Shoot number and average shoot length tended to be inversely
proportional when comparing the canopy architectures: TSA
resulted in the most new shoots, while KGB and UFO had
the longest average shoot length. Across all training systems,
Gisela 6 resulted in both the highest number of new shoots and
length per shoot. Vigorous regrowth often resulted in sylleptic
lateral shoots arising on the renewed proleptic shoots, which
may have significant implications for the different training
systems. The results indicate that each canopy system-rootstock
combination responded with enough growth to make whole
tree renewal a potential option for rapid, relatively uniform
renewal of fruiting sites.
Specified Source(s) of Funding: Michigan Cherry Commission
and USDA-NIFA Hatch project MICL02002

3:30 PM – 3:45 PM

Whole-tree Renewal Regenerates Fruiting
Structure Quickly in Mature Orchards

3:45 PM – 4:00 PM

Rootstock Effects on Phloem Amino Acid
Composition: Role in Aphid Resistance

James Larson*

Michigan State University, East Lansing, MI, USA

Gregory Lang

Charles Forney*

Michigan State University, East Lansing, MI, USA

Renewal of sweet cherry (Prunus avium L.) fruiting wood to
maintain optimal canopy light interception and distribution is

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Suzanne Blatt

Agriculture and Agri-Food Canada, Kentville, NS, Canada
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Tom Forge

Agriculture and Agri-Food Canada, Summerland, BC, Canada

Denise Neilsen

Agriculture and Agri-Food Canada, Summerland, BC, Canada

John Cline

University of Guelph, Simcoe, ON, Canada

Kathleen D. Munro Pennell

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Sherry A.E. Fillmore

Agriculture and Agri-Food Canada, Kentville, NS, Canada

Modern tree fruit production systems depend on rootstocks
to control important traits of the scion including plant size,
yield and biotic and abiotic stress tolerance. In apple and
cherry rootstock studies, part of the USDA NC-140 Regional
Rootstock Research Project, rootstocks have been observed
to affect aphid populations. Since aphids obtain their nutrition
from the phloem of these plants, we explored the effect rootstocks had on the amino acid composition of phloem exudates
from apple and cherry scions with the objective of identifying
relationships with aphid populations. To conduct this study,
phloem exudates were collected from leaves excised in 15
mM EDTA from both ‘Honeycrisp’ apple and ‘Skeena’ sweet
cherry trees. Apple leaves were sampled from trees grown on
10 different rootstocks (M9, M26, G11, G41, G202, G935, B9,
B7-3-150, B71-7-22, PiAu9-90) from experimental orchards in
Nova Scotia, Ontario and British Columbia. Cherry leaves were
sampled from trees grown on 3 different rootstocks (Gisela 3,
5, 6) and 3 training systems (Upright Fruiting Offshoots, Tall
Spindle Axe, Kym Green Bush) from experimental orchards in
Nova Scotia and British Columbia. Free amino acid composition
of phloem exudates was analyzed using ultra high performance
liquid chromatography (UHPLC) with fluorescence detection
following derivatization with o-phthalaldehyde-ethanethiol9-fluorenylmethyl chloroformate (OPA-ET-FMOC). Of the
20 amino acids analyzed, the relative abundance of 13 and
15 amino acids differed significantly among rootstocks for
apple and cherry, respectively. Cherry training systems significantly affected the relative abundance of 6 amino acids.
For apple, the top 6 amino acids accounted for 86% of the
free amino acids and included proline (Pro), lysine (Lys),
glutamate (Glu), aspartate (Asp), alanine (Ala) and valine
(Val). For cherry, the top 6 amino acids accounted for 79% and
included Glu, Pro, glutamine (Gln), Ala, Asp and serine (Ser).
Principle component analysis (PCA) was conducted to identify
differences among amino acid profiles between rootstocks.
Apple rootstocks B71-7-22 and PiAu9-90, and cherry rootstock Gisela 3 were associated with higher concentrations of
Pro in the phloem than other rootstocks. These apple rootstocks were also observed to have consistently low (i.e. none)
aphid infestation. The impact of rootstocks on phloem amino
acids and their possible impact on aphid resistance will be
discussed.

Vegetable Crops Management 4
Moderator: Xin Zhao

University of Florida, Gainesville, FL, USA

2:15 PM – 2:30 PM

Increasing Survival of Splice-grafted
Watermelon Seedlings Using a Sucrose
Application
Carol Miles*

Washington State University, NWREC, Mount Vernon, WA, USA

Sahar Dabirian

Washington State University, Mount Vernon, WA, USA

Rootstock regrowth can prevent effective healing of grafted
vegetable seedlings and outcompete the scion for light, space,
and nutrients later in production. Rootstock regrowth is especially
problematic for watermelon (Citrullus lanatus) because the crop
is most commonly grafted using methods where meristematic
tissue remains on the rootstock. The objective of this study
was to test whether sucrose solution [0% (water control), 1%,
2%, and 3%] applied as a drench to rootstock seedlings prior
to grafting would increase the survival of watermelon grafted
using the splice method where both rootstock cotyledons were
removed in order to eliminate meristem tissue and rootstock
regrowth. Starch accumulation in rootstock seedlings was
highest for plants that received 3% sucrose solution (71%), followed by plants that received 2% sucrose solution (52%), 1%
sucrose solution (29%), and water (6%). Survival (%) of splice
grafted watermelon seedlings 21 d after grafting was greatest
for plants that received 2% and 3% sucrose solution (89 and
82%, respectively), followed by plants that received 1% sucrose
solution (78%), and was lowest for plants that received water
(58%). There was a significant interaction due to repeat for both
starch accumulation and grafted transplant survival; however,
environmental conditions were similar for both repeats: the
daily average temperature was 23 ºC, the relative humidity
was 64-67%, and the daily average light intensity was 224–243
µmol·m–2·s–1. Further, while the vapor pressure deficit from 1 to
6 pm was 2.49 kPa for repeat 1 and 1.42 kPa for repeat 2, plant
survival was greater in repeat 1 than repeat 2. These results indicate that drench applications of sucrose solution to rootstock
seedlings prior to grafting can increase grafting success when
both cotyledons are removed from the rootstock prior to grafting, but further research is needed to optimize the environmental
conditions for survival of grafted plants.
2:30 PM – 2:45 PM

Grafting with Cold-tolerant Rootstocks
Enhance Early Season Cucumber Production in
High Tunnels
Wenjing Guan*

Purdue University, Southwest Purdue Agricultural Center, Vincennes,
IN, USA
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Larry Sutterer

John Beck

Seedless cucumbers are a popular and high-value crop found in
many local food markets. Parthenocarpic character enables them
to set fruit without pollination, in addition, they can be trellised
to maximize the use of vertical spaces. Because of these reasons,
seedless cucumber is the third most important high tunnel crop
following tomatoes and peppers. One challenge of growing seedless cucumbers in high tunnels is low soil temperatures in early
season that suppress plant growth even when the air temperature
would be adequate for cucumber production. Soil temperatures
lower than 63 °F greatly inhibit absorption of water and mineral nutrients of the crop. In USDA plant hardiness zone 6, we
found soil temperatures inside a high tunnel in April frequently
below 55 °F, which may prevent crop establishment or delay
early cucumber production. In this study, we tested the effects
of grafting with cold tolerant rootstocks (‘Titan’, ‘Marvel’ and
‘RST-04-109-W’) on yield and early season production of three
high tunnel-grown seedless cucumbers, i.e. pickling cucumber
‘Excelsior’, Beit Alpha cucumber ‘Socrates’, and Japanese cucumber ‘Taurus’. Non-grafted plants were included as controls.
Grafting was performed using one-cotyledon method. Grafted
and non-grafted seedlings were transplanted in the high tunnel
on 30 March, 2016. After transplanting, the lowest air and soil
temperatures recorded in the high tunnel were 37 °F and 52 °F,
respectively, which resulted in transplant failure of non-grafted
plants (44% ‘Taurus’, 50% ‘Socrates’, and 83% ‘Excelsior’).
Interestingly, all the grafted plants survived during the cold
period. Dead plants were re-planted on 14 April. Cucumbers
were harvested from 4 May to 8 Aug. The earliest harvests were
recorded on grafted ‘Socrates’ and ‘Excelsior’. Regardless of
rootstocks, grafted ‘Excelsior’ had a significantly higher yield
(1.95 kg/plant) compared with non-grafted ‘Excelsior’ (0.89 kg/
plant) in May. ‘Socrates’ grafted onto ‘RST-04-109-W’ rootstock
also had a higher yield (2.36 kg/plant) than non-grafted control
(1.35 kg/plant) in the same month. During the whole season,
‘Excelsior’ grafted onto ‘Titan’ had higher yield than non-grafted
‘Excelsior’, as well as ‘Excelsior’ grafted onto ‘Marvel’. The
highest yield of ‘Socrates’ was observed on grafted plants with
‘RST-01-109-W’ rootstock. Although there was no significant
difference in early yields among grafted and non-grafted ‘Taurus’.
Regardless of rootstocks, the yields of grafted ‘Taurus’ were
significantly higher than non-grafted plants during the whole
season. This study indicated that grafting with cold tolerant
rootstocks is a promising approach to enhance early season
seedless cucumber production in high tunnels.

John Kimes

Purdue University, Southwest Purdue Agricultural Center, Vincennes,
IN, USA

2:45 PM – 3:00 PM

Performance of Grafted English Cucumbers in
High Tunnel
Sanjun Gu*

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA

The Cooperative Extension Program at North Carolina Agricultural
and Technical State University, Greensboro, NC, USA
North Carolina A&T State University, Greensboro, NC, USA

Grafting fruiting vegetables has been a well adopted practice
in some Asian and European countries to combat soil born
disease and abiotic stress, and to enhance plant growth and
yield in protected cultivation systems including high tunnels.
This technique has not been well accepted in the United States.
There have been some research projects on tomato, eggplant,
watermelon and melon grafting but very limited information is
available on cucumber grafting. The objective of this project
was to test the performance (vigor, disease resistance and yield)
of grafted English cucumbers in high tunnels in North Carolina.
Two scion cultivars (Socrates and Tyria) were grafted onto five
rootstocks (Clause, Flexifort, Marvel, Sentinel and Titan) with
the tongue approach method. Resulting healthy grafted seedlings
were transplanted in raised beds covered with white-on-black
plastic much in April 2016, in a conventional high tunnel located
in Greensboro, NC. The high tunnel was 30’ W x 96’ L and
covered with a single-layer, greenhouse grade polyplastic film.
A completely randomized design was used with four replications. There were four vines (trellised with the Tomato Rollerhook® system) in each replication. No grafting incompatibility
was observed. Results indicated that grafting did not alter the
node of the first female flower, but did influence the blooming
date (when 50% first female flower bloomed). For example,
non-grafted vines bloomed 19 days after transplanting (DAT),
and grafted vines bloomed from 19 DAT for rootstock Marvel
to 26 DAT for rootstock Flexifort. However, grafting did not
significantly affect the first harvesting date, which ranged from
44 to 48 DAT. The number of marketable and total fruit, and
marketable and total yield were not affected by grafting. The
grafted vines had an average marketable and total yield of 2.0
and 3.1 kg/vine, and the non-grafted vines 2.1 and 3.2 kg/vine,
respectively. Disease incidence, especially the bacterial wilt was
not affected by grafting. This trial was conducted relatively late in
the season so the effect of cold hardiness could not be assessed.
In addition, it was conducted in soil with poor fertility resulted
from field grading for high tunnel construction. Therefore, a
second year study is needed to fully assess the grafting effects
on English cucumbers.
3:00 PM – 3:15 PM

Effects of Leaf Mold and Grafting on Yield and
Fruit Quality of High Tunnel-grown Tomatoes
Wenjing Guan*

Purdue University, Southwest Purdue Agricultural Center, Vincennes,
IN, USA

Daniel S. Egel

Purdue University, Southwest Purdue Agricultural Center, Vincennes,
IN, USA
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Fresh market tomatoes have been increasingly grown in high
tunnels because of the extended production season, higher yield
and better fruit quality. Unfortunately, high tunnel production of
tomatoes is often limited by the foliar disease leaf mold (Passalora
fulva), which may cause defoliation of tomato plants. While some
tomato varieties have resistance to leaf mold, growers often chose
varieties based on consumers’ preference rather than the disease
resistance. Grafting is becoming increasingly accepted among
fresh market tomato growers because this technology is known
to increase yields and offer resistance to soil borne diseases.
Yet, it is unknown how grafting affects susceptibility to leaf
mold. In this study, the leaf mold susceptible variety ‘Mountain
Spring’ was grafted with tomato rootstock ‘Maxifort’. Nongrafted plants were used as controls. Six fungicide treatments,
i.e. Dithane® (mancozeb), Badge X2® (copper), InspireSuper®
(difenoconazole + cyprodinil), Serenade® (Bacillus subtilis),
Milstop® (potassium bicarbonate) and an untreated control were
applied weekly beginning 3 June when the leaf mold symptoms
were first observed. The experimental design was split-plot
design with fungicide as the whole-plot treatment and grafting
as the sub-plot treatment. Leaf mold symptoms were evaluated
using a Horsfall-Barratt scale; Area Under the Disease Progress
Curve (AUDPC) were calculated. In addition, we recorded the
number of leaf lesions on individual leaves. Tomato harvest
started on 15 Jun. and ended on 7 Sept. The values of AUDPC
were significantly lower for plants treated with Dithane® and
InspireSuper® than other fungicide treatments and the untreated
control. However, no significant differences in tomato yields
were observed among the fungicide treatments. Grafted and nongrafted plants had similar AUDPC values. But more leaf mold
lesions were observed on individual leaves of grafted plants.
Grafting slightly delayed the early harvest of tomatoes in June,
but it significantly increased tomato yield by 19% compared
with non-grafted controls during the production season. Total
soluble solids (TSS), pH, and titratable acidity of tomato fruit
were evaluated on 5 July and 15 Aug. No significant differences
in the quality attributes were observed in the first evaluation.
But tomatoes harvested from plants treated with Dithane® had
significantly higher TSS compared with non-treated control, as
well as plants treated with Serenade®, Copper® and Milstop®.
This study indicated that leaf mold can reduce fruit quality.
Grafted tomatoes had increased yields, but were associated with
increased lesion numbers on leaves.
3:15 PM – 3:30 PM

Grafting and Microbial Crop Biostimulant
Effects on Early Growth of Greenhouse Tomato
Zheng Wang

The Ohio State University-OARDC, Wooster, OH, USA

Matthew Kleinhenz*

The Ohio State University-OARDC, Wooster, OH, USA

We set out to determine the separate and combined effects of
a microbial crop biostimulant (MCBS) and grafting on early
growth of greenhouse tomato. The experiment was repeated three

times (June-July 2015 and 2016, and November 2016-January
2017) at the OARDC in Wooster, Ohio. Each run lasted five
weeks from transplanting to completion of data collection and
employed a split plot design with four replications. A commercial MCBS (‘Environoc 401’) containing multiple species
of nitrogen-fixing and phosphorous-solubilizing bacteria was
applied to tomato seedlings grafted onto three different rootstocks (‘SuperNatural’, ‘Maxifort’, and ‘Estamino’) and the
ungrafted scion ‘BHN 589’. Non-inoculated plants were used
as a second control. Grafted plants were purchased from Plug
Connection (Vista, California) in Runs 1 and 2 and prepared
at OARDC in Run 3. Grafted and ungrafted plants (6–8 weeks
old with four true leaves) were transplanted to 15-cm diameter
plastic pots filled with Promix (Premier Horticulture, Québec,
Canada) medium. Half of all plants were drenched with 50 ml
of microbial solution around the stem and beneath the canopy
at 3, 5, and 7 days after transplanting. Non-inoculated plants
received only the same amount of water. Each drench contained
3.3 x 106 colony forming units (CFUs), giving a total of 107
CFUs per plant. Plant height, stem diameter at 5 cm above the
soil, total branch length, and total number of opened flowers
and fruit were measured weekly in all runs, while percent leaf
coverage and root fresh and dry biomass were only measured
in Runs 1 and 3, respectively. Generally, inoculated plants were
statistically or numerically taller, and had greater total branch
length and more opened flowers and fruit than non-inoculated
plants at each weekly measurement in all runs. Stem diameter
was greater in inoculated plants only in Run 2. Regarding grafting
effects, ‘BHN 589’–‘SuperNatural’ and ‘BHN 589’–‘Maxifort’
plants were taller and had larger total branch length than ungrafted plants in the first two runs. ‘BHN 589’–‘Estamino’ plants
were similar in all vegetative variables to ungrafted plants but
had the largest number of opened flowers and fruit in all runs.
Most additive effects (grafting and inoculation effects used in
combination > arithmetic sum of grafting and inoculation effects) were observed starting at two weeks after transplanting.
The data indicate that grafting and microbial crop biostimulants
can be used alone or in combination to enhance early growth
in greenhouse-grown tomato.
3:30 PM – 3:45 PM

Grafting Melons Increases Yield, Harvest
Period, and Resistance to Sudden Wilt
Janel L. Martin*

North Carolina State University, Raleigh, NC, USA

James Loy

University of New Hampshire, Durham, NH, USA

Melons (Cucumis melo L.) are potentially a high value crop for
New England, but production is limited by cool soil temperatures
in spring and sudden wilt. Sudden wilt, characterized by rapid
wilting of vines as fruit near maturity, reduces fruit quality and
yield. Use of early varieties, raised beds, black plastic mulch
and rowcovers have increased early melon yields, but has not
reduced the incidence of sudden wilt. One promising solution
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is grafting melons to an interspecific hybrid squash rootstock
[Cucurbita maxima Duchesne x Cucurbita moschata Duchesne],
shown to exhibit tolerance to abiotic stress and soil-borne diseases. In the present study we evaluated the performance of
grafted and non-grafted plants of ‘Halona’ melon, comparing
three transplanting times, two early (12 May and 21 May) and
a standard schedule (1 June), in plots at the Kingman Research
Farm in Madbury, NH. Season extension cultural methods were
black plastic mulch on raised beds and wide floating rowcovers.
The rootstock was NH1320, previously demonstrated as a highly
compatible rootstock for melon. Early growth and flowering
of non-grafted plants exceeded that of grafted plants. Pistillate
flowers of non-grafted plants emerged eight days prior to grafted
plants; however, by the first harvest period vegetative growth of
grafted plants was appreciably greater than that of non-grafted
plants. Melon harvests were three to eight days earlier with
non-grafted as compared to grafted plants at all three planting
dates, but total marketable yields of grafted plants were 131%,
123% and 148% higher by planting dates on 12 May, 21 May,
and 1 June, respectively, as compared to non-grafted plants.
Fruit yields of grafted plants extrapolated to 119.4, 105.5 and
115.6 t·ha-1, respectively, in plots at the 12 May, 21 May, and 1
June planting dates. Average fruit size was significantly larger in
grafted plants (2.02 kg) as compared to non-grafted plants (1.35
kg). Mean SSC in fruit of non-grafted plants (10.7 to 11.8%)
was not significantly different from that of grafted plants (10.311.4%). Grafted plants from the first planting date maintained
growth and continued to set fruit for three more weeks after
the last harvest of non-grafted plants, thus affording a longer
market window while maintaining fruit quality.
Specified Source(s) of Funding: USDA NIFA NH00609
3:45 PM – 4:00 PM

Yield Performance of Field-grown Grafted
Tomato with Different in-row Plant Spacings
Xin Zhao*

University of Florida, Gainesville, FL, USA

Laila Khandaker

University of Florida, Gainesville, FL, USA

Zack Black

University of Florida, Gainesville, FL, USA

James Colee

Despite the benefits of using grafted plants for managing
soil-borne diseases and improving fruit yield in field tomato
production, the high cost of grafted tomato production is still
considered the main limitation to widespread adoption of tomato
grafting. A two-year field study was performed at the University
of Florida, Plant Science Research and Education Unit, Citra,
FL in Fall 2015 and Spring 2016 to explore the potential of
reducing plant population by increasing in-row plant spacing
to lower total transplant cost in grafted tomato production.
‘Tribute’, a determinate tomato cultivar, was grafted onto
three hybrid tomato rootstocks: ‘RST-04-106-T’, ‘Estamino’,
and ‘Multifort’. Non-grafted ‘Tribute’ was used as a control.
Plants were grown in fumigated raised beds with drip irrigation. Five different in-row spacings, i.e., 0.46, 0.61, 0.76, 0.91,
and 1.07 m, were used with a constant between-row spacing
of 1.83 m, corresponding to plant populations of 11960, 8970,
7176, 5980, and 5126 plants per hectare, respectively. A split
plot design with four replications was used, with spacing as
the whole plot factor and grafting the subplot factor. Total
marketable fruit yield on a per plant basis was significantly
higher in grafted ‘Tribute’ with ‘RST-04-106-T’ compared with
the non-grafted control in Fall 2015, whereas the significant
yield improvement was observed in all the grafted treatments
in Spring 2016. The in-row spacings of 1.07 and 0.46 m resulted in the highest and lowest marketable yield per plant,
respectively, in Fall 2015; however, an inconsistent effect of
spacing was found in Spring 2016. Grafting by plant spacing
interaction was not found in either season. An increase in fruit
number contributed to the enhanced yield in grafted plants in
both seasons. Moreover, grafting resulted in greater average
fruit weight in Spring 2016. Total marketable yield per hectare was significantly affected by grafting and plant spacing
in both seasons. Non-grafted ‘Tribute’ showed a significantly
lower yield than grafted plants with all three rootstocks used in
Spring 2016, but the yield increase as a result of grafting was
not observed in plants grafted with ‘Estamino’ in Fall 2015.
The in-row spacings of 0.46 and 0.61 m led to significantly
higher marketable yields per hectare than that of 0.91 and
1.07 m spacings in both seasons, while the yield did not differ
significantly between the plant spacings of 0.61 and 0.76 m.
Results from this study suggested the possibility of increasing
plant spacing in grafted tomato production.
Specified Source(s) of Funding: SCRI

University of Florida, Gainesville, FL, USA
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Undergraduate Student
Comparison of Calcined Aggregates for Use
in Pine Bark-based Substrates in Woody
Ornamental Container Production
(Poster Board #251)

Deborah Trelstad*

Michigan State University, Okemos, MI, USA

Jim Owen

Virginia Tech, Virginia Beach, VA, USA

Rodney Fernandez

Michigan State University, East Lansing, MI, United States

Calcined aggregates from shale (haydite) and clay (turface) were
investigated for use as substrate components blended with composted pine bark for the production of container-grown woody
ornamentals. Volumetric ratios of 5%, 10% or 15% of haydite or
turface were blended with remaining percentages of composted
pine bark to create different container substrates to compare with
a control substrate of 85% composted pine bark:15% peatmoss
(vol:vol). Hydrangea arborescens L., H. macrophylla (Thunb.)
Ser., Physocarpus opulifolius (L.) Maxim. and Viburnum nudum
L. were grown in the substrates for one growing season. Growth
index, substrate volumetric moisture content, and leachate pH,
electrical conductivity and nitrogen and phosphorus concentration
were measured during the growing season. Samples for foliar
nutritional analysis were taken in November and final dry weights
were measured at termination. Growth index was lower for some
of the haydite treatments than control for P. opulifolius and V.
nudum toward the end of the growing season. Dry weights were
lower for some haydite and turface treatments than control for H.
arborescens, H. macrophylla and V. nudum. While growth was
statistically lower for several of the treatments, the differences
were not practically apparent. There were few differences in pH
or EC due to treatment. There were few differences in substrate
volumetric moisture content except for P. opulifolius, where
all treatments were usually lower than control. Foliar analysis
showed differences for all taxa due to treatment, particularly for
H. macrophylla and V. nudum. Differences in foliar nutrition
resulted in visible symptoms for H. macrophylla, most likely
due to lower magnesium content. However, nutrient content was
higher for several elements for H. macrophylla, P. opulifolius
and V. nudum. Although there were visible nutrient deficiency
symptoms for one taxa and some minor reductions in growth for
several taxa due to treatments, the calcined aggregates should
be suitable components for use in pine bark based substrates for
woody ornamental container production.
Specified Source(s) of Funding: USDA NIFA Hatch MICL02010

Cultivar Trial and Growing Practice
Modifications for East Coast Lettuce Production
(Poster Board #252)

Amelia Loeb*

University of Maryland, College Park, MD, USA

Brianne Redman

UMD, College Park, USA

Chris Walsh

University of Maryland, College Park, MD, USA

Tolerance to heat is an important characteristic of lettuce (Lactuca
sativa), a crop in which exposure to high temperatures causes
bolting and associated bitterness. Hot summer temperatures in
Maryland make lettuce production difficult, especially during
the peak of farmers’ market season. Defining the specific level
of heat-tolerance associated with the general label is needed to
improve East Coast lettuce production. Additionally, finding
growing practices that can reduce the chance of bolting could
aid in lettuce production during hot weather. In this experiment,
four lettuce cultivars, all advertised as heat-tolerant, were grown
on different mulches to investigate how surface reflection affects
immediate air temperature. Germination temperatures of 20 °C
and 30 °C were investigated as a priming technique to inhibit bolting. The four different heat tolerant cultivars of lettuce, ‘Coastal
Star’, ‘Auvona’, ‘Salvius’, and ‘Dov’, were transplanted on 28
June 2016, into raised rows covered with white plastic, black
plastic, straw or bare ground. Vermicompost was also trialed as
a separate amendment under the white plastic mulch. Lettuce
heads were harvested after seven weeks in the field. Heads were
compared for evidence of bolting. Lettuce that was germinated at
20 °C was generally less likely to bolt than those germinated at
30 °C; however, the chance of bolting depended on the cultivar.
In those heads that did bolt, a lower germination temperature
delayed bolting. Of the four cultivars, ‘Dov’ appeared to be the
most heat-tolerant, having the lowest average height. Across
most cultivars, straw mulch treatments and the control ground
treatment produced the best heads of lettuce. The amendment of
vermicompost under the white plastic mulch did not delay bolting
or improve head weight compared to white plastic mulch alone.
Specified Source(s) of Funding: Francis R. Gouin Undergraduate Research Award and Maryland Department of Agriculture
SCBG Program

Effects of Fertilizer Concentration on Initial
Growth of Select Cultivars of Kale (Brassica
oleracea L. var. acephala) grown in a Nutrient
Film Technique System
(Poster Board #253)

John Scott*

The University of Vermont, Burlington, VT, USA
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Seed Extraction Methods and After-ripening
Effects on Three Rubus Cultivars

Mark Starrett

The University of Vermont, Burlington, VT, USA

Taylor Readyhough

(Poster Board #256)

The University of Vermont, Burlington, VT, USA

In this study three cultivars of kale (Brassica oleracea L. var.
acephala ‘Dwarf Blue Curled’, ‘Nero Toscana’, and ‘Red Winter’)
were grown using a Nutrient Film Technique (NFT) system in
one of three fertilizer solutions (1000 ppm, 2000 ppm, and 3000
ppm) to determine which solution provides the best overall initial
growth in a greenhouse environment. The fertilizer formulation
was a 50:50 mix of Jack’s Professional LX All Purpose 21–5–20
and Jack’s Professional LX 15–0–14 Dark Weather Plus Magnesium. Six plants of each cultivar of kale were randomized
within each gutter of each fertilizer treatment and grown for four
weeks. At harvest, the number of leaves and leaf area of each
plant was recorded. Dry weight of leaves, stems, and roots for
each plant were also recorded after being dried for 48 hours at
50 °C in a forced-air oven. A two-way ANOVA comparing the
cultivars of kale and the fertilizer solutions showed no interactions between them. Additionally, a one-way ANOVA for each
kale cultivar showed that increasing levels of fertilizer had no
effect on any of the examined variables.

The Effect of Applying High Temperature on
Root Water Permeability at Different Growth
Stage for Several Varieties of Tomato Seedlings

Andrew Scheldorf*

North Dakota State University, Fargo, ND, USA

The seeds of Rubus offer a specific germination challenge because
of their deep double dormancy caused by a stony endocarp and
growth inhibitors inside the seed. Seed germination may be poor
or slow, making it difficult for scientists to use when breeding
improved cultivars. Seeds were collected from three cultivars
in two of the Rubus subgenera studied. The experiment was set
up as a CRD complete factorial, with four replications and 10
seeds per experimental unit. Three different extraction methods
(manual extraction with a blender, fermentation of the fruit, and
freezing of the fruit) were followed by scarification with sulfuric
acid (98%) or no scarification. Seeds were then treated with a
combination of Gibberellic acid (GA3 200 ppm) plus potassium
nitrate (0.2%), and stratified for 9 weeks at 4 °C and 16 hour
light. Scarification was shown to greatly improve germination,
as well as manual extraction. There were no differences observed
between seeds treated with the GA3 plus KNO3.
Specified Source(s) of Funding: Duncan Research Scholarship

Identification and Characterization of
Polymorphic Microsatellite Loci in Mortiño
(Vaccinium floribundum Kunth)

(Poster Board #254)

(Poster Board #257)

Riki Moriyama*

Meiji University, Kawasaki, Japan

Andrea D. Argudo*

Meiji University, Kawasaki, Japan

María de Lourdes Torres

Meiji University, Kawasaki, Japan

Bernardo M. Gutierrez

Universidad San Francisco de Quito, Quito, Ecuador

Koshi Mitsuta

Universidad San Francisco de Quito, Quito, Ecuador

Takashi Ikeda

We investigated the effect of high temperature to root water
permeability of tomato seedlings. In summer cultivation, plants
are frequently exposed to high temperature stress. It is well
known that the high temperature stress has many physiological
effect to plants, one of this, the water absorption from the root.
In this study, we investigated how high temperature affected to
water permeability of tomato plants. We used tomato varieties ‘Reiyo’, ‘Dundee’ and ‘Starbuck’ for this experiment. The
seedlings were grown on hydroponic culture in incubators, and
obtained at 20 days after sawing. High temperature (35 °C; control 23 °C) was applied to seedlings at different growth stages.
Water permeability was estimated by using a pressure chamber
and a root scanner. In the result, when plants were grown at high
temperature, the water permeability was increased dramatically,
although we were not able to find the difference among varieties. When the timing for applying high temperature stress were
different during growth stages, the permeabilities were remained
higher. We further investigate the response to high temperature
for different varieties.

Universidad San Francisco de Quito, Quito, Ecuador

María Mercedes Cobo

Universidad San Francisco de Quito, Quito, Ecuador

Jennifer Rowntree

Manchester Metropolitan University, Manchester, United Kingdom

Mortiño (Vaccinium floribundum Kuth) is a perennial shrub from
the Ericaceae family. This wild species is endemic to the high
Andes of South America, and is found exclusively at altitudes
between 1600 masl to 4000 masl. In addition, V. floribundum is
known to be resistant to drought and low temperatures, adaptations related to the species´ ability to grow in the tundra-like
ecosystems of the Andes Mountains known as paramos. This
species produces edible berries with ethnobotanic properties
for indigenous and rural communities. The uses of the recorded
species related to use ceremonial beverage, food purposes and
ailments treatment. Mortiño is classified as a vulnerable species
by the IUCN due to the fragmentation of its habitat. Therefore,
ecological and biological researches are necessary to implement
conservation strategies. For this, genetic studies of diversity and
population structure can provide information about conservation
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status. Accordingly, genetic studies are limited and molecular
tools are not expanded yet in Mortiño. With these limitations, this
study aims to identify and characterize polymorphic microsatellite loci in order to provide molecular tools for future genetic
analysis. For this study, primer pairs for 357 microsatellite loci
were designed from the genome of one V. floribundum individual from the northern Ecuadorian highlands, using Ilumina
paired-end sequencing. From this set, a total of 30 primer pairs
were selected based on the number of repeats in each region´s
motifs (up to 3 nucleotides per motif) and synthesized. These
primers were standardized by establishing their optimal annealing temperature. A total of 26 primer pairs were successfully
standardized, from which 20 were selected and screened to
determine the polymorphism content in their respective loci. For
this purpose, primers were labeled with VIC, 6-FAM, NED and
PET, and used to genotype 60 individuals form the Ecuadorian
highlands that were selected based on the heterozygosity range
published by Cobo et al., (2015). Genotyping was performed
through fluorescence detection in capillary electrophoresis and
allele peaks were scored using the GeneMarker Software. Polymorphic content of these regions can be assessed by calculating
the polymorphic information content (PIC) index for each locus.
These species-specific polymorphic microsatellite markers can
be used as tools to determine the genetic diversity and population
structure of individuals from other regions along high Andes
where V. floribundum is found. This set of microsatellite makers
is the first to be developed for this species.

Comparing the Effects of Restricting
Irrigation on Diascia and Lobelia Growth and
Development
(Poster Board #259)

Myra R. James*

Iowa State University, Ames, IA, USA

Nicholas J. Flax

Iowa State University, Ames, IA, USA

Christopher J. Currey

Iowa State University, Ames, IA, USA

Alexander G. Litvin

Iowa State University, Ames, IA, USA

Restricting irrigation can be a means for non-chemical growth
control and resource conservation. There are a wide variety of
spring bedding plant taxa and few species-specific reports of the
effect of restricted irrigation. Our objectives were to quantify
the effect of restricted irrigation on growth, quality, and water
use of diascia (Diascia barberae) and lobelia (Lobelia erinus).
Rooted cuttings of lobelia and diascia were individually planted
into 11.4-cm-diameter petroleum-based plastic containers filled
with a commercial peat-based soilless substrate amended with
controlled release fertilizer, and grown in a glass-glazed greenhouse. Plants were provided with drip stakes connected to a
capacitance soil moisture sensor-controlled irrigation system
that maintained substrate volumetric water contents (VWC)
of 0.20, 0.30, or 0.40 m3·m–3 throughout the experiment. Five

and six weeks after treatments were initiated, data were collected for diascia and lobelia, respectively. Data recorded and
calculated included the time to flower, height (diascia only),
diameter, shoot dry mass (SDM), and total irrigation volume,
and water use efficiency (WUE). Analyses of variance and mean
separation using Tukey’s honestly-significant difference (hsd)
test were performed on all data. Time to flower for diascia was
not effected by VWC. Compared to plants grown at 0.40 (14.5
cm), diascia were 2.4 and 4.4 cm shorter when grown at 0.30
and 0.20 m3·m–3, respectively. Width was also suppressed by
36% for diacsia grown at 0.20 m3·m–3 (20.0 cm wide) compared
to plants grown at 0.40 m3·m–3 (34.6 cm wide). Diascia SDM
decreased from 5.4 g to 3.1 g as VWC decreased from 0.40 to
0.20 m3·m–3, respectively. Total irrigation volume provided to
diascia decreased by 1.1 L as VWC decreased from 0.40 to 0.20
m3·m–3. The WUE for diascia was unaffected by VWC. Neither
time to flower nor diameter of lobelia was affected by VWC.
Lobelia SDM decreased from 4.6 g to 2.7 g as VWC decreased
from 0.40 to 0.20 m3·m–3. Compared to plants grown at a VWC
of 0.40 (3.3 L), lobelia grown at 0.30 and 0.20 m3·m–3 used 0.8
and 1.5 L less water, respectively. Lobelia WUE was unaffected
by VWC. Based on the results of this study, restricted irrigation
reduces water use for both species, but the effect on growth control varied between lobelia (insensitive) and diascia (sensitive).

The Effects of Seed Cleaner Air Velocity and
Float Tests of Varying Durations on Hemp
(Cannabis sativa L.) Seed Separation
(Poster Board #260)

Zach Stevens*

Middle Tennessee State University, Murfreesboro, TN, USA

Clint Palmer

Middle Tennessee State University, Murfreesboro, TN, USA

Nathan Phillips

Middle Tennessee State University, Murfreesboro, TN, USA

Song Cui

Middle Tennessee State University, Murfreesboro, TN, USA

Industrial hemp is extremely versatile and can be incorporated
into many goods such as textiles, paper products, food, molded
plastics, construction, and livestock feed. Hemp has been shown
to even increase yields of other crops within its rotation, and
exhibits a wide range of environmental tolerances. In 2014, it
became legal for farmers in Tennessee to cultivate hemp for
industrial purposes. The profitability of the crop is increasing
interest among farmers. However, it is important that the most
efficient means of hemp production are made available to the
growers. Currently, many seeds ordered from available sources
can come in unfavorable forms. Seed size, maturity, completeness, and viability can vary significantly between seed lots.
Our objectives were to develop protocol that will remove the
faulty seeds before germination. A seed cleaner at varying air
velocity settings and float tests of varying durations were used
to evaluate separation of the viable seeds from the less mature
or damaged ones. Hemp seeds were divided equally, by weight
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(2 lb), into six treatments, each replicated three times. We used
three different calibrations for the seed cleaner and three float
test durations and compared germination and emergence with
uncleaned seeds. Half of the seeds were germinated using the
paper towel method and the other half were germinated in
field soil simulating the typical farmer’s germination process.
Among all groups, both the seeds refused by the separator and
those accepted were subjected to testing. Minimal differences
were observed among the different air velocity settings of the
seed cleaner. Seed separation was more pronounced in the float
tests. Germination of the resulting seeds demonstrate the differences between methods and provide useful information for
hemp growers.

Ecological Physiology/Bioenergy/
Herbs, Spices & Medicinal Plants
Effect of Soil Type on Root Growth and
Nutrient Uptake of Two Grass Species
Bouteloua curtipendula and Bouteloua gracilis
Grown Under Adequate Water and Drought
Stress

the minerals and water uptake from the different types of the
soil among the species, water potential has been measured for
the both species after the time of irrigation. Soil analysis and
soil texture and pH measurements have been done. The result
showed significant effects of soil type between species when
adequately watered as compared to those with water deficiency.
B. curtipendula had its highest rate of growth and biomass in
the clay soil with adequate water. It had the lowest growth rate
and biomass when grown in the sand with reduced water. B.
gracilis had the highest growth rate and biomass in the clay with
adequate water as well when compared to the other treatments
within the species. In comparison between the two species, B.
gracilis showed very significant differences in the root system
growth and distribution as well as the rate of nutrient uptake and
total biomass with both types of soils and with the two water
treatments where the B. curtipendula has the lost root growth
rate under water deficiency. In conclusion, the soil texture and
soil water capacity have the major influence on root distribution
and the rate of nutrient uptake. Plant root growth and nutrient
uptake are highly influenced by variation in the environment.
Specified Source(s) of Funding: Colorado State University

Diurnal Patterns of Photosynthesis and Water
Relations in Four Orchard-grown Pomegranate
Cultivars

(Poster Board #163)

Ahmed Getlawi

(Poster Board #165)

Colorado State University, Fort Collins, CO, USA

John M. Chater*

Harrison Hughes

University of California, Riverside, Riverside, CA, USA

Colorado State University, Fort Collins, CO, USA

Louis S. Santiago

Troy Orchtree

University of California, Riverside, Riverside, CA, USA

Colorado State University, Fort Collins, CO, USA

Donald Merhaut

Jessica Davis*

University of California, Riverside, Riverside, CA, USA

Colorado State University, Fort Collins, CO, USA

Nutrient and water uptake by plant roots are related to availability of these critical inputs in the soil. Root characteristics
such as density, depth, length, number of root hairs and root tips
are considered important to uptake of water and nutrients. Root
growth and proliferation under adequate watered and drought
stress conditions varies among species. Plants increase water
uptake by developing large and deep root systems. Evidence
suggests that it is quality, i.e. the distribution and structure, and
not quantity of roots that determines the most efficient strategy
for extracting water during the growing season. The objectives
of this study was to determine the differences in root distribution and biomass on rate of nutrient uptake under two water
treatments using two different types of soils among grass species Bouteloua curtipendula and Bouteloua gracilis. The two
species of grass were germinated in two different soils, clay and
sand, and treated with adequate water (100% of needed water)
and reduced watered (25% of adequate water). The length,
surface area, volume of the roots, and the biomass have been
measured. Also, the plant tissues, Na, P, Ca, Mg, and K, have
been analyzed to determine the ability of the root to absorb

John Preece

National Clonal Germplasm Repository USDA–ARS, Davis, CA, USA

Long term drought coupled with tighter regulations on limited
water resources have caused growers to seek alternative drought
tolerant tree crops in California. For tree crops, proper cultivar
selection is crucial when planning a commercial orchard. Knowing how a cultivar is functioning physiologically helps determine
which genotypes perform optimally for a given climate. For
example, water-use efficiency is a trait that aides in selection
of plants that use less water. Although grown throughout the
world in various climates, information regarding pomegranate physiology is lacking. The purpose of this research was to
determine the effect of time day and cultivar on pomegranate
photosynthesis and water relations. The study utilized cultivars
in their fourth year of growth, they included ‘Eversweet’, ‘Haku
Botan’, ‘Parfianka’, and ‘Wonderful’. Photosynthetic data were
gathered using a LI-COR 6400 photosynthesis system and
water potential data was collected using a plant moisture stress
instrument. The research took place at a field site in Riverside,
CA, and variables analyzed included photosynthesis, stomatal
conductance, transpiration, water-use efficiency, transpiration
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efficiency, and pre-dawn and midday water potential. Differences
were detected for time of day, with higher rates of assimilation,
transpiration, and stomatal conductance in morning hours. Water
use efficiency was higher in afternoon compared to morning.
There were also differences among cultivars for stomatal conductance and transpiration during the morning hours but not during
the afternoon hours, with ‘Eversweet’ having significantly lower
rates of stomatal conductance and transpiration than ‘Parfianka.’
Cultivars had significant differences in photosynthetic gas exchange variables when comparing morning to afternoon values.
These results furthered our understanding of how pomegranate
trees function on a physiological level among unique cultivars
and during different times of the day.
Specified Source(s) of Funding: University of California Agricultural Experiment Station (projet CA-R-BPS-5032-H)

Some Impacts of a Warming Climate on Fruit
and Nut Crops in Subtropical North Florida
(Poster Board #166)

Peter Andersen*

University of Florida, Quincy, FL, USA

Brent Brodbeck

University of Florida North Florida Research and Education Center,
Quincy, USA

The hot, humid, subtropical climate of north Florida presents
many challenges to the culture of fruit and nut crops. This region
is characterized by abundant rainfall during the growing season,
extremely high pest pressure, and erratic winter weather. Global
warming is having a profound impact on both the sustainability
and profitability of crops that can be grown in north Florida.
Weather data are trending toward increased air temperature
for all months of the year. Perhaps the most relevant factor for
deciduous crops is the 40 to 50% reduction in chilling (hours
less than 45 °F, 7.2 °C) which has often occurred during the last
two decades. The phenology of both plant and pest complexes
have been inexorably altered. Some of the deciduous crops
that have been grown historically with some success in north
Florida include blackberries, blueberries (southern highbush
and rabbiteye), Dunstan hybrid chestnuts, muscadine grapes,
Oriental persimmons, peaches, and pecans. Recommendations
concerning the species/cultivars adapted to specific regions
may need to be reevaluated. Global warming has facilitated the
reemergence of satsuma and cold hardy citrus industry in north
Florida and the states bordering the northern Gulf of Mexico.
Unfortunately, a consequence of climate change has been the
concomitant northward movement of the Asian citrus psyllid
and citrus greening which have devastated the citrus industry in
south and central Florida. We will summarize the current acreage, indicate the vulnerability to climate change, delineate the
major biotic and abiotic limitations to production, and rank the
sustainability and potential profitability of fruit and nut crops
in the north Florida region.
Specified Source(s) of Funding: Florida Department of Food
and Agriculture

Effects of Temperature on Flower Development
of Blueberry and Pollinator Emergence
(Poster Board #167)

Sarah A. Mills*

West Virginia University, Morgantown, WV, USA

Hyoseok Lee

West Virginia University, Morgantown, WV, USA

Yong-Lak Park

West Virginia University, Morgantown, WV, USA

Eungul Lee

West Virginia University, Morgantown, WV, USA

Nicole L. Waterland

West Virginia University, Morgantown, WV, USA

The United States is the largest producer of blueberries (Vaccinium corymbosum) in the world with a production value of
$825 million. Blueberry is an economically important crop that
is dependent on pollinators for fruit set. Changes in climate
have yielded warmer temperatures which is one of the abiotic
factors regulating flower and bee development. The primary
role of a flower is to attract pollinators and crop production that
requires pollinators has been negatively affected by the decline
of honey bees forcing growers to rely on other pollinator species, such as the Japanese hornfaced bee (Osmia cornifrons).
The objective of this study was to determine the effect of
temperature on flower development and bee emergence. Two
cultivars of highbush blueberry ‘Blueray’ and ‘Jersey’ were
grown at five temperatures 18, 20, 24, 28, and 31 °C under
natural irradiance in a greenhouse. Flower development was
investigated by determining the total number of flower clusters,
percent bud abortion and flower cluster longevity. The rate of
flower development and bee emergence was determined using
non-linear regressions. The future temperatures obtained from a
climate model were used to generate maps of future synchrony
between flowering and emergence using geographic information
system (GIS) and R software. Plants grown at 28 °C reached
full bloom 13 days earlier than at 18 °C for both cultivars. For
‘Blueray’, increasing temperature promoted flower bud abortion, while temperature did not appear to significantly affect the
bud abortion for ‘Jersey’ until plants were exposed to 31 °C.
Flower cluster longevity decreased with higher temperatures in
‘Blueray’. The future synchrony maps showed that bees would
emerge prior to blueberry flowering. Our data showed flower
development was significantly affected by a slight increase in
temperature (2 to 4 °C) and cultivar selection. These results
suggested that the synchrony between the flowering of blueberry
and the emergence of bees could be disrupted by increasing temperature. Therefore, effective management practices
designed to synchronize crop flowering and pollinator emergence will be necessary to ensure sustainable crop production
in the future.
Specified Source(s) of Funding: USDA AFRI grant 201467004-21631
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Farm to Fuel: Guayule As a Feedstock for a
Sustainable Bioeconomy in Arid Regions

Tongyin Li

Mississippi State University, Miss. State, MS, USA

(Poster Board #168)

Valerie H. Teetor

University of Arizona, Tucson, AZ, USA

Melinda Main

University of Arizona, Tucson, AZ, USA

Ghislaine Majeau

University of Arizona, Tucson, AZ, USA

Dennis Ray*

University of Arizona, Tucson, AZ, USA

Guayule (Parthenium argentatum) is a woody desert shrub grown
in the southwestern United States for natural rubber, and organic
resins and biomass used for energy and biofuel production. Improvements in cultural practices and breeding are being made to
optimize yields in new cultivation areas, leading to more efficient
processing. Flowers (peduncles and inflorescences) can account
for up to 9% of the total biomass, thus by reducing or eliminating flower production, we hypothesized that photosynthates
would be allocated to secondary compounds and/or biomass.
In order to investigate the relationship between flowering and
resource allocation, a field trial was carried out for three years
with six guayule varieties and four replications. Treatments
were cut (flowers removed by hand once per week) and uncut
(allowed to flower without interference). The first harvest was at
14 months of age in the spring, and the next two harvests were
each one year apart. Measurements taken were height, width,
and fresh weight at harvest. Samples were analyzed for rubber,
resin, and latex. Yields were calculated on a dry weight basis.
Although there were differences between varieties, there were
no significant interactions between treatment and variety for any
variable. At year one, rubber yield was significantly greater in
the cut treatment, even though percent rubber and biomass yield
were not. Percent resin, but not yield, was higher in year two in
the cut plants. By year three, all variables except biomass and
resin yield were higher when flowers were removed. Combined
data from all three years showed the same trends. There were differences between treatments for some measured characteristics,
but the differences were not great enough to warrant mechanical
cutting of flowers on a field scale. However, genetic modification might be applied, for instance up-regulating a gene such as
miR156, which has increased biomass significantly and created
non-flowering switchgrass.

Effect of Colored Shade Cloth on the Growth of
Field-grown Tea in Mississippi
(Poster Board #169)

Judson S. LeCompte*

Mississippi State University, Miss. State, MS, USA

Guihong Bi

Mississippi State University, Miss. State, MS, USA

Zhi Yu

Huazhong Agricultural University, Wuhan City, China

Shade cloth has been used in field production of some specialty
crops to reduce excessive heat and light while preserving soil
moisture. Shade can alter morphological and physiological
characteristics of some crops. The objective of this study was
to determine the effects of different colored shade cloths on
the growth and yield of newly planted tea (Camellia sinensis
L. Kuntze). One year old tea plants were planted in a drip irrigated field at the R.R. Foil Plant Research Center at Mississippi
State University, MS. on 4 May 2016. Plants were pruned to a
uniform height and soil was fertilized based on soil test results.
Plants were treated with either 40% black shade cloth, 40% red
shade cloth, 40% blue shade cloth, or a no shade control. Plots
were arranged in a randomized complete-block design, with
three blocks and 10 subsamples per plot. Data on growth index,
SPAD, photosynthetic rate, stomatal conductivity, fresh and
dry weights of new shoots, and tissue nutrients were collected.
Data were analyzed using linear mixed models with GLIMMIX
procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC).
Growth index and photosynthetic rate were higher in plots with
black shade cloth compared to no shade treatment. Growth index
and photosynthetic rate of plots treated with black, blue and red
shade were comparable. New shoot fresh and dry weights were
higher in plots treated with black shade than any other treatments.
Survival rate was 100% for all shade treatments and 60% for no
shade treatments. There was no significant difference in SPAD,
tissue nutrient concentration, or stomatal conductivity among all
treatments. This study suggested that, in general, use of shade
cloth increased plant growth and survival rate, however, the
effect of shade on leaf quality needs to be further investigated.

Is Trichome Presence and Oil Content Linked in
Ocimum (Basil) Cultivars?
(Poster Board #170)

Grace Hansen

University of Nebraska, Lincoln, NE, USA

Taryn Dorn

University of Nebraska, Lincoln, NE, USA

M. Elizabeth Conley

University of Nebraska, Lincoln, NE, USA

Ellen Paparozzi*

University of Nebraska, Lincoln, NE, United States

During preliminary experiments involving production of basil for
fresh and oil production, it was noted that the quantity of essential
oil varied from cultivar to cultivar. Therefore, investigations were
undertaken to determine if there was a relationship between the
presence/absence of oil trichomes on the adaxial and abaxial
leaf surfaces of pesto and specialty basils and the quantity of oil
produced. To ascertain this for each cultivar, the second pair of
fully expanded leaves from a terminal whorl was selected. On the
abaxial side, a clear grid of 25-mm squares was overlaid on either
side of and along the midvein. Using a dissecting microscope

An asterisk (*) following a name indicates the presenting author.
S296

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations
with a magnification of 3.5 times, two rows of the centermost
seven squares on one side of the midvein were observed for
trichomes and photographed. The procedure was then replicated
on the adaxial side, and for the second leaf selected for a total
of two leaves per observation per plant. Trichomes were then
counted within each 25 mm square. Additionally, 100 g of dried
basil leaves were crushed and distilled for essential oil content.
Initial observations indicate that oil content within and between
cultivars varied widely. For example, the leaves from the pesto
basil, ‘Dolly’, produced < 0.1–0.35 mL as compared to leaves
from the specialty basil, ‘Mrs. Burns’ Lemon’, which produced
0.5–1.5 mL per 100 g. Trichome numbers also varied according
to cultivar. For example, ‘Dolly’ leaves had 0–3 trichomes over
each of the squares on the adaxial surface and 2–12 trichomes
on the abaxial surface. Leaves of ‘Lime’, a specialty basil, had
11–22 trichomes on the adaxial and 23–37 trichomes per each
25 mm square on the abaxial. Additional data for six other cultivars on trichome presence and oil quantity will be presented
and implications for commercial production will be discussed.

Specified Source(s) of Funding: Nebraska Department of Agriculture Specialty Block Grant Program, NIFA Multistate NE1335,
Fleming Foundation Grant and the Agricultural Research Division of the Institute of Agriculture and Natural Resources,
University of Nebraska-Lincoln.

Organic Nitrogen Fertilizer Effect on Growth
and Phytonutrients of Echinacea purpurea in
Eastern Washington
(Poster Board #171)

Xiaozhong Liu*

Amway Corporation, Buena Park, CA, USA

Heather West

Amway Corporation, Buena Park, CA, USA

Maneesh Sharma

Amway Corporation, Buena Park, CA, USA

Phil Hintz

Trout Lake Farm, Ephrata, USA

Heidi Evenocheck

Amway Corporation, Ada, MI, USA

Echinacea purpurea, or purple coneflower, is a traditional herbal
medicinal for American Indian and now used to stimulate immune system. However, there are different report on its response
to nitrogen fertilizer. In 2015, a nitrogen benchmarking study
was conducted to investigate the growth, phytonutrient levels
in Echinacea purpurea shoots and roots in response to nitrogen
rates. Nitrogen feathermeal (13–0–0) was applied to E. purpurea
in April at the rate of 0, 100, 150, 200, or 250 pounds nitrogen/
acre (lb/ac N). Shoots were harvested at early July and end of
the October, respectively. Roots were harvested at the end of
October. In the July harvest, organic nitrogen fertilizer increased
Echinacea shoot biomass with the highest production at 150
lb/ac N. In the October harvest, organic fertilizer increased the
biomass of both shoots and roots with the highest production

at 200 lb/ac N. The 100–200 lb/ac N fertilizer also increased
nitrogen levels in shoots in July harvest and shoots and roots in
October harvest. In July harvest, nitrogen fertilizer decreased
the content of cafaric acid, cichoric acid, and total polyphenols
in E. purpurea shoots, in a dose response manner. In October
harvest, nitrogen fertilizer did not significantly affect shoot
cafaric acid content. However, high dose nitrogen fertilizer
(200 and 250 lb/ac N) increased shoot cichoric acid and total
polyphenols content. Furthermore, nitrogen fertilizer decreased
the contents of total alkamides, caftaric acid, cichoric acid
and total polyphenols in the roots of E. purpurea. In conclusion, a low dose of nitrogen fertilizer (100–200 lb/ac N) can be
applied to maintain the balance of growth and quality to E.
purpurea.

Enzymatic Production of Gallic Acid Glycoside
Using Dextransucrase and Its Functional
Characterization
(Poster Board #172)

Seung-Hee Nam*

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Jin-A Ko

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Young-Min Kim

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Gallic acid is abundantly present in fruits, and exert many
biological activities such as antioxidant, anticancer, anti-aging,
and whitening activities. However, the cosmetic application of
gallic acid is limited due to its low bioavailability drawback. In
this study, gallic acid was enzymatically transglycosylated via
the acceptor reaction of a dextransucrase with gallic acid and
sucrose. Gallic acid glucoside was enzymatically synthesized
via the acceptor reaction of a glucansucrase from Leuconostoc
mesenteroides with gallic acid and sucrose. The glucoside was
purified by preparative C18 reverse-phase high-performance
liquid chromatography after removing unreacted gallic acid and
sucrose using butanol and water (1:1, v/v). Structure of gallic acid
glucoside was identified by MALDI-TOF MS. Three variables,
conc. of sucrose, dextransucrase, and gallic acid were used to
determine the optimum producing condition of gallic acid glucoside with a five level central composite design and response
surface methodology. Production yield of gallic acid glucoside
was 114 mM by response surface methodology with a reaction
mixture of 319 mM gallic acid, 355 mM sucrose, and 0.93 U/
mL dextransucrase. Purified gallic acid glucoside displayed
lower diphenylpicrylhydrazyl scavenging activity but a 31%
increased anti-lipid peroxidation compared to those of gallic
acid. However, its water solubility was increased significantly
by 180% than gallic acid.
Specified Source(s) of Funding: This work was supported by
Basic Science Research Program through the National Research
Foundation of Korea funded by the Ministry of Education (NRF2016R1D1A1B03936148).
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Growth Chambers and Controlled
Environments 1

LEDs have the potential to improve antioxidant concentrations
in many high-value specialty crops, various herb varieties should
also be evaluated to determine the biochemical and physiological
impacts of LED supplemental lighting.

The Impact of LED Lighting on Carotenoid
Concentrations in Hydroponically Grown
Genovese Pesto Basil

Specified Source(s) of Funding: UTIA

Effect of Supplemental CO2 in Leafy Green
Production in Hydroponics

(Poster Board #280)

Hunter Hammock*

(Poster Board #281)

University of Tennessee, Knoxville, TN, USA

Carl Sams

Megha R. Poudel*

Dean Kopsell

Bruce Dunn

Carotenoids are a class of secondary metabolites that contribute
to photosynthetic processes and protect vital plant cell structures
from photo-damage. Recent studies suggest that increasing dietary levels of specific carotenoids may help decrease the risk of
certain cancers, combat the effects of aging, as well as support
cardiovascular and reproductive health. In comparison to many
other popular culinary herbs and spices, sweet basil (Ocimum
basilicum) has high levels of nutritionally-valuable carotenoid
and chlorophyll pigments. Our group has demonstrated that
various blue(B)/red(R) wavelengths have significant impacts
on pigment concentrations among a wide range of herbaceous
specialty crops. The objective of this study was to determine the
impact of B/R LED lighting ratios on pigment bioaccumulation
in hydroponic basil. ‘Genovese’ pesto basil (O. basilicum var.
‘Genovese’) was specifically chosen for this experiment because
of its high demand and market value. This cultivar is highly
preferred by professional chefs for its intense and desirable
flavor profile. In addition, the ‘Genovese’ cultivar will naturally
accumulate high levels of nutritionally-important carotenoids in
comparison to other popular basil cultivars. Specific narrow-band
B/R wavelengths (447 nm/627 nm) were applied to investigate
the impact on carotenoid and chlorophyll biosynthesis. A total
of nine lighting treatments were used: Two non-supplemented
natural light controls, one HPS, and six LEDs with progressive
B/R ratios as: 10B/90R; 20B/80R; 30B/70R; 40B/60R; 50B/50R;
and 60B/40R. Each supplemental lighting treatment provided
8.64 mol·m–2·d–1 (100 µmol·m–2·s–1, 24 hours per day). The
daily light integral (DLI) of the natural light controls averaged
9.5 mol·m–2·d–1 during the growth period (ranging from 4 to 18
mol·m–2·d–1). Relative humidity averaged 65%, with day temperatures averaging 29.4 °C and night temperatures averaging
23.8 °C. Basil plants were harvested 45 days after seeding and
leaf tissue pigments were analyzed using HPLC (Agilent 1200
Series). The concentrations of β-carotene, chlorophyll a, chlorophyll b, antheraxanthin, violaxanthin, and neoxanthin varied
significantly among B/R ratios and natural light controls. With
the exception of α-carotene, violaxanthin, and neoxanthin, the
40B/60R LED lighting treatment resulted in the highest concentrations for all pigments. Further research should be conducted to
establish the relationship between specific B/R wavelengths and
the biosynthesis of nutritionally-important carotenoids. Because

Charles Fontanier

Oklahoma State University, Stillwater, OK, USA

The University of Tennessee, Knoxville, TN, United States
The University of Tennessee, Knoxville, TN, USA

Oklahoma State University, Stillwater, OK, USA
Oklahoma State University, Stillwater, OK, USA

Vijay Gopal Kakani

Oklahoma State University, Stillwater, OK, USA

Carbon dioxide (CO2) plays an important role in plant photosynthesis and sometimes low level of CO2 could be a limiting factor
in the greenhouse crop production. To understand the effect of
elevated CO2 in leafy green production under hydroponics system,
a greenhouse study was conducted. Two identical greenhouses
were used and CO2 was supplemented to maintain 1000 ppm in
one of the greenhouses from 7 AM to 1:00 PM. Nutrient film
technique (NFT) was installed in each of the greenhouses and
lettuce (Lactuca sativa L. ‘Auvona’), basil (Ocimum basilicum L.
‘Cardinal’), and Swiss chard (Beta vulgaris L. ‘Magenta Sunset’)
were grown at 250 ppm nitrogen level. Each plant species had
three replications and each replication of lettuce and basil had
18 plant samples and Swiss chard had 15 samples. Throughout
the study the pH level was maintained at 5.5–6.5. Height, width,
fresh weight, leaf area, specific leaf area, atLEAF, and SPAD
value were recorded at 40 days after transplanting and dry weight
was recorded after harvesting. Nutrient analysis of plant tissue
was carried out to find out the percent nutrient contents in plant
tissue. The results showed greater dry weight and fresh weight
in all species under elevated CO2 condition. Similarly, plants
grown under elevated CO2 had greater leaf area and root dry
weight compared to ambient condition.

Vegetative Growth of Phalaenopsis Plants As
Affected By Nutrient Solution Supply Method in
a Closed Plant Factory System
(Poster Board #282)

Jinhee Lee*

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Sang Yoon Min

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Jiseon Kim

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Suhyun Park

Yeungnam University, Gyeongsan, Korea, Republic of (South)
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Wook Oh

Yeungnam University, Gyeongsan, Korea, Republic of (South)

This study was carried out to examine the effect of nutrient solution supply method on vegetative growth of potted Phalaenopsis
plants in a closed plant factory system. Three month-old clonal
micropropagules of Phalaenopsis ‘Blanc Rouge’and Doritaenopsis ‘Mantefon’ were irrigated once (at 06:00 or 18:00) or twice
(at 06:00 and 18:00) with the Ichihashi solution (EC 0.8 ± 0.1
dS·cm–1 and pH 6.0 ± 0.1) in an ebb and flow (EBB) or aeroponic
(AERO) system without medium for 32 weeks. A closed plant
factory system was maintained at 28 ± 0.5 ℃, 70 ± 5% RH,
12/12h (light/dark) photoperiod (lighting for 06:00 to 18:00) with
bar-type warm white LEDs of PPFD 150 µmol·m-2·s-1at the
plant canopy level. As a result, plants grown in EBB had more
and larger leaves in both cultivars and more and longer roots in
‘Blanc Rouge’ compared with AERO. In addition, physiological
disorder and withering less occurred in EBB. Whereas, irrigation timing didn’t significantly influenced vegetative growth. In
this study, EBB was the better nutrient solution supply method
without medium for both cultivars. However, plants grown in
potting media, sphagnum moss or peatmoss, were healthier than
ones hydroponically grown without medium in the same system.
Therefore, further studies to search more suitable nutrient solution supply method in a closed plant factory system are needed.
Specified Source(s) of Funding: This work was supported by
the Advanced Technology Development Project (No. 1141483), Ministry of Agriculture, Food and Rural Affairs, Republic
of Korea

Possibility of Dye-sensitized Solar Cell As a New
Greenhouse Glazing Material for Panax ginseng
(Poster Board #283)

Jiseon Kim*

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Sang Yoon Min

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Jinhee Lee

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Suhyun Park

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Wook Oh

Yeungnam University, Gyeongsan, Korea, Republic of (South)

Dye-sensitized solar cell (DSC) can be used as a greenhouse
glazing material because it is translucent with various colors
and produces electricity. Its light transmittance of about 30%
and high transmittance of red light may be appropriate to grow
shade plants such Panax ginseng C.A. Meyer. This study was
carried out to examine the effects of the light quantity and
quality modified by a DSC on growth and development in P.
ginseng. Two-year old plants were grown in four transparent
poly carbonate chambers (L3.1 x W1.5 x H 1.2 m) maintained
at 20 ± 4℃, 45 ± 10% RH. Two of them were covered with
red DSCs and one of transparent chambers was covered with

black shade cloths and its light transmittance was adjusted
equally to DSC chambers. One of DSC chambers was supplemented with warm-white LEDs. Red DSC was relatively less
transmitted blue and green light and more red light compared
to black shading. Ginseng plants grown in DSC chambers had
higher plant height, leaf area, chlorophyll content, and Fv/Fm
compared with transparent and shading chambers. In conclusion, red DSC may create a proper light condition for ginseng
plants. The relationship between light quality and growth and
physiological characteristics of ginseng plants was discussed.
Specified Source(s) of Funding: This work was supported by the
Korea Institute of Energy Technology Evaluation and Planning
(KETEP) and the Ministry of Trade, Industry & Energy (MOTIE)
of the Republic of Korea (No. 20163030013800)

Difference of Emission Scent Compounds in
Sweet Basil Cultivated at Plant Factory (Closed
Environment) and Greenhouse Conditions
(Poster Board #284)

Hiromi Ikeura

Meiji University, Kawasaki, Japan

Shigemi Ajioka

Meiji University, Kawasaki, Japan

Takashi Ikeda*

Meiji University, Kawasaki, Japan

Sweet basil (Ocimum basilicum) is the most popular fresh culinary
herb, and increase in demand due to diversification of food in
Japan. However, it is thought that there is advantages for sweet
basil production in plant factory with artificial environmental
system, since there are some problems in field and protected
cultivation for sweet basil. Fragrance for sweet basil is one of
the quality judgment criteria, but there is no report comparing
those cultivated by hydroponic and soil cultures. In this study, we
investigated the effects of hydroponic, soil cultures and nutrient
solution concentration in hydroponic culture on the emission
scent compounds of sweet basil. Sweet basil ‘Superbo’ was
grown for 39 days in various environmental condition, and was
cut two pairs of top leaves at the 28th day after planting. Then
the emission scent compounds of sweet basil leaves isolated by
solid-phase micro extraction and analyzed by gas chromatography mass spectolometry. The relative concentration of emission
scent compounds of sweet basil cultivated in hydroponic culture
was about half compared with that in soil culture. The relative
concentration of 1,8-cineole and α-bergamotene in sweet basil,
which was cultivated by soil cultivation and hydroponics, were
the most in common. Growth of sweet basil at different nutrient
concentrations in hydroponic culture was the least at electrical
conductivity (EC) 3.4 and was the best at EC 1.7. Next, the relative concentration of emission scent compounds of sweet basil
with different nutrient concentrations was the highest in EC 1.7.
The relative concentration of 1,8-cineole and α-bergamotene in
sweet basil was the most at all nutrient concentrations, followed
by methyleugenol, eugenol and 3-carene. 1,8-cineole in emission
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scent compounds of sweet basil at different nutrient concentrations was responsible for about 36% at all nutrient concentrations,
but α-bergamotene at EC 0.8, linalool and eugenol at EC 3.4 were
the lowest. These results suggest that total amount and composition ratio of emission scent compounds of sweet basil greatly
varies depending on the cultivation environment and conditions.

Optimizing Light Spectral Composition and
Vertical Distribution to Improve Yield and
Quality in Greenhouse Tomato and Sweet
Pepper Production

and sweet peppers. This study has clearly demonstrated that
optimized light composition and vertical distribution regimes
can be developed for improving plant growth, fruit yield, and
quality in both greenhouse tomato and sweet pepper production
with supplemental lighting.

Specified Source(s) of Funding: Agriculture and Agri-Food PeerReview Program and Ontario Greenhouse Vegetable Growers

Effects of Different Doses of Far-red LED Light
on Growth and Yield of Greenhouse Strawberry
(Poster Board #286)

(Poster Board #285)

Most Tahera Naznin

Xiuming Hao*

Swedish University of Agricultural Sciences, ALNARP, Sweden

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Xiuming Hao*

Xiaobin Guo

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Shalin Khosla

Rong Cao

Ontario Ministry of Agriculture Food and Rural Affairs, Harrow, ON,
Canada

Agriculture and Agri-Food Canada, Guelph, ON, Canada

Jingming Zheng

Celeste Little

Celeste Little

Jingming Zheng

Shalin Khosla

Beatrix Waechter Alsanius

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Agriculture and Agri-Food Canada, Harrow, ON, Canada

Ontario Ministry of Agriculture Food and Rural Affairs, Harrow, ON,
Canada

Swedish University of Agricultural Sciences, Alnarp, Sweden

Melanie Yelton

LumiGrow, Inc., Emeryville, CA, USA

Different spectra of light triggers different plant growth processes. Therefore, the optimum light spectrum or spectral compositions for various plant growth processes such as leaf and
fruit growth may be different. Greenhouse fruiting vegetables,
such as tomatoes and sweet peppers, are of tall crop, with most
of leaf growth occurred in the top and middle canopy while
fruit growth in the middle and bottom canopy. Therefore, not
only light spectral composition but also vertical distribution
should be optimized/developed to improve both vegetative and
generative growth, and fruit quality. The availability of light
emitting diodes (LEDs, narrow spectral band and low surface
temperature for intra-canopy application) has made it possible.
Therefore, a research project was initiated in 2015 to optimize
light composition and vertical distribution for greenhouse fruiting
vegetables grown with supplemental lighting. The experiments
were conducted from October to March in a large greenhouse
(200 m2). The greenhouse was divided into four sections (50
m2/section) so that two different overhead (above crop canopy)
light spectral compositions can be applied with two replications.
Four different intra-canopy light spectral compositions were
applied to four plots inside each section. Therefore, a total of
eight vertical light spectral composition and distribution regimes
were tested in the experiments. Same amount of overhead light
and intra-canopy light was applied in all eight regimes. The light
composition and distribution regimes resulted in significant
difference in leaf photosynthesis and plant growth in tomatoes

Strawberries (Fragaria xananassa) are a rich source of nutrients,
phytochemicals, and fiber. Strawberries have been grown in
greenhouses in many parts of the world. In Europe, they have
been successfully grown since early 1970s, but they have not been
grown much in Canada. There is an increasing interest recently
in Canada to the production of strawberries in greenhouses.
Strawberry plants are very sensitive to light environments. The
objective of this study was to examine the effects of different
doses of far-red LED light on vegetative growth and fruit yield
of strawberry grown during winter season in a greenhouse. In
this study, we examined four levels of far-red LED light (0
(control), 8, 16 and 24 mmol·m–2·s–1). Strawberry (cv. Albion)
plug transplants were obtained from Carther Plants (Thamesville,
ON, Canada) and kept for 4 weeks in a greenhouse (23 °C day/19
°C night temperatures, 10-hour photoperiod) prior to planting in
an experimental greenhouse. Strawberry plug transplants were
planted onto rockwool (50 x 20 x 7 cm3) slabs for hydroponic
culture in the experimental greenhouse at a plant density of 60
plants/m2. The plants were drip-irrigated using complete nutrient
solutions based on standardized recommendations. The initial
EC and pH was set at 2.2 mS·cm–1 and 5.5, respectively. The
greenhouse day/night heating temperatures were set at 17/15
°C while ventilation temperature was set at 21 °C. Greenhouse
humidity was maintained between 65 and 85%. The top high
pressure sodium lamps provided 110 µmol·m–2·s–1 of supplemental lighting to all the plants from 07:30 to 17:30 when outside
global solar radiation was below 500 W·m–2. Vegetative growth,
fruit and flower numbers were counted at three weeks intervals.
All three levels of far-red LED light increased plant growth,
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and the number of flower and fruit over the control. Strawberry
plants cultured under 16 µmol·m–2·s–1 of far-red LED light had
the highest fruity yield. This information will be useful for
growers to choose proper dose of far-red LED light to improve
strawberry production in greenhouses.

Physiological Responses of High-wire Tomato
to Intracanopy Light-emitting Diode Towers
versus Overhead High-pressure Sodium Lamps
(Poster Board #287)

Meng-Yang Lin*

LED towers maintain higher photosynthetic capacity in the
lower leaves, which appears to be associated with higher yield.

Ornamentals/Landscape and Turf 1

Assessing the Tolerance of Texas Red Oak,
Durand Oak, and Pin Oak to High Substrate pH
(Poster Board #201)

Braden Hoch*

Kansas State University, Manhattan, KS, USA

Purdue University, West Lafayette, IN, USA

Chad Miller

Purdue University, West Lafayette, IN, USA

Kimberly Williams

Purdue University, West Lafayette, IN, USA

Jason Griffin

Purdue University, West Lafayette, IN, USA

A commonly planted oak in the landscape, pin oak (Quercus
palustris), is known to develop iron deficiency-induced foliar
chlorosis when grown in alkaline soils. In contrast, species and
provenances endemic to alkaline soils do not always display
this chlorosis. More environmentally tolerant and aesthetically pleasing taxa could be used if they are first screened to
determine their adaptability to high pH soils. Over a seventeenweek period, this study evaluated Texas red oak (Q. buckleyi),
durand oak (Q. sinuata var. sinuata), and two collections of pin
oak [Wichita, KS (W) and Manhattan, KS (M)] to determine
the extent of foliar chlorosis when grown in an elevated pH
substrate. Acorns of each species were planted in one gallon
containers in a substrate amended with either standard (2.4
kg·m–3; control) or high (11.9 kg·m–3) rates of dolomitic lime.
Twice-weekly flowable lime drenches (26.7 mL·L–1 of liquid
calcium carbonate of water) were used to maintain substrate pH
in the high lime treatment. In elevated substrate pH (7.0), pin
oak had low SPAD values (19.1 Wichita and 16.3 Manhattan)
and leaf chlorophyll concentrations (14.6, W and 11.8 µg·cm–2,
M). In the control substrate, pH = 5.3, pin oak maintained
greater SPAD values (36.4, W and 36.9, M), and greater leaf
chlorophyll concentrations (38.9, W and 39.9 µg·cm–2, M).
Also, foliar iron content in both collections of control pin oak
(1.1, W and 1.2 mol·L–1, M) were greater than plants in the
high substrate pH (0.8 mol·L–1, W and M). Conversely, for
Texas red oak, no differences in SPAD readings (31.7, control
and high), chlorophyll concentration (35.8, control and 34.5
µg·cm–2, high), and foliar iron content (3.3, control and 1.7
mol·L–1, high) were found between control and high substrate
pH groups. Durand oak performed very similarly; no differences in average SPAD readings (37.0, control and 33.4, high),
chlorophyll concentration (35.7, control and 29.0 µg·cm–2, high)
and foliar iron content (2.4, control and 1.6 mol·L–1, high) were
found between control and high substrate pH groups. This study
suggests that Texas red oak and durand oak are more capable of
sequestering substrate iron than pin oak in a high pH substrate.
These species should be evaluated further in field studies for

Celina Gomez-Vargas
Cary Mitchell
Hye-Ji Kim

Supplemental lighting (SL) is necessary for optimal plant growth
and yield in greenhouse tomato production, particularly during
winter months in temperate climates. High-pressure sodium
(HPS) lamps presently are the most common type of SL because
of their high-intensity capabilities. Overhead HPS lamps can not
only induce a radiant thermal load on tomato but also promote
early senescence of lower leaves due to shading from the upper
canopy. Light-emitting diode (LED) intracanopy towers provide
a uniform lighting environment vertically along the plant canopy
without emitting radiant heat and have a more efficient light
spectrum to enhance photosynthesis. The objectives of this study
were to compare physiological responses of high-wire greenhouse
tomato to different SL sources [overhead HPS lamps versus
intracanopy LED towers] and light qualities along the plant
canopy, and to determine how such responses affect fruit yield.
‘Merlice’ scions grafted onto ‘Maxifort’ rootstocks were supplemented with different combinations of blue (B), red (R), and/or
far-red (FR) LED lighting: B + R (39%B : 61%R), R (100%R),
R + low FR (82%R : 18%FR), or R + high FR (71%R : 29%FR),
and compared with HPS (38%B:35%R : 27%FR) and unsupplemented controls. All the light treatments provided the same
photosynthetic photon flux density (PPFD) at 230 µmol·s–1·m–2.
Stomatal conductance (gs), transpiration rate (E), photosynthetic rate (Pn), and intercellular CO2 concentration (Ci) were
examined at three canopy levels (upper, middle, and lower)
after growing points were removed. Overall, the E, gs, and Pn
were the highest in the upper canopy, while Ci was the lowest
in the upper canopy. Interestingly, HPS treatment significantly
increased E in the upper canopy by 2- to 3-fold, along with a
tendency to increase gs, which was associated with higher leaf
temperature (r2 = 0.7) . Moreover, tomato plants grown under
HPS lamps had higher Pn in the upper canopy but significantly
lower Pn in the lower canopy in comparison with other treatments.
Compared with HPS, intracanopy LED treatments promoted
Pn at low canopy by an average of 9-fold, and had 49% higher
yield. It is concluded that tomato plants grown with intracanopy

Kansas State University, Manhattan, KS, USA
Kansas State University, Manhattan, KS, USA
Kansas State University, Haysville, KS, USA
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their potential as more suitable species for use in landscapes
with high pH soils.

Expanded Shale As a Soil Amendment for
Colorado Soils
(Poster Board #204)

Cassey Anderson*

Colorado State University, Fort Collins, CO, USA

James Klett

Colorado State University, Fort Collins, CO, USA

Understanding the efficacy of expanded shale as a soil amendment requires studies of different environments, soil types and
weather conditions. Amendment to clay soils with expanded
shale could break up clay soil, limit compaction and enhance
drainage. This research project examined the efficacy of varying
levels of expanded shale as they relate to herbaceous ornamental
plant growth in Colorado. Soil at the research site is clay and
is in a new landscape environment. In Fall 2015, six different
treatments were established involving applications of expanded
shale at three levels, with and without compost. Soils were
treated with 5 cm of compost, as a control, or 5 cm compost
plus 2.5 cm, 5 cm, or 7.5 cm of shale or with 5 cm or 7.5 cm
shale without compost. Amendment was incorporated twelve
inches deep. Each treatment had five replications and were
arranged in a randomized complete block design. Two ornamental herbaceous perennials, Penstemon x mexicali ‘P008S’
and Heuchera sanguinea ‘Snow Angel’ were used in the study.
They both have prolonged attractive flowers during the growing
season. The beds were watered throughout the 2016 season by
an automated system every other day. Weeding was performed
by hand. Growth in each treatment was measured starting in Apr.
2016 through the 2016 growing season. Growth in each treatment
was measured six times starting in Apr. 2016 through Oct. 2016.
Photographic imaging provided a visual record and permitted leaf
surface area to be calculated using the program Easy Leaf Area.
Growth was measured horizontally in two dimensions for each
plant, as well as vertically, measuring to the top of the flowers
when appropriate. Plant size increased during the 2016 season
but there were no significant differences between treatments
for either the Heuchera or the Penstemon. Each plant showed
similar variability in growth during the 2016 season independent
of treatment. The same measurements will be taken for the 2017
growing season along with assessment of root morphology at
harvest. If expanded shale is shown to be an effective means to
help break up compacted clay soil and improve drainage it could
prove a valuable addition to Colorado landscapes and beyond.
Specified Source(s) of Funding: Trinity Shale and Clay

Host Plant Relationships Between Native
Lepidoptera and Three Native Grasses
(Poster Board #205)

Diane Narem*

University of Minnesota, St Paul, USA

Mary Meyer

University of Minnesota, Chaska, MN, USA

Native grasses act as host plants, providing food and shelter
for numerous Lepidoptera species during their larval stage.
As grassland habitat has diminished because of conversion to
agriculture and urban areas, grassland dependent butterflies and
moths have also declined. Addition of native species to urban
and agriculture landscapes have shown to benefit Lepidoptera
communities in various ways. Native grasses have grown in
popularity as a landscaping plant due to their low nutrient requirements, drought tolerance, and soil stabilization properties.
However, the benefits of native grasses to Lepidoptera are not
typically known to many horticulturists, let alone the average
consumer. The literature was reviewed for Lepidoptera species
that used dominant Minnesota tallgrass prairie graminoids,
especially species that are widely available in the trade and
could be planted for restoration or landscape purposes. Records
which identified these native grasses as host plants for native
Lepidoptera species in the upper Midwest region (ND, SD, MN,
IA, WI, MI, IL) were included. The context of the Lepidoptera
and host plant associations found in the literature were noted.
The native grasses, Schizachyrium scoparium (Michx.) Nash,
Bouteloua gracilis Willd. ex Kunth, and Andropogon gerardii
Vitman were found to be used by the most Lepidoptera species:
15, 13, and 11, respectively. Twenty of these species belong to
the Hesperiinae subfamily, which is made up of grass skippers
that mostly feed from shelters constructed from grass and other
substrates. Three species belong to the Satyrinae subfamily. A
total of five moth species were recorded, from the Arctiinae,
Cosmopteriginae, Anomologinae, and Noctuinae subfamilies.
However, most likely there are more moth species that use these
grasses as host plants in the Upper Midwest. Butterfly species
are better documented than moth species so although there are
many species of moths that feed or are suspected to feed on
graminoids, the specific larval habits and host plant species are
often unknown. This information can assist horticulturalists,
ecologists, landscape planners, land managers, and homeowners
in their decisions to buy and plant native grass species. In general,
this knowledge provides increased awareness about the larval
life stage of butterflies and moths to concerned citizens and
green industry and further supports the importance of conserving native prairie to maintain Lepidoptera.
Specified Source(s) of Funding: MN Department of Agriculture
Specialty Crop Block Grant

Effect of Bag Material and Rooting Substrate
Components in the Growth and Performance of
Petunia xhybrida ‘Easy Wave Silver’
(Poster Board #206)

Clydette Alsup-Egbers*

Missouri State Univ, Springfield, MO, USA

Past research has shown that planting ornamental flowers into
bags filled with potting soil can make it easier to establish gardens in soil that is rocky and has a high clay content. This study
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evaluated growth and performance of Petunia xhybrida ‘Easy
Wave Silver’ when grown in the ground, or in paper or plastic
bags filled with 0.75 ft3 (21.2 L) of topsoil, potting mix, 90%
topsoil + 10% compost (v/v), or 90% potting mix + 10% compost
(v/v). We replicated each treatment seven times. We transplanted
the plants into the treatments in Springfield, MO, on 22 May
2015, with three plants per bag or ground plot. We covered both
the ground plots and bags with one inch (2.5 cm) of wood chip
mulch. We collected monthly data on plant height, width, flower
number, visual quality and soil temperature from 24 June to 8
Oct. Throughout the study, we found no significant interaction
between treatments and planting date. Plants grown in topsoil
in either plastic or paper bags tended at each date to produce
more flowers per plant and were taller and wider than plants
grown in the ground or in treatments containing potting mix.
Soil temperatures did not differ significantly among treatments.

Guests of Longwood Gardens Vote to Determine
Superior Planting Combinations
(Poster Board #207)

Matthew Taylor*

Longwood Gardens, Kennett Square, PA, USA

Garden designers, home gardeners and the general public likely
differ in their preferences and awareness of plants used combinations. In 2015 and 2016, Longwood Gardens in Kennett Square,
PA sought the opinions of our guests on planting combinations.
Different Longwood staff designed combinations by selecting
three to eight plants from a list of over 160 taxa and also indicated the percent by area of each plant. Beds were randomly
planted and there were a total of 26 different combinations in
2015 and 15 in 2016. Combination in 2016 included the top
three performing combinations from 2015. Guests selected
their three favorite combinations and placed the ballot in a box
at the entrance of the trial garden. Voting began in June and
ran through the beginning of October. A total of 3994 and 3420
valid ballots completed in respective years. The top performing combinations (approximately the top 25%) from each year
were evaluated for trends. Due to the diversity of plant material
available and utilized in the combinations, no strong trends appeared for single species or genera. Solenostemon scutellarioides
(coleus) was the most utilized species, but a different cultivar
was used in each combination. The majority of plants utilized
in winning combinations were annuals, followed by perennials,
tropical plants, then grasses. The most popular combination
in 2015 was named Hot, Hot, Hot! and contained 10% Canna
‘Mohawk’, 10% Colocasia esculenta ‘Elana’, 15% Ipomoea
batatus ‘Sweet Caroline Sweetheart Light Green’ (PP18,572),
25% Pelargonium ‘Cante Ros’ Caliente Rose, 25% Tagetes
erecta ‘Deep Orange’, and 15% Zinnia ‘Zowie™ Yellow Flame’.
The most popular combination in 2016 was named Little Jewel
and contained 10% Colocasia esculenta ‘Elana’, 10% Emilia
coccinia, 20% Petunia x Calibrachoa ‘SAKPXC006’ SupertCal® Blue, 25% Salvia guaranitica ‘Kobalt’ 15% Solenostemon
scutellarioides ‘Lime Time’ and 20% Verbena xhybrida ‘Lan
Dareda’ Lanai Dark Red.

Relative Salt Tolerance of Marigold Cultivars
(Poster Board #208)

Youping Sun*

Utah State University, Utah, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Brent Pemberton

Texas A&M AgriLife Research and Extension Center, Texas A&M
University, Overton, TX, USA

Tagetes patula (marigold) is a beautiful ornamental plant with
fine-textured, dark green foliage and yellow, orange, or bicolored
flowers. The relative salt tolerance of eight marigold cultivars
(‘Hot Pak Orange’, ‘Hot Pak Yellow’, ‘Hot Pak Gold’, ‘Taishan Orange’, ‘Taishan Yellow’, ‘Taishan Gold’, ‘Discovery
Orange’, and ‘Discovery Yellow’) was evaluated in a greenhouse experiment. Plants were irrigated weekly with nutrient
solution at electrical conductivity (EC) of 1.2 dS·m–1 (control)
or saline solutions at EC of 3.0 or 6.0 dS·m–1 (EC 3 or EC 6).
Marigold plants began to show foliar salt damage (leaf edge
burn, necrosis) at six weeks after treatment. At harvest (eight
weeks after treatment), ‘Hot Pak Gold’, ‘Hot Pak Yellow’, and
‘Taishan Orange’ plants in EC 6 all died, and the remaining five
cultivars experienced severe foliar salt damage with visual score
less than 2 (a scale of 0 to 5, with 0 = dead and 5 = excellent
with no foliar damage). In EC 3, ‘Taishan Gold’ and ‘Taishan
Orange’ plants showed moderate foliar damage with a visual
score of 2.3 and 2.1, respectively, whereas the remaining six
cultivars had slight or minimal foliar salt damage with visual
scores around 4. Treatment EC 3 reduced the flower number of
‘Discovery Orange’, ‘Discovery Yellow’, ‘Hot Pak Gold’, and
‘Hot Pak Yellow’ by 53%, 29%, 50%, and 31%, respectively;
whereas EC 6 decreased the flower number of ‘Discovery Orange’, ‘Discovery Yellow’, and ‘Hot Pak Yellow’ by 46%, 51%,
and 53%, respectively. Saline solutions slightly reduced the
flower number of ‘Hot Pak Orange’, ‘Taishan Gold’, ‘Taishan
Orange’, and ‘Taishan Yellow’. In addition, both EC 3 and EC 6
did not reduce the shoot dry weight of all cultivars except ‘Hot
Pak Yellow’. In summary, all marigold cultivars are moderately
sensitive to salt.
Specified Source(s) of Funding: USDA National Institute of
Food and Agriculture Hatch project TEX090450 and Texas
A&M AgriLife Research

Environmental Effects on Pollen in Five Insectpollinated Herbaceous Annuals
(Poster Board #209)

Danesha Seth Carley*

NC State, Raleigh, NC, USA

Marisol Mata

NC State, Raleigh, NC, USA
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NC State, Raleigh, NC, USA

Human activities are responsible for changes in climate and
biogeochemical cycles at unprecedented rates, with uncertain
consequences for biodiversity and ecosystem function. Globally, air pollution, industry, and transportation drive increased
temperature, carbon dioxide (CO2) concentration, and nitrogen
(N) deposition. Understanding the ecological effects of these
simultaneous changes on plants in urban settings is an essential
foundation for managing diversity and ecosystem function on
local and global scales. Our research addresses this issue, using
two annual species of plants typically found in urban gardens
and three species commonly planted to enhance urban pollinator habitat in the United States. Pollination services, provided
primarily by managed honey bees (Apis mellifera L.), bumble
bees (Bombus spp.), and some wild bees (Order Hymenoptera)
are threatened by declines in the health and abundance of these
insect pollinators, and the changes in urban landscapes. It is
highly likely that climate and atmospheric changes will impact
nectar and pollen quantity, as well as growth of urban plants
which, in turn, can impact bee health. The overall goal of this
controlled-environment study was to understand the combined
effects of three critical climate change variables (temperature,
CO2, and N) on floral traits and pollination services on pumpkin
(Cucurbita pepo), sunflower (Helianthus annuus), California
poppy (Eschscholzia californica Cham.), gaillardia (Gaillardia
pulchella Foug.), and partridge pea [Chamaecrista fasciculate
(Michx.) Greene]. Initial results show that temperature, CO2
level, and N level (in the form of liquid fertilizer) all affected
some measure of pollen production, be it pollen quantity or
quality. For example, treatment affected pollen counts per flower
in pumpkin, but not in sunflower. This poster will share the
detailed results from our study, as well as how these findings
could impact how environment and habitat composition influence urban bee populations and inform horticultural planting
selections in “bee-friendly” urban gardens.
Specified Source(s) of Funding: Syngenta, and The Center for
Turfgrass Environmental Research and Education

Plant Growth Regulation
Quantifying the Effect of Foliar Ethephon Spray
Application Concentration and Application
Number on Growth Control of Containerized
Vegetable and Herb Bedding Plants
(Poster Board #189)

were to quantify the effectiveness of ethephon foliar sprays on
controlling growth of containerized vegetable and herb bedding
plants. In Expt. 1, seedlings of ‘California Wonder’ pepper
(Capsicum annuum L.), ‘Rutgers’ tomato (Solanum lycopersicum L.), ‘Italian Large-leaf’ sweet basil (Ocimum basilicum
L.), and flat-leaf parsley (Petroselinum crispum (Mill.) Fuss.)
were sown in 288-cell plug trays. Seedlings were planted into
10-centimeter-diameter containers filled with soilless peat-based
substrate four weeks after sowing and grown in a glass-glazed
greenhouse. One week after transplanting seedlings, plants were
treated. Foliar sprays of solution containing 0, 125, 250, 500,
1000, or 2000 mg·L–1 ethephon. Four weeks after transplanting seedlings, data were collected on plant height, diameter,
and shoot dry mass (SDM). In Expt. 2, pepper and tomato
seedlings were transplanted and grown as described for Expt.
1. Foliar sprays containing 0, 250, 500, 750, or 1000 mg·L–1
were applied once (1 week after transplanting) or twice (1 and 2
weeks after transplanting). Plant culture, growing environment,
and data collected were as previously described. As ethephon
concentration increased to 1000 mg·L–1 in Expt. 1, tomato
were 21.7 cm (63%) shorter than untreated plants; increasing
ethephon to 2000 mg·L–1 provided no additional height control. Tomato diameter and SDM were increasingly suppressed
as ethephon increased up to 1000 mg·L–1. Pepper responded
similarly to tomato, though the magnitude of suppression was
less. Height and width of basil and parsley, respectively, were
minimally affected to ≤ 500 mg·L–1 ethephon. Phytotoxicity
was observed for plants treated with 2000 mg·L–1 ethephon
for all four species. In Expt. 2, growth responses to ethephon
spray concentration were similar to the trends observed in Expt.
1. As ethephon concentration increased for single or multiple
applications, plant growth (height, diameter, and SDM) was
less for both tomato and pepper. While a second ethephon application increased control of tomato growth, a second spray
conferred minimal additional control for pepper. As ethephon
concentration increased, tomatoes stems were less upright,
presumably from diminished rooting. While it suppressed
height, diameter, and SDM of containerized tomato and pepper,
the utility of ethephon as a growth retardant for containerized
vegetable plants may be limited.

Repeated Foliar Sprays of Abscisic Acid to
Strawberry Plants Influence Plant Growth and
Yield
(Poster Board #190)

Dennis Deyton

University of Tennessee, Knoxville, TN, United States

Christopher J. Currey*

Carl Sams*

Erica F.T. Schlichte

John C. Cummins

Ethephon is a widely used growth regulator in outdoor food crop
production to elicit a range of plant responses and in greenhouses
to control containerized crop growth. The objectives of this study

‘Sweet Ann’ day-neutral strawberry plug plants were planted
on 2 Oct.2015, in 3.79 L pots containing 3:1 mixture of perlite
and peat moss. The plants were grown in a greenhouse with

University of Tennessee, Knoxville, TN, USA

Iowa State University, Ames, IA, USA
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Iowa State University, Ames, IA, USA
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fertigation of calcium nitrate and Chem-gro 8–12–32 supplying
80 mg/L of nitrogen after the third week of establishment. First
flowering occurred on 19 Jan. 2016. The plants were sprayed
with 0, 25, 50, 100, 150, 200, or 250 mg/L of abscisic acid
(ABA) on 7 and 26 Jan.; 9 and 25 Feb.; and 8 and 23 Mar. The
media was shielded from ABA contact to reduce root uptake.
Treatments were arranged in a randomized block design with
eight replications and four plants per replication. Plants were
harvested approximately twice a week from 15 Feb. until 24 May.
Fruit were graded into commercial (>10 g) and non-commercial
(<10 g and deformed fruit) and weighed and counted at each
harvest. Number and weight of commercial, non-commercial,
and total fruit were less (P < 0.05, respectively) on plants sprayed
with 50 to 250 mg/L of ABA than on control plants. Fruit were
slightly smaller (P < 0.05) on plants treated with 100 to 250
mg/L of ABA. However, total soluble solid content of fruit
sampled in February-March (P = 0.230) and in April–May (P =
0.117) were not affected by ABA treatments. The above media
surface of the plants were partitioned into crowns, leaves, and
fruit. The numbers of crowns/plant were not affected by ABA
treatment (P = 0.349). The fresh weights of crowns, leaves,
and fruit of plants sprayed with 100 to 250 mg/L of ABA were
less than for control plants (P < 0.05). Plants sprayed with
25 to 250 mg/L ABA had lower crown and leaf dry weights
than control plants. Dry weights of fruit were not taken. The
crown plus leaf dry weights of plants treated with 150, 200, or
250 mg/L of ABA were 66, 59, and 57%, respectively, of dry
weights of control plants.

Changes in Citrus Yield and Flowering
Apparently Associated with Climate Change in
Florida
(Poster Board #191)

L. Gene Albrigo*

University of Florida, Lake Alfred, FL, USA

Timothy Ebert

University of Florida, Lake Alfred, FL, USA

Previous studies have shown that Valencia oranges [Citrus
sinensis (Osbeck)], a perennial cultivar requiring 12 to 14
months for fruit maturation, responded to ENSO winter cycles
under Florida conditions by developing different levels of
soluble solids. A data base for 51 years that included bloom
date, yield, preharvest fruit drop and associated weather data
for citrus in Florida, was developed using USDA–NASS and
NOAA data. Bloom date and yield showed small but consistent
changes over the 51-year period related to years and specific
temperature variables. A citrus flowering monitor expert system
that showed good relationships to previous flowering data had
parameters with significant differences over a 59-year period. A
detailed analysis of several relationships to weather suggest that
temperatures have become high enough over this time period
to delay initiation of flower bud differentiation (R2 = 0.16) but
then reduce flower development time by 10 days during the last

20 years compared to the preceding 39 years. Further details
about the data set and if climate change is the likely reason for
these changes in citrus behavior are discussed.
Specified Source(s) of Funding: University of Fllorida, Citrus
Research and Development Foundation, SCRI

Growth Inhibition of Tomato Plug Seedlings
Using Temperature Control
(Poster Board #192)

Hye Min Kim*

Gyeongsang National University, Jinju, Korea, Republic of (South)

Hyeon Min Kim

Gyeongsang National University, Jinju, Korea, Republic of (South)

Hye Ri Lee

Department of Horticulture, Division of Applied Life Science,
Graduate School of Gyeongsang National University, Jinju 52828,
Korea, Jinju, Korea, Republic of (South)

Seung Jae Hwang

Gyeongsang National University, Jinju, Korea, Republic of (South)

A study was conducted to observe the effect of growth inhibition
of tomato plug seedlings using temperature control to apply
plug seedling production as environment-friendly. Tomato seeds
(Solanum lycopersicum L. ‘Mini Chal’) were sown at 128-hole
plug trays and were germinated for 7 days and then grown for
sixdays in commercial plug seedling production greenhouse.
And then these were put in closed-type plant production systems
that were set with 180 µmol·m–2·s–1 PPF fluorescent lamp and
12/12 hour (light/dark) photoperiod. The treatments were ⅰ)
+7 DIF (25/18 °C, light/dark) (control), ⅱ) +7 DIF (25/18 °C,
light/dark) with diniconazole treatment, ⅲ) -7 DIF (18/25 °C,
light/dark), and ⅳ) temperature drop (TD, 14.5 and 26/19 °C,
light/dark). The TD was controlled as 14.5 °C for three hours
and 26 °C for nine hours at a day time, and 19 °C for 12 hours
at a night time. And average temperature in a whole day of
all treatment was 21.5 °C. Nutrient solution was supplied by
the subirrigation as pH 6.5 and EC 1.5 dS·m–1. The growth of
tomato plug seedlings was measured at 37th day after sowing.
Plant height, hypocotyl and internode length, leaf length and
width, leaf area, and stem diameter were the greatest in the
+7 DIF treatment. And these were significantly inhibited by
the -7 DIF and diniconazole treatment. Root length was the
longest in diniconazole treatment. No. of leaves and fresh and
dry weight of shoot or root showed the highest value in the +7
DIF treatment. Compactness and dwarf rate were the highest
in the diniconazole treatment. In the environment-friendly
aspects, –7 DIF treatment using temperature control was the
best achieved for growth inhibition of tomato plug seedlings,
although the diniconazole treatment showed also great effect.
Specified Source(s) of Funding: This work was carried out with
the support of “Cooperative Research Program for Agriculture
Science & Technology Development (Project No. PJ01277301)”
Rural Development Administration, Republic of Korea.
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Use of Vibration Stimulation for Growth
Inhibition of Tomato Plug Seedlings
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New Mexico State University, Las Cruces, NM, USA
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Gyeongsang National University, Jinju, Korea, Republic of (South)
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Department of Horticulture, Division of Applied Life Science,
Graduate School of Gyeongsang National University, Jinju 52828,
Korea, Jinju, Korea, Republic of (South)

Seung Jae Hwang

Gyeongsang National University, Jinju, Korea, Republic of (South)

This study was conducted to investigate the effect of growth
regulation for growth inhibition of tomato seedlings as affected by different vibration speeds as physical stimulations of
environment-friendly method. Tomato (Solanum lycopersicum
L. ‘B-blocking’) seeds were sown in 40-cell plug trays (54 x
27.5 x 5 cm) using commercial plug medium on Feb. 11, 2017.
The cultivation environment in a venlo-type glasshouse was
maintained as cultivation temperature range of 17 to 25 °C and
the relative humidity of 50 ± 10%. When the true leaf appeared,
tomato seedlings were treated vibration as 0 (control), 100, 150
or 200 rpm for 120 seconds per day. During the experimental
period, nutrient solution was supplied by the sub-irrigation as
pH 6.5 and EC 1.5 dS·m–1. The growth of tomato plug seedlings
was measured at 24th day after treatments. Plant height and
internode length were shorter in vibration stimulation treatments than in the control, among them, 200 rpm treatment was
significantly the shortest. Likewise, T/R ratio was the lowest
in the 200 rpm. The shoot fresh weight was the heaviest in the
control, and the lightest in the 200 rpm. However, stem diameter
was significantly the thickest in the 200 rpm, and the thinnest
in the 150 rpm. The dwarf rate of tomato seedlings was high in
the order by 200 rpm, 150 rpm, 100 rpm, and control as 19, 6, 6,
and 0%, respectively. The chlorophyll value (SPAD), leaf area,
chlorophyll fluorescence (Fv/Fm), and compactness showed no
significant difference in all treatments. These results suggest
that the vibration speed was best achievement in the 200 rpm
for growth inhibition of tomato plug seedlings.

Successful commercial pecan [Carya illinoinensis (Wangenh.)
K. Koch] production relies heavily on mitigation of alternate
bearing, a propensity to have alternating heavy (‘on’) and light
(‘off’) year crop loads. Alternate bearing is a function of pistillate flower production at the shoot level. Mechanisms of floral
initiation in pecan are not well understood. Our objective was
to assess the impact of select plant growth regulators (PGRs) on
return bloom for potential commercial application in pecan. A
two-year study evaluated effects of ethephon (Ethepon2® [100
mg·L–1 a.i.]), aminoethoxyvinylglycine (AVG; as ReTain® [88
mg·L–1 a.i.]), and two rates of gibberellic acid (GA3; ProGibb® [50
and 100 mg·L–1 a.i.]) on subsequent season return bloom in fruiting
versus nonfruiting pecan shoots when applied post full bloom.
Cultivars used were mature ‘Western’ and immature ‘Western’
and ‘Pawnee’. Effects of PGRs on return bloom of nonfruiting
shoots were different than for fruiting shoots. Three late spring
applications of the 100 mg·L–1 a.i. GA3 treatment on fruiting
shoots of mature ‘Western’ trees increased number of flowers per
new shoot by 55.6% compared with the control fruiting shoots.
Whereas, for nonfruiting shoots in immature ‘Western’ trees the
100 mg·L–1 a.i. GA3 treatment reduced number of flowers per
new shoot in the next season by 88.2%. The total number of new
shoots from the previous season nonfruiting shoots in the mature
‘Western’ trees was decreased significantly by all treatments
compared to the control nonfruiting shoots, as much as 93.4%
for the AVG treatment. Results from immature ‘Pawnee’ shoots
did not show statistically significant differences, but followed
a similar trend as mature ‘Western’ shoots. The effects of these
PGRs on subsequent season flowering in pecan are complex.
Successful management of alternate bearing in pecan, as well
as in other crops, is highly dependent on the rates and timing of
PGR applications. This study offers insights for mitigation of
alternate bearing by either increasing subsequent season return
bloom with GA3 application on current season fruiting shoots or
reducing the need for fruit thinning in an ‘on’ year by applying
PGRs to nonfruiting shoots an entire season in advance.

Specified Source(s) of Funding: This work was carried out with
the support of “Cooperative Research Program for Agriculture
Science & Technology Development (Project No PJ01277301)”
Rural Development Administration, Republic of Korea.

Differential Expression of Key Flowering
Genes in Response to Plant Growth Regulator
Application and Alternate Bearing in Pecan

Exogenous Plant Growth Regulators Show
Promise for Management of Alternate Bearing
in Pecan
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In the pecan [Carya illinoinensis (Wangenh.) K. Koch] industry,
alternate bearing is the most important horticultural problem.
Alternate bearing in perennial tree crops is a propensity for
years of high yield interspersed with years of lower yield.
Alternate bearing occurs at the shoot level in pecans, but little
is known about the internal cues that trigger shoots to become
reproductive. This study approaches the mysteries of alternate
bearing in pecan by determining whether three genes known to
control flowering in other species are expressed differently at
various times of the growing season or in distinct plant tissues,
and whether expression of these genes can be manipulated
by plant growth regulator (PGR) application. The flowering
genes of interest were pecan homologs of LEAFY (LFY),
APETALA1 (AP1), and FLOWERING LOCUS T (FT). The
tissues selected for this two-year study included leaves and
buds, analyzed individually, sampled from fruiting and nonfruiting shoots on mature ‘Western’ cultivar pecan trees. Three
PGR applications of ethephon (as Ethepon2® [100 mg·L–1 a.i.]),
aminoethoxyvinylglycine (AVG; as ReTain® [88 mg·L–1 a.i.]),
and two gibberellic acid rates (GA3; as ProGibb® [50 and 100
mg·L–1 a.i.]) were made at the shoot level one week before tissue
sampling, RNA extraction, and qrtPCR analyses of normalized
gene expression. CpFT expression was higher in leaves than in
bud tissues. Alternatively, CpLFY and CpAP1 both had higher
expression levels in buds than in leaf tissues. No differences
due to PGR treatment were detected in leaf CpLFY expression
in either year of the study. However, bud CpLFY expression
levels were significantly impacted by sampling date in 2014, and
by both sampling date and PGR treatment in 2015. Following
PGR treatment in 2015, larger differences were observed due
to tissue sampling date than treatment for leaf CpAP1 (70.5%
higher lsmeans on one date than another). In 2014 bud CpAP1
expression there was a significant treatment by date interaction in
which ethephon increased CpAP1 expression by 18.3%, but only
on one date. In 2015 bud CpAP1 expression was significantly
higher in fruiting versus nonfruiting shoots by 25.2%, but, again,
only on one date. Results reveal differential expression of these
key flowering genes based on tissue type, sampling date, and
fruiting status of the shoot. Furthermore, these results indicate
that more research on effects of PGRs is necessary not only for
understanding flowering behavior in pecan, but also mitigating
the intensity of alternate bearing.

of Bacillus thuringinesis KKY which had been isolated from
(soil). The KKY strongly inhibited all tested pathogenic fungi
in generally used laboratory grade medium, LCP(LB 0.67%,
Colloidal chitin 6.67%, Yeast extract 0.03%, PDB 0.8%, Agar
2%). In order to reduce the cost of the medium, the cost-effective
medium based on fertilizer, power chitin and crab shell powder
was developed which is called Black-White (BW). In this medium, different concentrations of NaCl, yeast extract (YE) and
tryptic soy broth (TSB) was added. The highest growth of KKY
colonies was observed in the BW agar medium containing 0.5%
NaCl, 0.05% YE and 0.01% TSB respectively. When both KKY
and pathogenic fungi were grown on BW agar medium, KKY
strongly inhibited all tested pathogenic fungi the same as that
on LCP. The growth rate and enzyme activities of KKY, and
chemical change of culture broth were investigated in the BW
with 0.05% TSB medium at 30 ºC, 40 ºC and 50 ºC for seven
days. The maximum growth rate was discovered at 30 º C on
day 2 incubation period with 1.3 x 108 CFU/mL. The highest
growth value was 1.62 x 106 CFU/ml at 40 ºC on day 7, which
was 80 times reduced compared to 30ºC. However, no growth
was detected at 50 ºC during incubation period. The maximum
protease activity at both 30 °C (8.72 unit/mL) and 40 ºC (6.46
unit/mL) incubation was found on day 7, but for β-1,3 glucanase,
the highest value was examined on day 5 for 30 ºC (0.78unit/
mL) and on day 2 for 40 °C (0.83 unit/mL). Also, chitinase activity was the greatest at 40 ºC (1.54 unit/mL) on day 2, while
on day 7 at 30 ºC incubation(1.54 unit/mL). The pH value of
the culture broth (7.4) was slightly decreased day by day and
finally reached 6.49 at both 30 ºC and 40 ºC. The EC value
of the culture remained constantly around 3mS/m during the
entire incubation time. Based on these results, the culture of B.
thuringiensis KKY in the cost-effective medium (BW medium)
at 30 ºC for two days could be considered for agricultural use.

Optimized Growth Condition with Costeffective Medium Based on Fertilizer and Chitin
of Bacillus thuringiensis KKY
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Effect of the Antagonistic Bacteria, Bacillus
amyloliquefaciens Y1 on Fusarium Wilt Disease
Control and Growth Promotion of Tomato
(Poster Board #197)

Sin Hyoung Hong*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Chaw Ei Htwe Maung
Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

(Poster Board #196)

Tae Gyu Choi*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

This study was performed to optimize the growth and activity

This research work is concerned with the effect of Bacillus amyloliquefaciens Y1 on the control of Fusarium wilt disease and
the growth promotion of tomato. The results of the dual culture
assay clearly showed that the strain Y1 strongly inhibited the
growth of Fusarium oxysporum f.sp. lycopersici on all the tested
media. The strain Y1 produced indole 3 acetic acid (IAA) in
both the presence and absence of tryptophan. When Y1 culture
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was applied to the tomato seeds, over 96% of germination rate
was observed in all treatments where Y1 culture in the absence
of tryptophan showed the greatest root length (5.40cm) and
shoot lengths (5.15 cm). However, the Y1 culture broth in the
presence of tryptophan (1g/L) had the lowest root elongation
with 2.22 cm, but promoted the development of the root system
with many root hairs as compared to the control root. To control
the Fusarium wilt disease under in vivo conditions, three types
of treatments; BW medium (BW), BW medium along with the
commercial fungicide (BW+F) and Y1 culture in BW medium
(Y1) were used. The tomato seedlings showed yellowing symptoms on the lowest leaves at 2 DAI in all treatments and some
of the control (BW) plants wilted at 8 DAI. Application of Y1
culture or fungicide significantly reduced the disease incidence
as compared to the BW where the Y1 treated plants had higher
shoot height, fresh and dry weights in roots and shoots than BW
and BW+F treated plants. To examine the competent effect of
Y1 growth on the total bacterial and fungal populations, the
rhizospheric soil of both Y1 treated and untreated plants were
collected at 7 DAI, 14 DAI and 21 DAI. The survival colonies
of Y1 (8.6 x 104 CFUg-1soil at 7DAI, 2.1 x 105 CFUg-1soil
at 14 DAI and 1.3 x 105 CFU/g soil at 21 DAI) were observed
from the Y1 treated plants. Although there was no difference
in fungal populations between treatments, it was clearly found
that the survival of Y1 in the rhizosphere greatly reduced the
populations of other bacteria. Therefore, the results of our study
demonstrated that Y1 can be used as the effective agent for not
only the wilt disease suppression but also the enhancement of
the plant growth in tomato cultivation.

Effects of Bacillus amyloliquefaciens Y1 Culture
on Growth and Disease Incidence of Shallot

mm was shown against S. cepivorum and 0.57 mm at B. cinerea.
With increasing the concentration of crude extract, inhibition
zone increased. Between ethyl acetate and butanol crude extract,
only ethyl acetate crude extract was activated. At concentration
of 1mg, crude extract effected with inhibition zone of 0.72 mm
and inhibition increased at higher concentration. Furthermore,
the hyphae incubated with ethyl acetate crude extract were
degraded. To investigate the effect of Y1 culture on the growth
and ability to control disease of Shallot at field, 5 treatments
namely conventional (A), conventional (B), Y1 culture (C), Y1
culture + organic fungicide (D) and Y1 culture + fungicide (E)
were performed. The highest yield of 566 kg/250 m2 was harvest
due to (E), followed by 550 kg/250 m2 at (C), 525 kg/250 m2 at
(D), 454 kg/250 m2 at (B) and 390 kg/250 m2 at (A). The growth
of shallot at (E) was best, followed by (C), (B), (D) and (A).
The lowest and the highest disease incidence were recorded at
(E) and (B) respectively. Based on those results, the Y1 culture
is considered not only used to promote the production but also
used to control disease of shallot at field.

Control of Crown Rot and Head Blight Diseases
in Wheat By a Dipeptide, Cyclo (L- Pro-D-Tyr)
from Bacillus amyloliquefaciens Y1
(Poster Board #199)

Yun Tae Kim*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Qaiser Jamal

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

(Poster Board #198)

Woon Seon Baek*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Chau Ha Ngoc Minh

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

In this study, antifungal activity of Bacillus amyloliquefaciens
Y1 was tested against Sclerotium cepivorum and Botrytis cinerea
causing gray mold and white rot disease on Shallot, respectively.
The Y1 inhibited the growth of S. cepivorum and B. cinerea with
68 and 49%, respectively when both Y1 and pathogenic fungus
were inoculated on same agar plate. The supernatant of Y1 was
mixed with PDA agar medium and small piece of fungus which
had been grown on PDA agar medium for five days was placed on
the surface of the mixed agar medium. The medium containing
30% and 50% of supernatant completely inhibited the growth of
S. cepivorum and B. cinerea, respectively. When 1 mg of crude
extract by organic solvents was applied, inhibition zone of 0.72

In this study, evidence for antagonism of antifungal metabolites
produced by Bacillus amyloliquefaciens Y1 was established,
as they actively inhibited growth of Fusarium graminearum
under in vitro and in vivo conditions. The mycelial growth of F.
graminearum was strongly inhibited by the culture supernatant
and butanol crude extract. In addition, an antifungal compound
was purified from the antifungal metabolites of Y1 and identified
as cyclo (L- Pro-D-Tyr) using H1 and C13 NMR spectroscopic
analyses. For the first time, cyclo (L- Pro-D-Tyr) was shown to
have potent antifungal activity against F. graminearum under
in vitro conditions. Microscopically, the hyphae of this fungal
pathogen became deformed because of the effect of cyclo (L- ProD-Tyr). Exposure of F. graminearum to various concentrations
of cyclo (L- Pro-D-Tyr) on wheat seeds significantly inhibited
its growth and controlled head blight. Furthermore, in an in vivo
wheat pot experiment, Y1 resulted in a 27% higher total yield and
showed a protective effect against F. graminearum by reducing
low discoloration symptoms on stems and the grain yield per
pot was five times higher compared to that control pots (Water
only) infested with F. graminearum. To our knowledge, this is the
first report of the antifungal activity of the cyclo (L- Pro-D-Tyr)

An asterisk (*) following a name indicates the presenting author.
S308

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations
against the plant pathogenic fungus F. graminearum. This work
also for the first time correlated the plant growth promotion and
biocontrol of crown rot in wheat by B. amyloliquefaciens strain.
Our results demonstrated the potential of B. amyloliquefaciens
Y1 as a biocontrol agent against the head blight and crown rot
fungal pathogen as well as a plant growth promoter for wheat.

Using a Maize Cytokinin Mutant to Study
Organ Formation
(Poster Board #200)

Dylan Oates*

University of Hawaii at Manoa, Honolulu, HI, USA

Spatially organized patterns of cells and tissues are the driving
force behind organ formation or organogenesis. Understanding
the signals that regulate this spatial organization is important to
gain new and deeper insights into the complex networks guiding
organ formation that impact plant development. We use the maize
leaf, as a model to understand the molecular signals underlying
organ formation. The maize leaf, like all grass leaves, is composed
of four segments organized in a specific proximaldistal (P-D)
pattern. The sheath is proximal, the blade is distal and auricle and
ligule separate the two. We are studying a semi-dominant maize
mutant named Hairy Sheath Frayed1 (Hsf1) that alters this P-D
leaf pattern. Leaves from Hsf1 mutant plants have outgrowths,
called “prongs”, consisting of proximal sheath, auricle and ligule tissue growing in the distal blade. Our analysis found this
altered P-D leaf pattern was caused by too much signaling of the
plant hormone cytokinin (CK) during early leaf development.
Since CK is an important plant hormone, many of its functions
are well understood. However, a role in leaf patterning had not
been described and so studying the Hsf1 mutant opens new
opportunities to reveal novel CK functions. Using lasercapture
microdissection (LCM) coupled with whole transcriptome
sequencing, we found about 800 differentially expressed
(DE) genes in the initiating prong. Enriched among these
DE genes are numerous transcription factors and hormone pathway genes. This set of genes resembles the
expression module known to control organ formation in
monocots and eudicots. I will present results from our analysis
of the function of some of these DE genes in prong formation
and other aspects of development.

Teaching Methods
Propagation of Ornamental Ficus
(Poster Board #001)

Richard Criley*

University of Hawaii, Honolulu, HI, United States

Many Ficus species are used in interiorscaping and landscaping.
Their growth habits range from prostrate groundcovers to shrubs,
trees, and vines. Nearly all are easily propagated by the usual
vegetative techniques of cutting, layering, grafting, and micropropagation. Fewer are propagated by seed as pollination requires

specialized wasps, but some of those that do seed have become
invasive. Ficus are suitable subjects for plant propagation classes
as many, such as F. elastica, F. rubiginosa, and F. benghalensis can
be propagated by single node cuttings as well as by stem cuttings
and air layers. Aerial roots are characteristic of some species,
which also signal ease of rooting. Many of the selections used in
interiorscapes have been tissue-cultured, giving rise to diverse
forms, some of which are more compact and better branched.

Willow Lake Student Farm—a Hands-on
Educational Opportunity to Develop Technical
and Soft Skills
(Poster Board #002)

Kenny Artavia-Rojas*

Kansas State University, Manhattan, KS, USA

Erin Bailey

Kansas State University, Manhattan, KS, USA

Cary L. Rivard

Kansas State University, Olathe, KS, USA

Candice A. Shoemaker

Kansas State University, Manhattan, KS, USA

Land grant universities are well designed to teach crop production, soil science, and related agricultural subjects, but are less
well-equipped to teach the soft skills needed for successful
employment in agriculture. University-affiliated student farms
can offer unique opportunities for students to develop technical and soft skills. Willow Lake Student Farm, a two-acre farm
managed and worked by Kansas State University graduate
students, undergraduate students, and community volunteers
has had success in providing these opportunities. Students can
practice these soft skills when interacting and working with each
other, the community volunteers, and others through the variety
of experiences offered at the farm. Students show leadership in
numerous projects and activities on the farm that help develop
their soft skills in addition to technical ones. For example,
re-covering the high tunnel requires good communication and
coordination to assemble and effectively manage student volunteers. Projects such as installing irrigation systems require
problem-solving skills and sound decision-making. Meanwhile,
students that help with marketing must be well-organized,
have good communication skills, and be able to coordinate
with students that are managing production at the farm. The
interdisciplinary nature of the students and the work required
to successfully manage a sustainable farm is not unique to our
farm, however that combined with it being a student-run farm
means the students have to develop the technical and soft skills
or the Farm will fail. In conclusion, through the example of the
Willow Lake Student Farm, we demonstrate that a student farm
can contribute to universities teaching mission by providing
opportunities and experiences for students to gain and practice
technical and soft skills.
Specified Source(s) of Funding: Horticulture and Natural Resources Kansas State University
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Developing an Urban Food Production Platform
on Campus to Enhance Experiential Learning
of Horticulture Students

Season By Semester: Addressing Challenges to
Sustaining a Student Horticulture Farm
(Poster Board #004)

Erin Bailey*

(Poster Board #003)

Kansas State University, Manhattan, KS, USA

Odile Huchette*

NCA&T State University, Greensboro, NC, USA

Kenny Artavia-Rojas

NCA&T State University, Greensboro, NC, USA

Cary L. Rivard

NCA&T State University, Greensboro, NC, USA

Candice A. Shoemaker

Kansas State University, Manhattan, KS, USA

Alexandra Wofford

Kansas State University, Olathe, KS, USA

William Randle

As the proportion of population living in urban areas increases
and students have more limited exposure to agriculture, the
undergraduate horticulture program at NCA&T State University was redesigned in 2013 to offer a curriculum focused on
urban agriculture supported by heavy experiential learning. This
program received a $150,000 NIFA capacity building grant in
2014 to develop an on-campus urban food production platform
that would support the curriculum “Urban and Community
Horticulture” (UCH) and attract more students into agricultural
careers. With this new curriculum, the choice was made to focus
on instructional methods that would engage students in active
learning strategies and help them develop the necessary understanding of plant science concepts while developing practical
and critical thinking skills. The development of the Urban Food
Platform responds to several objectives: support classroom
instruction while allowing students to experiment and develop
deeper understanding of horticulture concepts; allow students to
be engaged in small-scale food production and experience firsthand the challenges of growing food; act as a recruitment tool
by exhibiting what the UCH program has to offer; collect data
on intensive small-scale urban food production; and establish
a connection between the campus and Greensboro community
by providing tours, activities and workshops, as well as food
produced at the platform. In 2016, 23 raised beds of different size
and a 12 x 25-ft unheated greenhouse were added through class
work and students’ effort. The construction of the greenhouse as
a semester project by students of the class HORT 410-Season
Extension was a major endeavor in Fall 2016. Every week, the
lab time of the class was used for implementing concepts of
greenhouse construction and build the greenhouse to be used
by students for their transplants needs at the platform. The new
raised beds started to be used in the fall by the students of HORT
420- Vegetables for Small-Scale Production, who produced and
tested different lettuce and greens for salad mixes. After several
harvests, students enjoyed discussing with growers the market
for their production. In the spring, our students conducted
outreach activities with high school students, teachers with the
County School Garden Network, as well as Earth Day using
the Urban Food Platform. The development of the Urban Food
Platform with students has been an outstanding opportunity to
teach students problem-solving, teamwork and professional
skills beyond horticulture concepts.

Kansas State University, Manhattan, KS, USA

Willow Lake Student Farm (WLSF) of Kansas State University
was started in 2008 to provide education on sustainable food
production and fresh produce to members of the university
and Manhattan communities. WLSF started as the result of an
undergraduate honors project with a clearly defined business
plan that had short, mid- and long-term goals for the continuing sustainability of the farm. WLSF is meeting the short and
mid-term goals, such as: hosting educational lectures and
workshops, facilitating a student club to support the farm,
establishing high tunnel and open-field production spaces,
and serving as a location for research related to sustainable
agriculture. However, challenges remain in reaching long-term
goals, which would help insure the long-term sustainability of
the farm. Student-run farms experience hurdles to long-term
sustainability due to a variety of limitations. Some of our challenges are unique while others are not. WLSF has a frequent
turnover of active participants that leads to significant fluctuation in management strategies and experience levels. Seasonal
production is often hindered by available help, as many students
do not stay in the area for the summer or the change in their
schedules from one semester to the next prevent them from
continuing their involvement. Low farm-generated revenue
leads to a reliance on inconsistent external funding. WLSF is
located off-campus so accessibility is difficult for many students lacking transportation to the farm. With the help of grants
awarded from the student governing association’s Green Action
Fund for use in 2016, we were able to address some of these
challenges to long-term sustainability. Changes were made to
infrastructure including: underground irrigation throughout the
field, establishment of an orchard, and a redesign of the farm
to plots that will better support crop rotations. Our volunteer
work-force and knowledge base has expanded as relationships
with several student organizations across campus have developed. Empowering student volunteers to lead projects has led
to a sense of ownership and more regular involvement. Though
the long-term results of our recent strategies to mitigate these
challenges to the longevity of Willow Lake Student Farm are
still undetermined, participation and outreach have increased
since addressing them.

Specified Source(s) of Funding: NIFA Capacity Building
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Faculty Mentoring and Peer-to-Peer Teaching
for Hands-on Active Learning in Growing
Princettia Plants
(Poster Board #005)

Kent Kobayashi*

Students Predicting Their Achievement in a
Plant Identification Class
(Poster Board #006)

Cynthia Haynes*

Iowa State University, Ames, IA, USA

University of Hawaii at Manoa, Honolulu, HI, USA

Shana Carpenter

University of Hawaii, Honolulu, HI, USA

Samantha Green

University of Hawaii at Manoa, Honolulu, HI, USA

Research has shown that people tend to be less certain in tasks
that are difficult, possibly leading to reduced self-confidence.
Many undergraduate students in horticulture consider learning
the scientific names and cultural information of more than 200
herbaceous plants to be difficult. The challenge of memorizing
the names and identifying herbaceous plants requires considerable meaningful and mindful effort. The objective of this study
was to assess students’ abilities to predict their achievement in
identifying plants. During the 2014 and 2015 Fall semesters,
43 students were asked to predict the number of plants out of
12 they would correctly identify before and after eight quizzes.
The first four quizzes covered perennials and were cumulative.
The last four quizzes covered annuals and herbs and were also
cumulative. The accuracy of student’s estimates—i.e. calibration
—was calculated in two ways: 1) prediction, students’ estimates
of scores they believed they would earn (before taking the quiz)
minus the actual scores they earned, and 2) postdiction, students’
estimates of the scores they believed they had earned (after
taking the quiz) minus the actual scores they earned. For the
mean calibration scores for prediction vs. postdiction across all
8 quizzes, students were under-confident in that their estimates
of their own performance were significantly lower than their
actual performance. Within each category (perennials or annuals)
performance generally declined after the first quiz as the number
of plants increased. When the category switched from perennials
to annuals, however, performance improved. This is similar to
studies on “proactive interference” where performance continually declines because the items from the earlier lists interfere
with memorizing items from the same category on the new lists.
Based on these results we conclude that undergraduates in plant
identification classes frequently underestimate their ability to
learn plants. This work has implications for how we can help
promote greater self-awareness and confidence that encourage
students to learn more effectively.

Teresita Amore
Orville Baldos

The Tropical Plant and Soil Sciences (TPSS) Department undergraduate club, Horticulture Society, holds a poinsettia plant sale
every December to raise funds for club activities. In previous
years, the club sold plants purchased from local nurseries. Last
year, they bought plants from Home Depot to sell. Recognizing
a need for TPSS students to gain hands-on practical experience
in growing and marketing poinsettia plants, we initiated a project
based on mentoring by faculty and peer-to-peer teaching. A Ball
Publishing GrowerTalks webinar on Princettia was viewed in
February 2016. As a result, we requested 100 Princettia cuttings
of four varieties from Suntory Flowers—Dark Pink, Hot Pink,
Pink, and Max White. A team of students consisting of one
undergraduate student and two graduate students spearheaded
the project. Cuttings were treated with rooting hormone, planted
in Oasis wedges, and placed under a mist bed in a glasshouse.
Rooted cuttings were transplanted into 4-inch and 6-inch pots
filled with potting media (Pro-Mix and Sunshine). After planting, fungicide was applied. The potted plants were grown in a
saranhouse and hand watered. With the assistance of an undergraduate student and a graduate student, an overhead sprinkler
irrigation system was installed. Pesticides to control whiteflies
and mites were applied during the growing period. Plants were
fertilized with a controlled release fertilizer and magnesium
sulfate. During the Fall 2016 semester, we contacted the University of Florida Environmental Horticulture Club and arranged
a Skype meeting with the Horticulture Society to learn about
each other’s club activities, poinsettia production practices, and
plant sales. Students acquired much needed hands-on growing
and marketing skills in the production of Princettia plants. They
determined the selling price of the plants based on the cost of
production and the sale price of similar plants in local stores.
Two successful plant sales were held in Dec. 2016. Plans for
the Fall 2017 semester are to grow more plants for various plant
sales, including the new varieties of Princettia. An experimental
topics course, TPSS 491, will be offered to enable students to
earn credits for working on the project. Students from TPSS 364
Horticultural Practices and TPSS 402 Flower and Foliage Crop
Production will also assist in the growing of the plants through
specific nursery activities, which will be integrated into their
lab exercises. We thank Dummen, Suntory Flowers, Delilah
Onofrey, Craig Okazaki, and Ronald Matsuda for their assistance.
Specified Source(s) of Funding: Hatch

Iowa State University, Ames, IA, USA
Iowa State University, Ames, IA, USA

Using Portfolios to Gauge Students’ Meaningful
and Mindful Effort in a Plant Identification
Class
(Poster Board #007)
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Iowa State University, Ames, IA, USA
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Students in the Department of Tropical Plant and Soil Sciences
(TPSS) lack opportunities for hands-on experience growing
potted ornamental plants. Multiple plant sales are held by the
undergraduate members of the Horticulture Society throughout
the year for holidays such as Valentine’s Day and Christmas.
In recent years, students purchased plants from local wholesale nurseries or retail stores to sell, instead of growing their
own crops and gaining valuable hands-on experience. Lack of
student participation in the sales activities is another concern.
During the Fall 2016 semester, one undergraduate member of
the Horticulture Society and two members of the TPSS Graduate
Student Organization led the joint production of 100 Princettia
(Euphorbia pulcherrima ´ Euphorbia cornastra) cuttings of four
cultivars (‘Dark Pink’, ‘Hot Pink’, ‘Pink’, and ‘Max White’) and
rooted cuttings of traditional poinsettias (E. pulcherrima) for
the annual poinsettia sale. Princettia cuttings were treated with
rooting hormone before inserting into Oasis wedges for rooting
under intermittent mist. Princettia and poinsettia rooted cuttings
in 10-cm or 15-cm pots with Sunshine #1 or Pro-Mix potting
mix were grown and finished in a shadehouse using standard
commercial practices. The lead graduate students organized
work sessions for both organizations to participate in during the
growing season to grow the plants together and split the profits.
Students organized two separate sale dates and created marketing
materials to advertise the sales. The plants sold within one hour
at both sales. Customers were impressed with the quality of the
plants. Both student organizations earned a significant profit
which will be used to fund participation in educational events in
the future. The collaboration between the two student organizations will be expanded for future poinsettia sales, and additional
growing projects and sales will be conducted during other parts
of the year. Students involved in the project gained valuable skills
in growing plants, marketing, leadership, and mentoring, in addition to instilling a strong sense of pride and accomplishment.
Interaction among students has also increased, and has enhanced
students’ networking, team-building, and leadership skills.

University of Hawaii at Manoa, Honolulu, HI, USA

Barb Licklider

Memorization of scientific names is necessary for plant
identification. The objective of this study was to describe the
perceptions of students when comparing different strategies
for identification of plants and memorization of plant names.
Herbaceous Ornamentals (Hort 330) is a three-credit, semester
long course that is required by several options within the Horticulture major at Iowa State University. The primary goal of the
course is for students to learn how to identify, grow, maintain,
and design with a variety of perennial and annual flowers suited
for Midwestern landscapes. Twenty-five students were asked
to track their level of effort and achievement throughout the
semester. Prior to the discussion of tracking effort, students
participated in a lesson to define mindset about intelligence and
meaning and mindful effort. Student reflections on the learning
strategies used were compiled into an “effort portfolio” at the
end of the semester. Effort portfolios were part of their final
grade. The content of the effort portfolios were analyzed to
determine themes that emerged and to develop synthesis categories that represented responses. As expected, the effort students
put forth in learning to identify plants usually matched levels
of achievement. Several themes emerged on learning strategies that students considered impactful. Researching plants on
their own or creating their own study materials increased their
ability to identify and remember plants. Students recognized
specific learning strategies that promote thinking and meaningful and mindful effort as effective ways to learn plants.
More importantly, as students monitored their efforts and accompanying achievement, they embraced their responsibility
as learners.
Specified Source(s) of Funding: USDA Higher Education
Challenge Grant

Experiential Learning through Production and
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Like many Land-Grant institutions in the United States, over
the last decade, Washington State University (WSU) has consolidated several of its former agricultural department-based,
undergraduate degree programs and restructured them into
multi-departmental, interdisciplinary programs. One such program is called Agricultural and Food Systems (AFS, afs.wsu.
edu) which has five majors: Organic Agriculture Systems, Agricultural Technology and Production Management, Agricultural
Education, Agricultural and Food Business Economics, and
Agriculture and Food Security. The other consolidated program
is called Integrated Plant Sciences (IPS, ips.wsu.edu) with six
majors: Agricultural Biotechnology, Field Crop Management,
Fruit and Vegetable Management, Landscape, Nursery and
Greenhouse Management, Turfgrass Management, and Viticulture and Enology. These successful four-year degree programs
currently have more than 460 undergraduate students enrolled.
Students in either program are required to take a culminating,
integrative capstone course to assist them in becoming “job
ready, day one” upon graduation. For the AFS program, there
is one capstone course (AFS 401, “Advanced Systems Analysis
and Design in Agricultural and Food Systems”) that combines
students from all of the AFS majors. For the IPS program, there
are three capstone course offerings: VIT_ENOL 433 (“Critical
Thinking in Vineyard and Winery Management”, for V&E students), HORT 425 (“Trends in Horticulture”) and CROP_SCI
435 (“Interdisciplinary Solutions to the Plant Sciences”). Each
capstone course includes discipline-integrative, real-world
projects, both individual and team-based, and involves interaction with horticultural/agricultural experts inside or outside the
classroom. Differing capstone course approaches and examples
regarding team assembly, project specifics, presentations, expert
engagement, and student assessment (e.g., by self, team, and/
or instructor) were compared and contrasted, which identified
benefits and limitations of each approach. Professional skill
development targets were compared and contrasted. Instructor
feedback through student course evaluations, senior exit surveys
and student focus groups identified both benefits and limitations
to the different approaches.

Using a Program-wide Rubric to Assess
Scientific Literacy Improvement of Students
in the Integrated Plant Sciences Program at
Washington State University
(Poster Board #010)

Desmond Layne*

Washington State University, Pullman, WA, USA

Elizabeth Carney

Washington State University, Pullman, WA, USA

Scott Benson

Washington State University, Pullman, WA, USA

Like many Land-Grant institutions in the United States, over

the last decade, Washington State University (WSU) has consolidated several of its’ former agricultural department-based,
undergraduate degree programs and restructured them into
multi-departmental, interdisciplinary programs. One such
program is called Integrated Plant Sciences (IPS, ips.wsu.edu).
The IPS program comprises six different majors: Agricultural
Biotechnology, Field Crop Management, Fruit and Vegetable
Management, Landscape, Nursery and Greenhouse Management, Turfgrass Management and Viticulture and Enology. This
successful program currently has more than 250 undergraduate
students enrolled. To assess the quality of student work in the
IPS program, a rubric with seven student-learning outcomes
(SLOs) was used. We focused on two of these SLOs in this
study. They were scientific reasoning and the use of scholarly
information (e.g., obtaining, evaluating, and applying). We used
this program-wide rubric to compare the quality student work in
both an introductory (HORT/CROP_SCI 202 “Plant Growth and
Development”) and senior-level course (SOIL_SCI 441 “Soil
Fertility”). In particular, we focused on final projects submitted
by student teams. In the former course, this was a final research
poster summarizing a semester-long, greenhouse-based plant
growth and development research project. In the latter course,
this was a final nutrient management plan created for a “realworld” plant-soil system of interest (e.g., commercial orchard,
vineyard, etc.). Course instructors provided samples of representative student work (e.g., “A”, “B”, and “C” grade-level) but
did not disclose student grades. For each of the two courses,
members of the IPS assessment committee received copies of
representative student final projects, the student assignment
prompts and the program-wide assessment rubric. Assessment
committee members used the rubric to independently evaluate
and rank the student projects on scale of 1 point (minimal) to
6 points (mastery). Following their independent evaluation,
the assessment committee came together and participated in a
facilitated discussion with a university teaching and assessment
specialist. The purpose of this discussion was to compare and
norm our project ratings and to determine a critical threshold
score that was expected for student proficiency. Student team
proficiency for these SLOs at both the freshman and senior
level and the benefits and limitations of using a program-wide
assessment rubric will be presented and discussed.

Teaching a Plant Science Class in an
Interdisciplinary Environment
(Poster Board #011)

Konstantinos Batziakas*

Kansas State University, Olathe, KS, USA

Eleni Pliakoni

Kansas State University, Olathe, KS, USA

In 2011, the Department of Horticulture & Natural Resources at
Kansas State University launched a new specialization in Urban
Food Systems within the MS in Horticulture program. This
specialization is aiming in preparing professionals for positions
in non-governmental organizations (NGOs), city governments
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and extension programs that are facilitating urban farming development. The students enrolling in the program have a diverse
educational background, frequently lacking basic knowledge of
plant physiology and/or laboratory research. One of the objectives of this specialization is to provide the students with a solid
foundation in horticultural science and food crop production;
students lacking basic plant physiology knowledge are advised to
complete their elective requirements with plant science classes.
One of the programs elective classes is HORT 725, Postharvest
Technology and Physiology of Horticultural Crops. This course
covers the biological principles involved in the postharvest life
of fresh produce and the effects on shelf life and quality. The
intended learning outcomes are as follows—1) Understanding
the physiological, biochemical, and pathological considerations
and the compositional and physical changes occurring during
maturation and degradation that affect produce quality and shelf
life. 2) Understanding the commercial procedures from harvest
to consumer in relation to biological principles and individual
commodity requirements and responses. The class includes a
research project in which the students have to propose the topic,
experimental design and methods for studying the aspects of
postharvest biology and handling of a perishable horticultural
crop. Students are expected to gain the ability to evaluate existing
postharvest handling systems and recommend improved practices
for maintaining product quality during the postharvest period,
using scientific methods. This interdisciplinary environment
provides the opportunity for the students to learn from each other
while also challenging the instructors to use teaching strategies
for students with and without knowledge of the basic principles
of postharvest science and laboratory research. This presentation will discuss the challenges and opportunities faced when
teaching a plant science class in an interdisciplinary classroom.

Student Perception of Teaching Approaches to
Student Learning
(Poster Board #012)

Bruce Dunn

Oklahoma State University, Stillwater, OK, USA

Jon Ramsey

Oklahoma State University, Stillwater, OK, USA

Sergio Abit

Oklahoma State University, Stillwater, OK, USA

Hardeep Singh*

Oklahoma State University, Stillwater, OK, USA

Megha R. Poudel

Oklahoma State University, Stillwater, OK, USA

Effective teaching reflects professional decisions made before, during, and after interactions with students, which when
implemented, increases the probability of student success.
In an effort to demonstrate effective teaching, faculty in the
College of Agricultural Sciences and Natural Resources have
implemented a variety of online tools, teaching strategies, and
resources for students enrolled in introductory Agriculture,

Food and Natural Resources (AFNR) courses. This study was
designed to gather student feedback on the effectiveness of
various teaching behaviors, course tools, and course delivery
methods in enhancing student learning. Ninety-eight students
in intro-level horticulture and soil science courses voluntarily
participated in a survey that utilized a 42-question instrument
which covers various course delivery methods, usage of course
tools, teaching behaviors or strategies, as well as demographic
information. Survey results reveal that online discussion boards,
recorded lectures, and the use of social media platforms worked
well for most students. Class projects, group presentations,
writing assignments, quizzes and hands-on activities were also
viewed as course activities that enhance learning. On the other
hand, students generally responded unfavorably to flipped class
delivery, the use of clickers, and the use of class humor. No
significant difference in student response due to class level,
gender, and respective college of origin were observed. This
information will serve as basis for efforts to design or modify
classes to enhance student learning.

Assessing Conventional, Hybrid, and Distance
Learning Courses in Horticulture
(Poster Board #013)

William Sciarappa*

Rutgers University, Freehold, NJ, USA

An important institutional issue at many large public and private
universities is lack of classroom space. Current challenges with
distance education are to create courses in a minimum amount of
time, expense, and technical skill, yet produce an educationally
sound curriculum. Our study goals were to assess methodologies
in regards to instructor performance, student learning outcomes
and incorporate new online technology. Educational objectives
for the course comparisons of ‘‘Organic Farming and Gardening” analyzed yearly cohorts of student enrollment, academic
grades, knowledge gain, instructor performance, and student
satisfaction to examine instructional effectiveness of a learning management system (eCollege; Pearson eCollege, Denver,
CO). Our summarized results showed that 114 undergraduate
students registered from 2007–09. Due to high demand and
insufficient classroom space, this conventional curriculum was
reformatted with identical course content into both a hybrid
and a fully online version in which 361 students registered
from 2010–12 and 336 students from 2013–15. In comparing
conventional instruction with hybrid and fully online versions
over a nine-year period, few significant differences were found
in final grades involving 811 students. Over their six-year span,
the conventional class average of 89.6% was higher compared
with 88.3% for the hybrid format and 86.8% for the online format. Student evaluation surveys assessed faculty performance
with eight evaluative questions on a 1–5 scale. No significant
difference existed between teaching in person vs. remotely,
averaging 4.35 for the hybrid and 4.17 for the online. There
were no significant differences in comparing educational methodology, technology, student confidence, and class satisfaction.
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Student responses indicated a significant preference overall for
hybrid and online course formats compared with conventional
methods. Registration numbers indicated an overwhelming
choice for online education with an average class enrollment
of 91.0 students compared with 38.0 students for conventional
classes and 25.2 students for the hybrid format. We believe that
all three formats can exist concurrently and effectively extend
the educational reach. Faculty and administrators may also
prefer the totally online system in recycling quality presentations digitally, saving travel time, reducing transport expenses,
minimizing classroom space and increasing tuition dollars. We
conclude that sophomore to senior students can benefit with
a wider choice of both hybrid and totally online classes that
provide independent study projects emphasizing student centered, faculty guided instruction. The quantifiable data found
in this study supports the quality, effectiveness, and utility of
these distance education methods.

Vegetable Crops Management 1
Finding Herbicide Tolerance in Tomatoes
(Poster Board #299)

Gourav Sharma

Mississippi State University, Mississippi State, MS, USA

Richard Snyder*

abiotic stresses. Thirty-five tomato accessions were evaluated
in a greenhouse at Mississippi State University for tolerance to
various herbicides. The best of these were then taken to the field
for evaluation at both the North Mississippi Research & Extension Center in Verona and the Truck Crops Branch Experiment
Station in Crystal Springs. The field experiments included 10
accessions and five herbicides in a randomized complete-block
design with three replications. Drift was simulated by mixing
herbicides at 1% strength and applying them seven days after
transplant (DAT) with a CO2 backpack sprayer. Visual injury
(on a scale of 0-100%), plant height, and chlorophyll content
were recorded weekly from 7–56 DAT. At harvest, tomato
fruits were graded, and yield per plant was measured. Among
the accessions screened, TOM18 AND TOM35 were tolerant
to dicamba demonstrating significantly less injury and similar
fruit yield compared to ‘Better Boy’. Additionally, TOM129
showed significantly less injury and higher yield compared to
‘Better Boy’ when treated with quinclorac herbicide. Results
from this study will demonstrate the level of diversity within
and among herbicide-tolerant populations of tomato accessions.
A highly diverse population of tomato is preferred for tolerance screening with additional herbicides, as they will have a
higher degree of adaptability to herbicide and abiotic stress.
These tomato lines can be further used in breeding programs
to develop herbicide-tolerant varieties.

Peter M. Hudson

Growing and Analyzing International and
Alternative Vegetables for Production,
Marketing, and Medicinal Properties in
Tennessee

Z. Yue

Arvazena Clardy*

T.M. Tseng

Tennessee has a growing number of International citizens
from various countries from around the world, now residing in the Nashville and surrounding counties. They desire
their traditional vegetables which are not grown in Tennessee. Nashville has several International grocery stores, these
stores ship in produce from out of the county, therefore many
of these vegetables are past their recommended shelf life. The
local groceries and farmers markets do not carry these desired
fruits and vegetables, therefore creating a market for these
vegetables. In the Tennessee region, there are many small and
limited resource producers who are struggling to remain viable these producers need to create and identify new markets
to increasing their incomes. At Tennessee State University, we
have been working with small and limited producers statewide
and are researching growing and marketing International and
Alternative vegetables. We are presently are producing twelve
(12) different varieties of peppers, Bottle Gourd, Bitter Melon,
White Eggplant, Tinda, Chinese Okra and Tomatillos as alternative vegetables for the local residents and new International
residents now living in Tennessee. For the past four years we
have grown twelve varieties of peppers, herbs and tomatillos for

Mississippi State University, Crystal Springs, MS, USA

T. Casey Barickman

Mississippi State University, Verona, MS, USA
Mississippi State University, Crystal Springs, MS, USA
Mississippi State University, Mississippi State, MS, USA
Mississippi State University, Mississippi State, MS, USA

Tomatoes (Solanum lycopersicum L.) are consumed and produced globally. In 2014, the United States produced 12,574,550
tons of tomatoes, ranking second globally in production after
China. Tomato is the nation’s fourth most popular fresh-market
vegetable based on consumption. In Mississippi tomato is grown
on over 444 acres across 627 farms. Commercially, weeds are
controlled using herbicides. However, herbicide options are
limited because tomatoes are sensitive to herbicide damage.
Yield can be reduced up to 25% because of herbicide drift
from auxins and glyphosate. Injury on tomatoes from auxin
herbicides and glyphosate was caused at rates as low as 1%
concentration. This causes significant reduction in yield and plant
growth and has therefore discouraged both field and greenhouse
tomato production especially in the Mississippi delta region
where aerial herbicide applications to field crops are common.
Tomato’s diverse germplasm, including wild relatives, are
known to be tolerant to numerous biotic and abiotic stresses.
Chemical stress is an abiotic stress, and wild tomato accessions
may have natural tolerance to herbicides in addition to other

(Poster Board #300)

Tennessee State University, Nashville, TN, USA
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the Italian and Hispanic markets and the past three years Bottle
Gourd, Bitter Melon, Chinese Okra, White Eggplant and two
years for Tinda. We evaluated the feasibility of growing these
vegetables in the Tennessee region and marketing strategies.
Bitter Melon and Bottle Gourd have been identified to contain
medicinal properties for assisting with reducing inflammation,
reduction of blood pressure, provide anti-anxiety effects and
diabetes prevention in some individuals who consumer these
vegetables. These vegetables are also highly nutritional, tasty
and low in calories, which could assist in fighting obesity in
Tennessee which ranks number 45 on overall rank on health
(which includes obesity). We have assisted with production
training and educating small producers with alternative marketing strategies (direct sales with hotels, restaurants, individuals
and farmers markets). Goals and objectives of the research: 1)
Evaluating International Vegetables for successful growth and
production in Tennessee; 2) Developing and Exploring Alternative Crops for Small Producers in Tennessee; and 3) Evaluation
of Bottle Gourd, Bitter Melon, and Tinda for medicinal and for
obesity prevention.
Specified Source(s) of Funding: Tennessee State University’s
Cooperative Extension Program

Introduction of Bottle Gourd and Bitter Melon
to Tennessee
(Poster Board #301)

Arvazena Clardy*

Tennessee State University, Nashville, TN, USA

Bitter Melon, Momordica charantia, is a member of the squash
family and is very popular in Asian, African, Caribbean, Indian,
and Middle Eastern countries. Bitter Melon has a bumpy skin
and ranges from light to dark yellowish green in color and
oblong in shape as the bitter melon matures and ripens it turns
yellow-orange. Ripen fruits are bitter in taste. Bitter Melon is
very common in Asian and Indian dishes. In Chinese cooking,
Bitter Melon is usually stir fried with pork, used in soups and
consumed as a tea. In Northern Indian Bitter Melon can be
stuffed with spices and prepared by cooking in oil. It is prepared
or served with yogurt to offset the bitterness. In Southern India,
Bitter Melon is mixed with coconut and stir-fried with various
spices. In the Caribbean, Bitter Melon is sautéed with onion,
garlic until crisp. Bottle Gourd, Lagenaria siceraria, which has
vines, which is grown for its fruit, harvested when young. The
fruit has a light-green smooth skin with white flesh. Rounder
varieties are known as Calabash gourds, these gourds vary in
shapes (huge and round, small and bottle shaped or slimmed).
Bottle gourds were one of the earliest cultivated plants, but were
used as water containers and musical instruments. The Bottle
Gourd originated in Africa, migrated to Asia, Europe and the
Americas. The history of the usage of Bottle Gourds has been
recorded as far back as 11,000 years ago.
Specified Source(s) of Funding: Tennessee State University’s
Cooperative Extension Program

Determining Seed Germination Requirements
for Navajo Spinach, Cleome serrulata
(Poster Board #302)

Reagan C. Wytsalucy*

Utah State University, Logan, USA

Daniel Drost

Utah State University, Logan, UT, USA

Brent Black

Utah State University, Logan, UT, USA

Grant Cardon

Utah State University, Logan, UT, USA

Native American populations in the Four Corners area have
largely lost their connection to agriculture and face serious health
challenges due to poor diet and limited availability of nutritious
fruits and vegetables. With the need to address pressing nutritional
concerns for Native American’s in the Southwest, this study
looks into assessing the germination response of Navajo Spinach,
Cleome serrulata, to temperature, scarification requirements,
and evaluating approved seed treatments to enhance germination to warrant local production in the Southwest. Historical
practices for cultivating and preserving C. serrulata have been
documented and outreach products relevant for targeted audiences at Chapter Houses, high school agriculture programs, and
Extension are being created. Uses of C. serrulata include dye for
wool, paint for pottery, to support bee populations, and provide
high nutrition (vitamin A) food products for Native American
communities and livestock. Wild collected C. serrulata seed
was collected from various locations in the Navajo and Zuni
Reservations were compared to C. serrulata seed from Great
Basin Seed Company. Seed viability was tested using Triphenyl
tetrazolium chloride. Seed germination trials consisted of chilling at 4, 7, 10, or 20 °C for four weeks after being pre-treated
with or without hydrogen peroxide and GA3. Seed presoaked
in GA3 and hydrogen peroxide germinated faster and at higher
rates at 4 °C compared to other treatments for all locations tested.
Understanding the appropriate seed germination conditions
from different regions will be important in re-establishing this
species as a native crop.
Specified Source(s) of Funding: Western SARE

Prospects of Soil Tests to Predict Spinach
Cadmium Contents
(Poster Board #303)

Charles Sanchez*

University of Arizona, Yuma, AZ, United States

The production of vegetable crops in the low desert region of the
southwestern United States is over a two-billion dollar industry
and product is shipped nationally during the fall-winter-spring
period. Many of the alluvial soils used for crop production in
the low desert contain low levels of several metals, including cadmium (Cd). There is particular concern about spinach
(Spinacia oleracea) that has a propensity to accumulate heavy
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metals. The large number of spinach samples we collected to
date indicate 50% of the spinach produced in the desert would
exceed the EU Maximum Levels (ML) of 200 ug/kg fresh
weight (FW). Studies have shown soil tests to be potentially
useful for predicting Cd accumulation by plants, however,
proper sampling protocols and a predictive soil test needs to be
calibrated for desert soils. The objectives of these studies was
to collect high resolution soil samples from typical production
blocks in the desert to assess in-field variability and develop
sampling protocols. We also collected paired soil and spinach
tissue samples to evaluate the important soil properties affecting Cd concentrations of spinach. The generally low in-field
variation and normal distributions of observed values for Cd
suggest that a good composite representative soil sample can be
collected from the 3 to 10 ha spinach production blocks typically
used in the region. While the DPTA Cd soil test was among the
best evaluated, it was not sufficiently predictive of spinach Cd
concentrations to be utilized as a management tool alone. Data
show that in addition to soil test Cd, soil test Zn, soil test P,
and soil salinity were correlated to spinach Cd concentrations
and need to be incorporated into any soil test algorithm used to
predict spinach Cd concentrations.
Specified Source(s) of Funding: Yuma Center of Excellence in
Desert Agriculture

Evaluation of Irrigation Practices on Soil
Salinity and Tomato Productivity in the
Sacramento–San Joaquin River Delta,
California
(Poster Board #304)

DRIP ranged from 0.78–1.36 dS/m across years and irrigation
schemes. While FURROW had a wider range of average RZS
than DRIP, most of the salts in FURROW were found below 70
cm. The irrigation water salinity (ECw) seasonal average was
0.60 dS/m (2014) and 0.87 dS/m (2015) for FURROW. Leaching
occurred during the irrigation season but was inconsistent from
the top of the irrigation run to the bottom. The ECw of DRIP
averaged 0.40 dS/m (2013), 0.60 dS/m (2014), and 0.75 dS/m
(2015) and contributed to slight increases in average RZS over
the course of each growing season but leached salts from the
soil around the drip tape. Salts moved laterally from the drip
tape, accumulating at the furrow, soil surface, and an organic
soil layer 90 cm below the surface. Average 2015 yield for
FURROW and both irrigation schemes of DRIP was 111.5 Mg/
ha. The 2015 DRIP fruit soluble solids were 5.5 °Brix for the
grower’s irrigation scheme and 5.65 °Brix for the more severe
cut-back, illustrating that soluble solids can improve under
deficit irrigation. The adoption of subsurface drip irrigation
in processing tomato, although driven by increased yields and
improved water use efficiency, was demonstrated to provide
localized leaching of salts in the root zone.
Specified Source(s) of Funding: California Tomato Research
Institute

Cropmanage Online Decision Support Tool
for Irrigation and Nutrient Management of
Vegetables and Strawberries
(Poster Board #305)

Michael D. Cahn*

University of California Cooperative Extension, Salinas, CA, USA

Michelle Leinfelder-Miles*

Richard Smith

Brenna Aegerter

Andre Biscaro

University of California Cooperative Extension, Stockton, CA, USA
University of California Cooperative Extension, Stockton, CA, USA

We evaluated soil salinity, yield, and fruit quality in furrowirrigated (FURROW) and subsurface drip-irrigated (DRIP) processing tomato (Solanum lycopersicum L.) fields from 2013–15
in the Sacramento-San Joaquin River Delta region of California,
which is unique for its organic soils and high groundwater table.
Within DRIP, we evaluated two deficit irrigation programs
which imposed cut-backs during fruit ripening—the grower’s
program, which applied 79% of full canopy evapotranspiration
(ET) on average across years, and our own scheme that applied
an average of 72% of ET. Soil samples were taken in the spring
and fall of each year from DRIP, while samples were taken from
different FURROW fields in 2014 and 2015 because of crop
rotations. We collected soil samples of 10-cm by 10-cm from
sampling grids that began at the soil surface and went to a depth
of 100 cm, and ran from the row-middle to the furrow-middle
(81 cm of the 152-cm bed). Average root zone salinity (RZS)
of the sampling grids, as measured by electrical conductivity
of soil saturated pastes (ECe), ranged from 1.11–3.14 dS/m
across years and locations in FURROW. Average RZS in

University of California Cooperative Extension, Salinas, CA, USA
University of California Cooperative Extension, Ventura, CA, USA

Bryon Noel

University of California, Agriculture and Natural Resources, Davis,
CA, USA

Gabriel Youtsey

University of California Agriculture and Natural Resources, Davis,
CA, USA

Kevin Schelp

Breyta, Davis, CA, USA

Vegetable and strawberry growers on the central coast of California are under regulatory pressure to reduce nitrate loading to
ground and surface water supplies. We developed a web-based
software application, called CropManage (https://cropmanage.
ucanr.edu) for lettuce in 2011 to facilitate the implementation
of the soil nitrate quick test (SNQT) and evapotranspiration
(ET) based irrigation scheduling. The software allows growers
to quickly determine an optimal fertilizer N rate based on the
SNQT and crop N uptake curves and determine the amount of
water to apply based on reference ET data and modeled crop
coefficients. Users can access the software through a web browser
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on their smart phones, tablet and desktop computers. Both
flowmeter and soil moisture data can be imported and displayed
within the application. Since 2011, CropManage was expanded
to accommodate additional commodities, including broccoli,
cabbage, cauliflower, celery, cilantro, spinach, baby lettuce,
and strawberries. In addition, the user interface was improved
to facilitate communication between farm managers and field
staff and to be easier to view and use on small screens. A web
application protocol interface (API) was also developed to allow
CropManage to communication with other software. Field testing
of the software in broccoli, celery, lettuce, and strawberry has
demonstrated that growers can significantly reduce N fertilizer
and water use without compromising production and quality.
Specified Source(s) of Funding: California Department of Food
and Agriculture Specialty Crop Block Grant/University of California ANR Strategic Initiative Grant

Two Sweetpotato (Ipomoea batatas var. batatas)
Field Trials on Maui Demonstrate the Potential
of Utilizing Tissue-cultured Planting Materials

optera: Brentidae)]. In both trials, fresh weights of marketable
storage roots of tissue-cultured ‘Okinawan’ were almost twice
those of commercial ‘Okinawan’. It is uncertain whether this
effect was due to a superior genotype of ‘Okinawan’ placed into
tissue-culture or whether it was due to viruses reducing yields
in commercial ‘Okinawan’. In both field trials, tissue-cultured
cultivars differed significantly in fresh weights of marketable
storage roots. In the first field trial, ‘0821P’ had 1.6–1.7 times
greater fresh weight of marketable storage roots (20,297 kg·ha–1)
compared to the other two cultivars (12,342 and 11,770 kg·ha–1,
for ‘Murasaki’ and ‘Okinawan’, respectively). In the second field
trial, ‘Okinawan’ had 1.7 times greater marketable storage roots
(16,408 kg·ha–1) compared to ‘Murasaki’ (9471 kg·ha–1), but did
not differ from ‘0821P’ (14,134 kg·ha–1). In both trials, 0821P
had significantly greater injury due to sweetpotato weevil (17
to 31%) compared to the other two cultivars (0 to 6%), perhaps
due to its growth habit of tight clusters of storage roots located
near the soil surface. Results from these two field trials indicate
that use of virus-tested, tissue-cultured planting materials could
significantly increase yields of ‘Okinawan’.
Specified Source(s) of Funding: County of Hawaii Department
of Research & Development; Integrated Hatch

(Poster Board #306)

Susan Miyasaka*

University of Hawaii at Manoa, Hilo, HI, USA

Microbial Inoculant (Bacillus subtilis and
Saccharomyces cerevisae) Had No Effect on Bell
Pepper (Capsicum annum L.) Plant Growth and
Yield

Christopher A. Clark

Louisiana State University Ag Center, Baton Rouge, LA, USA

Don LaBonte

Louisiana State University AgCenter, Baton Rouge, LA, USA

(Poster Board #307)

Sharon Motomura

Juan Díaz-Pérez*

University of Hawaii, College of Tropical Agriculture and Human
Resources, Hilo, HI, USA

University of Georgia, Tifton, GA, USA

Jesús Bautista

Arthur Villordon

University of Georgia, Tifton, GA, USA

Louisiana State University Ag Center, Chase, LA, USA

Tissue-cultured, virus-tested plantlets of three sweetpotato cultivars (Okinawan, 0821P, and Murasaki-29) were obtained from
Louisiana State UniversityAgricultural Center. There were two
objectives to the field trials: 1) to compare ‘Okinawan’ obtained
from a commercial field with tissue-cultured ‘Okinawan’; and
2) to compare three tissue-cultured sweetpotato cultivars. A plot
consisted of three hills that were 1.5 x 9.1 m. Cuttings of commercial ‘Okinawan’ were planted at a spacing of 0.3 m in all three
hills. Three tissue-cultured cultivars were planted at a spacing of
0.3 m in one hill per cultivar. Treatments (tissue-cultured versus
commercial) were blocked four times in a randomized completeblock design. Cover crops were planted between the experimental
plots to prevent or retard movement of insects that could carry
viruses between experimental plots. At the Kula Agricultural Park
on the Island of Maui, two trials were planted in Oct. 2015 and
Aug. 2016, and harvested 4–5 months later. Storage roots were
graded according to State of Hawaii standards, and categorized
as Grade AA, A, B, and off-grade. Marketable yields combined
storage roots in Grades AA, A, and B. In addition, injuries of
storage roots in each category were estimated due to infestations
of sweetpotato weevil [Cylas formicarius elegantulus (Cole-

Dharmalingam Pitchay

Tennessee State University, Nashville, TN, USA

Microbial inoculants may increase soil microbial populations,
enhance nutrient availability and uptake, and improve plant
health. The objective of this study was to determine the effects
of a microbial inoculant on bell pepper plant growth and fruit
yield. The experiment was conducted at the Horticulture Farm,
University of Georgia, Tifton, GA, in the spring of 2016. The
soil of experimental area is a sandy loam with a pH of about
6.5 and ca. 0.5% organic matter content. No fumigant was
applied to soil before planting. Bell pepper (‘PS 09942815’,
Seminis) plants were transplanted in the field on 13 Apr. The
experimental design was a randomized complete design, with
two treatments and five replications. Plants were drip-irrigated
and grown on raised beds (1.8 m) covered with black plastic
mulch; fertilization was with chemical fertilizers. Treatments
were (a) untreated (water), and (b) treated with a microbial inoculant (Inocucor; 10% Bacillus subtilis, 10% Saccharomyces
cerevisae). Inoculant was applied directly to transplants in the
tray before transplanting, immediately after transplanting, and
at first flower. Results showed that stem diameter, plant vigor,
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incidence of phytophthora blight, leaf net photosynthesis, stomatal conductance, Photosystem II efficiency, and photosynthetic
water use efficiency were not affected by the microbial inoculant.
Marketable and total yields and individual fruit weight were not
significantly influenced by microbial inoculant. In conclusion,
microbial inoculant had no significant effect on bell pepper plant
growth and function, incidence of phytophthora blight, fruit
yields, fruit size, or incidences of blossom-end rot and sunscald.
Specified Source(s) of Funding: Inocucor Technologies, LLC

Time-dependent Microclimate Effects on Yield
and Anthocyanin Levels in Leafy Vegetables

anthocyanin levels in both seasons. Overall, these data indicate
that the timing of certain microenvironments within the cropping cycle are likely to affect processes underlying the relative
accumulation of aboveground biomass and anthocyanin. More
specifically, the data suggest that promoting growth early in the
cycle and secondary product accumulation late in the cycle may
result in the much-needed balance between yield and quality.

Commercial Horticulture/Marketing
and Economics

The Ohio State University–OARDC, Wooster, OH, USA

Management of Rough Sweetpotato Weevil,
Blosyrus asellus (Coleoptera: Curculionidae) in
Hawaii Using Insecticides

The Ohio State University–OARDC, Wooster, OH, USA

Ishakh Pulakkatu-thodi

The Ohio State University–OARDC, Wooster, OH, USA

Sharon Motomura

(Poster Board #308)

Susie Walden*

Joseph C. Scheerens
Matthew Kleinhenz

Rates of primary and secondary metabolism, the latter affecting
well-known compounds contributing to nutritional value and
sensory appeal, are rarely high simultaneously. However, promoting both within the same cropping cycle can benefit growers
and consumers in multiple ways. The process is difficult, perhaps
especially in fall-to-spring high tunnel production in mid to upper latitudes known for dynamic and often limiting temperature
and light conditions. This research examines the extent to which
aboveground biomass and anthocyanin concentrations are affected by microenvironments imposed during specific portions
of baby lettuce and choi production cycles. The experiment was
repeated October–December and February–April in 2015–16 and
2016–17 in a single-layer, 9.1 m x 24.4 m high tunnel located
at the Ohio Agricultural Research and Development Center in
Wooster, OH. Twenty, 4.46-m2 main plots were divided into
2.23-m2 subplots, each containing either ‘Outredgeous’ lettuce
(Lactuca sativa) or ‘Red Pac’ choi (Brassica rapa var. chinensis)
direct-seeded at 3875 seeds/m2 on 10/9/15, 2/16/16, 10/7/16, and
2/21/17. Each subplot was assigned to one of five treatments
based on when they were covered with standard, vented (178
1-cm holes/m2), 1.1 mil polyethylene film: 1) uncovered all 8
weeks, 2) covered first 4 weeks, 3) covered middle 4 weeks, 4)
covered last 4 weeks, and 5) covered all 8 weeks. Analyzing
digital images obtained biweekly assisted in calculating percent
canopy cover and plant density. Air and soil temperatures were
recorded every 15 minutes using Hobo U23 Pro v2 External
Temperature Data Loggers. Destructive sampling of a 0.093-m2
quadrat within each subplot at 2, 4, 6, and 8 weeks after seeding
permitted the measurement of fresh and dry weight, anthocyanin
concentrations, soluble solids, leaf area (cm2), and average
daily growth rate. Lettuce and choi data from Spring and Fall
2016, especially of Treatments 1, 3, 4, and 5, provide additional
evidence that yield and anthocyanin levels are usually negatively related, although this result varied slightly with season.
Interestingly, Treatment 2 resulted in moderately high yield and

(Poster Board #034)

University of Hawaii at Manoa, Hilo, HI, USA
University of Hawaii, College of Tropical Agriculture and Human
Resources, Hilo, HI, USA

Susan Miyasaka*

University of Hawaii at Manoa, Hilo, HI, USA

Sweetpotato, Ipomoea batatas (Olivier), is an important staple
food crop in Hawaii and critical to food security in these geographically isolated islands. Production of this crop faces a new
challenge from the rough sweetpotato weevil (RSW), Blosyrus
asellus, (Coleoptera: Curculionidae). This pest was first detected
on a commercial sweetpotato farm on the island of O‘ahu in 2008,
with subsequent detection on the island of Hawaii in 2014. In
contrast to other weevil pests of sweetpotato in Hawaii whose
immature stages (grubs) feed inside the storage roots, the grubs of
rough sweetpotato weevils feed on the surfaces, severely damaging their appearance and reducing marketability. We conducted
replicated trials over two growing seasons to compare efficacy of
four insecticides (Sevin, Belay, BotaniGard, Provado) against a
control treatment. During first season (2015), Insecticidal treatments showed statistically significant differences (P < 0.05) in
percent of all damaged storage roots. Plots treated with Sevin
or Belay had significantly lower percent of damaged storage
roots compared to the other three treatments when plots were
harvested 4.5 months after planting. Overall mean percent of
damaged roots varied from 19.9 ± 8.0 % (Belay) to 51.9 ± 8.5 %
(control). During second season, the overall treatment differences
were marginal (P = .05); but comparison of means showed that
Sevin- and Belay-treated plots had comparable results to that of
first season. Percent of damage was significantly higher during
second season (P < 0.05) probably because of the proximity of
the study area to the previous season’s study area. The range of
damage was also higher during second season [39.0 ± 12.1 %
(Sevin) to 78.1 ± 5.75 % (control)] compared to the first season
[10.68 ± 5.3 (Sevin) to 51.94 ± 8.5 (control)]. A similar trend
was observed when severity of the damage on the storage roots
was assessed visually. Plots treated with Belay and Sevin had
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fewer percent of storage roots with high damage compared to
other three treatments. Based on these two field trials conducted
on the Hamakua coast of Hawaii Island, both Sevin and Belay
appear to be potential candidates for the chemical control of the
rough sweetpotato weevil.
Specified Source(s) of Funding: County of Hawaii-Research
& Development

Pruning and Mulching for Control of
Spotted Wing Drosophila: Effects on Fruit
Marketability and Infestation

or the top of wood and sawdust mulches. Thus we recommend
against the common practice burying fallen fruit for sanitation,
as this provides an insulated environment that SWD eggs, larvae
and pupae prefer.
Specified Source(s) of Funding: USDA-OREI

Association of a Previously Undescribed RNA
Virus with Witches Broom of Blue Palo Verde
(Poster Board #036)

Judith Brown

University of Arizona, Tucson, AZ, USA

(Poster Board #035)

Ursula Schuch*

Andrew Petran*

University of Arizona, Tucson, AZ, USA

University of Minnesota, Saint Paul, MN, USA

Management of spotted wing drosophila (Drosophila suzukii,
SWD) is difficult for small fruit growers and novel strategies
are necessary. Manipulating within-crop habitat via canopy and
floor management could reduce its favorability for SWD while
maintaining high marketable yields. In 2016 the University of
Minnesota (MN), Maryland (MD) and Oregon State University
(OR) collaborated to determine best pruning and mulching practices for SWD control in northern highbush blueberry (Vaccinium
corymbosum) and primocane fruiting raspberry (Rubus idaeus).
The pruning trial was conducted at all 3 sites, with raspberry
being studied in MD and blueberry being studied in MN and OR.
Pruning treatments included the grower standard at each site,
a light prune (≈25% more canopy) and a heavy prune (≈25%
less canopy). Within each treatment we measured marketable
yield, fruit SWD infestation, and canopy/berry temperatures.
The mulching trial featured 3 treatments: black landscape fabric
and wood/sawdust mulch, with treatments above and within the
mulch layer. We artificially infested fruit, followed by bagging
and placement into field treatments. The SWD eggs in each berry
were counted before being bagged, and adult emergence was
calculated after the field trial concluded. Temperatures within
each treatment were recorded as well. Results for the pruning
trial were variable by location. Pruning treatment only had an
infestation effect in MD raspberries, where SWD infestation was
highest in the light prune treatment. MD raspberries and MN
blueberries had higher marketable yields and lower temperatures
in light prune treatments, while we observed no differences by
treatment in OR blueberries. Mulching trial results were more
consistent among sites. In OR, MD and MN, average maximum
temperatures were lower in the within-mulch treatment than
above-mulch and landscape fabric treatments. Correspondingly, the within-mulch treatment had higher rates of SWD
development and emergence. Based on 2016 data, pruning
and mulching recommendations for SWD control in raspberry
and blueberry is mixed. Heavier pruning often leads to higher
maximum canopy temperatures, which may be correlated with
lower SWD infestation in some areas. However this effect alone
is likely not enough to justify an associated reduction in total
marketable yield. For mulching, SWD larvae appear intolerant
of the high maximum temperatures on black landscape fabric

M. Ilyas

University of Arizona, Tucson, AZ, USA

Gene Hall

University of Arizona, Tucson, AZ, USA

Palo verde broom, or witches broom, is a disorder affecting
primarily blue palo verde (Parkinsonia florida) trees. Broom
symptoms are manifest as dense clusters of short, flexible, thornless branches, and stunted leaves. Trees of any age, starting in
the nursery, can be affected, with a single, small sized broom or
broom comprising the entire canopy. Landscape trees exhibiting witches broom are damaged by broom dieback, breakage
of branches, and sunburn on exposed branches after the broom
or damaged branches are removed. The cause of palo verde
witches broom disease has not been determined, despite the
appearance of disease symptoms in trees over 50 years ago
in Arizona. The disease has spread widely in nurseries during
the last decade, as blue palo verde are in high demand in the
Southwest. Newly developing leaves, flowers, and seeds were
collected from symptomatic and asymptomatic blue palo verde
trees, and arthropods associated with branches during 2015 and
2016. A comparison of similar-length broom and asymptomatic
branches indicated that brooms, compared to asymptomatic
branches, have up to four times as much biomass in stems and
leaves. Brooms produced no flowers in 2015, but some flowers
during 2016. Broom-trees had fewer seedpods than asymptomatic
trees, with broom-pods being shorter and having fewer, smaller
seeds per pod. Identification of arthropods collected in sweeps
revealed the presence of a number of homopteran insects, and
eriophyid mites, groups previously reported as vectors of plant
viral and fastidious bacterial pathogens. To identify the suspect,
biotic causal agent of witches broom disease, total RNA was
isolated from nitrogen-powdered plant tissue. Transcripts and
small RNAs were isolated, fractionated, quantified, qualitychecked, and used to construct RNAseq and TrueSeq libraries,
respectively, for Illumina Hi-Seq 2500 sequencing. Reads were
processed, template- or de novo-assembled, and annotated. Four
RNAs, 1-4, at 7015, 2098, 1356, and 1481 nucleotides (nt),
respectively, were recovered that shared 50-60% nt sequence
identity with the genus, Emaravirus (Fimoviridae), a group of
negative-sense, single-stranded RNA (-ssRNA) plant viruses
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infecting perennial, deciduous shrubs or trees, and transmitted
by eriophyid mite vectors. The palo verde mite Aculus cercidii
was identified in tree sweeps, regardless of broom presence or
absence. Although viral etiology has not been proven (Koch’s
Postulates), the presence of a complete Emaravirus-like genome,
present in high titer in symptomatic but not asymptomatic leaves,
provides the first robust association between a previously undescribed -ssRNA virus and witches broom disease of palo verde.

profit margins are under attack and growers are increasingly
looking for people with the training and skill to manage their
crops and control costs. This is opening new opportunities for
horticulture graduates who could become the largest wave of
new cultivators the world has seen in the last 50 years. This
poster will trace the development of horticulture in the industry
since Otoke Horticulture organized the first ASHS workshop on
cannabis in Waikoloa seven years ago.

Hop Selections for North Dakota

Consumers’ Willingness to Purchase Low-input
Turfgrasses

Kyla Splichal*

Chengyan Yue*

Harlene Hatterman-Valenti

Eric Watkins

Jerald Bergman

Yihan Yang

Tyler Tjelde

The expansion of turgrasses coverage in recent years has led
to subsequent increase of resources (e.g., water, pesticides,
fertilizer), potential environmental problems such as excess
nutrients and pesticides in urban watersheds, and potential negative impacts on human health. To address this issue, low-input
turfgrasses with improved attributes (such as drought tolerance
and reduced nitrogen requirements) have been developed. Using
the survey data with about 3000 U.S. and Canadian turfgrass
consumers, this article examines a series of hypotheses and
unveils the underlying mechanism of the factors that drive
consumers’ willingness to buy low-input turfgrasses. By using
structural equation modeling, we found that attitude is one of
leading factors that affect consumers’ willingness to purchase,
and consumers’ attitude is driven by consumers’ environmental
concern, health consciousness and attribute importance of the
turfgrasses.

Specified Source(s) of Funding: Britton Fund
(Poster Board #037)

North Dakota State University, Williston, ND, USA
North Dakota State University, Fargo, ND, USA
North Dakota State University, Williston, ND, USA
North Dakota State University, Williston, ND, USA

Hops, Humulus lupulus, is a dioecious, herbaceous perennial
vine belonging to the Cannabinaceae family, along with the
genre of Cannabis (hemp) and Celtis (hackberry). Hop flower
or cone initiation is day length sensitive, therefore growth and
development is most successful between the 35th and 50th latitude
north and south. Hops has many consumptions other than for its
most commonly known use of adding flavor and aroma to beer.
Some of these uses include medicinal and cosmetic products,
ornamental value, as well as a delicacy. Native hops, along with
cultivars, grow successfully in North Dakota; however, there is a
lack of research on the yield and quality of hop cultivars grown in
the state. Desired acid and oil profiles of the hops are what give
them marketability in the beer making process. The objectives
of this project were to conduct and assess yield and quality of
hop cultivars, and to recommend the best variety adaptations for
our upper Midwestern climate. This investigation evaluated 12
different commercially available cultivars grown on a standard
trellis. Variety adaptation for yield and quality was assessed for
two growing seasons. The top yielding variety was ‘Challenger’.
The variety ‘Spalt Select’ was the least adapted to the western
growing region in terms of both production and quality.

The Long and Winding Road: A Retrospective
of the Development of the Cannabis Industry
(Poster Board #038)

Kerrie Badertscher*

Otoke Horticulture LLC, Allenspark, CO, United States

Kurt Badertscher

Otoke Horticulture, Allenspark, CO, USA

Since 2009 the cannabis industry has grown steadily even under
strict regulations but horticulture remains an after thought largely
due to past high profit margins. As the industry expands those

(Poster Board #039)

University of Minnesota, St. Paul, MN, USA
University of Minnesota, St. Paul, MN, USA
University of Minnesota, St. Paul, USA

Specified Source(s) of Funding: Specialty Crop Research Initiative, US Department of Agriculture

Consumer Willingness to Pay for Plants Grown
in Aquaponic Systems
(Poster Board #040)

Gianna Short

University of Minnesota, St. Paul, MN, USA

Chengyan Yue*

University of Minnesota, St. Paul, MN, USA

Neil Anderson

University of Minnesota, St. Paul, MN, USA

Marie Sorensen

University of Minnesota, St. Paul, MN, USA

Nicholas Phelps

University of Minnesota, St. Paul, MN, USA

Aquaponics is a closed-loop system that integrates both hydroponic plant production and aquaculture fish production.
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Many key questions about the overall economic viability of
aquaponic systems remain unanswered. Of particular interest for potential producers is consumer willingness to pay for
aquaponic produce and fish. This study reports results and
analysis from an experimental economic auction to measure
consumer willingness to pay for aquaponically-grown lettuce
compared with soil-grown. The experiment was conducted
on 3 Dec. and 10 Dec. 2016, with four session each day and a
total of 90 participants. The study used a standard sealed-bid
second-price “Vickery” auction to solicit bids from participants
on nine different samples of lettuce (Lactuca sativa) two times:
once without knowledge of how the lettuces were grown and
once after they learned how the lettuces were grown (either
aquaponically or in soil). The Vickery-style auction is designed
so that it is in participant’s best interest to bid their true value.
During the first round of bidding, participants were simultaneously able to taste samples of each lettuce, view full heads of
the lettuces, and fill out a series of sensory evaluations. After the
second round of bidding, participants filled out surveys collecting demographic and attitudinal information. Experimental data
was analyzed using ordinary least squares (OLS) regression for
panel data. The primary variable of interest was the interaction
term between binary variables for Round and Aquaponic. The
coefficient on this variable represents the effect of participants’
learning the production method of all samples on bids for the
aquaponically-grown lettuce. This parameter was found to be
small in magnitude and not statistically significant, indicating that
on average, participants did not significantly change their bids
for aquaponically-grown lettuces upon learning about production method. This result has implications for potential aquaponic
producers who might require a price premium on products for
the enterprise to be financially viable. Other significant results
(90% confidence or greater) include that on average for all lettuces, increased frequency of shopping increased bids, increased
education increased bids, being married and the presence of
children under 12 in the household decreased bids, and males
tend to have higher bids than females. Higher positive rating
for the attributes of appearance, flavor, crispness, and texture
all increased bids, and perhaps surprisingly, membership in an
environmental group decreased bids. Out of three varieties,
one (Rex) received significantly higher bids than the other two.

Consumer Test of Spring-Planted, Day-neutral
Strawberries Grown in a High Tunnel System

High tunnel production has greatly expanded in the central
United States in recent years for crops that are prone to damage
in open field systems. Specialty berries, namely strawberries,
are cited by local growers as a fruit crop of interest in acre expansion in the central U.S. Day-neutral strawberry (Fragaria
xananassa) production within high tunnels could increase
yields, marketability, and storage quality, while extending the
season. Consumers purchase produce based on appearance
and textural quality, while repeat purchases are determined on
organoleptic quality (i.e. taste, color, aroma, appearance). This
study identifies the most successful day-neutral strawberry
cultivars grown in a plasticulture, high tunnel system in regards
to consumer preference and the corresponding at-harvest quality parameters. The research was conducted at Kansas State
University Olathe Horticulture Research and Extension Center
(OHREC) during 2014 and 2015 in collaboration with the
Sensory and Consumer Research Center. Mature fruit (90 to
100% red) of five commercially available cultivars (‘Albion’,
‘Evie 2’, ‘Monterey’, ‘Portola’, and ‘Seascape’) were harvested
twice one day prior to the consumer studies conducted on July
25, 2015 (n = 170 participants) and August 5, 2015 (n = 51
participants). Consumer questionnaires were made to assess the
overall likeness regarding redness, sweetness, texture, and flavor
using the 9-point Hedonic scale. Additionally, the at-harvest
quality was assessed by physical, organoleptic, and nutritional
quality measurements (texture and color; soluble solids content
(SSC), titratable acidity (TA), and the flavor ratio (SSC/TA);
and antioxidant and total phenolic capacity). Our results from
the consumer study, showed that all cultivars scored > 6 on the
overall likeness scale while ‘Monterey’ and ‘Albion’ scored the
highest in overall likeness. Specifically, 87% of the participants
agreed that the color of ‘Monterey’, based on redness, was
‘Just about right’; 87% of participants agreed that texture was
‘Just about right’. The majority of participants (55%) agreed
that the sweetness of ‘Monterey’ was ‘Just about right’. The
consumer and sensory study results were in agreement with our
instrumental measurements where ‘Albion’ and ‘Monterey’ had
the highest SSC (P < 0.0001) throughout both growing seasons
at 7.78 and 7.64, respectively. Furthermore, the two cultivars
preferred by consumers produced dark red berries with redness
(a*) and lightness (L*) values lower than the other cultivars.
We found that fruit texture, color, and sweetness corresponded
to the overall likeness scores given by consumers. In Kansas,
growing day-neutral strawberries in a high tunnel has potential
based on consumer preference and quality of the fruit evaluated.

Kelly Gude*

Fruit Breeding

Marianne Swaney-Stueve

Breeding for Brown Rot Tolerance in Peach

Cary L. Rivard

Wanfang Fu

Eleni Pliakoni

Ralph Burrell

Specified Source(s) of Funding: MnDRIVE

(Poster Board #041)

Kansas State University, Olathe, KS, USA
Kansas State University, Olathe, KS, USA
Kansas State University, Olathe, KS, USA
Kansas State University, Olathe, KS, USA

(Poster Board #114)

Clemson University, Clemson, SC, USA
Clemson University, Clemson, SC, USA
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Cassia Da Silva Linge

Clemson University, Clemson, SC, USA

Guido Schnabel

Clemson University, Clemson, SC, USA

Ksenija Gasic*

Clemson University, Clemson, SC, USA

Brown rot, caused by Monilinia spp., is one of the most important
diseases of stone fruits. The fungus mainly affects the blossoms
and fruit, and the resulting disease can lead to significant preand postharvest yield losses. Estimated annual cost to the U.S.
stakeholders for disease management can reach $170 million.
Although some degree of tolerance has been detected in peach
landraces (‘Bolinha’) and interspecific material (almond x peach),
most of the commercial cultivars are susceptible. In commercial
peach production, the disease can only be controlled by routine
fungicide applications, which may cause both environmental and
human health concerns. The Clemson University peach breeding
program within the RosBREED project aims to understand the
genetics behind the peach fruit response to brown rot; with the
goal of combining disease tolerance with high fruit quality via
DNA-informed breeding. To this end we have phenotyped 26
cultivars/advanced selections and 140 progeny in 10 breeding
families using ‘Bolinha’ as source of tolerance. Fruit response to
brown rot was assessed in wounded and non-wounded disease
assays in 2015 and 2016. Genotypic data, obtained by using
newly developed 16K peach SNP array, and previously reported
QTLs [QTL1.1, QTL1.2 on linkage group (LG) 1, SK_if_2009
on LG2, and FL_rd_2009 on LG3] associated with brown rot
response in peach fruit, were used to evaluate allelic variability
in brown rot associated genomic regions. We found 9 and 3
haploblocks in two QTLs on LG1, respectively; 2 haploblocks
in QTL region on LG 2, and 3 haploblocks in QTL region on
LG3, with number of haplotypes/alleles ranging from 3-7. Phenotypic performance or trait values of these alleles/haplotypes
will be discussed. The data presented here provide a foundation
for the development of predictive DNA information that has a
potential for an immediate application in U.S. peach breeding.
Specified Source(s) of Funding: RosBREED: Enabling markerassisted breeding in Rosaceae (2009-51181-05808) and RosBREED: Combining disease resistance with horticultural quality
in new rosaceous cultivars (2014-51181-22378)

Growth Media Selection Is Important for
Embryo Rescue in Cold Hardy Table Grapes
(Poster Board #115)

Matthew Clark*

University of Minnesota, Saint Paul, MN, USA

Laise Moreira

University of Minnesota, St. Paul, MN, USA

Grace Watson

seedless grape embryos in seedless crosses. Table grape breeding
can be enhanced through the use of embryo rescue by allowing
seedless x seedless crosses. The University of Minnesota grape
breeding progam has begun to investigate the timing and growth
media requirements for efficient embryo rescue in cold-hardy,
hybrid germplasm. We evaluated which of three growth media
treatments was the best for establishing embryos for the following traits: embryo germination, plant appearance, number
of leaves, and root system rating. The data were collected at
three different timepoints (27 days, 45 days, and 63 days) after
transfer from the rescued ovule. Treatment 2, Murashige and
Skoog basal media had very low germination and the resulting
seedlings performed the lowest compared to the other treatments.
There was no significant difference between Treatment 1 (Lloyd
& McCown Woody Plant Basal medium with vitamins) and
Treatment 3 (same as Treatment 2 with added IAA, gibberellic acid, and casein hydrolysate) for any of the traits, although
Treatment 3 averages were consistently higher. Treatments 2
and 3 will be considered for future work for embryo rescue in
cold-hardy, hybrid table grape breeding.
Specified Source(s) of Funding: Minnesota Agricultural Experiment Station

Biotypes and Resistance to the Raspberry
Aphid Amphorophora agathonica in the Pacific
Northwest
(Poster Board #116)

Michael Dossett*

BC Berry Cultivar Development Inc., Abbotsford, BC, Canada

The raspberry aphid, Amphorophora agathonica Hottes, is
widespread across much of North America and is believed to
be the primary vector of for viruses in the Raspberry mosaic
virus complex, causing field decline and leading to crumbly
fruit symptoms in red raspberry (Rubus idaeus L.). Breeding
for aphid resistance has been one of the major goals of BC’s
raspberry breeding program since the early 1960s. There are now
seven confirmed biotypes in major raspberry production region
of SW British Columbia and NW Washington, distinguished by
their ability or inability to colonize a differential set of raspberry
cultivars. Here we present information on potential new sources
of resistance for breeding, as well as segregation data helping to
clarify the inheritance of the resistance genes which had been
previously considered to be dominant and complementary Ag2
and Ag3.

Novel Tea Cultivar, Cold- and Disease-tolerant
Tea Plant (Camellia sinensis L.) ‘Chamnok’
(Poster Board #117)

Gwang-Yeon Gi

University of Minnesota, St. Paul, MN, USA

Embryo rescue is an in vitro technique used to supplement the
nutrients and energy necessary to produce otherwise aborted

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Chang-Young Yun

Jellanamdo Agricultural Research and Extension Services, Bosung,
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Byeong-Ho Kim

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Jeong Choi*

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Young-Ok Kim

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Bong-Yun Oh

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Bo-Bae Lee

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Jang-Hyun Park

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Most Korean tea trees (Camellia sinensis L.) originated in China,
and have small, thick leaves. Yabugida, the representative species
of Japan, has picked up a natural cross from indigenous breeding
sites, and is cultivated in about 80% (40,000 ha) of the total area
of the production. This study was carried out to select superior
tea species adaptable to the Korean climate by collecting various
genetic sources and investigating their genetic and physiological
characteristics. For cold- and disease-tolerant tea species with
high yield, botanical seeds were collected, sowed, and growth
conditions were evaluated for six years. Tested Chamnok species for physiological characters was applied for protection of
new varieties of plants on 2001. The tree’s form of Chamnok
was regarded as an upright shape, strong resistant to cold and
diseases and appropriate for organic cultivation. Compared to
Yabugida, Chamnok showed earlier germinal stage (six days
early), plenty of shoot number (53/0.04 m2). Chamnok showed
10.1% higher production yield (337kg/10a) and higher amounts
of tannin and total amino acid, but lower caffeine content than
Yabugida. In this study, we developed Korea representative tea
species Chamnok with cold and disease tolerance and high yield.
Specified Source(s) of Funding: This study was financially
supported by Rural Development Administration (Project No.
PJ01087501)

Utilizing Visible/Near-infrared Spectroscopy as
a Non-destructive Phenotyping Method in the
WSU Apple Breeding Program
(Poster Board #118)

Jamie L. Coggins*

Washington State University–Tree Fruit Research and Extension
Center, Wenatchee, WA, USA

Kate M. Evans

Washington State University–Tree Fruit Research and Extension
Center, Wenatchee, WA, USA

Washington state is the number one apple (Malus xdomestica
Borkh.) producer in the United States and grows at least 28
varieties commercially. Of those varieties, none have been bred
for the Washington state growing region. The Washington State
University Apple Breeding Program (WABP) aims to develop
new and improved varieties with higher eating qualities that are
better suited for the WA apple growing region. WABP uses a
variety of destructive analytical tests, such as firmness, soluble
solids and titratable acidity (instrumental), as well as appearance and eating quality (sensory) traits, to evaluate selections
throughout the season, both at harvest and after several months
of refrigerated storage. Young seedling trees typically have low
fruit numbers; incorporating non-destructive evaluations could
increase the number of traits evaluated per selection, including dry matter content (DM). In 2015 and 2016, fruit from the
WABP advanced selections were harvested and stored for two
months at 4 °C. Fruit was evaluated after storage using the
above-mentioned analytical and sensory tests with the addition of destructive DM measurements. Data was compared to
both visible (VIS) and near-infrared (NIR) spectral outputs to
determine non-destructive measurement models. Correlations
between DM and sensory fruit quality traits were also calculated.
A model was successfully developed for DM, confirming the
previously published studies showing the potential of using the
NIR spectroscopy region between 729–925 nm to measure DM.
Models for firmness, soluble solids content and titratable acidity
were developed with varying degrees of predictive accuracy. The
potential for utilizing these results in the WABP are presented.
Specified Source(s) of Funding: WSU Apple Breeding Program
and Roy Farms, Inc.

Production of Hypo- and Hyper-tetraploid
Seedlings from Open-, Self-, and Crosspollinated Hypo- and Hyper-tetraploid Grape
(Poster Board #119)

Mingyu Lee*

Kangwon National University, Chuncheon, Korea, Republic of
(South)

Seong Ho Jeong

Kangwon National University, Chuncheon, Korea, Republic of
(South)

Sung Min Park

Kangwon National University, Chuncheon, Korea, Republic of
(South)

Jae-Yun Heo

Agriculture and Life Sciences Research Institute, Kangwon National
University, Chuncheon 24341, Korea, Republic of (South)

Seedlessness is one of the most important traits of table grapes,
as consumer demand for seedless grapes has increased yearly
in the global market. Thus, many grape breeders have strived
to develop seedless varieties. Economic usefulness of aneuploid plants is rarely evaluated because aneuploid plants often
exhibit developmental abnormalities, sterility, or lethality.
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Male or female sterility in grapes, however, can provide the
opportunity to induce seedless fruits via a one-time application
of a plant growth regulator during the full blooming period.
Since polyploid plants generally have larger fruit, better disease
resistance, and greater adaptability than diploid plants, fostering
hypo- or hyper-tetraploid (2n = 4x ± 1 or 4x ± 2) hybrids is
an effective way to develop new seedless grape varieties with
highly desirable traits. In Vitis, a small number of hypo- or
hyper-tetraploid seedlings were reported to result from parafluorophenylalanine treatment and cross-pollination of tetraploid
grape cultivars. Therefore, the low occurrence of hypo- and
hyper-tetraploid seedlings is the main barrier to developing
new hypo- or hyper-tetraploid grape varieties. In this study,
we investigated the chromosome numbers in the progenies of
hypo- and hyper-tetraploid grapes obtained from open-, self-,
and cross-pollination to evaluate whether this technique could
be applied to develop new seedless grape cultivars. Three of the
five seedlings (60%) from ‘Takao’ were aneuploid, including one
with 74 chromosomes (2n = 4x – 2) and two with 75 chromosomes
(2n = 4x – 1). In ‘RB9127K’, 26 of the 193 seedlings (13.5%)
were aneuploid, including three seedlings with 75 chromosomes
(2n = 4x – 1), 18 with 77 chromosomes (2n = 4x + 1), and five
with 78 chromosomes (2n = 4x + 2). The high frequency of
aneuploids from ‘Takao’ and ‘RB9127K’ grape indicates that
meiosis in hypo- and hyper-tetraploid female parents is prone
to segregation error. These results suggest that various hypo- or
hyper-tetraploid seedlings can be successfully produced using
hypo- or hyper-tetraploid grapes as female parents, which can
contribute to the development of new seedless grape varieties
with large berries.

Integrating the RHS Colour Chart with the
Nix™ Pro Color Scanner for Fast and Accurate
Color Descriptions in Horticulture
(Poster Board #120)

Jennifer Lewter*

University of Arkansas, Fayetteville, AR, USA

Freddys Rodriguez

Arkansas Tech University, Russellville, AR, USA

John Clark

University of Arkansas, Fayetteville, AR, USA

Margaret Worthington

University of Arkansas, Fayetteville, AR, USA

Ksenija Gasic

Clemson University, Clemson, SC, USA

The Royal Horticultural Society (RHS) Colour Chart is a widely
used standard for assigning color descriptions in horticulture.
The most current version (sixth revised edition) of the RHS
Colour Chart was released in 2015 and includes a total of 920
color chips. This system relies on the manual assignment of
a color description by comparing the plant part against the
color chips. This method is highly subjective as people do not
perceive color in the same way. The Nix™ Pro Color Sensor

is a small, portable, hand-held device that measures color of
any surface and provides numerical color data via an “app” on
smartphones or tablets. The concept of assigning numerical
values to colors using an electronic scanner is not new and
it eliminates the inherent issue of human perception error. A
unique feature of the Nix™ Pro is the ability to upload scanned
color data and store it in the app’s “paint library”. The Nix™
Pro app can match scanned colors to the closest saved values.
Each RHS color chip was scanned three times and the average
value was used for assignment to a specific RHS color chip.
This digitization of the RHS Colour Chart with the Nix™ Pro
allows for much faster and more accurate assignment of color
that is easily recognizable in the horticultural society and can
be used with the historical and future color measurements. Using the Nix™ Pro, one can scan the horticultural sample (for
instance a peach) in less than five seconds, match it precisely
with the Nix™ Pro paint library, and assign the RHS color chip
very accurately. In the Arkansas breeding program, the most
common application will be in patent data collection for plant
components for a range of fruit crops.

Muscadine Grape (Vitis rotundifolia) Breeding
at the University of Arkansas
(Poster Board #121)

Margaret Worthington*

University of Arkansas, Fayetteville, AR, USA

John Clark

University of Arkansas, Fayetteville, AR, USA

The muscadine grape (Vitis rotundifolia Michx.) is a commercially cultivated specialty crop across its native range in
the southeastern United States, but most consumers outside
this region are unfamiliar with the crop. Muscadines (2n = 40)
have smaller clusters and thicker skins than table grapes (V.
vinifera L.) and other relatives in the subgenus Euvitis (2n =
38). However, muscadines have a number of desirable attributes
including large berry size, a unique fruity aroma, adaption to the
warm and humid southeastern climate, and natural resistance to
a broad range of pests and diseases. Public breeding programs
including those at the University of Georgia, University of
Florida, and North Carolina State University have released
many of the more important muscadine cultivars. The University of Arkansas has the newest public muscadine breeding
program. The first muscadine crosses were made in 2007, and
since then we have planted over 12,000 seedlings and made
near 200 selections. Our most important breeding objectives
focus on fresh-market cultivar development with major traits
including disease resistance, adaptation, balanced fruity flavor,
thinner skin, crisp non-slipskin texture, and better mouth-feel.
Other selection targets include perfect flowers, large berry size,
oblong shape, dry picking scar, cold hardiness, postharvest
quality, and earlier and later maturing cultivars to extend the
harvest season. We are also working toward the implementation
of marker-assisted selection for flower type, fruit color, and a
range of other characters in muscadine.
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tests viable for further research.

Specified Source(s) of Funding: NIFA USDA McIntire-Stennis
Cooperative, USDA Specialty Crop Block Grant

Utilizing Electrolyte Freeze Tests to Measure
Magnolia Cold Hardiness Survival
Kathryn Plotke*

Evaluation of Four Biochars As Potential Media
Amendments for Container Plant Production

Todd West

Anne Knerr*

Cold hardiness survival is one of the key limiting factors for
growing and breeding woody ornamental plants in the Northern Great Plains. There are three factors involved with cold
hardiness: wood hardiness (vegetative structures), flower-bud
hardiness (reproductive structures) and root hardiness. Cold
hardiness survival of ornamental species including Magnolia
have been ongoing by the North Dakota State University Woody
Plant Improvement Program (NDSU WPIP). The Magnolia
cold hardiness survival evaluations from the NDSU WPIP
found that there is a high amount of variability among species
and cultivars from the subgenera Yulania for cold hardiness
survival. Several cultivars (Ballerina, Merrill, Leonard Messel,
Royal Star, and Yellowbird) have survived but have limited
performance with regard to either wood or flower-bud cold
hardiness. In conjunction with field trials, electrolyte conductivity freeze-tests measure cold hardiness survival based on the
rate of electrolyte leakage among different reproductive and
vegetative tissues including flower-bud, vegetative-bud, and
stem segments. A factorial of species and cultivars Ballerina,
Merrill, Leonard Messel, Royal Star, Centennial, Yellowbird,
and M. xsoulangeana), tissue (flower-bud, vegetative-bud, and
stem), and temperature (–24, –32, –36, –40, and –44 °C) were
used to determine species percent injury by tissue type at each
subsequent temperature. Prior to freezing, explants were cut
into 5mm segments with 0.2 mL deionized water, 2 mg silver
iodide, and placed in plastic vials. Vials were kept in refrigerator over night at 4 °C to create homogeneity. After 24 hours,
vials were placed in a timely programed freeze chamber. Once
temperatures (–24, –32, –36, –40, and –44 °C) were met, vials
were placed on a shaker for one hour and measured electrolyte
conductivity. Explants experienced heat kill in a chamber at 95°
C for 1.5 hours, placed on shaker for one hour, and measured
electrolyte conductivity. Tissue percent injury was determined
by the equation: 100*(CI - CR) / (1 - CR), where CI is the cold
injury ratio at each subsequent temperature and CR is the control
ratio. Ratios were determined by control, cold injury, and heat
kill electrolyte readings. Preliminary data concluded percent
injury remains constant for stem, vegetative-bud, and flowerbud segments across temperatures. Flower-bud percent injury
shows the least amount of damage followed by vegetative-bud
and stem segments. Therefore, flower-bud electrolyte conductivity protocols should be re-established for accurate readings.
Magnolia xsoulangeana (M. denudata x M. liliiflora, saucer
magnolia) as expected, shows the most damage for each tissue
type at all temperatures, concluding electrolyte conductivity

Robert Tripepi

(Poster Board #219)

(Poster Board #221)

North Dakota State University, Fargo, ND, USA

University of Idaho, Moscow, ID, USA

North Dakota State University, Fargo, ND, USA

University of Idaho, Moscow, ID, USA

Biochars, organic matter heated through pyrolysis, are one
potential amendment nursery stock growers could use to reduce
reliance on horticultural grade bark and peat moss, but the impact of biochars on landscape plants grown in soilless potting
mixes is unknown. Biochars from four parent materials, dried
dairy manure (DM), ponderosa pine sawdust (PP), ground wood
waste (GWW) and a commercial biochar made from non-food
biomass (CB), were tested as alternate amendments in potting
mixes in two trials (DM and PP tested 2015; GWW and CB
tested 2016) in 1-gallon containers. Amended biochar media
contained 0, 5, 10, 15 or 20% biochar by volume, 70% aged
bark and sphagnum peat moss to bring each mix’s volume to
100%. Douglas spirea (2015, 2016), mockorange (2015) and
firechalice (2016) were grown in the mixes for three months.
At harvest, increases in shoot heights were recorded for spirea
and mockorange, whereas plant diameters were measured for
firechalice. Shoot dry weights were determined for all plants.
Physical properties (air capacity, water holding capacity and
total porosity) were evaluated for all mixes and were found
suitable for container production. Chemical analyses of each
raw biochar were completed and nutrient levels varied depending on parent material, especially the CEC which ranged from
~2 cmole(+)/kg (DM and PP) to greater than 30 cmole(+)/kg
(CB and GWW). Plant growth in response to biochar type also
varied. Spirea and mockorange shoot dry weights and heights
were negatively impacted by > 5% DM biochar. High salts
(electrical conductivity = 58 mS·cm–1, extractable chloride =
11,993 mg·kg–1) in the DM biochar were likely responsible.
Shoot dry weight of spirea and mockorange and the height of
spirea grown in PP mixes were equivalent to control plants, but
mockorange height decreased at least 17% with incorporation
of PP biochar. Mixes amended with GWW or CB biochars
produced plants with equivalent height (spirea, P = 0.1132) and
shoot diameter (firechalice, P = 0.431) regardless of treatment.
In contrast, spirea and firechalice plants produced the most
shoot dry weight in the 10% CB mix, whereas firechalice shoot
dry weight decreased at least 11.2% with any concentration of
GWW biochar. One of the four biochars evaluated increased
plant growth (10% CB), whereas three of the biochars (DM, PP,
and GWW) were detrimental to the growth of at least one plant
species when grown in soiless media in one-gallon containers.
Specified Source(s) of Funding: NAC/ISDA
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Irrigation Water Acidification to Neutralize
Alkalinity for Nursery Crop Production:
Substrate pH, Electrical Conductivity, and
Nutrient Concentrations; and Plant Nutrition
and Growth
(Poster Board #222)

Joseph Albano*

USDA–ARS, Fort Pierce, FL, USA

James Altland

USDA–ARS, MWA ATRU, Wooster, OH, USA

Donald Merhaut

University of California, Riverside, Riverside, CA, USA

Sandra Wilson

University of Florida, Gainesville, FL, USA

Christopher P. Wilson

University of Florida, Gainesville, FL, USA

Liming agents (LA) in irrigation water, typically associated
with carbonates and bicarbonates of calcium (Ca) and magnesium (Mg), contribute to water alkalinity. Repeated application
of LA to container crops can cause media-solution pH to rise
overtime that, if uncorrected, can lead to a nutrient availability
imbalance that may be suboptimal for plant-growth due to
nutrient disorder(s). To correct high levels of LA in irrigation
water, growers can inject acid into their irrigation system to
neutralize alkalinity. Therefore, a 52-week study was conducted
using irrigation water, substrate, and plants from a commercial
nursery in Florida that has a history of poor water quality and
plant production problems related to high alkalinity irrigation
water. The objectives of the study were to assess substrate pH,
EC, and nutrients; and plant nutrition and growth for thyrallis
(Galphimia gracilis Bartlett) to irrigation water acidification.
Treatments consisted of irrigation water acidified with sulfuric acid (H2SO4) to neutralize 0% (control), 40%, or 80% of
calcium carbonates (CaCO3) yielding a CaCO3 (meq·L–1)/pH
levels of 5 [High Alkalinity (H-A)]/7.37, 3 [Medium Alkalinity
(M-A)]/6.37, and 1 [Low Alkalinity (L-A)]/4.79, respectively.
Substrate analysis by the 1:2 dilution method at the end of the
study was significant (P < 0 .05) for pH, 6.2, 5.2, and 4.7 for the
H-A, M-A, and L-A treatments, respectively, and for nutrients
Ca, Mn, and Zn. Foliar nutrient levels were statistically significant (P < 0 .05) for alkalinity treatment for Fe, K, Mn, P, and
Zn. Alkalinity treatment was significant (P < 0 .05) for growth,
leaf greenness (by SPAD), and quality (by survey) with the M-A
treatment producing more biomass, having greener leaves, and
the highest aesthetic quality value than the H-A or L-A treatments. A qualitative survey of root systems at harvest showed
that the M-A and L-A treatment root systems were greater than
the H-A treatment based on visual side-wall root development.
These data demonstrate that irrigation water acidification does
alter substrate pH and nutrients and plant tissue nutrient levels
and growth over a long-term study (i.e. 52 weeks).
Specified Source(s) of Funding: USDA–ARS-Floral and Nursery
Research Initiative (FNRI), Horticulture Research Institute (HRI)

Irrigation Water Alkalinity, Not pH, Affects
Substrate pH
(Poster Board #223)

James Altland*

USDA–ARS, MWA ATRU, Wooster, OH, USA

Substrate pH of container-grown crops is predominantly affected
by irrigation water alkalinity, and much less so (if at all) by
irrigation water pH. Despite this issue having been discussed
in numerous extension and trade publications, there still seems
to be widespread confusion among nursery growers as to how
irrigation water should be managed to maintain optimum substrate pH. While irrigation water pH and alkalinity are thought
to be related, a survey of 192 Ohio groundwater samples showed
no correlation between the two variables (R = –0.1077, P =
0.1369). High irrigation water pH does not necessarily result
in high alkalinity, and vice versa. The objective of this study
was to provide nursery growers and extension educators with a
simple demonstration of how irrigation water pH and alkalinity
affect substrate pH. There were three substrate treatments. One
treatment included 15-cm diameter pots filled with a substrate
composed of 80 pine bark : 20 peatmoss (fallow). The second
treatment included the same substrate amended with a controlled
release fertilizer (Osmocote 15–9–12) incorporated at 7.7 kg·m–3.
The third treatment included the same substrate and fertilizer
potted with a single liner of rose (Rosa ‘Radrazz’). Containers
were irrigated with either reverse osmosis (RO) water, a 0.0001
mM KOH solution in RO water, or a 0.005 M KHCO3 solution
in RO water. The RO water had pH of 6.26 and alkalinity of 3.4
mg·L–1 CaCO3. The KOH solution had pH of 8.23 and alkalinity
of 10.0 mg·L–1 CaCO3. The KHCO3 solution had pH 8.28 and
alkalinity of 275 mg·L–1 CaCO3. There were six replications
per treatment combination. Substrate pH was recorded over
three months using the pour-through procedure. Substrates
irrigated with the KHCO3 solution had higher pH throughout
the study. Substrates irrigated with RO or KOH solution had
similar, but lower, pH values throughout the study. Substrates
containing roses and fertilizer had slightly lower pH compared
to fallow substrates, but both substrates responded similarly
with respect to the irrigation treatment received. These data
demonstrate that irrigation alkalinity, and not irrigation pH,
affect substrate pH in fertilized or non-fertilized container
substrates over time.

Irrigation Affects Severity of Root Rot Caused
By Phythophthora plurivora and P. cinnamomi
on Rhododendron
(Poster Board #224)

Carolyn Scagel*

USDA–ARS-HCRU, Corvallis, OR, USA

Jerry E. Weiland

USDA–ARS-HCRU, Corvallis, OR, USA

Niklaus Grunwald

USDA–ARS-HCRU, Corvallis, OR, USA
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Salt Tolerance of Cornus alba Seedlings

Bryan Beck

Qiang Liu

USDA–ARS-HCRU, Corvallis, OR, USA

(Poster Board #225)

USDA–ARS-HCRU, Corvallis, OR, USA

Central South University of Forestry and Technology,
Changsha,Hunan, China

Jesse N. Mitchell

USDA–ARS-HCRU, Corvallis, OR, USA

Plant pathogens in the genus Phytophthora cause root rot that
decrease product quality and result in plant death and economic
losses to the nursery industry. Recently, we found Phytophthora
plurivora prevalent on rhododendron in nurseries in the Pacific
Northwest, but there is little information available to compare
its pathogenicity in different environments to P. cinnamomi, a
more well-studied rhododendron pathogen. Substrate moisture in
container production can influence plant vigor as well as pathogen
survival and inoculum build-up. We evaluated how irrigation
frequency and volume affected the ability of P. plurivora and
P. cinnamomi to cause disease on Rhododendron catawbiense
‘Boursault’ and ‘Roseum Elegans’. Plants were grown for 26
weeks in non-infested media (controls) or media infested with
one propagule per gram (ppg) or 100 ppg of P. plurivora or
P. cinnamomi. During the growing season, plants were irrigated
daily to maintain a substrate moisture (SM) of > 75% container
capacity (CC) (1.0X), irrigated daily with one-half volume of
the 1.0X treatment (0.5X), or irrigated only after SM was <
50% CC (BB). Visual symptoms of plant health (leaf color,
stomatal conductance) and disease (wilting, death) were measured during the growing season, and plant quality (root rot,
biomass, nutrient uptake) was determined at 26 weeks. Each
species caused similar mortality at 100 ppg (50-80%), but visual
disease symptoms occurred earlier on plants inoculated with
P. cinnamomi than with P. plurivora. Mortality at 1 ppg was
< 10% for both species. However, compared to controls, plants
inoculated with 1 ppg Phytophthora exhibited decreased plant
health (lower stomatal conductance, less growth, lower nutrient
uptake, more chlorosis and root rot). In general, disease was less
severe and occurred slower in ‘Roseum Elegans’ than in ‘Boursault’. Irrigation treatments had no influence on plant quality
of controls. The effects of irrigation regime on disease differed
between cultivars. Compared to ‘Boursault’ in the 1.0X irrigation treatment, decreasing irrigation frequency (BB) or volume
(0.5X) decreased disease incidence and severity. In contrast,
Phytophthora had least impact on disease in ‘Roseum Elegans’
in the 1.0X irrigation treatment. Our results indicate that (1) P.
plurivora can cause similar losses in rhododendron plants as P.
cinnamomi; (2) low substrate levels of Phytophthora can decrease
plant health; (3) plants grown in media free of Phytophthora
can adapt to a broader range of irrigation regimes than plants
grown in infested media; and (4) irrigation management alters
the incidence and severity of Phytophthora on rhododendron.
Specified Source(s) of Funding: This work was funded, in part,
by USDA–ARS CRIS 2072-21000-048-00D, 2072-12220-00400-D, Floral and Nursery Crop Initiative 2072-22000-039-15,
Northwest Center for Nursery Crop Research, and the Horticultural Research Institute.

Youping Sun*

Utah State University, Utah, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Lijuan Jiang

Central South University of Forestry and Technology,
Changsha,Hunan, China

Cornus alba (tatarian dogwood) is a popular ornamental shrub
with notable features including white fruit, yellowish white
flower, and red stems in fall through late winter. A greenhouse
experiment was conducted to characterize the morphological
and physiological responses of tatarian dogwood to salinity
stress. Tatarian dogwood seedlings grown in three growing
media (Metro-Mix 360, Metro-Mix 560, Metro-Mix 902) were
irrigated with nutrient solution at electrical conductivity (EC)
of 1.2 dS·m–1 (control) or saline solution at EC of 5.0 or 10.0
dS·m–1 (EC 5 or EC 10) for eight times on a weekly basis. Results showed that the growing media did not influence C. alba
growth. All plants of tatarian dogwood died in EC 10, whereas
those in EC 5 exhibited moderate foliar damage. Compared to
control, EC 5 reduced plant height and shoot dry weight by 37%
and 21%, respectively. Significant reductions were also found
in relative chlorophyll content (SPAD) reading, chlorophyll
fluorescence (Fv/Fm), performance index (Pi), net photosynthesis (Pn) in plants in EC 5 and EC 10 treatments. Compared
to control, leaf Na concentrations of tatarian dogwood in EC 5
and EC 10 increased 11 and 39 times, respectively, whereas leaf
Cl concentrations increased 32 and 24 times, respectively. Based
on growth and physiological responses to elevated salaintiy, we
conclude that C. albais moderately salt sensitive.
Specified Source(s) of Funding: National Institute of Food
and Agriculture of Department of Agriculture Hatch project
TEX090450 and Texas A&M AgriLife Research

Irrigation Crop Coefficients of Three Edible
Ornamental Container-grown Landscape Plants
(Poster Board #226)

Abelardo Casillas

Arizona State University, Mesa, AZ, USA

Chris Martin*

Arizona State University, Mesa, AZ, USA

Use of crop coefficients (Kc) in arid climates can provide a valuable tool for optimizing nursery container plant water use. Crop
coefficients (Kc) are used to schedule the volumes of irrigation
water applied to container plants as a function of previous day
container plant water loss to evapotranspiration. The objective
of the study was to determine how Kc values change for three
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edible fruit container-grown nursery plants, Citrus sinensis ‘Arizona Sweet’, Punica granatum ‘Wonderful’, and Ficus carica
‘Black Mission’, during a transitional spring season (February
to May 2015) in an arid desert climate of the southwestern
United States. Five clones of each taxa were grown in #5 black
polyethylene containers (615 cm2 container surface area) on top
of a black polypropylene plastic fabric ground cover. Containers were oriented in north/south rows at 1-m spacing. Plants
were grown outdoors in full sun and hand watered to container
capacity every other day during the months of February to May
2015. On data recording days of 10 Feb., 23 Mar., and 14 April
14, all plants were irrigated at 0600HR to container capacity,
weighed, and then weighed again after 24 hours. The change
in weight was assumed to be evapotranspirational water loss.
For Citrus plants, the number of leaves were counted and leaf
area were measured with a portable leaf area meter. The Kc of
each taxa was calculated using the equations Kc = ETcrop / ET,
and ETcrop = water use/container surface area. Estimated water
needed (mL) to replace water loss was calculated using (ETcrop
x container surface area)/ (1 cm3/mL). For Citrus, estimated
water loss (mL) per leaf per square centimeter was calculated
by water loss/estimated canopy area. Generally, Citrus had the
highest Kc, while Ficus had the lowest. Mean Kc for Citrus
ranged from 2.6–3.1, for Punica 1.5–2.6, and Ficus 1.4–1.6.
The Kc for Citrus was variable throughout the spring season,
while Kc of Punica and Ficus increased as the weather warmed
and plants emerged from winter dormancy. The mean measured
water loss during the spring months was highest for Citrus, and
lowest for Ficus. Based on the changes in Kc values throughout
the season, irrigation schedules should be adjusted to account
for increased water loss.

Degree and Timing of Taproot Pruning
Influence Root Development of Seedling
Bitternut Hickory
(Poster Board #227)

Brandon Miller

Iowa State University, Ames, IA, USA

William R. Graves*

Iowa State University, Ames, IA, USA

Carya cordiformis K. Koch (bitternut hickory) offers traits
favored for trees used in urban forests and other managed landscapes. Due to similar growth habits, hardiness, and durability,
bitternut hickory could replace Fraxinus L. (ash). Hickories
nonetheless often are overlooked due to claims of resistance to
successful transplanting, a supposed result of dominant taproots
and minimal development of lateral roots. Root pruning is used
to modify coarse root systems and to remove circling roots in
container-grown plants. The tolerance of and responses to root
pruning of many taxa, including the ideal timing and extent of
root removal, are unknown. How container-grown seedlings of
bitternut hickory respond to root pruning during production has
not been described. We examined the effects of the timing and

extent of root pruning on root morphology and shoot development
of one-year-old seedlings of bitternut hickory. Our hypothesis
was that moderate root pruning during dormancy would increase
fibrous (< 2 mm diameter) first-order lateral roots and coarse
roots arising from the pruning wound (taproot branches) without
restricting the development of the shoot. The distal one-third
(moderate) or two-thirds (severe) of the taproot of seedlings was
removed either when plants were dormant or when buds were
swollen; these two times of pruning were compared because the
annual initiation of root growth occurs before bud break. Stem
height, caliper, first-order lateral roots, taproot branches, and
shoot and root dry weights were quantified 183 days after roots
were pruned. Moderate pruning did not reduce the weight of the
shoot or the root system in either dormant plants or the plants
with swollen buds. Moderate and severe pruning led to one to
three and to zero to three taproot branches, respectively. Root
pruning did not increase the mean number of first-order lateral
roots, regardless of the timing and extent of pruning. Severe
taproot pruning when buds were swollen reduced caliper and
height of shoots, number of first-order lateral roots, as well as
the shoot and root dry weight. These effects did not manifest
for plants treated when dormant. We conclude that moderate
root pruning during dormancy or when buds are swollen, as
well as severe root pruning during dormancy, induces taproot
branches of one-year-old seedlings of bitternut hickory. Over
time, these taproot branches may lead to desirable architecture
of container-grown plants.

Serianthes nelsonii Stem Bending Improves
Nursery Transplant Quality
(Poster Board #228)

Thomas Marler*

University of Guam, Mangilao, GU, USA

Daily stem bending was conducted on Serianthes nelsonii Merr.
container-grown plants to determine if canopy traits would
improve under shaded nursery conditions. Following 3three
months of growth, treated plants exhibited height that was 88%
and basal stem diameter that was 113% of that of control plants.
Biomechanical traits were improved by bending. For example,
slenderness was reduced 23%, stem taper improved by 15%, and
the force required to displace the stem laterally was increased
79% for the treated plants compared with the control plants.
At the end of the nursery production cycle, a wind-load of one
hour was imposed on the plants to simulate out-planting into an
exposed site. Following the wind load, the treated plants exhibited
a central leader that was four degrees displaced from vertical, but
the control plants exhibited a central leader that was 28 degrees
displaced from vertical. This simple thigmic treatment can be
used to strengthen the stems of shade-grown S. nelsonii plants.
This will provide conservation managers with transplants that
exhibit improved canopy form and greater ability to retain that
form following out-planting. This study is an example of how
horticultural research may improve conservation protocols for
endangered plant species.
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Extension Plant Diagnostic Clinic: A Reliable
Source for Plant Protection of the Ornamental
Industry
(Poster Board #229)

E. Vanessa Campoverde*

University of Florida Extension, Miami-Dade County, Homestead, FL,
USA

Miami-Dade County ranks number one in ornamental nursery and
landscape production within the state of Florida, which leads the
nation in production of tropical foliage in the US. Higher value
of ornamental crops relies heavily on their aesthetic appearance.
Hence, there is no room for plant damages due to either plant
diseases or management injuries. Both abiotic (non-pathogenic
causes) and biotic factors (plant pathogens) can negatively impact
ornamental plant health status. This is why the UF/IFAS Extension Plant Diagnostic Clinic located in Homestead, FL, is one
important resource for local horticultural community. Growers,
landscapers, pest control operators and horticulturists submit
samples on daily basis for an accurate and non-biased diagnosis.
A collaboration between UF/IFAS Extension Commercial Ornamental Program and UF/IFAS Extension Plant Diagnostic Clinic
has started to develop annual reports of current plant diseases
for dissemination during Extension workshops for commercial
clientele in south Florida. In 2016 only, 550 symptomatic ornamental crop samples were submitted for proper diagnosis, and
66% (n = 365) of the damage of those symptomatic plants were
caused by biotic agents while the remaining were diagnosed as
abiotic agents. From all pathogenic samples, fungal pathogens
accounted for 39%, oomycetes for 15%, bacteria for 10% and
viruses for 2% of identification records. UF/IFAS Extension Plant
Diagnostic Clinic is a source of early detection of new invasive
or established plant pathogens. An accurate identification and
characterization of plant pathogen and the diseases they cause
is the first and most important step in successful and effective
integrated pest management (IPM) together with leading to a
continuous collaboration with Extension educational programs
toward green industry commercial producer’s education.

Organic Horticulture
Advancing Mulching Strategies Using
Conservation Tillage for Sustainable Weed
Suppression in Tropical Organic Pumpkin and
Okra Cropping Systems
(Poster Board #055)

Stuart A. Weiss*

University of the Virgin Islands, Kingshill, USA

dation is attributed to extensive tillage. Farmers typically soil
incorporate cover crops prior to vegetable field soil preparation, and rely upon mechanical soil disturbance as a primary
means to suppress weeds. Alternative conservation tillage
practices coupled with cover crop residue mulching strategies
could benefit soil quality and suppress weeds. The primary
objective of this research is to evaluate an integrated approach
to soil conservation and weed management by utilizing sunn
hemp (Crotalaria juncea L. cv. Tropic Sunn) cover crop
residue as surface mulch in reduced tillage tropical organic
vegetable cropping systems. Experiments were conducted at
two independent on-farm field sites on St. Croix, U.S. Virgin
Islands, that began in 2016 and ended in 2017. Sunn hemp was
established in both experimental fields on 16 Sept. 2016 and
mechanically terminated with a roller-crimper on 18 Jan. 2017.
Three treatments were randomized and replicated three times
in a split plot design; then direct seeded with either calabaza
(West Indian pumpkin) pumpkin (Cucurbita moschata) or okra
(Abelmoschus esculentus). Treatments included: 1) sunn hemp
mulch (SHM), 2) sunn hemp mulch plus hay (SHM+hay), and
3) sunn hemp mowed and incorporated that served as a check
plot (SH+none). A tractor mounted minimum-till ripper was
used to make planting furrows (1.5 m apart) in all treatments.
In-row seed spacing was 1.2 and 0.6 m for pumpkin and okra,
respectively. Row and row-middle weed populations were accessed at 3, 6, 9, and 12 weeks after planting (WAP). Following
each weed sampling all weeds were removed from each plot by
hand labour. Hay mulch was applied to the pumpkin SHM+hay
treatment directly following the 3-week weed assessment and
to the okra SHM+hay treatment directly following the 9-week
weed assessment. Above-ground biomass of sunn hemp at
termination did not differ between fields; and measured 5,563
kg·ha–1 in field 1 and 5701 kg·ha–1 in field 2. At 3 WAP, there
was no difference in total weed biomass between crops or treatments. Rows had nearly four times more weeds (77.4 kg·ha–1
of total weeds) compared to row-middles (19.8 kg·ha–1 of total
weeds) due to in-row drip irrigation. At 6 WAP, differences in
total weed biomass were only observed in treatment rows and
did not differ by crop. The SHM+hay (38.8 kg·ha–1 ) treatment
was less weedy than either the SHM (110.8 kg·ha–1 ) or the
SH+none (118.2 kg·ha–1 ) treatment. At 9 WAP, there were no
differences in total weed biomass for crop, treatment, or by
row/row-middle. These results indicate full tillage incorporation of SH cover crop residue does not provide increased weed
suppression compared to SH cover crop residue managed with
conservation tillage in subsequent direct seeded pumpkin and
okra crops. Therefore, conservation tillage when integrated with
cover crop mulching strategies can provide alternatives to full
tillage with similar or reduced weed biomass.

Soil Characteristics of a Permaculture Orchard
in Western Kentucky

Michael Hurak

University of the Virgin Islands, Kingshill, USA

David A. Hensley

(Poster Board #056)

University of Florida, Gainesville, FL, USA

In the tropics, accelerated soil fertility decline and soil degra-

Steven M. Still*

Murray State University, Murray, KY, USA
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Permaculture is the development of land use systems that are
permanently sustainable and self-sufficient. Addressing conservation issues such as diminishing natural resources and changing
environmental conditions, permaculture allows for adaptive
and innovative methods of mixed and varied production for
locally-grown horticulture. Our research consists of two stages.
Stage one is to determine soil characteristics of a permaculture
ecosystem. Stage two is to relate soil characteristics to measures
of plant growth and productivity. We are currently in stage
one. Sampling and analysis started in Fall 2016 and continued
through Summer 2017. In stage one, we are determining soil
characteristics, such as water holding capacity (WHC), water
content at field capacity (FC), soil organic matter (SOM), soil
compaction (SC), and soil pH. The soil samples were collected
from a vineyard, vegetable garden, blueberry patch, a black walnut and pecan mixed pasture, apple and pear orchard, a control
turf site, edible bamboo stand, and a hardy kiwi plot. In the fall
of 2016, WHC of the sampled plots ranged from 57 to 87%,
with FC ranging from 57 to 68%. Soil organic matter content
ranged from 6 to 10%. Soil pH ranged from 4.9 to 7, with high
variability found between plots. Soil compaction ranged from
15 to 225 PSI, with high variability observed between plots and
sampling depths. Repeated measures, analysis, and interpretations will be discussed in the poster.

High Tunnel Production of Organic Sweetpotato
Slips in the Central United States
(Poster Board #057)

Zachary N. Hoppenstedt

as compared to the open-field. Similar trials were conducted
in 2016 at two research stations in northeast and south central
Kansas. We utilized a randomized complete block design for
all trials, with at least four replications per treatment. Slip beds
were established in high tunnels (HT) and open-field (OF)
under identical cultural methods and planting schedule. At the
northeast trial we implemented a split plot design, in which the
sub-plot treatments consisted of three planting densities (45, 65
and 85 seed roots/m2) in both the HT and OF. We transplanted
slips from both sites, HT and OF treatments, to field plots at
our Northeast location to investigate the impact of slip origin
(HT versus OF) on root crop production. The marketable slip
yields (slips/m2) were approximately 110% greater in HT plots
compared to OF. Our research team also observed larger slip
yield with increasing planting densities, however the benefit
of higher density plateaued between 65 and 85 seed roots/m2.
Although individual plant samples grown in the HT were on
average 36% less compact (measurement of slip dry weight mg/
cm of slip length) than OF comparison, the marketable root yield
produced per slip was similar for both treatments. More research
is needed to evaluate the feasibility of sweetpotato slips grown
in high tunnel systems and to determine recommendations for
seed root planting densities. However, the results of this study
suggest that organic sweetpotato slip production could add to
diversity in high tunnel systems. Moreover, local slip production
might further promote the adoption of an underutilized vegetable
crop that can be grown throughout the region.
Specified Source(s) of Funding: NCR–SARE

Soil Quality and Crop Productivity in Two
Contrasting Organic Vegetable Cropping
Systems
(Poster Board #058)

Kansas State University, Olathe, KS, USA

Josée Owen*

Kansas State University, Olathe, KS, USA

Serge LeBlanc

Kansas State University, Haysville, KS, USA

In maritime Canada, organic vegetables are usually produced in
stockless farming systems. In this region, the standard recommended practice to maintain soil fertility in organic vegetable
cropping systems is to implement a minimum four-year rotation
comprising a single high-value vegetable crop in rotation with
grain and legumes. This standard, or low-intensity, four-year
organic rotation was compared with an high intensity four-year
organic rotational system in which three high-value vegetable
crops were grown in an integrated system using compost and
innovative cover cropping and catch cropping strategies for
soil building . The experiment was structured as a fully-phased,
randomized block design with four replicates, beginning in
2008. Butternut squash (Cucurbita moschata Duschesene)
was selected as the high-value vegetable crop common to both
rotational systems. Butternut squash yielded between 25.9 t·ha–1
and 43.9 t·ha–1, varying by year but with no significant difference
attributable to rotation. Lettuce (Lactuca sativa L.) (mean yield

Cary L. Rivard
Jason Griffin*

Eleni Pliakoni

Kansas State University, Olathe, KS, USA

Mykel R. Taylor

Kansas State University, Manhattan, KS, USA

Sweetpotatoes (Ipomoea batatas) are nutritious, easily stored
and well-adapted to fit large or small organic farming operations. This widely consumed root crop is propagated through
use of cuttings, known as slips, which are grown primarily in
the southeastern United States (U.S.). Consequently, growers
in the central U.S. have limited control of and access to local
planting material. Production of organic slips in high tunnels
could be a profitable enterprise for growers in the central U.S.
that would allow them to diversify their operation and encourage the use of crop rotations in high tunnels. Our study evaluates the yield and performance of slips grown in high tunnels

Agriculture and Agri-Food Canada, Fredericton, NB, Canada
Acadian Bay Enterprises, Bouctouche, NB, Canada
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of 8.2 t·ha–1) and sweet corn (Zea mays L.) (mean yield of 9.4
t·ha–1) were also produced in the high intensity rotation. In the
low intensity rotation soil organic matter remained near 3.2%,
while in the high intensity rotation, it increased significantly over
four years. Results of other measured parameters, including soil
bulk density, plant-available soil N and nutrients measured using
ion exchange membranes and plant tissue analysis, indicate that
integrating compost, cover and catch cropping techniques can
enable growers to produce multiple marketable vegetable crops
in a four year rotation, diversifying risks and enhancing soil
quality. An analysis of costs and revenues of the two systems
showed that the low intensity system was profitable just one year
out of the four. The high intensity system, though it engendered
higher cost of production, was profitable three years out of the
four, and had an overall profit that was 32% higher than in the
low-intensity system.

a significantly higher yield than ‘Camino Real’ (99 g/plot) and
‘Benecia” (214 g/plot). The cold damage to open blooms in January was not significantly different between cultivars, the number
ranged from 12.3% for ‘Radiance’ to 20.5% for ‘Winterstar’.
Future plans for this project include the completion of harvest
and fruit quality analysis for the remainder of the current season.
The entire project will be repeated in 2017/18.

Production of Day-neutral Strawberry in
Organically Managed High/Low Tunnels
(Poster Board #060)

Sanjun Gu*

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA

Tekan Rana

North Carolina A&T State University, Greensboro, NC, USA

Specified Source(s) of Funding: Agriculture and Agri-Food
Canada

John Beck

Production of Organically Managed Junebearing Strawberries in Low and High Tunnels.

John Kimes

The Cooperative Extension Program at North Carolina Agricultural
and Technical State University, Greensboro, NC, USA
North Carolina A&T State University, Greensboro, NC, USA

(Poster Board #059)

Amy Ballard

North Carolina Agricultural and Technical State University,
Greensboro,, NC, USA

Sanjun Gu*

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA

Out-of-season organic strawberry production, has proven to be
profitable, by filling a gap in fresh markets throughout North
Carolina. However, a cold damage of 61.5% to open blossoms
was observed in our previous study. The objective of this project was to evaluate the efficacy of using low tunnels inside an
existing high tunnel on harvest times, yield and cold weather
protection. Four June-bearing varieties Benecia, Camino Real,
Radiance, and Winterstar were planted in September 2016 on
North Carolina A&T State University Research Farm in Greensboro, North Carolina. The high tunnel was 30’ (W) x 96’ (L),
managed organically and has a single-layer 6-mil polyplastic
cover. Low tunnels consisted of a galvanized metal wire covered
with 1-mil perforated plastic. The experimental design was a
completely randomized design, conducted as a split-plot with
three replications. The main plots were beds mulched with black
plastic with or without low tunnel covers; the split plots were
cultivars. Each split-plot had a total of 42 plants, 18 of them
were used for yield collection and the rest for biomass collection.
Preliminary results from data prior to March 1, 2017 showed
that cold damage to open blossom, marketable yield, and total
yield were not affected by low tunnels. The freezing damage to
open blooms in January, marketable yield and total yield with
or without low tunnels were 17.6 and 12.8%, 424.2 and 425.0
g/plot (18 plants), and 493.7 and 449.0 g/plot, respectively.
There were significant differences between varieties on yield.
‘Radiance’ (778 g/plot) and ‘Winterstar’ (608 g/plot) produced

Day-neutral strawberry (Fragaria xananassa) has excellent
flavor and consistent yield. Out-of-season day-neutral strawberry is profitable as it has a chance to fetch a higher price. The
objectives of this study were to identify cold protections from
low tunnels and suitable planting date for day-neutral strawberry
production in high tunnels. Two day-neutral cultivars Albion and
San Andreas were planted on 1 Sept. (D1) and 29 Sept. (D2),
2016 in an organically managed high tunnel (30’W x 96’L,
single-layer polyplastic) in Greensboro, North Carolina. Low
tunnels (galvanized metal wire hoops covered with 1-mil perforated plastic) were installed in the third week of October. The
experimental design was a CRD conducted as a split-split plot
deign with three replications. The low tunnel treatments served
as the main plots, planting dates as the split plots, and cultivars
as the split-split plots. Biomass (dry weight) were measured
monthly starting from October. Flowering and yield data were
collected twice a week. Cold damage was evaluated after major
frost events. Results are based on data from Oct. 2016 to Feb.
2017. Significant cold damage to flowers and fruit occurred in the
second week of January. Low tunnels significantly reduced the
flower damage, a rate of 11% with low tunnels vs 60% without
low tunnels in January, and 10% versus 29% in February. Low
tunnels also significantly reduced fruit damage, a 4.6% rate with
low tunnels versus 4.8% without low tunnels. Plants under low
tunnels produced significantly higher marketable and total yield
(51.3 and 67.4 g/plant) than those without low tunnels (40.4 and
52.0 g/plant). The D2 plants flowered (50% bloom) earlier than
D1 plants by 74 days, although low tunnels did not affect the
flowering date. D2 plants also had significantly higher marketable and total yield (27.4 and 64.3 g/plant) than the D1 plants
(36.9 and 82.4 g/plant), however, the biomass of D1 plants was
actually higher than that of D2 plants from October to February. For example, D1 plants had 31.7 g/plant dry weight and

An asterisk (*) following a name indicates the presenting author.
S332

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations
D2 plants had 20.4 g/plant. As for cultivars, San Andreas had
higher marketable and total yield (53.2 and 94.1 g/plant) than
Albion (38.5 and 86.7 g/plant). The project is ongoing. Results
from data of the entire season will be discussed when the study
is concluded in May 2017.

Soil Application of Chitosan Affects Growth and
Physiology of Lettuce
(Poster Board #061)

Chenping Xu*

USDA–ARS, Salinas, CA, USA

Beiquan Mou

USDA–ARS, Salinas, CA, USA

Chitosan, the deacetylated form of chitin, has become of interest
as a crop biostimulant suitable for use in sustainable agriculture
since it is biocompatible, biodegradable, environmentallyfriendly, and readily available. Short-term (35-days) effects of
chitosan, applied as soil amendment at 0.00, 0.05, 0.10, 0.15,
0.20 or 0.30% by weight, on romaine lettuce plants (Lactuca
sativa L. cv. Heart’s Delight) were evaluated in a growth chamber.
Chitosan treatments, with appropriate application rates, increased
leaf number, area, fresh and dry weight. It also enhanced leaf
succulence as indicated by decreased ratio of leaf dry and fresh
weight. As application rate increases, chitosan enhanced leaf
chlorophyll index, photochemical efficiency, yield, electron
transport rate, photosynthetic rate, stomatal conductance and
transpiration. However, the highest application rate of 0.30%
resulted in the lowest fresh and dry weight due to less leaf
number and area. The results indicated that chitosan, applied
as soil amendment at appropriate rates, could not only enhance
lettuce growth but also improve its physiological properties and
quality by increasing leaf succulence.

Physiochemical and Functional Properties of
Organic Green Tea
(Poster Board #062)

Seung-Hee Nam*

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Jin-A Ko

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Young-Min Kim

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Jang-Hyun Park

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Jeong Choi

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Doo-Gyung Moon

Rural Development Administration, Jeju, Korea, Republic of (South)

Byung-Hyuk Kim

Rural Development Administration, Jeju, Korea, Republic of (South)

Recently, organic fruits or vegetables receive the increased attention since people are aware of personal health and environment. However, little scientific data have been given for benefits
of organic fruits and consumer’s trust. In this study, green tea
was cultivated conventionally or organically and their qualities were evaluated with respect to physiochemical properties
and physiological functions. Organic green tea showed 13%
and 17% higher amounts of total amino acids and chlorophyll,
compared to those of conventional one. Organic tea had a 22%
and a 12% higher ascorbic acid and total dietary fiber contents,
than those of conventional one, respectively. Organic green tea
contained slightly higher amount of essential minerals like iron
(96 versus 83 ppm), magnesium (0.39 versus 0.34 %), zinc (42
versus 37 ppm), but did no difference in other compounds like
sodium and potassium, compared to those of conventional one.
For functional characterization, organic green tea had a 27%
higher amount of ECG and EGCG (2.1 and 6.75 mg/g DW)
but lower amounts of C, EC or EGC (0.28, 0.85 or 2.54 mg/g
DW) compared to conventional green tea. There are similar
with total phenolic contents between conventional and organic
ones. In addition, organic green tea showed higher antioxidant
and NO scavenging activities with167 µM of vit C eq. and a
35%, compared to those of conventional green tea with 149
µM of vit C eq. and a 25%, respectively. Overall, those results
indicate that organic green tea exhibited better product quality
and physiological functions than conventional green tea.
Specified Source(s) of Funding: This study was financially
supported by Rural Development Administration (Project No.
PJ01256504) and JARES Institute

Organic Field Performance of Carrots on the
Delmarva Peninsula
(Poster Board #063)

Lurline Marsh*

University of Maryland, Eastern Shore, Princess Anne, MD, USA

Brett Smith

University of Maryland Eastern Shore, Princess Anne, MD, USA

Small farmers on the Delmarva Peninsula have ongoing needs
for information on the selection of appropriate cultivars of
vegetables such as carrots, Daucus carota, for organic production. However, issues such as poor carrot seed germination and
stand establishment, plus the selection of acceptable nutrient
sources to meet state nutrient guidelines for soil health on some
of these high phosphorus soils can be challenging. As such,
field evaluations of organic carrots were conducted two years
in late spring to summer using two nutrient sources, Blessings
Blends premium compost and Naturesafe. These nutrients were
applied to meet recommended carrot guidelines for 90 lb/acre N
and 160 lb/acre K. In the first year, due to low germination and
non-uniform plant stands of Napoli and Yaya cultivars, the yield
data was not used. Year 2 study with the addition of two more
cultivars, Nectar, and Red Cored Chantenay, had excellent stand
establishment. In this split plot design with three replications,
the two nutrient sources did not have any effect on the yield
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characteristics. Cultivars differed significantly in marketable
harvest count, unmarketable harvest weight, top height, root
length and root tip fill. While these results indicate the potential
of some better performing carrot cultivars for the area, a repeat
of this trial will be conducted to confirm such.

The Tomato Organic Management
and Improvement Project (TOMI): An
Interdisciplinary Approach to Managing Foliar
Diseases in Tomato
(Poster Board #064)

Lori Hoagland*

Purdue University, West Lafayette, IN, USA

are as effective as copper products in controlling these diseases.
Breeding populations are being screened annually alongside
commercial controls in organic field trials at university research
stations in Indiana. North Carolina, Oregon, and Wisconsin, and
recombined during winter to strengthen desirable traits. Further
screening of lines for potential release will be conducted in collaboration with growers in on-farm trials during 2017 and 2018.
Finally, greenhouse and field trials are underway in Indiana to
determine how tomato genotype, microbial species, and soil
management regulate ISR expression. Preliminary results indicate that wild type and landrace genotypes are more responsive
to ISR than a modern hybrid. Additional information about this
project can be accessed at http://eorganic.info/tomi.

Organic Fertility Amendments: Composition
and Location Affect Soil Microbial Activity,
Nitrogen Availability, and Pest Incidence and
Severity on Vegetable Farms

Micaela Colley

Organic Seed Alliance, Port Townsend, WA, USA

Julie C. Dawson

University of Wisconsin-Madison, Madison, WI, USA

Jeanine Davis
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Sanjun Gu

Daniel S. Egel

North Carolina Agricultural and Technical State University,
Greensboro, NC, USA
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Managing foliar diseases including late blight (LB), early
blight (EB), and Septoria leaf spot (SLS), is one of the biggest challenges facing organic tomato growers. New, resistant
hybrid varieties are available, but growers often plant heirloom
varieties because they are perceived to have superior flavor and
they can save seed. Copper fungicides can provide fair control
of these diseases, but these products are contact, not systemic,
and must be applied often, which can negatively impact soil and
water quality. The tomato organic management and improvement project (TOMI) brings together a multidisciplinary team
of researchers to develop solutions to this challenge. Specific
objectives of the project are to: 1) identify biofungicide and
biostimulant combinations that can effectively control LB, EB
and SLS, 2) develop new open-pollinated tomato varieties that
are resistant to LB, EB and SLS and have excellent flavor, and
3) develop an improved understanding of factors that regulate
induced systemic resistance (ISR), which refers to an enhanced
defensive state in plants against pathogens mediated by beneficial
microbes. Greenhouse and field trials are underway testing various biofungicide and biostimulant combinations in Indiana and
North Carolina. Preliminary results indicate the some products

The soil microbial community regulates many key agroecosystem services including nutrient cycling and biological control of
pathogen and insect pests. The composition and activity of the
soil microbial community is affected by site-specific soil and
environmental conditions, as well as agricultural management
practices. The objectives of this project were to: 1) determine
how composition of organic fertility amendments interact with
resident soil microbial communities to affect nitrogen (N) availability and pest incidence and severity on organic vegetable farms,
2) identify amendments that can improve soil biological quality,
provide plant available N during periods of critical N uptake,
and reduce pest outbreaks, and 3) demonstrate and increase
the practice of on-farm research. Experiments were conducted
during 2013–15 on three farms that varied given soil type and
length of time under organic production. Growers participated
in development of the study design, data collection, and outreach events. Repeated applications of four amendments were
applied to experimental plots annually and plots were planted
with cabbage, squash, and tomato in years 1–3, respectively.
Plots were monitored regularly for N availability, soil chemical
and biological properties, pest incidence and severity, and crop
yield. Nitrogen availability, severity of black rot, root rot and
white fly, and crop yield varied given amendment composition
as well as initial soil quality characteristics. Some variability in
soil quality improvement due to amendment composition was
observed within each farm, though all amendments increased
labile soil carbon, soil microbial activity, and pathogen suppres-
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siveness over time. Results of this study demonstrate that soil
biological quality is intimately tied to N availability, pest severity and yield on organic vegetable farms. On-farm research is a
valuable tool that can provide new insights into soil microbial
ecology, and identify organic fertility amendments that improve
soil quality, provide sufficient plant available N, and optimize
vegetable crop productivity.
Specified Source(s) of Funding: The Ceres Trust

Compost Application Method Affects Plant
Establishment: A Case Study of Organic
Spinach Production
(Poster Board #066)

Craig Frey*

University of Florida, Gainesville, FL, USA

Xin Zhao

University of Florida, Gainesville, FL, USA

Jeffrey Brecht

University of Florida, Gainesville, FL, USA

Spinach production in the southeastern U.S. faces obstacles of
high humidity and temperatures, leading to poor crop growth,
high disease incidence, and premature bolting. As a short season
crop, spinach can be advantageous for a grower’s rotation system.
However, poor germination may lead to inadequate crop stands,
with high soil temperatures exacerbating the issue. Compost can
affect soil physical, chemical, and biological properties, leading to improved plant productivity and environmental quality.
However, the use of compost in organic spinach production in
Florida has not been well examined. Side-by-side open field and
high tunnel organic spinach trials were conducted in Fall 2016
(Citra, FL) in a split-split plot design with three replications of
two amendment application treatments, broadcast and banded,
and two cultivars, ‘Corvair’ and ‘Reflect’, to assess potential
production impacts of the production systems and amendment
treatments. Compost made from 50% food waste and 50% yard
waste was applied at 44.8 MT/ha. The broadcast treatment was
tilled while the banded treatment was raked. Seeds were sown
directly into the banded compost or into the tilled, broadcast
treatment. The banded treatment resulted in a full stand while the
broadcast treatment resulted in sparse germination. The banded
treatment also resulted in a faster growth rate, with harvests at
days 33, 47, and 62 compared with harvests at days 39 and 60
for the broadcast treatment. Subsequent greenhouse and open air
germination experiments of ‘Corvair’ were conducted in spring
2017 using a split-split plot design with four replications of two
amendment treatments, broadcast and banded, and three seeding
depths, 6.4 mm, 12.7 mm, and 19.1 mm. After the conclusion of
the 15-day study, germination percentage in the banded treatment was significantly greater, at 92.5%, compared with 45.5%
in the broadcast treatment, while planting depth effect was
not significant. Temperature effects were shown as the cooler,
open-air setting resulted in a significantly greater germination
percentage than the warmer greenhouse. Moreover, no significant

difference in banded treatments between settings was found,
while the broadcast, open-air treatment showed significantly
greater germination than the broadcast, greenhouse treatment.
The results from the germination trial not only validate the effects observed in the field trial, but also indicate the potential
for banded compost to alleviate high soil temperature effects
on spinach germination and emergence.
Specified Source(s) of Funding: AFRI

Postharvest 1
Relationships between the Longevity, Ethylene
Sensitivity, and Gene Expression of Cut Roses
(Poster Board #077)

Byung-Chun In*

Sejong University, Seoul, Korea, Republic of (South)

Suong T.T. Ha
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Young Soon Lee

Gyeonggido Agricultural Research & Extension Services, Hwaseong,
Korea, Republic of (South)

Jin Hee Lim

Sejong University, Seoul, Korea, Republic of (South)

Although cut roses are classified as ethylene-sensitive flower
species, the nature of the ethylene sensitivity changes in these
flowers and its relationship with longevity have not been well
characterized. In the present study, the relationships between
longevity, ethylene sensitivity, and expression of ethylene
biosynthesis genes were determined in 33 rose cultivars. Although
cut roses were all harvested within a month in summer and kept
under identical postharvest environments, the vase life of the
examined cut roses showed 283% variation, ranging 5.5–15.5
days. Ethylene primarily accelerated petal wilting, which is the
main senescence symptom shortening the longevity. The qRTPCR analysis revealed that among five ethylene biosynthesis
genes, RhACO1 showed the most distinct expression patterns
in response to ethylene. The results also showed that ACS genes
were differentially expressed in response to ethylene, and that
only RhACS2 and RhACS4 are induced by ethylene and during
flower senescence. Correlation analysis revealed that the primary factors that affect the vase life vary depending on ethylene
sensitivity of the cultivars. The vase life of ethylene-sensitive
cultivars was strongly correlated to RhACO1 transcript level.
In contrast, the vase life of ethylene-insensitive cultivars was
mostly shortened due to an early failure of water relations, as a
consequence of the decreased hydraulic conductance of stems
and water loss via transpiration. The results from the current
study suggested that postharvest treatments for improving the
longevity of cut roses should be differently applied based on
the ethylene sensitivity of the cultivars.
Specified Source(s) of Funding: This work was supported by
a Young Researcher Grant (PJ012295) from the Rural De-
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velopment Administration of Korea (RDA) to BCI at Sejong
University

Delayed Harvest and Cold Storage Performance
of ‘Gloria’™ NJ351 Peaches
(Poster Board #078)

Daniel Ward

Rutgers Agricultural Research and Extension Center, Bridgeton, NJ, USA

Hemant Gohil

Rutgers Agricultural Research and Extension Center, Bridgeton, NJ, USA

Jerome Frecon*

Rutgers Cooperative Extension, Turnersville, NJ, United States

The peach cultivar ‘Gloria’ has novel flesh texture and ripening
characteristics in part due to the stony-hard gene in its lineage.
Because ‘Gloria’ fruit remain very firm on the tree as they ripen
and can become very large, growers are tempted to let the fruit
remain on the tree after they have reached commercial maturity.
In 2016 an experiment was conducted in two commercial orchards of mature bearing ‘Gloria’ trees in southern New Jersey.
Commercially mature fruit (n = 500) were identified and labeled
on one day in each orchard. Labeled fruit were then randomly
assigned to be harvested at either 0, 4, 8, 12, or 16 days after
commercial maturity then placed in cold storage for 0, 7, 14, 21,
or 28 days before evaluation. All fruit were hydrocooled before
storage. Statistical analysis revealed that fruit diameter and total
soluble solids increased with increasing harvest delay, while total
titratable acidity and ground color hue angle (changing from
cool yellow to mid yellow) decreased with increased harvest
delay. The significant interaction of harvest delay and storage
time on flesh firmness was because fruit remained firm for 28
days of storage if harvested at commercial maturity or 4 days
after commercial maturity, but longer delays in harvest resulted
in softer fruit and significant loss in firmness during storage.
There were no significant treatment effects on the occurrence
of flesh defects (internal breakdown or flesh browning). The
ability of ‘Gloria’ to ripen more fully on the tree while retaining
firmness and potential storage life provides the opportunity for
increased sales and enhanced customer appeal. ‘Gloria’ peaches
can hang on the tree for 5–7 days after they reach commercial
maturity but hanging longer than 7 days reduces their storage
life significantly and is not recommended.
Specified Source(s) of Funding: New Jersey Peach Promotion
Council; Rutgers/NJAES

Physiological Effects of Phytosanitary
Irradiation on ‘Fuji’ Apples
(Poster Board #079)

Nasim Kheshti

Chapman University, Orange, CA, USA

Alan Baquero Cedeno

Chapman University, Orange, CA, USA

Anderson Melo*

Champan University, Orange, CA, USA

A. Prakash

Chapman University, Orange, CA, USA

Irradiation has proven to be effective as a phytosanitary treatment
for various fruit. It could be particularly useful for apple varieties that are sensitive to fumigation and when market conditions
require a faster treatment than cold storage. However, irradiation
produces reactive oxygen species that can elicit a stress response
leading to increased respiration rate and associated changes
in fruit quality. The objective of this work was to evaluate the
physiological effect of irradiation (400 and 800 Gy) on fresh
‘Fuji’ apples harvested late in the season. ‘Fuji’ apples were
arranged in a single layer in cardboard boxes and exposed to
dual sided e-beam radiation. Following treatment, the fruit was
stored at 1 °C for seven days, to simulate transportation from
California to Mexico, then for seven days at 25 °C, to mimic
distribution and retail conditions. Ethylene production was
decreased by the 400 Gy treatment and particularly at 800 Gy.
Conversely, treatment at 800 Gy increased the respiration rate
of ‘Fuji’ apples, more significantly during the cold storage and
the first three days at room temperature. Despite the increased
respiration, irradiation did not affect sucrose, glucose, fructose
and sorbitol concentrations. Irradiation treatments increased
electrolyte leakage significantly (P < 0.05) from 9% (control)
to 12% (400 Gy) and 16% (800 Gy). The MDA content in the
cortical tissue of apples treated at 800 Gy was significantly
higher (P < 0.05) than 400 Gy on day 7, and showed the highest value (7.14 nmol·g–1) at the end of the second week. Thus,
while irradiation at 800 Gy resulted in an increase in physiological indicators of stress in late harvested ‘Fuji’ apples, these
responses, including increased respiration rate, do not seem to be
influenced by a decrease in ethylene production. This suggests
that irradiation affected the activity of one or more enzymes
involved in ethylene biosynthesis.
Specified Source(s) of Funding: USDA

Storage Temperature and Time Impacts the
Quality of East Coast Broccoli
(Poster Board #080)

Jennifer Wheeler*

University of Tennessee, Knoxville, Knoxville, TN, USA

Carl Sams

The University of Tennessee, Knoxville, TN, United States

Thomas Björkman

Cornell University, Geneva, NY, United States

Jeanine Davis

North Carolina State University, Mills River, NC, USA

Miguel Gomez

Cornell University, Ithaca, NY, USA

Producing broccoli on the East Coast could decrease the time
between harvest and consumption. The objective of this experiment was to evaluate the impact of storage temperature and
duration on broccoli grown on the east coast. A randomized
complete-block trial was conducted using two broccoli varieties
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(Pacman and Arcadia) obtained from a local grower. At harvest,
broccoli was sorted into containers set up for four replications
each of two storage conditions: 0 °C (iced at harvest) and
4 °C (cooled in storage). Broccoli heads were sampled weekly
for five weeks during postharvest storage, including the day
of harvest. Florets were freeze-dried, ground, and analyzed
for 13 glucosinolates. Data reported here are for glucoprogoitrin, a nutritiously harmful glucosinolate, glucoraphanin
and glucobrassicin due to their anti-carcinogenic properties,
and total glucosinolate content. A complete volatile profile
was analyzed using the fresh frozen tissue. Here we report
dimethylsulfide as an indicator of an off-flavor volatile, and
eucalyptol as an indicator of a desirable flavor volatile. Data
were analyzed using mixed model analysis of variance (Glimmix procedure, SAS Institute, Cary, NC). Glucoprogoitrin
was not affected by storage time or temperature for either
cultivar. Glucobrassicin and glucoraphanin were found in
significantly greater quantities in both cultivars stored at 0 °C
(P < 0.05). Glucobrassicin was 45% greater at 35 days postharvest for the Pacman cultivar than at harvest (P = 0.0467).
Overall, Pacman broccoli had significantly greater total glucosinolate content at 35 days post-harvest than at harvest (P
< 0.05). Arcadia had significantly greater total glucosinolate
content when stored at 0 °C (P < 0.05). Dimethylsulfide was
greater in Pacman broccoli stored at 4°C (P = 0.0195) and at
28 and 35 days post-harvest compared to at harvest, 7, and 14
days postharvest (P < 0.001). Eucalyptol was also greater at
4 °C (P < 0.001); however, eucalyptol was not detected past 21
days postharvest. Eucalyptol content was significantly greater
at harvest than seven and 14 days postharvest (P < 0.001). Neither storage temperature nor time greatly affected nutritionally
harmful glucosinolates. However, both cultivars of broccoli
stored at 0 °C had a higher concentration of anti-carcinogenic
glucosinolates. Undesirable flavor volatiles were increased by
the increase in temperature and time. Desirable volatiles were
reduced by the increase of storage time. This study indicates
that storing broccoli at 0 °C for no longer than 14 days is
optimum to maintain the quality parameters evaluated. Future
experiments are needed to evaluate a broader range of postharvest temperatures for impact on these and other quality
parameters.

Quality Changes According to Packing Film and
Storage Temperature of Allium victorialis var.
platphyllum Makino
(Poster Board #081)

Heesun Noh*

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Minjeong Kim

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Eungeong Jeong

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Heeyeon Kim

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Sichang Kim

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Munseob Ahn

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)

Alpine leek belongs to the Liliaceae family and has a garlic
smell. It has various functions; antibacterial effect, antithrombotic effect, anticancer activity and so on. It is vary popular
because of the delicious, high-quality wild vegetable plant, used
as ssam (rice and condiments wrapped in this leaves), jjangachi
(korean style pickle), and kimchi. Lately, the increase in singleperson households have reduced consumption and consumers
prefer small size and high quality. We need the packing and
storage techniques to adapt to this consumer trend. We researched the postharvest packing films and quality changes by
temperatures. First, the changes of breathing rate after harvest
of alpine leek were 8 CO2 mg/kg/hour after 1.5 hours in 2 ℃
and 8 ℃, and 22 CO2 mg/kg/hour in 24 ℃. Breathing rate
decreased after 16 hours of storage. For selection of the proper
small packing films, we used the antidew treated polypropylene films that these were the four different oxygen penetration rate (3000, 5000, 7000, 10,000 cc/m2/day/atm) and non
treatment film. We surveyed the fresh weight reduction rates,
carbon dioxide, oxygen, chlorophyll contents, and the total
freshness index (10 grade). In the open packing, it used the
existing farm, the fresh weight reduction rates were very high;
5% in 7 days storage and 30% in 42 days storages. The freshness days for sale was 14 days in the open packing film but
the oxygen penetration rate 3000–5000 cc/m2/day/atm treated
films was 28 days (2 times extension). This time, carbon dioxide contents was 5% and oxygen contents was 14%. Also,
The results of the quality changed by 2, 8, and 24 ℃; the fresh
weight reduction rate was low 0.9% after 15 days storage
in 2 ℃, but, these were much reduced relatively in 1.3% in
seven days and 2.6% in 15 days. The freshness preservation
period for sale was 20 days in 2 ℃ to 8 ℃ and 7 days in 24
℃. The freshness preservation period for edible was 24 days
in 2 ℃, 27 days in 8 ℃, and 7 days in 24 ℃. Leaf blight
(Cladosporium alliicola) occurred in Alpine leek storage, so
we thought it needed to be sterilized before packing.
Specified Source(s) of Funding: This study was supported
by the region agriculture research activity project(number
:PJ01201101) funded by the Rural Development Administration, Korea.

Jeongshin Shin

Agro-food Research Institute, Gangwon Agricultural Research and
Extension Services, Chunchon-si, Korea, Republic of (South)
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Mason T. MacDonald
Metal Organic Frameworks Can Sorb, Store,
and Release Ethylene and 1-Methylcyclopropene Dalhousie University, Faculty of Science, Halifax, Canada
Rajasekaran Lada

(Poster Board #082)

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Sangeeta Chopra*

Indian Agricultural Research Institute, New Delhi, India

Sangram Dhumal

Mahatma Phule Agricultural University, Rahuri, India

Eva Almenar

Michigan State University, East Lansing, MI, USA

Patrick Abeli

Michigan State University, East Lansing, MI, USA

Randolph Beaudry

Michigan State University, East Lansing, MI, USA

Metal organic frameworks (MOFs) are synthetic porous materials
consisting of metal ions or ion clusters bound to organic molecules to create a crystalline structure with a very high internal
surface area. The MOF molecules are being evaluated for utility
in selective binding of gaseous fuel and other chemicals. We
explored the ability of selected MOFs to bind ethylene and the
ethylene action inhibitor, 1-methylcyclopropene (1-MCP) with
the intent of evaluating their usefulness in regulating ethylene
responses for perishable produce. We screened several MOF
compounds and selected only two (Basolite C300 and Basolite
A520) for in-depth characterization based on their superior
capacity for binding ethylene. Basolite C300 is a copper-based
MOF with a trimesic acid linker group and Basolite A520 is an
aluminum-based MOF with a fumaric acid linker group. Binding efficacy was compared to zeolite Z13X, which was also
found to bind ethylene. The copper-based Basolite C300 was
more effective at binding and retaining ethylene than the other
compounds tested. When ethylene-charged sorbents were moved
to dry air, they released little ethylene. However, when humidity
increased to near saturation in the presence of free water, Basolite
C300 desorbed a majority of its bound ethylene. Sorption and
desorption behavior differed for other alkenes. Basolite C300
had the highest affinity for 1-MCP, but did not release bound
1-MCP in the presence of humidified air. We tested the potential
for in-package release of bioactive compounds from a MOF. In
a proof-of-concept experiment, we found that ethylene-loaded
Basolite C300 released ethylene rapidly into packages of banana
fruit and induced ripening; MOF without ethylene loading did not
induce ripening. The data suggest that MOFs have the potential
to sorb, store, and release gaseous compounds that impact plant
physiology and may have utility as a delivery system for these
plant growth regulators.
Specified Source(s) of Funding: BASF

Modified Water Systems and Effects on Needle
Retention in Balsam Fir (Abies balsamea L.)
(Poster Board #083)

Rachel R. West*

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Postharvest needle abscission is one of the Christmas tree industry’s major issues and frequent complaint from the consumer’s
standpoint. Water quality in Christmas tree stands is one major
factor shown to affect abscission. Bacteria grows exponentially
in Christmas tree stands increasing turbidity. Simply replacing the water in Christmas tree stands daily delays abscission
by 38%, but altering stand water through other chemical or
physical methods could also improve needle retention. Our
experiment tested three different modified water systems (A,
B, and C) against a control of standing water in two different
genotypes (one known for low needle retention and the other
for high needle retention). System B significantly (P < 0.05)
delayed abscission by 30% in low needle retaining genotypes,
but did not improve needle retention in high needle retaining
genotypes. However, system C significantly (P < 0.05) delayed
abscission in both low and high needle retaining genotypes by
39% and 23%, respectively. Water system B (and to a lesser
extent water system A) were effective at delaying abscission
comparable to completely replacing the Christmas tree stand
water supply each day.
Specified Source(s) of Funding: Atlantic Canada Opportunities
Agency, SMART Christmas Tree Cooperative

Fatty Acid Changes Linked to Needle Abscission
in Two Clones of Balsam Fir Postharvest
(Poster Board #084)

Gaye MacDonald*

Dalhousie University, Faculty of Agriculture, Truro, NS, Canada

Rajasekaran Lada

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Claude Caldwell

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Chibuike Udenigwe

Dalhousie University, Faculty of Agriculture, Truro, NS, Canada

Postharvest abscission is a huge problem for Atlantic Canada’s
balsam fir industry. It is hypothesized that fatty acid changes are
linked to cell damage postharvest and that genotypic differences
occur. Branches were collected from two clones of balsam fir
(AB-NSD-124 and AB-NSD-005), the first previously identified
as a high NRD (needle retention duration) clone postharvest and
the latter a low NRD clone. Five samples of each genotype were
collected onsite and frozen in liquid nitrogen and stored in a
–80 °C freezer for lipid analysis. Branches from the high and
low NRD clones were transferred to the lab, hydrated, and kept
at an average temperature of 20 to 24 °C and a light intensity of
85–100 µmol·m−2·s−1. Needle loss (mg·g–1 fw) and average daily
water use were measured three times a week. Membrane injury
(MII), fluorescence index, and capacitance were measured on
site and weekly. Lipids were extracted and analyzed. There was
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a significant interaction between time and genotype (P = 0.003).
By week 9, there was 4x the needle loss in AB-NSD-005 as in
AB-NSD-124. Needle loss in AB-NSD-005 was best predicted
by increasing MII and decreasing capacitance (R2adj = 75.9%),
whereas in AB-NSD-124 it was decline in fluorescence (R2adj
= 75.6%), indicating that AB-NSD-124 was more affected by
chloroplast breakdown. Needle loss in AB-NSD-005 was weakly
but significantly related to peroxidation index (PI) and double
bond index (DBI), whereas needle loss in AB-NSD-124 could be
predicted by decreasing PI, DBI, and linoleoyl-desaturase ratio
(LDR; R2adj = 58.68%), suggesting the production of fewer 18:3
fatty acids over time. Significant interactions between time and
genotype indicate that PI and DBI indices decrease much earlier
in AB-NSD-005. The most notable interaction in fatty acids was
seen in 18:3n3 with a 32% and 35% decline in AB-NSD- 124
and AB-NSD-005, respectively. However by the fifth week, in
AB-NSD- 124 there was no change in 18:3n3 whereas in ABNSD-005 there was a significant decrease. All these lipid and
fatty acid changes suggest a significant link between lipid and
fatty acid metabolism and postharvest needle abscission and it
is hypothesized that lipids could be a potential signal molecule
in postharvest needle abscission.
Specified Source(s) of Funding: Atlantic Canada Opportunities
Agency, SMART Christmas Tree Cooperative

Mandarin Peel Desiccation Does Not Readily
Influence Internal Oxygen Concentration
(Poster Board #085)

David Obenland*

USDA–ARS, Parlier, CA, USA

Mary Arpaia

University of California, Riverside, CA, USA

Off-flavor development in mandarins is associated with a decline
in internal oxygen following the application of a wax coating
during postharvest processing. Characteristics of the peel can
influence the rate of oxygen diffusion into the fruit and alter
internal oxygen levels. Degreening of mandarins, generally
practiced during the early portion of the season, causes some
degree of peel desiccation that could potentially change peel
gas permeability and affect both the entry of oxygen into the
fruit and subsequent flavor. To test this possibility unwaxed ‘W.
Murcott’ and ‘Gold Nugget’ mandarins were stored at 20 °C
and either 80% or 90% relative humidity (RH) for one to four
days prior to waxing to simulate a potential degreening scenario.
The fruit were then waxed with a carnauba wax and stored for
two weeks at 5 °C followed by one week at 20 °C, at which
time fruit internal atmospheres were determined. Weight loss
was similar for both varieties during the simulated degreening and averaged 0.7%/day at 80% RH and 0.4%/day at 90%
RH, with the total weight loss after four days being 2.9% and
1.8%, respectively. Oxygen concentrations were significantly
different between the varieties, averaging 6.1% for ‘W. Murcott’
versus 9.0% for ‘Gold Nugget’ but did not differ due to either
storage humidity or days of storage prior to waxing. In further

experimentation the effect of enhanced peel dehydration was
determined by placing fruit in a specially-constructed device
that maintained a constant airflow over the fruit for periods
of 24 hours, 48 hours, or 72 hours after which the fruit were
waxed, stored for two days at 20 °C, and internal oxygen concentration determined. Even after 72 hours and 5.0% weight
loss internal oxygen concentrations did not differ from that
of fruit that received no dehydration treatment. Gas exchange
through the peel appears to be fairly resilient to fruit desiccation
and suggests that the degree of water loss that occurs from the
peel during degreening likely does not directly contribute to
off-flavor development in mandarins.

Storage of Mechanically Harvested Blueberry
(Vaccinium spp.) Fruit Using a Limb Shaker Is
Affected By Shaking Vigor, Catching Surface,
and Cultivar
(Poster Board #086)

Patrick Abeli*

Michigan State University, East Lansing, MI, USA

Ben Paskus

Michigan State University, East Lansing, MI, USA

Fumiomi Takeda

Appalachian Fruit Research Station, Kearneysville, WV, USA

Changying Li

University of Georgia, Kearnysville, WV, USA

Randolph Beaudry

Michigan State University, East Lansing, USA

Blueberry fruit (Vaccinium spp.) are harvested at nearly equal
rates through hand and mechanical methods. There is a trend
away from hand harvesting due to labor, time, and economical
concerns. Current mechanical harvesting methods are primarily
used for fruit destined for the processed market due to the high
level of damage and reduced storability. There is an interest in
developing new blueberry varieties that are tolerant of these
levels of damage, and therefore amenable to machine harvesting for the fresh fruit market, however, there is a 10–15 year
timeline for these efforts. In the short term, it is necessary to
re-engineer machine harvesting methods to reduce the overall
level of damage due to berries impacting hard surfaces of the
harvester. In our research we simulated impacts onto two different surfaces (a foam pad and a steel plate) of distances known
to occur in machine harvesting and processing lines to induce
damage (bruising) and evaluated fruit quality post-storage. We
showed that the distance a berry falls and the elasticity of the
surface onto which a berry impacts has an effect on weight
loss and fruit firmness after a four-week storage period. The
following year, we used these data to evaluate the ability of a
new harvest assist platform with shaking harvesting apparatuses to minimize fruit damage and to determine the effect on
post-harvest storability. In these experiments, we found that
firmness and internal quality post-storage was affected by the
catching surface and the energy supplied to the shaker head,
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but by far, the greatest impact on quality was from cultivar.
These data are being utilized in the current year of this study
to continue to refine the design of the harvest-assist platform
to minimize bruising and increase storability of semi-machine
harvested fruit.
Specified Source(s) of Funding: USDA

through the National Research Foundation of Korea funded by
the Ministry of Education, Science, and Technology.

Correlation Between Sensory and Instrumental
Crispness of a ‘Honeycrisp’ Apple Breeding
Population
(Poster Board #088)

The Exact Quantification of Major Plant
Hormones and ABA-related Genes (FaNCED1,
FaNCED2, and FaCYP707A1) Expressions
during Strawberry Fruit Development

Hsueh-Yuan Chang*

University of Minnesota, Saint Paul, USA

Zata Vickers

University of Minnesota, Saint Paul, USA

(Poster Board #087)

Cindy Tong

University of Minnesota, Saint Paul, USA

Joong Gon Kim*

Research Institute of Agriculture and Life Sciences, Seoul, Korea,
Republic of (South)

Sooyeon Lim

Research Institute of Agriculture and Life Sciences, College of
Agriculture and Life Sciences, Seoul National University, Seoul,
Korea, Republic of (South)

Eun Jin Lee

Seoul National University, Department of Plant Science, Seoul,
Korea, Republic of (South)

Strawberry fruit have been considered as non-climacteric
fruit and abscisic acid (ABA) is generally known as a main
hormone to trigger ripening of strawberry fruit. However, the
roles of other major plant hormones and ripening mechanism
of strawberry fruit have not been well studied clearly. To understand hormonal regulation mechanism of strawberry fruit
ripening, we exactly analyzed five major hormones of ABA,
indole-3-acetic acid (IAA), gibberellin 4 (GA4), and methyljasmonate (MJ), and ethylene (ET) according to strawberry
fruit development stages. The quantification of hormones
was conducted at six developmental stages: SG, small green;
LG, green; BR, breaker; PK, pink; and FR, fully red. IAA,
GA4, and ABA were analyzed by a high-performance liquid
chromatography-mass spectrometry. MJ was analyzed by gas
chromatography–mass spectrometry. IAA and GA4 levels had
the highest levels at SG stage and gradually declined during fruit
development. The level of ABA was low at SG and BR stages
and then rapidly increased by showing the maximum value at
FR. In contrast, the level of MJ did not significantly changed
during fruit development stage. ET was not detected in all fruit
development stages. Additionally, the ABA biosynthesis genes
of FaNCED1 and FaNCED2 had positive correlations with
fruit ripening and the ABA degradation gene of FaCYP707A1
encoding 8-hydroxylase had a negative correlation with fruit
ripening. Therefore, the ripening of strawberry fruit would be
controlled under the changes of ABA and its related gene expressions which are FaNCED1, FaNCED2, and FaCYP707A1.

Specified Source(s) of Funding: This work was supported by the
Basic Science Research Program (NRF-2013R1A1A1057658)

Loss of crispness in apple fruit during storage reduces the fruit
fresh sensation and consumer acceptance. Apple varieties with
fruit that maintain crispness thus provide an opportunity for
breeding cultivars with higher potential for longer-term consumer appeal. To effectively phenotype this trait, we studied
an apple breeding population derived from a cross between
‘Honeycrisp’ and MN1764, which segregates for crispness maintenance. Three types of instrumental measurements (puncture,
snapping and mechanical-acoustic tests) and sensory evaluation
were performed on fruit at harvest and after eight weeks of
cold storage. Overall, 22 genotypes from the population were
characterized by 19 force and acoustic variables generated
from the instrumental measurements. Principal component
analysis (PCA) showed that force and acoustic variables were
complemented in characterizing the instrumental properties
of the apple population. The first two principal components
accounted for 70% of the variance, with PC1 (49%) related
mainly to force variables, and PC2 (21%) related to acoustic
variables. In general, sensory crispness was correlated better
with force variables than acoustic variables. The results suggested that loss of crispness may not be directly implied by a
decrease of force and acoustic values.

Evaluation of Muscadine for Four-week Storage
Life
(Poster Board #089)

Penelope Perkins-Veazie*

North Carolina State University, Kannapolis, NC, USA

Guoying Ma

North Carolina State University, Kannapolis, NC, USA

Joyce Edwards

North Carolina State University, PHHI, Kannapolis, NC, USA

Muscadine (Vitis rotundifolia) grapes are large, seeded, and
harvested singly or in clusters. These grapes tend to have a
shelf life of one to three weeks, depending on berry firmness
and stem end leakage. In North Carolina, new markets outside
the United States are desired but muscadine shelf life will
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need to be four to eight weeks. Muscadines were harvested
from a commercial grower using good fungicide management
at three dates to follow cultivar and season effects on relative
shelf life at 4 °C and 95% RH. Muscadines were hand-picked
into clamshells and cooled within one hour of harvest. Early to
mid-season ‘Late Fry’, ‘Lane’, ‘Hall’, ‘Nesbitt’, ‘Granny Val’,
and ‘Supreme’ had a marketable rating of 60-80% after four
weeks while ‘Summit’ and ‘Tara’ had ratings of 53 and 26%.
Marketable ratings of late season ‘Nesbitt’, ‘Supreme’ were
under 20% after only two weeks storage. Holding muscadine
grapes at room temperature and high humidity decreased ratings. Results indicate that muscadine cultivar shelf life can
be increased to 4 weeks for several cultivars if black rot and
ripe rot are well controlled in the field, fruit are hand-picked
directly into final container, cooled promptly, and held below
5 °C under high humidity.
Specified Source(s) of Funding: North Carolina Wine and
Grape Council

Use of Near-infrared Spectroscopy (NIRS) to
Determine Soluble Sugars and Anthocyanin
Content in Strawberry Fruit
(Poster Board #090)

Penelope Perkins-Veazie*

North Carolina State University, Kannapolis, NC, USA

Guoying Ma

North Carolina State University, Kannapolis, NC, USA

Gina Fernandez

North Carolina State University, Raleigh, NC, USA

NIRS uses near infrared light to quickly scan samples for
substances and is being utilized as a nondestructive screening
system for quality analysis. It is especially useful to sort large
quantities of plant material for compounds where HPLC analysis
is commonly used, although standard curves must be initially
developed for each assay. Freeze dried strawberry samples
were analyzed for detection of sucrose, glucose, and fructose
(80 samples), and for pelargonidin-3-glucoside anthocyanin
and total anthocyanin (TAC) content (208 samples). Values
ranged from 5.5 to 11% SSC, 3.55–4.18 pH, 6.3–153.3 mg/g
dwt sucrose, 127–377 mg/g dwt glucose, and 189–407 mg/g
dwt for fructose. Total anthocyanin content was 4.6–33.8 mg/g
dwt and pelargonidin-3-glucoside was 3.3–26.4 mg/g dwt. The
NIR spectra of the strawberry fruit powder were collected by a
Bruker FT-NIR spectrometer, Multi Purpose Analyzer (MPA).
The spectra were calibrated against soluble solids content (SSC),
pH, titratable acidity, individual sugars, P3G and TA by partial
least squares (PLS) regression. Poor models were obtained for
titratable acidity and pH (0.41 and 0.12). The best calibration
models had coefficients of determination (R2) of 0.92 (SSC),
0.77 (fructose), 0.78 (glucose), 0.94 (sucrose), and 0.80 (P3G,
TAC) and RPD values of 2.08 to 2.22. Our results show that
NIRS provides a rapid and accurate estimation of sugars and
anthocyanin in strawberry.

Thursday, September 21, 2017

Growth Chambers and Controlled
Environments 2
Response of Grafted Cucumber Seedlings to
Grafting Method, Healing Conditions, and
Cultivar
(Poster Board #288)

Mark Kroggel

The University of Arizona, Tucson, AZ, USA

Louis Connor Everly

The University of Arizona, Tucson, USA

Chieri Kubota*

The University of Arizona, Tucson, AZ, USA

Grafting cucurbits onto disease resistant and vigorous rootstock
improves plant performance and yield under conditions of biological and abiotic stress. Single cotyledon grafting is a widely
used grafting method for cucurbits, but success can be affected
by differences between scion and rootstock of stem diameter,
genetic compatibility and also of graft healing conditions.
Cucumber typically have smaller hypocotyl (stem) diameters
than other cucurbit scions and large differences between stem
diameter of cucurbit scion and rootstock are typical, especially
when using large stemmed hybrid squash rootstocks. During
healing, as the interfacing tissue layer develops between scion
and rootstock, scion cut end typically enlarges, covering the
rootstock cut surface at the union. This typically happens during the first few days of healing under optimum healing conditions and is presumably critical to high grafting success. Scion
genotype can also affect graft compatibility. In this test, scion
material of slicer-type cucumber Cucumis sativus ‘Dasher II’
and long, seedless type ‘Rembrandt’ were grafted onto squash
Cucurbita maxima x C. moschata hybrid rootstock ‘StrongTosa’.
Plants were grafted at the appropriate developmental stage using
the single cotyledon method. Three different grafting/healing
conditions were tested: 1–2) plants grafted without cutting
off rootstock roots and either roots in substrate saturated with
water (uncut/wet) or with roots in moist substrate not saturated
with water (uncut/dry) and 3) plants grafted after cutting off
rootstock roots and the cutting stuck into moist substrate not
saturated with water (cut/dry). All three conditions were in each
of two separate healing chambers for each cultivar maintained
at 28 °C. Relative humidity was ~100% RH for the first five
days and then gradually reduced to ambient for remaining two
days. Percent of live scions, and number of aerial roots at the
graft union were measured; degree of union strength and internal rooting were evaluated eight days after grafting. Based on
Pearson Chi-square test, graft union strength was significantly
greater for cut/dry than uncut/dry but uncut/dry versus uncut/wet
and cultivar were similar. ‘Rembrandt’ and uncut/dry treatment
had more aerial roots than ‘Dasher II’ and cut/dry, respectively,
but uncut/wet versus uncut/dry were similar. This may indicate
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that hormonal balance between scion and rootstock altered by
genotype or grafting method (with or without roots) was more
influential on grafting success than rootstock water status (e.g.,
root pressure) in cucumber grafting. Specific grafting and healing methodology may improve graft union strength potentially
resulting in consistently high grafting success.
Specified Source(s) of Funding: USDA NIFA SCRI (Award
Number 2011-51181-30963)

Effects of High Temperature on Pollen
Development in Tomatoes Grown in Glass
Greenhouse
(Poster Board #289)

Yingde Zhu*

Tennessee State University, Nashville, TN, USA

Sarabjit Bhatti

Tennessee State University, Nashville, TN, USA

productivity of crops grown in greenhouses. The objective of
this study was to develop a root-zone environmental measurement system using a low-cost microcontroller with open-source
software. Root-zone environmental parameters to be measured
were temperature, electrical conductivity (EC) and water content. Sensors were used the load-cell and GS3 soil moisture.
The GS3 measures water content, root-zone temperature, and
EC independently. An Arduino Uno R3 consisted of a USB interface for communicating with a computer, six analog inputs,
14 digital input/output pins. A load-cell sensor was connected
to the digital pins 2 and 3. A GS3 sensor was connected to the
digital pin 4. The sketches were programmed with the Arduino
Software (IDE). A measurement system including the Arduino
board, sensors, and accessories was inexpensively developed.
Data for the environmental parameters in a greenhouse were
obtained using this system without any problems. We could
expect that the Arduino using open-source software will be efficiently used for monitoring root-zone environments.

Suping Zhou

Effect of Salinity of Base Water Source on
Growth and Quality of Four Leafy Vegetables in
The United States is one of the world’s leading producers of
a NFT System
Tennessee State University, Nashville, TN, USA

tomatoes. Tennessee ranks among the top six as one of the major
fresh market tomato producing states in the nation. Extreme
heat conditions have an adverse effect on pollen development,
and thus cause significant reduction in tomato production. The
objective of the project was to study the effects of temperature on
pollen, seeds, and fruit development in vivo. Tomato ‘Micro-Tom
plants were grown in incubators under 14/10 hour photoperiod
under three temperature regimes: 320 °C continuously, 260 °C
continuously, and 32/260 °C (day/night). After two months of
treatment, pollen count, fruits set, fruit size, and seed development data were collected. No pollen developed when plants were
grown under continuous 32 ℃ condition and there was no fruit
set. Under 32/26 ℃ conditions, tomato plants produced viable
pollen but most of them did not germinate at 26 ℃. Under the
26 ℃ treatment, tomato plants produced abundant viable pollens that germinated at 26 ℃. Some also germinated at 32 ℃
under in vitro conditions. Studies indicate that heat stress during
flower development has a detrimental effect on pollen fertility
and tomato fruit sets as well as development.
Specified Source(s) of Funding: National Institute of Food and
Agriculture

Development of a Moisture Content Monitoring
System Using Arduino, Load-cell, and Soil
Moisture Sensor
(Poster Board #290)

Young-Yeol Cho*

Jeju National University, Jeju, Korea, Republic of (South)

Mi-Kyung Cha

Jeju National University, Jeju, Korea, Republic of (South)

Continuous monitoring of root-zone environment provides farmers with useful information, which can improve the quality and

(Poster Board #291)

Youping Sun

Utah State University, Utah, USA

Genhua Niu*

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Lifei Chen

Department of Horticulture, Jilin Agricultural University, Changchun,
Jilin, China

Qiang Liu

Central South University of Forestry and Technology,
Changsha,Hunan, China

High quality water is often used in a recirculating hydroponic
system. However, high quality water is not always accessible to
growers, especially in water scarce regions. Limited information is available on the effect of water quality on plant growth
and quality. A greenhouse experiment was conducted to evaluate the feasibility of using marginal water for leaf vegetable
production in a nutrient film technique (NFT) system. Seeds
of Brassica rapa var. chinensis ‘Tokyo Bekana’, ‘Mei Qing
Choi’, and ‘Rosie’ (pac choi) and Lactuca sativa ‘Tropicana’
(leaf lettuce) were germinated and grown in a growth chamber.
Seedlings were transplanted to the NFT systems on 22 Sept.
2016. Nutrient solutions were prepared by using CNS17 grow
solution diluted with three water sources (treatments): reverse
osmosis (RO) water, tap water, and tap water plus NaCl with
final electrical conductivity (EC) of 1.6, 2.4, and 3.2 dS/m, respectively. Nutrient solution was replenished on 5 Oct. and 10
Oct. using the one third strength of CNS17 solution diluted with
RO, tap water, and tap water plus NaCl at EC of 0.7, 1.6, and
2.4 dS/m, respectively. The four vegetable varieties responded
to base water quality differently. No differences between RO
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and tap water were found in all growth parameters and SPAD
readings of ‘Tropicana’ lettuce, ‘Mei Qing Choi’, and ‘Tokyo
Bekana’. For ‘Rosie’, plant growth was better in tap water than
RO was as the base water source. High salinity reduced all
growth parameters and SPAD readings of ‘Tropicana’ lettuce
and ‘Rosie’, whereas fresh weight and height of ‘Mei Qing
Choi’ and ‘Tokyo Bekana’ were reduced. The NO3– concentration in the nutrient tank decreased to below 500 mg/L in the
third week in all treatments. K+ decreased to zero in the last
three days with RO and tap waters as the base water, indicating
additional K+ is necessary in replenishing solution. Other ion
concentrations of the tank solution did not decrease except for
P. Mineral analysis indicated that leaf mineral contents varied
with type of vegetables. High salinity reduced Ca and Mg in
‘Tokyo Bekana’. For micronutrients, RO water treatment slightly
reduced leaf Fe and Cu in ‘Tokyo Bekana’ and leaf Cu in ‘Rosie’.
Leaf Na was increased by high Na in the nutrient solution in all
vegetables. More studies are needed to determine the threshold
of NaCl in marginal water that affects the growth and quality
of leaf vegetables.
Specified Source(s) of Funding: NIFA Hatch

Impact of Soilless Media on Strawberry
(Fragaria xananassa) Growth and Fruit
Production
(Poster Board #292)

Tiffeny Spindler

taken. The fruit fresh weight and yield were both considerably
higher for coconut coir and rice hull mixture although growth
parameters such as height and leaf number were relatively the
same among the media. Strawberries grown in coconut coir
had the largest leaf area while there was no significant difference among the rest of the media. Fruit production was similar
between treatments but showed a trend with coconut coir and
rice hull media producing the largest number of fruits as well
as the highest fruit fresh weight. The total number of fruits at
harvest was the highest for rice hull media although dry weight
was not significantly different among the treatments. Each of the
treatments were similar with the leachate volume, pH and EC
during production. It is concluded that strawberry plants grown
in rice hull mixture perform equal to or greater than the ones in
the other media tested. It is concluded that rice hull mixture is a
sustainable alternative that could possibly be one of the highest
performing media for strawberry production.

Development of Low-cost Incubator for Largescale Antagonistic Microbial Cultivation without
Autoclave
(Poster Board #293)

Dong Ryul Lee*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Purdue University, West Lafayette, IN, USA

Hye-Ji Kim*

Purdue University, West Lafayette, IN, USA

Strawberries are typically produced in an open field production
system, in which the production can be subjected to various constraints such as weed and pest control, a limited growing season,
fuel costs and quality loss associated with long-distance transport.
Greenhouse hydroponic cultivation allows year-round and local
production of strawberries and helps circumvent soil-related
issues while increasing efficiency and sustainability. Utilizing
soilless media that are cost-effective and locally available could
further reduce production costs and lead to better crop growth and
yield. Ground parboiled rice hull media could be an alternative
because it is local and inexpensive, and increases water holding
capacity when incorporated into the growing media. The aim
of this experiment was to compare different soilless media on
strawberry greenhouse production in a hydroponic system. Four
substrates were chosen: coconut coir, Steadygrow, Rockwool,
and a ground parboiled rice hull mixture (40% rice hulls, 30%
peat moss, 20% perlite, and 10% vermiculite). A drip irrigation/
fertilizer injection system delivered a complete nutrient solution containing 80 ppm N to the plants. Strawberry growth data
such as height, number of leaves and runners, and the number
of flowers and fruit were recorded weekly. Ripe fruits were
harvested twice a week and fresh weight was recorded. The
volume of leachate, pH and EC were monitored. At harvest, total
fresh and dry weights of the plants along with leaf area were

There are various types of limitations for the mass production of
the biocontrol agents such as the expensive incubating facilities
and media. In this study, the cost-effective incubator for the mass
production of bacteria was considered to replace the expensive
incubating facilities. The low-cost BB medium treated with 2%
H2O2 which had been previously developed and optimized for
mass cultivation was used throughout this study. 5 g of soil was
inoculated in 100ml of the non-autoclaved BB medium for 3h
and then treated with 30 ppm of Ca(ClO)2. After 12 hours, a thermophilic strain, Bacillus amyloliquefaciens Y1 was inoculated.
At two days after inoculation, only Y1 was observed, which
means that Ca(ClO)2 completely sterilized any contaminated
microbes in the medium. When Y1 was cultured in the plastic
incubator containing 500 L of BB medium with tap water at 40
ºC for three days, Y1 was mainly observed with 1.07x105CFU/
mL. However, small portion of other microbes was also found
with 0.91 x 104CFU/mL. This experiment was repeated at the
different fields, Hwasun and Yeonggwang, Jeonnam Province,
South Korea. The population of Y1 in Hwasun was examined
4.2 x 105 CFU/mL together with 1.0 x 104 CFU/mL of other
contaminated microbes. At Yeonggwang, the population of Y1
and contaminated microbes were detected 2.06 x 105 CFU/mL
and 1.36 x 105 CFU/mL, respectively. Y1 was cultured in the iron
incubator containing 15,000 L of BB medium with tap water at
40 ºC for eight days in Gwangju Agricultural Technology Center,
Gwangju city, South Korea. In this experiment, the population of
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Y1 was examined with 1.7 x 107 CFU/mL, which was the highest value among the experiment trials. The results of our study
demonstrated that the low-cost incubator and medium can be
used for Y1 culture without autoclaving at the agricultural fields.

Development of Three-variable Canopy
Photosynthesis Model of Romaine Lettuce
(Lactuca sativa L.) Grown in Plant Factory
(Poster Board #294)

Dae Ho Jung*

Seoul National University, Seoul, Korea, Republic of (South)

Hyo In Yoon

Seoul National University, Seoul, Korea, Republic of (South)

Jung Eek Son

Seoul National University, Seoul, Korea, Republic of (South)

The photosynthetic rate of crops depends on growth environment factors, such as light intensity and temperature, and the
photosynthetic efficiency varies with growth stage. The objective
of this study was to develop a canopy photosynthetic model of
romaine lettuce (Lactuca sativa L., Asia Heuk romaine) using
light intensity, temperature and growth stage. The canopy photosynthetic rates of the plants were measured 4, 7, 14, 21, and
28 days after transplanting at closed acrylic chambers (1.0 x 0.8
x 0.5 m) using light-emitting diodes, in which the temperature
and light intensity were changed to 19 to 28 ℃ and 50–500
µmol·m–2·s–1, respectively. At an initial CO2 concentration of
2,000 µmol·mol–1, the canopy photosynthetic rate of lettuce
began to calculate with the CO2 decrement over time. Compared to the simple multiplication model expressed by simply
multiplying a single variable model of rectangular hyperbola,
the physiological model additionally considered photochemical efficiency, carboxylation conductance, and dark respiration
which vary with temperature and growth stage. In validation,
the R2 value was 0.677 in the simple multiplication model, while
it increased to 0.723 in the physiological model. It was found
that the physiological model was more suitable than the simple
multiplication model in order to express the photosynthetic rates
affected by environmental factors.

Growth and Productivity of Vegetable Crops As
Affected By Nutrient Management Practices in
an Aquaponics System

effects of two different nutrient management practices on water
quality and growth performance of 10 different vegetable crops
(pac choi, mizuna, mustard, amaranth, Tokyo Bekana Chinese
cabbage, Swiss chard, chia, basil, lettuce, and cherry tomato)
in recirculating aquaponics systems. Fish were fed daily using
two different feeding schemes: daily uniform feeding (DUF) and
daily increasing feeding (DIF) by 1% fish fresh weight. DUF was
designed to provide an initial spike of nutrients in recirculating
water to aquaponics crops, while DIF is a common feeding practices for aquaponics. Two feeding schemes provided the same
amount of fish feed for each production cycle, but the initial
amount of fish feed (60 g and 40 g per day) and a subsequent
difference in nutrient accumulation rate (0 g and 5 g increment
per day) were the only two variables. A 30-day experiment was
repeated three times. The electrical conductivity (EC) increased
over time in both systems, but there was no significant difference between the systems. Similarly, total ammonium nitrogen
(TAN), nitrate, phosphate, pH and dissolved oxygen (DO) were
not significantly different between the treatments. Mizuna in
DUF showed higher yield than DIF resulting from significant
greater leaf length, number, and area. Similarly, cherry tomato
in DUF had a significantly higher fruit yield than DIF, while
the rest of vegetable species did not show significant difference
in fruit yield between DUF and DIF. Vegetable crops in DUF
had a significantly higher photosynthetic rate (Pn) than those
in DIF, while exhibiting a significant lower transpiration rate
(Tr) than its counterpart. Data also showed that DUF resulted
in a significant lower water consumption than DIF. The feed
conversion ratio (FCR) were not significantly different between
DUF and DIF (1.5 ± 0.5 and 2.0 ± 0.6, respectively), which
indicates that DUF may potentially lead to a higher nutrient use
efficiency for a long-term production. These results showed that
nutrient management practice plays an important role in growth
performance of vegetables and fish in aquaponics production and
it is critical to optimize the best nutrient management strategy
for better performance of an aquaponics system.

Evaluating Rank Order of Microgreen Cultivars
for Biomass and Water-soluble Carbohydrate
Concentrations Across Diverse Environments
(Poster Board #296)

Rosalie Metallo

University of Tennessee, Knoxville, TN, USA

(Poster Board #295)

Carl Sams

Teng Yang*

The University of Tennessee, Knoxville, TN, United States

Purdue University, West Lafayette, IN, USA

David Kopsell

Hye-Ji Kim

Illinois State University, Normal, IL, USA

Purdue University, West Lafayette, IN, USA

Aquaponics is a production system that recycles residual
nutrients resulted from fish waste for cop production. Optimizing nutrient management practices is critical to improve crop
productivity in aquaponics, and different nutrient management
practices may affect nutrient availability in waste water even
crop performance. This study was conducted to examine the

Natalie Bumgarner

University of Tennessee, Knoxville, TN, USA

Dean A. Kopsell*

The University of Tennessee, Knoxville, TN, USA

Microgreens are increasing in popularity as specialty crops for
greenhouses and controlled environments. Brassicas, lettuces,
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and herbal crops are the most commonly grown microgreens
due to their fast germination and production time and simple
cultivation needs. Concentrations of water soluble carbohydrates in microgreens will contribute to flavor attributes. The
objective of this study was to screen fifteen commercially
grown microgreen cultivars in cool, low light and warm, high
light environments for germination timing, fresh mass (FM)
accumulation, and water soluble carbohydrate concentrations.
Five cultivars each of lettuce, herb, and Brassica crops were
grown under greenhouse conditions using a soilless peat mix
in solid-bottom plastic trays (26 x 52 x 3 cm) and misted daily
using a fine spray nozzle head. All aboveground microgreen
FM was harvested after plantlets reached the first to second
true leave stage. Samples were freeze-dried and measured for
concentrations of water soluble carbohydrates using HPLC.
During production, conditions for the cool, low light environment were (daily mean): PAR, 161 µmols·m–2·s–1; DLI, 14
mol·d–1; air temperature, 20 °C. Growing conditions for the
warm, high light environment were (daily mean): PAR, 467
µmols·m-2·s-1; DLI, 40 mol·d–1; air temperature, 25 °C. Data
were analyzed using Spearman’s rank order correlation to
determine the monotonic relationship of cultivars across the
two environmental growing conditions. Rank order correlation
for days to germination was rs = 0.771 (P ≤ 0.001). Cultivars
averaged 5.8 days to germination in the low light environment and 4.5 days in the high light environment. Rank order
correlation for FM was rs = 0.832 (P ≤ 0.001). Fresh mass of
cultivars averaged 92.8 g per flat in the low light environment
and 97.3 g per flat in the high light environment. Rank order
correlation for tissue sucrose (rs = 0.712; P ≤ 0.001), fructose
(rs = 0.757; P ≤ 0.001), and glucose (rs = 0.911; P ≤ 0.001)
were also significant. Cultivar tissue sucrose averaged 13.8
mg·g–1 dry mass (DM) in the low light environment and 7.21
mg·g–1 DM in the high light environment; tissue fructose averaged 13.38 mg·g–1 DM in the low light environment and 15.36
mg·g–1 DM in the high light environment; and tissue glucose
averaged 14.11 mg·g–1 DM in the low light environment and
17.31 mg·g–1 DM in the high light environment. Cultivar rankings for germination timing, FM production, and water soluble
sucrose, fructose, and glucose remained stable over different
environments. Stability in cultivar ranking for yield and quality
may be useful information for microgreen producers.

Aquaponic Production of Tomato and Sweet
Pepper Cultured in Two Media Types
(Poster Board #297)

Tim Pannkuk*

Sam Houston State University, Huntsville, TX, USA

Sharon Frey

Sam Houston State University, Huntsville, TX, USA

Mackenzie McBeth

Sam Houston State University, Huntsville, TX, USA

Aquaponics is an integration of aquaculture and hydroponics – a
soilless system for crop production. Water holding and chemi-

cal properties of an aquaponic system’s media can be critical
in the success of plant and fish production. This experiment
consisted of two longbed systems each with three different plant
varieties (tomato, bell pepper, and peppermint); each system
contains six individual beds with one plant species designated
in two beds. One goal of this study was to compare growth
parameters of tomato (Solanum lycopersicum) and bell pepper
(Capsicum annuum) grown in two separate media types: gravel
and lightweight expanded clay aggregate (LECA). Preliminary
water tests were conducted before the introduction of the plants
into the system. Before the addition of plants into the system,
water chemical properties expressed little variation between
the two medias. Root fresh and dry weights and total fruit
weight were assessed after 12 weeks. Water solution nitrate,
nitrite, ammonium, pH, and dissolved oxygen were measured
twice a week for 12 weeks. Water pH ranged from 6.0–7.6,
and ammonium concentrations ranged from 0–8.0 ppm. LECA
and gravel are viable media sources in aquaponic tomato and
pepper production in southern Texas.
Specified Source(s) of Funding: Sam Houston State University

Nanoracks—Girl Scouts of Hawaii—Arugula
Plant Growth Project on the International
Space Station
(Poster Board #298)

Kent Kobayashi*

University of Hawaii at Manoa, Honolulu, HI, USA

Microgravity can affect the growth of plants, which has implications for future space food production. The objective of the
NanoRacks—Girl Scouts of Hawaii—Arugula Plant Growth
Project was to determine the differences between arugula seedlings grown in microgravity on the International Space Station
(ISS) and those grown on Earth. The ISS Team consisted of
eight high school students. Assisting were mentors in horticulture, engineering, electronics, and computer programming. A
horticulture group was added to the team’s engineering, design,
programming, and communications groups. The team selected
arugula (Eruca sativa Miller), and the treatments were organic
nutrients, synthetic nutrients, and no additional nutrients. The
investigation included two MicroLabs, two controllers, and two
unique interface boards that controlled one experiment. Photo
capture, photo lighting, grow lighting, and watering were shared
between the two controllers and three plant growth tubes. All
seedlings had the same light (red and blue LEDs), water, growth
medium, and temperature conditions. The team designed the
incubator to hold the hydroponic system. This included grow
tubes, LED lights, arugula seeds, purified water, PVC water
line tubing, PVC water bag, micro valve for controlling water
flow, assorted integrated circuit chips, resistors, capacitors,
and connectors. The team designed programming to enable the
payload to operate remotely while on the ISS. Programming
and electronic interface circuitry managed the water bag, timing of the water cycle, grow lights, and photo frequency. The
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experiment was designed to function for the duration of the
flight onboard the ISS. Flight simulations were successful and
provided high confidence the experiment would be a success
while on the ISS. Upon examination of the returned experiment, no seed germination had occurred. While the experiment
mechanically functioned as expected, there were no traces of
water in the capsule compartment. The team’s hypothesis was
the water storage bladder leaked and evaporated while in preflight wait status. The team assembled the experiment in late
Jan. 2015, with a target launch in February. Due to SpaceX
booster rocket failures and the prioritization of other flight
missions over the ISS experiments, the actual launch date was
14 July 2015. The ISS Team learned to devise experiments
and develop new, life-changing skills in scientific research,
coding, data analysis, decision-making, project management,
and collaboration. I thank Colleen LaClair, James LaClair, Gail
Hannemann, Girl Scouts of Hawaii, NanoRacks LLC, NASA,
National Laboratory Education, and Valley Christian High
School for their assistance.

Ornamentals/Landscape and Turf 2

464%. We prepared the ~65 sq. ft. trial site located at the University of Hawaii Shidler College of Business (Honolulu, HI)
by eradicating the exotic grass with a non-selective herbicide,
allowing weeds to grow back, and then covering with weed
mat (repeated 1x). We combined the gametophytes from liquid
culture in a hydro-mulch slurry containing water, wood mulch,
and tackifier (slope adhesive). The slurry was spread by hand
on the sloped plot. This experiment was successful in the mass
out-planting of the native fern Microlepia strigosa (Thunb.) C.
Presl., which had a success rate of ~1 established sporophyte
per sq. ft. per gram of gametophytes, as well as the native ferns
Nephrolepis cordifolia (L.) K. Presl, and Nephrolepis exaltata
(L.) Schott subs. hawaiiensis, which had a combined success
rate of ~1 established sporophyte per 3.3 sq. ft. per 10 grams
of gametophytes. This trial provides an example protocol for
the mass production of three native Hawaiian fern species,
subsequent slope remediation using weed removal techniques,
and mass out-planting with a hydro-mulch slurry.
Specified Source(s) of Funding: Hawaii State Department of
Transportation

Plant Mortality Rates in Bioswales Along
Interstate 95, the Busiest Highway in the United
States

Restoring an Exotic Grassy Slope Using Native
Hawaiian Ferns: From Spore to Sporophyte

(Poster Board #211)

(Poster Board #210)

Sasha Eisenman*

Samuel L. Champine-Tocher*

Temple University, Ambler, PA, USA

Lyon Arboretum, Honolulu, HI, USA

Joshua Caplan

Nellie C. Sugii

Temple University, Ambler, PA, USA

Lyon Arboretum, Honolulu, HI, USA

In Hawaii’s roadside areas, non-native weed pressure leads to
the colonization of exposed soil by invasive species before native pioneer species are able to establish. The current practice
for erosion control in roadside remediation is to hydro-seed
with exotic grass species. As these non-native species establish,
ecological damage such as the alteration of native soil chemistry
and the make-up of microorganisms within the soil can result.
Additionally, there is increased risk that these exotic species
spread into nearby native forest where they may out-compete
and endanger rare species. As an example remediation project,
we used a series of horticultural techniques to transform a sloped
plot of exotic grass into a native Hawaiian fern landscape. The
trial was conducted as part of a protocol development program
for large scale roadside restoration using native Hawaiian ferns,
funded by the Hawaii State Department of Transportation. We
harvested spores from the Harold L. Lyon Arboretum (Honolulu,
HI) and wild populations in the southern Koʻolau mountain range
(Honolulu, HI). We then germinated the spores on petri dishes
containing a solidified agar medium. Germination occurred after
approximately one month. After two to three more months in
solid media culture, we transferred the gametophytes to a liquid
flask culture containing higher levels of nutrients. We grew the
gametophytes in liquid culture for approximately one month
during which time they increased wet weight by an average of

Many cities around the world are expanding the number of
green infrastructure systems installed adjacent to impervious
surfaces. These systems capture stormwater runoff and thus
prevent it from contributing to combined sewer overflows, which
are a major threat to water quality in streams and rivers near
urban areas. For example, Philadelphia’s ‘Green City, Clean
Waters’ initiative has prompted the Pennsylvania Department of
Transportation (PennDOT) to integrate numerous raingardens
and bioswales into their plans for the renovation of Interstate
95 (I-95) over the next 25 years. I-95 is the main north/south
highway in the eastern United States and runs along the edge
of Philadelphia, paralleling the Delaware River. However, it
is unclear how tolerant plants will be of the unique stressors
inherent in these bioswales, which will be capturing runoff
from the busiest highway in the United States. To be successful, plantings will need to be resilient to periodic inundation
by water high in heavy metals and salts, extended periods of
dry weather, elevated temperatures, and other stressors. We
investigated the first-year survival and health of plants in the
first set of bioswales constructed by PennDOT along the I-95
renewal in 2016. We inventoried five basins (totaling 0.28 ha),
in which the planting design indicated that 7343 plants from 55
species were installed in 2015. We visually scored plants on a
4-level scale (dead, and three levels of health/size). First-year
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mortality rates ranged from 0 to 96%, with Geranium maculatum L. and Actaea ramosa (DC.) Wormsk. ex Prantl ‘Hillside
Black Beauty’ [formerly Cimicifuga ramosa] experiencing
the greatest mortality (77% and 96%, respectively). In some
species, such as Calamagrostis xacutiflora (Schrad.) DC. ‘Karl
Foerster’, Viburnum trilobum Marshall, Mondarda didyma L.
and Cornus sericea L., variation in phenology and/or growth
was observed between individuals of the same species that
were planted in close proximity to each other (< 0.5 m in some
instances), but that likely experienced different hydrological
regimes. Typically, lower health and poorer survival occurred
in plants with lower elevations. To better understand their stress
responses to these varying growing conditions, a subset of the
species are currently being investigating for leaf-level physiological responses (primarily transpiration, photosynthesis, and
chlorophyll fluorescence). The soil and plant tissues are also
being analyzed to determine concentrations of salts and heavy
metal contaminants. By better elucidating plant responses to
the many stressors of urban bioswales, the performance of the
green infrastructure installations can be maximized.
Specified Source(s) of Funding: Pennsylvania Department of
Transportation and AECOM

A Comparison of Two Horsechestnut (Aesculus
hippocastanum L.) Street Tree Plantings in
Pripyat and Kiev, Ukraine
(Poster Board #212)

A. James Downer*

University of California Cooperative Extension, Ventura, CA, USA

J.F. Karlik

University of California Cooperative Extension, Bakersfield, CA,
USA

On 27 Apr. 1986, in then-Soviet Ukraine, reactor number four
of the Chernobyl nuclear power plant exploded during a test
procedure, releasing enormous amounts of radionuclides. All
inhabitants of nearby Pripyat (a modern city of 50,000) were
evacuated within three days, never to return. In 2016, we
compared unmaintained horsechestnut trees (Aesculus hippocastanum L.) in the abandoned town of Pripyat to maintained
trees of the same species and age in the city of Kiev, Ukraine.
Trees in Kiev were subject to numerous pruning wounds and
developed significantly more branch defects in their canopies
compared to trees in Pripyat. Kiev trees had more trunk injuries
and displayed cankers and decay in their main stems. Kiev trees
had larger stem diameters than trees in Pripyat, but overall
quality of their form was reduced compared to street trees in
Pripyat. Trees in Pripyat were growing in direct competition
with invasive tree species that resulted in shading of their
lower canopies, significant competition for light and water, and
increased deadwood in lower branches. There was abundant
leaf litter in the Pripyat trees resulting in a spongy mulch layer
with measurable radioactivity. Trees in Kiev were maintained
with a clean canopy floor and sparse turfgrass.

Landscape Shade Tree Performance after Ten
Years of Drought
(Poster Board #213)

A. James Downer*

University of California Cooperative Extension, Ventura, CA, USA

Tracey E. Takeuchi

California Polytechnic University, Pomona, USA

Starting in 2006, California has undergone a ten year drought.
Precipitation, especially in Southern California, was 50% below
average in several years during the period. Normal rains returned
in 2016–17. At the height of the drought (Fall 2016), we surveyed
over 1500 residential shade trees in three Southern California
cities (Ventura, Simi Valley, and Norco). Trees viewed in front
yards of residences along randomly selected north-south streets.
All trees were identified and given quality ratings ranging from
1 = dead to 5 = perfect quality for that taxon. Over 90 taxa were
rated. In each landscape, an irrigation level was assigned based
on the overall performance of plants in the yard. A yard where
everything had died (except the tree being rated) was assigned
a low or dry irrigation level, whereas trees growing in manicured turf with no obvious dry spots were assigned a wet level.
Two intermediate levels were also assigned. Significant quality
differences were only observed (average of all taxa) in the dry
landscapes. Trees in landscapes receiving some irrigation had
visual quality ratings not significantly different than frequently
irrigated landscapes. Trees most likely to survive in non-irrigated
landscapes were Peruvian Pepper (Schinus mole L.), Tamarix
(Tamarix spp.), and various species of Ficus.

Florida’s Green Industries Best Management
Practices Training Promotes Sustainable Urban
Landscapes
(Poster Board #214)

John Bossart*

University of Florida, Gainesville, FL, USA

Donald Rainey

University of Florida, Sarasota, FL, USA

Esen Momol

University of Florida, Gainesville, FL, USA

C.J. Bain

University of Florida, Gainesville, FL, USA

Jennifer Marvin

University of Florida, Gainesville, FL, USA

Laurie Trenholm

University of Florida, Gainesville, FL, USA

Michael Thomas

Florida Department of Environmental Protection, Tallahassee, USA

Florida enjoys an abundance of lakes, rivers and coastal waters,
many with densely populated urbanized watersheds. Urban
landscaping practices, including water, fertilizer and pesticide
use, contribute to nonpoint source pollutant loading to surface
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and ground waters. Landscaping and lawn care is a major business in Florida, employing tens of thousands of green industry
professionals. To help minimize the potential nonpoint source
loading from inappropriate landscaping practices, the UF/IFAS
Extension Florida-Friendly Landscaping™ Program, in partnership with the Florida Department of Environmental Protection
(FDEP), trains thousands of landscape professionals statewide
through the Green Industries Best Management Practices (GIBMP) Training Program. The state of Florida requires this
training for all landscape professionals who apply fertilizers.
The training program has four main program goals: reducing
off-site transport of sediment, nutrients, and pesticides to surface
water or groundwater; promoting appropriate site design and
plant selection; using appropriate rates and methods for irrigation and fertilizer application; and promoting integrated pest
management (IPM) practices. The GI-BMP training includes
six learning modules covering efficient use of water and fertilizer, integrated pest management, fertilizer application, and
pollution-minimizing lawn and landscape cultural practices.
Course delivery is available through several formats, including
in-person classes, or self-paced instruction available online or
through a DVD. Courses are available in English and Spanish,
with Haitian Creole available through in-person classes. Those
persons successfully completing the training and a written
exam receive formal GI-BMP certification. During 2016, a
network of some 250 instructors offered 162 in-person classes
and, including all teaching formats, 4051 persons were certified. Since the program’s start in 2006, over 48,000 persons
received training, with 37,125 of these trainees receiving their
GI-BMP certification. Surveys conducted 6 months after each
training class assess the extent to which trainees have changed
their landscaping behaviors and practices to conserve water
and reduce pollutants. These surveys found that, post-training,
93-98% of the attendees used the GI-BMPs on a regular basis
and that there was a 26% increase in those who always use
the following practices: apply no more than 0.5–0.75 inches
(1.27–1.91 cm) water per irrigation event (for water savings of
25 to 50%); avoid mulching around tree trunks and shrub bases;
reset irrigation controls/timers seasonally; reduce fertilizer
application; and use integrated pest management. Further, the
post-training surveys documented adoption of new technologies, specifically 72% using soil tests to determine fertilizer
needs and 85% using soil moisture or other sensing devices to
ensure effective water use.

Specified Source(s) of Funding: Florida Department of Environmental Protection, UF/IFAS

Potassium Fertilization Affects Microdochium
Patch Severity on Creeping Bentgrass
(Poster Board #215)

Peter Bier

University of Wisconsin-Madison, Madison, WI, USA

Paul Koch

University of Wisconsin-Madison, Madison, WI, USA

Douglas Soldat*

University of Wisconsin-Madison, Madison, WI, USA

Turfgrass managers often apply large doses of potassium to
turfgrass (> 300 kg/ha) to golf course turfgrass. The conventional
wisdom is that high levels of potassium (K) confer various
stress tolerances to the plant. However, potassium applications
have been associated with increased winter diseases in northern
climates. The objective of this long term research project was
to evaluate putting green quality, growth, and disease incidence
over a wide range of soil test and tissue potassium levels. This
project was initiated in 2011 on a USGA putting green with ‘A4’
creeping bentgrass (Agrostis stolonifera L.). The experiment was
a randomized complete–block design with four replications.
The treatments included five different levels of biweekly liquid
potassium sulfate at rates ranging from zero to 30 kg/ha of K.
Paired soil and plant tissue samples were collected monthly
along with measurements of clipping yield. Turfgrass color and
visual quality was evaluated biweekly. Disease incidence was
quantified using visual estimation, counting infection centers,
and by the grid intersection method. Few, if any, differences in
turf color, quality, or growth rate among the treatments were
observed during the first four years of the study. In the fifth year,
significantly lower turf quality was observed on the two no K
treatments. However, these low K treatments had significantly
less microdochium patch than the treatments receiving K applications during the past three winters. Interestingly, the turf
quality of these two “low K” treatments improved in 2016, and
were found to be statistically similar or better than the treatments
recieving regular doeses of K. Plant tissue K content appeared to
be a more reliable indicator of potential for microdochium patch
with low potential when tissue K fell below 1.5%. Mehlich-3
soil K was ranged from 20–50 mg/kg, but changes in soil K did
not reflect the amount of K being removed from the soil by the
grass by mowing suggesting that the bentgrass was extracting
a substantial amount of K from non-exchangeable pools of K
and traditional soil testing methods may not be appropriate for
evaluating plant available potassium. No significant differences
in dollar spot or brown patch diseases were observed during
the study. Results suggest that potassium fertilization can be
manipulated to affect microdochium patch on bentgrass.

Turfgrass Nutrient Management and
Regulatory Issues in the Chesapeake Bay
Watershed
(Poster Board #216)

Peter Landschoot*

Pennsylvania State University, University Park, PA, USA

Mark Carroll

University of Maryland, College Park, USA

Water quality in the Chesapeake Bay has been impaired for
decades due to excess nitrogen (N), phosphorus (P), and sediment. As a result, the Chesapeake Bay Total Maximum Daily
Load program was established by the Environmental Protection Agency in 2010. This program requires each of the six
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Chesapeake Bay watershed states and the District of Columbia
to develop watershed implementation plans to limit N, P, and
sediment loading. Watershed implementation plans include
sections on stormwater management and improving turfgrass
fertilization practices in developed areas. As a consequence,
legislation restricting use of fertilizer on home lawns, sports
turf, and golf courses was recently passed in Maryland, Virginia, and New York, and a similar bill has been introduced in
the Pennsylvania legislature. Depending on the state, turfgrass
nutrient management legislation requires government agencies
to establish certification programs for professional fertilizer applicators, restrictions on P fertilizer, limits on N fertilizer rates,
and restrictions on dates and location of applications. Although
most turf managers are adapting to current regulations, proposed
plans for monitoring nutrient use and additional restrictions are
creating concern in the turfgrass industry. Increased focus on
the environmental impact of turfgrass fertilization practices has
led to a renewed emphasis on research to determine if N and P
inputs can be reduced without a significant sacrifice in turfgrass
quality and performance.

Perennial Ryegrass Overseeding Rates Affect
Fairway Coverage of Dormant Bermudagrass
(Poster Board #218)

Matteo Serena*

New Mexico State University, Las Cruces, NM, USA

Bernd Leinauer

New Mexico State University, Las Cruces, NM, USA

Elena Sevostianova

New Mexico State University, Las Cruces, NM, USA

Fall overseeding of perennial ryegrass into bermudagrass fairways is a common practice to maintain a desirable green playing surface during winter and early spring. However, optimum
seeding rates needed to achieve a speedy green coverage while
bermudagrass enters dormancy are not known. A study was
conducted at the New Mexico State University Golf Course
in Las Cruces, NM to evaluate the effect of differing rates of
fall overseeding of perennial ryegrass on percent green cover,
turfgrass quality, and Dark Green Color Index (DGCI) during
fall, winter, and spring following overseeding. Champion GQ,
a commercially available blend of perennial ryegrasses containing the varieties Sideways (42%), Zoom (32%), and SR 4600
(26%) were seeded on 23 Sept. 2016, using rates of 33, 50,
66, 84, and 100 g·m–2. The study was laid out as a completely
randomized block with a 1.5 m x 6 m plot size replicated three
times. Statistical analysis of the data indicated a significant
effect of seeding rate and sampling month on percent green
cover and quality. Seeding rate did not affect DGCI. Average
turfgrass quality was highest on plots seeded at rates of 66, 84,
and 100 g·m–2, reaching values of 7.9, 8.1 and 8.2 respectively.
The two lowest seeding rates of 33 and 50 g·m–2 resulted in
quality ratings of 6.9 and 6.6, respectively. Plots seeded at the
lowest rate had significantly lower percent green coverage (89%)
compared to plots seeded at rates of 50, 66, 84, and 100 g·m–2,

which reached coverages of 94%, 95%, 97% and 96%, respectively. When averaged over all treatments, DGCI was highest
in November (0.5308) and lowest during December (0.4666)
and January (0.4701). Despite the wide range of seeding rates
used in this study, turfgrass quality was above the minimum
acceptable value for all rates during the duration of the study.
Nonetheless, a seeding rate of 66 g·m–2 or higher resulted in
better turf quality through the winter.

Pomology 1/Citrus/Temperate Tree
Nut Crops
Results from the First Year of an Olive Varietal
Evaluation in Louisiana
(Poster Board #328)

Jason W. Stagg*

Louisiana State University Agricultural Center, Hammond, LA, USA

Yan Chen

Louisiana State University Agriculture Center & Research Station,
Hammond, LA, USA

As an ornamental landscape plant, olives (Olea europaea) offer an unusual silver-green foliage color on an easily-pruned
medium-sized tree. More traditionally, olives are known as
a useful orchard crop for producing culinary olive oil, table/
eating olives, and olive oil-derived products for skin and hair
care. The United States (U.S.) is the world’s largest consumer
of olive oil, but only about five percent is produced domestically. While California has long been the largest domestic olive
producer in the U.S., the last decade has witnessed the growth
of olive orchards in southern states such as Texas, Georgia,
and Florida. Interest in olives is increasing in Louisiana, but
the crop has never been evaluated by a university here. A 2015
survey of Louisiana Master Gardeners indicated high levels of
interest but little specific knowledge about required growing
practices. To help provide insight into this unfamiliar species
in Louisiana, the Louisiana State University (LSU) AgCenter’s
Hammond Research Station (USDA Hardiness Zone 8B) planted
a varietal evaluation of olive trees in May 2015 with the goal
of observing establishment success and growth characteristics
over a two-year period. The orchard was completely randomized with four replications of 15 olive varietals. A traditional
orchard spacing layout was used with 25 feet (7.62 m) between
rows and 18 feet (5.49 m) between trees. Orchard rows were
raised an average of 12 inches (30.48 cm), drip irrigation was
installed, and trees were minimally staked after planting. A clean
orchard floor protocol is followed, but excessive weed pressure
has required the regular use of herbicides. The orchard has experienced above-average annual rainfall totals, two major flood
events, and one Arctic cold front that dropped temperatures to
22 °F (–5.56 °C) on two consecutive nights. First year results
will be presented based on ratings of establishment success,
disease pressure, insect pressure and ornamental value. Despite
the challenging growing conditions, ‘Anglandau’, ‘Arbequina’,
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‘Bouteillan’, ‘Grossane’, ‘Manzanilla’ and ‘Picual’ were the
best-established varietals after the first year of the evaluation.
‘Arbosana’. ‘Frantoio’, ‘Koroneiki’, and ‘Mission’ established
well but suffered greater cold damage compared to other varietals. ‘Bouteillan’, ‘Grossane’, and ‘Picual’ varietals were rated
highest for ornamental value during the evaluation’s first year.
Specified Source(s) of Funding: Specialty Crop Block Grant
Program

Poplar Auxin Transport and Auxin Influence
Shoot Regeneration and Agrobacterium
Infection of Juvenile Citrus Explants
(Poster Board #330)

Yanjun Li*

University of Connecticut, Storrs, CT, USA

Wei Hu

University of Connecticut, Storrs, CT, USA

Cyclic Adenosine Monophosphate (cAMP) in
Fruit and Leaves of Jujube Cultivars Grown in
New Mexico

Lorenzo Katin-Grazzini

Zhihui Zhao

Yi Li

Richard D. Richins

Shoot regeneration is an important step for production of
CRISPR-mediated mutant or transgenic plant production. We
have used epicotyls of young seedlings of citrus as explants
to study the effects of poplar auxin transport and endogenous
auxin on shoot regeneration. First, we have observed that
shoot regeneration is inhibited in basal ends of epicotyls cuttings of citrus seedlings. We have demonstrated that elevated
endogenous auxin levels in the basal ends of the explants play
a key role for the inhibition of shoot regeneration, and the
poplar auxin transport is responsible for the elevated auxin
levels in these cells. Meanwhile, our studies also show that
blocking poplar auxin transport or reducing endogenous auxin
concentrations in the epicotyl cuttings can significantly enhance
shoot regeneration efficiencies. On the other hand, the elevated
auxin levels enhance Agrobacterium infection efficiencies of
the citrus explants. Based on these and other results, we have
developed experimental manipulations to enhance efficiencies
of Agrobacteirum infection and shoot regeneration of epicotyl
cuttings of citrus.

University of Connecticut, Storrs, CT, USA

Wei Li

University of Connecticut, Storrs, CT, USA

(Poster Board #329)

University of Connecticut, Storrs, CT, USA

New Mexico State University, Las Cruces, NM, USA
New Mexico State University, Las Cruces, NM, USA

Mary O’Connell

New Mexico State University, Las Cruces, NM, USA

Shengrui Yao*

New Mexico State University Sustainable Agriculture Sciences Center,
Alcalde, NM, USA

Jujube (Z. jujuba), which originated in China, has great potential
for commercial production in the southwestern United States.
Jujube fruit has been considered as a functional food with
nutritional and high medicinal value. Cyclic adenosine monophosphate (cAMP) content in jujube fruit was the highest yet
found in either plant or animal tissues. cAMP is an important
“second messenger” in many biological processes in the human
body. More than 40 diseases, including cancer, hypertension,
coronary disease, myocardial infarction and cardiogenic shock,
are related to cAMP metabolism. The cAMP content in jujube
fruits of different cultivars, development stages and organs
cultivated at the New Mexico State University Sustainable
Agriculture Sciences Center, Alcalde, NM were determined
by high pressure liquid chromatography (HPLC). The results
showed considerable variation with cAMP content ranging from
21.1–362.4 µg/g (dry weight), depending on the cultivar, fruit
development stage and organ. During fruit development, the
cAMP contents were lowest at the green fruit stage and increased
to their highest levels at the mature stage in all nine cultivars
tested. The cAMP contents in leaves were highest early in the
growing season and then decreased and reached the lowest level
at the final fruit maturation stage. Mature fruit of ‘Don Polenski’
and ‘Lang’, with similar characteristics, had the highest cAMP
contents of 362.4 and 350.9 µg/g DW, respectively. The average
fruit cAMP contents of 34 cultivars at mature stage was 189.9
µg/g DW. These results indicate that ‘Don Polenski’ and ‘Lang’
are good germplasm for cAMP research for future functional
foods. Jujube fruit in mature stage and leaves in earlier stage
are good sources of cAMP.
Specified Source(s) of Funding: Hatch grant and Specialty Crop
Block Grant through New Mexico Department of Agriculture

KSU-BensonTM: A New Pawpaw Variety from
Kentucky State University
(Poster Board #331)

Kirk Pomper*

Kentucky State University, Frankfort, KY, USA

Sheri Crabtree

Kentucky State University, Frankfort, KY, USA

Jeremiah Lowe

Kentucky State University, Frankfort, KY, USA

The North American pawpaw [Asimina triloba (L.) Dunal]
is a native tree-fruit that is in the early stages of commercial
production. The pawpaw fruit has fresh market appeal for
farmers markets, community supported agriculture, and organic
markets, as well as processing potential for frozen pulp production. Although there are approximately 50 pawpaw cultivars
available, many pawpaw varieties tend to be low yielding and
have small fruit size of less than 120 grams. Kentucky State
University (KSU) has a pawpaw breeding program that has
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already released the variety KSU-AtwoodTM. The KSU pawpaw
breeding program has now announced the release of a second
new North American pawpaw variety, KSU-BensonTM (KSU7-5
cultivar). This pawpaw variety is a high yielding, round,
medium-sized fruit that is an early season ripening variety. It
has an appealing mango-, banana-, pineapple-like flavor. This
selection is unique in that it bears round fruit that are attractive
and can also be packed easily. Fruit of KSU-BensonTM averages
about 180 g per fruit, which is similar to the industry standard
cultivar Sunflower. However, the percentage of seed for fruit
of KSU-BensonTM averages only 6.4%, whereas the percent
seed of Sunflower averages 8.7% seed by weight. This new
release is named in honor of Harold R. Benson who served a
s director of the KSU Land Grant Program for more than 36
years. Benson supported the KSU pawpaw research program
from its beginning, from its founding by Brett Callaway in
1990 to its expansion under Desmond Layne from 1993–98.
The program has since undergone rapid expansion under the
leadership of Kirk Pomper, Director of the Land Grant Program
and professor of horticulture at KSU, since 1998. A number
of nurseries will soon be licensed to sell KSU-BensonTM trees
next year.
Specified Source(s) of Funding: Evan Allen Research Funds

Timing of Bark Inlay Grafting of Pawpaw
Affects Success Rate
(Poster Board #332)

Sheri Crabtree*

Kentucky State University, Frankfort, KY, USA

Jeremiah Lowe

Kentucky State University, Frankfort, KY, USA

Kirk Pomper

Kentucky State University, Frankfort, KY, USA

R. Neal Peterson

Peterson Pawpaws, Harpers Ferry, WV, USA

Pawpaw (Asimina triloba), a tree fruit native to the eastern
United States, is in small-scale commercial production with
its popularity on the rise. Many small farmers have seedling
pawpaw trees or wild trees that produce low yields and poor
quality fruit. New commercially available pawpaw varieties
are available that will increase yield, fruit quality, and improve
consumer opinion and demand of fruit. Bark inlay is a grafting
technique which allows the union of a rootstock limb or trunk
that is much larger in size than the scion. This technique has
not been well developed for pawpaw and is a potential method
for growers to change over wild and/or seedling pawpaw trees
to higher yielding, higher quality cultivars. The objective of
this study was to determine the optimum timing for bark inlay
grafting in pawpaw. Three commercially available pawpaw
cultivars with large, high quality fruit and high yields were
selected: KSU-AtwoodTM, ‘Sunflower’, and ‘Susquehanna’.
Three trees of each cultivar were grafted on two dates, early
vs. late May, at two locations, the Kentucky State University

H.R. Benson Research and Demonstration Farm, and a local
commercial grower’s site. Trees grafted using the bark inlay
method in early May (3 May) had a success rate of 91%,
whereas trees grafted in late May (23 May) had a success rate
of 67%. Growth was similar between the two dates, with scions
grafted in early May growing an average of 0.78 m, while scions
grafted in late May grew an average of 0.76 m. Due to a higher
success rate, early May is preferable to late May for performing
bark inlay grafting of pawpaw trees.
Specified Source(s) of Funding: SARE

Comparison of Fruit Characteristics of Pawpaw
(Asimina triloba) Advanced Selections from
Kentucky State University with Commercially
Available Cultivars
(Poster Board #333)

Jeremiah Lowe*

Kentucky State University, Frankfort, KY, USA

Sheri Crabtree

Kentucky State University, Frankfort, KY, USA

Kirk Pomper

Kentucky State University, Frankfort, KY, USA

The North American Pawpaw (Asimina triloba) is a tree fruit
native to the eastern United States that is being produced in commercial orchards across the United States and internationally,
with a small but growing market. There are approximately 50
pawpaw cultivars available, but many of these varieties tend to be
low yielding and have fruit sizes of 120 grams or less. Pawpaw
varieties with fruit weighing over 120 grams are considered to
have a large enough fruit size for commercial sale and processing. New high yielding cultivars with excellent fruit quality
would further assist in the development of the pawpaw industry.
Kentucky State University (KSU) serves as the National Clonal
Germplasm Repository for Pawpaw. Two goals of the Repository research efforts are germplasm acquisition and evaluation.
The repository contains over 2000 accessions from 16 different
states; both open pollinated seedlings from superior genotypes
and crosses of superior selections have been incorporated into
the repository collection. Fruit from three KSU advanced
selections (Hi 1-4, Hi 4-1, and Hi 7-1) were compared to fruit
from the commercially available cultivars KSU-BensonTM,
‘PA Golden’, ‘Mitchell’, ‘Susquehanna’, ‘Sweet Alice’, and
‘Taytwo’ on the basis of fruit weight, percent seed, and soluble
solids. The selections Hi 4-1, Hi 1-4, and Susquehanna had the
largest fruit, averaging over 180 g per fruit. ‘Susquehanna’ and
Hi 4-1 had the lowest percent seed (5.06% and 6.40%), while
‘Mitchell’ had the highest (19.27%). ‘Mitchell’ had the lowest
°Brix reading (13.20) while the selections Hi 7-1, Hi 4-1, and
Hi 1-4 had the highest levels at over 27 for these selections.
All three advanced selections show potential to be promising
new releases and are being budded onto seedling rootstock for
further evaluation.
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Field Trials of 22 Pomegranate Cultivars in
West Texas: A Preliminary Report
(Poster Board #334)

Youping Sun*

Utah State University, Utah, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Pomegranate (Punica granatum L.) is proposed as an alternative crop to pecan in west Texas due to its low water use, high
tolerance to drought and salt stresses, and unique bioactive
phytochemical profile in fruits. However, farmers are unfamiliar
with this specialty crop, and little information is available regarding culture practice, fertilization requirement, and cultivar
selection. A 19 x 19 m2 field plot with 22 pomegranate cultivars
(‘Al-Sirin-Nar’, ‘Angel Red’, ‘Apseronski’, ‘Arturo Ivey’, ‘Ben
Ivey’, ‘Carolina Vernum’, ‘Chiva’, ‘DeAnda’, ‘Early Wonderful’, ‘Kandahar’, ‘Kazake’, ‘Kunduzski’, ‘Larry Ceballos 1’,
‘ML’, ‘Mollar’, ‘Purple Heart’, ‘Russian 8’, ‘Salavatski’, ‘Spanish Sweet’, ‘Surh Anor’, ‘Utah Sweet’, and ‘Wonderful’), four
plants per cultivar, was established at Texas AgriLife Research
Center at El Paso in April 2015. Phenology data (bud sprout,
bloom), fruit character, and °Brix value of mature fruits were
collected. ‘Angel Red’ died to the ground in winter but reprouted in Spring 2016. Of the remaining 21 cultivars, 65.5%
of the trees in the field had late freeze damage in 2016 that was
negatively correlated with the days to bud sprout (P < 0.0001;
r2 = 0.6977). Pomegranate trees bloomed from 2–23 Apr. 2016.
‘Surh Anor’ is an early bloom cultivar, whereas ‘Mollar’ is a
late flower cultivar. The 22 pomegranate cultivars produced
fruit with skin color from yellowish red, red, to dark red; aril
color from light pink, pink, red, to dark red; seed from soft,
medium, to hard coat. The averaged brix values of mature fruits
of all pomegranate cultivars were 13.7% in 2015 and 16.7% in
2016. Field performance of the 22 pomegranate cultivars will be
continuously observed in the coming years in order to identify
the suitable cultivar(s) for commerical production in west Texas
with high yield and high resistances to biotic and abiotic stresses.
Specified Source(s) of Funding: USDA National Institute of
Food and Agriculture Hatch Project TEX090450, and Texas
A&M AgriLife Research

Effect of Calcium and Anti-transpirant Sprays
on Grapefruit Sunburn

drought. These conditions lead to an increased likelihood of
sunburn on citrus fruit produced in this region. Depending on
the degree of damage, sunburn can affect the internal characteristics of the fruit, such as sugar content, mineral composition,
membrane structure and cause skin blemishes. All of these
factors can lead to poor fruit quality and decreased packout
in post-harvest processing. Sunburn accounts for up to 2% of
the wholesale losses as the fresh market is highly dependent
upon physical appearance. The prevention of sunburn in citrus
fruit is usually addressed through management practices such
as: calcium sprays, shade nets, reflectants, and timing sprays
to avoid application when temperatures are at their hottest.
Products like kaolins and anti-transpirants can also be used
to control the plant heat stress and may reduce sunburn in not
only fruit, but the leaves and other tissues. In this experiment,
we applied two rates of calcium sprays and an anti-transpirant
spray to mature grapefruit trees to study their effects on the
incidence of sunburn, tree water stress, fruit parameters and
yield. Temperature, relative humidity, stem water potential,
fruit temperatures, stomatal conductance, sunburn incidence,
and fruit quality data were collected to determine the effects
of treatments on sunburn and tree stress. Preliminary results
showed a correlation between higher fruit temperatures and
sunburn incidence in grapefruit. While there was a higher
percentage of sunburned fruit on the west side of the tree, the
difference was not statistically significant. Sunburn incidence
was inconsistent between treatments and thus not conclusive at
this point in time. Tree water status was not impacted severely
by treatments, as the trees were watered regularly, however,
the trees treated with the anti-transpirant showed lower average
stomatal conductance. The lowered rate of stomatal conductance
may have led to the observed incidence smaller fruit in this
treatment. Conversely, calcium treatments had larger fruit and
higher yields. Overall, the different treatments showed different effects on the temperatures and stress parameters, but show
promise in reducing fruit temperatures and as a result, sunburn
in grapefruit grown in Texas.

Distinguishing Phytohormone Expression
Profiles Associated with Abscission of HLBaffected Sweet Orange Revealed By RNA
Sequencing Analysis
(Poster Board #336)

Wei Zhao

USDA–ARS, Ft. Pierce, FL, USA

(Poster Board #335)

Srilakshmi Telagamsetty*

Elizabeth Baldwin*

Julissa Rodriguez

Jinhe Bai

Catherine Simpson

Anne Plotto

The Lower Rio Grande Valley of Texas is subject to semi-arid
temperatures along with high light intensities and periodic

Mike Irey

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

USDA–ARS, Fort Pierce, FL, USA

Texas A&M University Kingsville, Weslaco, TX, USA

USDA–ARS, Fort Pierce, FL, USA

Texas A&M University, Kingsville Citrus Center, Weslaco, TX, USA

USDA–ARS, Fort Pierce, FL, USA
Southern Gardens Citrus Nursery, LLC, Clewiston, FL, USA
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Citrus greening or huanglongbing (HLB) disease is associated
with an increase in pre-harvest fruit drop, for which the molecular
mechanisms remain unknown. Recent studies have implicated
a secondary infection by fungus Lasiodiplodia theobromae
(Diplodia) in enhancing fruit drop from HLB-affected trees. In
order to understand the molecular basis of the HLB-associated
fruit abscission, transcriptomes in citrus calyx abscission zones
were analyzed and compared among healthy fruit (H) from
healthy (CLas negative) trees, and fruit dropped (D) or retained
(R) from HLB-affected (CLas positive) trees upon shaking
the trees, by means of RNA-Sequencing analysis (RNA-Seq).
Results showed up-regulated biotic stress, lipid and secondary
metabolism, whereas genes related to carbohydrate metabolism
and cell wall were down-regulated. Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses of differentially expressed genes (DEGs)
indicated that the most significant GO term was “response to
chitin” (P = 9.70E-09), while “response to jasmonic acid” and
“phenylpropanoid biosynthesis” were also significant. Among
KEGG pathways, “alpha-linolenic acid metabolism” was the
most significant (P < 0.005), which produces jasmonates (JA).
In addition, “plant hormone signal transduction” and “phenylpropanoid biosynthesis” were also significant pathways (P <
0.05). Hierarchical clustering analysis indicated genes related
to synthesis and signaling of ethylene (ET) and JA were consistently up-regulated, while abscisic acid, auxin, brassinosteroid,
cytokinin, and gibberellin were generally down-regulated in D
versus R and H fruit. In agreement with the hormone expression
profiles, substantial numbers of downstream JA/ET-responsive
defense (the hallmark of anti-fungal defense) related genes
were up-regulated in D fruit as well. In agreement, significantly
higher Diplodia level in D than in R and H fruit, and fruit
ethylene production was positively correlated with Diplodia
level. Quantitative RT-PCR confirmed RNA-Seq results for
30 representative genes covering each of the DEG categories.
The results indicate that different from water stress or carbon
shortage induced abscission (which is characterized by increases
in ABA synthesis), HLB-associated pre-harvest fruit abscission
is related to elevated ethylene and jasmonate synthesis and
signaling likely in response to a secondary fungal infection.
Specified Source(s) of Funding: Southern Gardens Citrus
Nursery LLC

Genome-wide Association of Beneficial
Polyphenols in Mandarins
(Poster Board #337)

Matthew Mattia*

University of Florida, Lake Alfred, FL, USA

Tracy Kahn

University of California, Riverside, CA, USA

Fred Gmitter

University of Florida, Lake Alfred, FL, USA

Yu Wang

University of Florida, Lake Alfred, USA

Mikeal Roose

University of California, Riverside, CA, USA

Phytochemicals are plant metabolites that do not have a defined
recommended daily intake (RDI), but have strong radical scavenging activities and are associated with reducing the risk of some
chronic diseases. Of the different phytochemicals, polyphenols
are difficult to measure and not commonly selected for in plant
breeding programs. Genome-wide association studies (GWAS)
can be used to determine the genetic locations of difficult to
measure traits and allow for the development of molecular
makers to easily track traits in breeding populations. Fruit were
harvested from 140 mandarin accessions at the University of
California, Riverside, Citrus Variety Collection. Fruit samples
were ground with liquid nitrogen and freeze dried. Polyphenols
were extracted from the dried samples, and measured with LCMS/MS. Polyphenol data was then paired with genomic data.
GWAS and marker development of polyphenols will enable
citrus breeders identify genetic locations of difficult to measure
traits and to create new cultivars with human health benefits.
Tracking traits with molecular markers will ensure that beneficial traits are not lost in progeny. Development of new cultivars
with beneficial polyphenols and marketing them as such may
accelerate consumer demand and variety adoption.

Evaluation of Select Preemergent Herbicides on
Nonbearing Castanea sativa (Spanish chestnut)
(Poster Board #338)

Diana Cochran*

Iowa State University, Ames, IA, USA

Kenneth G. McCabe

Iowa State University, Ames, IA, USA

Bryn Takle

Iowa State University, Ames, IA, USA

Competition from weeds impacts the growth rate and overall
health of container and field grown crops, especially during
establishment. Methods to control weeds include cultural,
biological, and chemical control. However, it is the latter that
generally is most effective and the most economical way to
reduce weeds around the base of the crops. Although chemical
use may be economical, there is potential for sustained injury
due to herbicide application. In 2015 and 2016, dimethenamid-p
was applied to container grown Spanish chestnut to determine
crop safety. Spanish chestnut trees were potted into one-gallon
(3.785-L) containers filled with Fafard Mix 52 amended with
Harrell’s 19N–1.7P–6.7K, 5–6 month control release fertilizer
with minors. Treatments consisted of a nontreated (control) group
and three rates of dimethenamid-p applied one day after potting
(June 16, 2015; May 26, 2016) and 6 weeks after potting (July
29, 2015; July 13, 2016): 0.98 lb ai (1x), 1.97 lb a.i. (2x), and
3.94 lb a.i. (4x). To assess herbicide injury, plants were evaluated
at 1, 2, and 4 weeks after first and second herbicide application
for phytotoxicity symptoms on a 0–10 scale (0 representing
no injury and 10 representing complete kill) and at the end of
the experiment final growth indices [FGI = ((height + width +
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perpendicular width) ÷ 3)] was recorded. In both years, Spanish
chestnut leaves appeared lighter in color, had purple spotting,
and curled leaves one week after application of dimethenamid-p.
Initial injury was more severe on plants treated with the 2x and
4x rates compared with the 1x rate. However, plants receiving
the 4x rate were severely injured at the initiation of the trial and
plants never fully recovered during the trial. Overall growth (size
of the plant) was not affected by dimethenamid-p application.

in their fruit quality as indicated by fruit size and °Brix value.
More studies are needed to quantify the effects of kaolin clay
on pomegranate fruit sunburn.

Effect of Shade Cloth and Kaolin Clay on
Pomegranate Fruit Sunburn

Propagation of ‘Tishomingo’ Crape Myrtle
Using Hardwood Cuttings

Specified Source(s) of Funding: IR-4 Program

(Poster Board #339)

Specified Source(s) of Funding: USDA National Institute of
Food and Agriculture Hatch project TEX090450 and Texas
A&M AgriLife Research

Propagation
(Poster Board #273)

Youping Sun*

Scott Langlois*

Utah State University, Utah, USA

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Patricia Knight

Department of Horticulture, Jilin Agricultural University, Changchun,
Jilin, China

Eugene Blythe

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

Lifei Chen

Sunburn is a physiological disorder associated with excessive
sunlight and can severely affect pomegranate fruit quality.
Anecdotal observations show that ‘Apseronski’, ‘Kazake’,
‘Kunduzski’, ‘Russian 8’, ‘Salavatski’, and ‘Surh Anor’ pomegranate experienced severe fruit sunburn in El Paso environmental condition. An on-farm trial was conducted in Marcelino
Nursery (Tornillo, TX) to evaluate the effects of 30% shade
cloth and 60 g·L-1 aqueous suspension of Surround® WP (95%
kaolin clay) on pomegranate fruit sunburn. Pomegranate plants
of the above six cultivars were selected and labeled into three
groups: full sun, 30% shade, and kaolin clay. On 2 June 2016,
DeWitt woven polypropylene shade cloth was installed above
the canopy of the selected pomegranate plants, while kaolin clay
was sprayed to completely cover all fruits of the selected plants.
On 9 June, kaolin clay was sprayed again. In middle October, all
fruits were harvested, and each fruit was visually rated into four
groups depending on the area of the fruit surface with sunburn
[0: without any sunburn; 1: < 10% of fruit surface area affected
by sunburn (minimum); 2: 10 to 50% of the fruit surface area
affected by sunburn (mild); 3: > 50% of the fruit surface area
affected by sunburn (severe)]. Fruit fresh weight, size, and brix
value were also measured. The percentage of fruits without any
sunburn (group 0) was higher in 30% shade cloth than in kaolin
clay and full sun. In group 1, no significance was observed
among treatments. In group 2, 30% shade cloth decreased the
fruit sunburn of ‘Apseronski’ and ‘Russian 8’ plants and tended
to decrease the fruit sunburn of the remaining cultivars. In group
3, ‘Russian 8’ and ‘Salavatski’ plants in 30% shade cloth had
reduced fruit sunburn compared to those in full sun and kaolin
clay. All fruits had similar fresh weight, fruit size, and °Brix
values. In conclusion, 30% shade cloth could reduce the fruit
sunburn of ‘Apseronski’, ‘Kazake’, ‘Kunduzski’, ‘Russian 8’,
‘Salavatski’, and ‘Surh Anor’ pomegranate without changes

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

J. Skylar Baldwin

Poplarville High School, Poplarville, MS, USA

James DelPrince

Mississippi State University Coastal Research and Extension Center,
Biloxi, MS, USA

Christine Coker

Mississippi State University Coastal Research and Extension Center,
Biloxi, MS, USA

Gary Bachman

Mississippi State University Coastal Research and Extension Center,
Biloxi, MS, USA

Crape myrtles are a dependable source of color in many southern
landscapes, and the list of useful cultivars is constantly growing.
Mississippi State University has been active in the development
of new crape myrtle selections, including ‘Tishomingo’. This
new crape myrtle is a cross between Lagerstroemia ‘Tonto’ and
L. ’Catawba’. Flowers are a clear medium to dark purple, and
the plant has a medium to large growth habit. The objective
of this research was to determine optimal commercial auxin
formulation and concentration for hardwood cutting propagation of ‘Tishomingo’. 12.7-cm medial cuttings were harvested
from the parent plant and stuck to a depth of 2.5 cm on 1 Feb.
2017. Propagation medium was 100% perlite placed in 7.6-cm
containers. Treatments included two basal treatments (wounded
or non-wounded), three auxin formulations [Hortus IBA (Hortus
IBA Water Soluble Salts), Dip’N Grow, or Hortus IBA + KNAA
(Hortus IBA Water Soluble Salts + NAA potassium salt)], and
three levels of auxin (0, 1000, or 5000 ppm IBA). Dip’N Grow
and Hortus IBA + KNAA formulations contained NAA at onehalf the rate of IBA. The experimental design was a randomized
complete-block design with five single cutting replications. Data
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collected after 63 days included rooting percentage, growth
index (new shoots), cutting quality (0–5, with 0 = no roots and
5 = transplant-ready cutting), total root number, average root
length (of three longest roots), and root quality. Data were
analyzed using linear mixed models and generalized linear
mixed models with the GLIMMIX procedure of SAS (ver.
9.4; SAS Institute Inc., Cary, NC). Treatment comparisons
were as follows: wounded vs. non-wounded; Hortus IBA vs.
no auxin; Dip’N Grow versus no auxin; Hortus IBA + KNAA
vs. no auxin; Hortus IBA vs. Dip’N Grow; Dip’N Grow vs.
Hortus IBA + KNAA; Hortus IBA vs. Hortus IBA + KNAA;
Hortus IBA at 5000 vs. 1000 ppm IBA; Dip’N Grow at 5000
vs. 1000 ppm IBA; and Hortus IBA + KNAA at 5000 ppm IBA
vs. 1000 ppm IBA. Treatment had no impact on rooting percentage, root count, average of three longest roots, root quality, or
cutting quality. These results suggest that hardwood cuttings of
‘Tishomingo’ crape myrtle can be successfully rooted without
wounding or use of an auxin treatment.
Specified Source(s) of Funding: This project was funded by
USDA–ARS Cooperative Project 6062-21430-002-05S.

Safety of Alcohol in Auxin Solutions Applied to
Stem Cuttings of Impatiens
(Poster Board #274)

James T. Ray

Mississippi State University, Gulfport, MS, USA

Eugene Blythe

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

Guihong Bi

Mississippi State University, Miss. State, MS, USA

Patricia Knight*

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

Daniel B. Reynolds

Mississippi State University, Mississippi State, MS, USA

Gary Bachman

Mississippi State University Coastal Research and Extension Center,
Biloxi, MS, USA

Anecdotal reports of phytotoxicity (stem or leaf burn) on stem
cuttings caused by alcohol-based solutions of auxin in commercial
propagation have raised questions from propagators about safe
rates and use of such alcohol-containing solutions. As part of
a study examining this issue, two experiments were conducted
using stem cuttings of Impatiens (interspecific) ‘Coral’. Solutions
were prepared with three rates of isopropyl alcohol (0%, 25%,
or 50%) in combination with three rates of indole-3-butyric acid
(IBA; as water-soluble salts): 0, 1000, or 2000 ppm in Expt. 1
for application using a basal quick-dip; or 0, 100, or 200 ppm
in Expt. 2 for application using total immersion. Cuttings were
rooted in plug trays under intermittent mist in a greenhouse.
None of the alcohol/IBA treatments produced stem or leaf burn
using either application method in the two experiments. After

transplanting rooted cuttings into 10-cm pots and growing to
saleable size, stem epinasty was observed on plants grown from
cuttings that had been immersed in solutions containing 50%
alcohol in combination with 100 ppm or 200 ppm IBA in Expt.
2, whereas no epinasty was observed on any plants from Expt.
1. Following harvest of shoots from plants grown in the 10-cm
pots from cuttings initially treated with the nine alcohol/IBA
treatments using a basal quick-dip in Expt. 1, shoot dry weights
were similar among IBA rates in combination with both 0% and
25% alcohol, whereas shoot dry weight was greater for 0 ppm
IBA than for either 100 ppm or 200 ppm IBA in combination
with 50% alcohol. In Expt. 2, shoot dry weight was greatest
when cuttings had been treated using total immersion in alcohol/
IBA solutions containing 50% alcohol, regardless of IBA rate.

Specified Source(s) of Funding: This project was funded in part
by USDA–ARS Cooperative Project 6062-21430-002-05S and
by USDA-NIFA Hatch Project MIS-219060.

The Timing of Scion Foliar Trimming Relative
to Grafting Date and Its Effects on Healing and
Regrowth in Pepper
(Poster Board #275)

Mahmoud Mohammad Ahmed Soltan

The Ohio State University–OARDC, Wooster, OH, USA

Farouk Abd El-Salam El-Aidy

Kafr El-Sheikh University–Faculty of Agriculture, Kafr El-Sheikh,
Egypt

Matthew Kleinhenz*

The Ohio State University–OARDC, Wooster, OH, USA

Graft union development involves complex signaling pathways
and cell proliferation and differentiation responses, which are
regulated by endogenous and exogenous factors. Wounding
before grafting may trigger responses that speed graft union
development and the resumption of plant growth. However,
these wound-activated responses would need to be directed to
the graft union, to start more or less immediately, and to result in
an uncompromised root-shoot connection at the graft union. We
set out to determine if the timing of 50% scion foliar trimming
influences grafting success or regrowth rate of newly grafted
pepper plants. ‘Aristotle’ (scion) and ‘Foundation’ (rootstock)
seedlings were grown from seed in a climate-controlled greenhouse at OARDC. On Day 7 before grafting, non-destructive
and destructive measures were taken on representative plants
to record plant biomass and other variables. Fifty percent of
the leaf area was then removed from another set of identical
plants on the same day with before and after measures confirming that treatment targets were met. The process was repeated
on Days 2 and 0 before grafting, with untrimmed seedlings.
Scion seedlings trimmed on Days 7, 2, and 0 before grafting
and untrimmed scions were then splice-grafted to untrimmed
rootstock seedlings. Grafted plant condition was assessed fifteen
days after grafting using four measures describing the change
in stem diameter (rootstock, scion), leaf area, and fresh and dry
weight (total aboveground tissue, leaf, stem). The experiment was
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repeated twice in two, 50-day runs concluding on 13 Nov. 2015,
and 28 Apr. 2016. Graft success was unaffected by treatment as
plant survivorship exceeded 95% in all treatments in both runs.
However, interestingly, trimming and trimming timing effects
differed between runs. For example, except for leaf fresh and dry
weight, grafted plants made with scions trimmed 2 days before
grafting were similar to plants made with untrimmed scions.
Effects of trimming 7 or 0 days before grafting differed between
runs; e.g., absolute values of response variable values for plants
made with scions trimmed 7 days before grafting were larger than
for control plants (untrimmed scion) in Run 1 but often lower in
Run 2. The opposite trend was true for plants made with scions
trimmed on Day 0. Still, percent leaf area increase followed the
pattern Day 7 > Day 2 > Day 0 > untrimmed. Percent increase
in stem diameter followed the opposite pattern.
Specified Source(s) of Funding: Ministry of Higher Education
and Scientific Research, the Arab Republic of Egypt (Egyptian
Cultural and Educational Bureau/Center in Washington).

Rooting Response of Pacific Lovegrass
(Eragrostis deflexa) Clumps to Rooting
Hormone Soaks
(Poster Board #276)

Orville Baldos*

University of Hawaii at Manoa, Honolulu, HI, USA

Aleta Corpuz

University of Hawaii at Manoa, Honolulu, HI, USA

Pacific lovegrass (Eragrostis deflexa) is a Hawaiian endemic
found on the dry to mesic areas of Hawaii and Lanai islands.
Its upright growth and clumping habit make it a potential native ornamental grass for landscapes. To evaluate its use as an
ornamental, mass propagation techniques must be explored.
In this study, the viability of vegetative propagation through
division and the use of rooting hormone soaks on increasing
rooting of clumps were assessed. Field grown E. deflexa was
divided into bareroot clumps consisting of ten stems with about
3–4 new shoots per clump. Top portions of the clumps were cut
to 20 cm in length and roots cut to 10 cm length. Clumps were
soaked for 24 hours in 0, 1:20, or 1:10 dilution of Dip‘N Grow
(tap water; 500 ppm indolebutyric acid [IBA] and 250 ppm
naphthalene acetic acid [NAA]; and 1000 ppm IBA and 500 ppm
NAA). Non-soaked clumps served as the control. Clumps were
planted in 1:1 by volume mix of perlite:vermiculite and placed
under shaded intermittent mist conditions (15 seconds every 5
minutes). A total of ten clumps per treatment were planted per
replicate (n = 3). Percent rooting and number of green shoots
were recorded 46 days after planting. Untreated (non-soaked)
clumps exhibited significantly higher percent rooting (73%)
compared with clumps soaked in tap water (3%). Number of
green shoots between non-soaked and tap water soaked clumps
were not significantly different. Soaking clumps in rooting hormone (1:20 and 1:10 dilutions) resulted in complete death of
all clumps. Results of the study indicate that division (without
soaking in water) can be an option for E. deflexa propagation.

However, this may only result in moderate success.
Specified Source(s) of Funding: Hatch

Rooting Response of Two Chenopodium
Oahuense Selections to Indolebutyric Acid (IBA)
Application
(Poster Board #277)

Orville Baldos*

University of Hawaii at Manoa, Honolulu, HI, USA

Aleta Corpuz

University of Hawaii at Manoa, Honolulu, HI, USA

Chenopodium oahuense is a Hawaiian endemic plant that varies
in growth forms. This underutilized species is drought resistant
and requires little to no maintenance, making it a superb candidate
for landscaping or ornamental use. Two C. oahuense selections,
a prostrate and a compact form, are currently being evaluated for
use as a landscape and container plant. In this propagation study,
the effect of growth form (prostrate versus compact) and rooting
hormone [indolebutyric acid (IBA)] application on rooting of
stem cuttings were evaluated. Semi-hardwood cuttings (10–15
cm long), harvested from each selection and graded according
to size, were treated with Hormex 3 (0.3% = 3000 ppm IBA)
or no rooting hormone (0 ppm IBA). Cuttings were rooted in
a 1:1 mix of perlite:vermiculite media on a shaded mist bench.
Percent rooting, rooting index, and length of the longest root
were recorded 23 days after planting (DAP). Percent rooting and
rooting index data did not show significant differences between
hormone treatment, selection, and their interaction. Percent
rooting across treatment combinations were greater than 90%
and rooting indices were above 3.5 (light to medium rooting).
A significant difference in longest root length were observed
between selections, but not between treatments or their interaction. The compact selection exhibited longer roots (9.7 cm)
compared with the prostrate selection (6.1 cm). Results from this
study indicate that Chenopodium oahuense is generally an easy
to root species with slight differences in rooting characteristics
between growth forms.
Specified Source(s) of Funding: Hatch Project HAW08040-H,
CTAHR, UH Manoa

Rooting Response of Native Hawaiian
Peperomia Leaf Cuttings to Indolebutyric Acid
Application
(Poster Board #278)

Aleta Corpuz*

University of Hawaii at Manoa, Honolulu, HI, USA

Orville Baldos

University of Hawaii at Manoa, Honolulu, HI, USA

Native and endemic Peperomia species found in Hawaii have
high indoor ornamental potential due to their compact growth
and attractive foliage. To evaluate their potential use as houseplants, methods to mass propagate plants must be researched and
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developed. The use of whole-leaf cuttings and rooting hormone
applications are established methods that may be useful for
propagating Hawaiian Peperomia species. Studies were conducted to evaluate the rooting response of Hawaiian Peperomia
leaf cuttings treated with or without indolebutyric acid (IBA).
Whole leaf cuttings (10 leaves per replicate) of P. leptostachya,
P. cookiana, P. oahuense, and P. sandwicensis were harvested,
sorted by size classes, and treated with or without 1000 ppm
IBA. P. leptostachya leaf cuttings were planted in plastic pots
(n = 5) with a 1:1 by volume mix of perlite:peat moss. Leaf
cuttings of P. cookiana, P. oahuense, and P. sandwicensis were
planted in plastic pots (n = 4) filled with a 1:1 by volume mix
of perlite:vermiculite. P. leptostachya cuttings were rooted
under 80% shade and sprinkler irrigation (twice a day for 10
minutes), whereas P. cookiana, P. oahuense, and P. sandwicensis
cuttings were rooted on a shaded mist bench (misting for 15
seconds every five minutes). Percent rooting and length of the
longest root were collected 30 days after planting (DAP) for P.
leptostachya, 41 DAP for P. cookiana, 34 DAP for P. sandwicensis, and 34 DAP for P. oahuense. Rooting characteristics of
all species did not show significant differences between treated
and untreated leaf cuttings. Percent rooting of P. leptostachya,
P. cookiana, and P. oahuense leaf cuttings were above 84%,
whereas P. sandwicensis leaf cuttings exhibited 10% rooting.
Average length of the longest root was 2.2 cm for P. leptostachya,
1.97 cm for P. cookiana, 2.11 cm for P. oahuense, and 0.70 cm
for P. sandwicensis. Leaf rot, which resulted in the low percent
rooting of P. sandwicensis, may have been due to conditions
being too wet for rooting. Further evaluation of this species at
lower mist frequencies is recommended. Results of the studies
indicate that leaf cuttings can be a viable propagation method for
P. leptostachya, P. cookiana, P. oahuense, and P. sandwicensis.
Specified Source(s) of Funding: Hatch Project HAW08040-H,
CTAHR, UH Manoa

Effect of Bottom Ash-containing Substrate on
Seed Germination, Growth, and Performances
of Four Bedding Plants
(Poster Board #279)

Su Yun Nam*

Korea University, Seoul, Korea, Republic of (South)

Yong Ha Rhie

PaiChai University, Daejeon, Korea, Republic of (South)

Jongyun Kim

Korea University, Seoul, Korea, Republic of (South)

Bottom ash is thermal power plant waste material. Since bottom
ash is inorganic and has good aeration with a proper particle
size (1.5–3.0 mm), it may be used as an alternative substrate
material for perlite. The objective of this study was to investigate
how bottom ash-containing substrate affects germination and
growth of four common bedding plants: Gomphrena globosa
‘Buddy Purple’, Catharanthus roseus ‘Pacifica Polka Dot’,
Impatiens walleriana ‘Super Elfin Deep Pink’, and Petunia

multiflora ‘Damask Blue’. Seeds of the four bedding plants
were sown in 128-cell plug trays with the bottom ash-containing
substrate mixed at five different ratios (coir dust : bottom ash
at 10:0, 9:1, 8:2, 7:3, and 6:4) and a commercial germinating
mix (BM2, Berger, Saint-Modeste, QC, Canada). All seeds or
seedlings were grown in a greenhouse and well watered once
a day. Germination rates of all four species were not affected
by different substrate mixes, but days to germination of I. walleriana were a day longer in bottom ash-containing mixes than
in a commercial germination mix. However, the effect of the
bottom ash-containing substrate mixes on seedling growth were
different by species. Most growth parameters of G. globosa and
C. roseus seedlings were not significantly different across treatments, except for leaf growth. Leaf width of G. globosa grown
with bottom ash-containing substrate mixes were lower than
with a commercial germination mix. Leaf length and leaf area
of C. roseus grown in a 100% coir dust were lower than with
other substrate mixes, suggesting bottom ash could improve
seedling growth by providing a better root environment for C.
roseus. Unlike G. globosa and C. roseus, I. walleriana, and P.
multiflora seedlings had better growth in a commercial germination mix than bottom ash-containing substrate mixes. Total
biomass of I. walleriana and P. multiflora seedlings grown on
bottom ash-containing substrate was less than that on a commercial germination mix, indicating that the bottom ash-containing
substrate might require further adjustment for I. walleriana
and P. multiflora seedlings. A further study to investigate the
performances of the four bedding plant seedlings with bottom
ash containing germination mix in a trial bed is in progress.
Growth and performance parameters of the four bedding plants
will be presented to provide the potential suitability of bottom
ash containing substrate mixes for growing bedding plants.
Specified Source(s) of Funding: This research was supported
by Korea University Grant and Advanced Production Technology Development Program (313059-03) of Korea Institute of
Planning and Evaluation for Technology in Food, Agriculture,
Forestry and Fisheries.

Vegetable Breeding 1
Evaluation of Bacterial Speck Resistance in
Tomato Breeding Lines
(Poster Board #101)

Dilip R. Panthee*

North Carolina State University, Mills River, NC, USA

Selvakumar Veluchamy

North Carolina State University, Mills River, USA

Rui Shi

North Carolina State University, Mountain Horticultural Crops
Research & Extension Center, Mills River, USA

Ann Piotrowski

North Carolina State University, Mills River, USA

Bacterial speck, caused by Pseudomonas syringae pv. tomato
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is one of the most important diseases of tomato. It is favored
by the low temperature and high moisture conditions. There are
two races of the pathogen, race 0 and race 1. In North Carolina,
predominant race is race 0, and race 1 has not been reported
yet. There is a major gene Pto conferring resistance to the race
0 in tomato. We were interested to introgress the Pto gene from
various sources including CULBPT-04-5 and Ontario 7710 into
the NC-adapted tomato breeding lines and evaluate their performance at Mountain Horticulture Crops Research & Extension
Center at Mills River, NC, over the years. Crosses were made
and three F2 populations were analyzed for their resistance to
the bacterial speck using local isolate NC-C3 (Pst, race 0) under controlled conditions collected from NC. The populations
analyzed were NC13267 (47NC-2 x CULBPT04-05), NC13271
(NC 714 x Ontario 7710) and NC13272 (NC 1CELBR x Ontario
7710) for the inheritance pattern of Pto and bacterial speck.
The inheritance pattern of the Pto was confirmed to be a single
gene (χ2 = 0.88, P > 0.05) in all three populations. Bacterial
speck resistance held up consistently well in the lines derived
from these sources under field conditions. Resistant lines are
being further evaluated for the advancement and improvement
of horticultural traits. We believe that the lines advanced and
selected from these populations will have useful to address the
problem of bacterial speck.

Susceptibility to Cavity Spot, Pythium Root
Dieback, and Carrot Leaf Blights in Carrot
Breeding Material
(Poster Board #102)

Mary McDonald*

University of Guelph, Guelph, ON, Canada

Philipp Simon

USDA–ARS Vegetable Crops Research Unit, Madison, WI, USA

Cavity spot of carrot is an important disease of carrots in many
regions of the world. The disease is caused by several Pythium
species, especially Pythium violae and P. sulcatum. Field trials
were conducted from 2013 to 2016 to identify carrot lines with
low susceptibility to cavity spot, to contribute to the USDA
carrot breeding program. Several cultivars were included as
commercial checks. The lines were also assessed for incidence
of Pythium forking (carrot root dieback) in 2016 and for the
severity of carrot leaf blights caused by Cercospora carotae
and Alternaria dauci, in 2015 and 2016. Leaf blights were rated
from 0 (healthy leaves) to 5 (dead leaves). Carrots were seeded
into ‘muck’ soil (pH 5.7–6.5, organic matter 65 to 78%), in an
area where the diseases occur naturally. Harvested carrots were
washed and rated for cavity spot incidence and disease severity
(DSI). Orange and purple pigmented carrot lines were identified
with low cavity spot incidence and severity that were consistent
over the four years. There was no correlation between cavity
spot incidence and severity and either Pythium forking or leaf
blight severity. However, three orange lines and two purples
lines had low forking (0 to 9%) and low cavity spot (0 to 7%), as
did cv. Uppercut (5% forking and 10% cavity spot). One orange

breeding line had low cavity spot (7%), low forking (8%) and
low leaf blight ratings (1.7 and 1.0). It may be possible to select
carrots with resistance to more than one disease.

Improvement of Fruit Quality and Insect
Tolerance in Pumpkin Varieties for Hawaiian
Markets Using Organic Systems
(Poster Board #103)

Alexandra B Campbell*

University of Hawaii at Manoa, Honolulu, HI, USA

Michael Kantar

University of Hawaii at Manoa, Honolulu, HI, USA

Theodore J.K. Radovich
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Tiare Silvasy
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Sarah Moore

University of Hawaii at Manoa, Honolulu, USA

Currently various pumpkin species are grown on 90,165 acres
in the United States and on 219 acres of which are in Hawaii.
The primary pumpkin species marketed in Hawaii is C. maxima,
but there is an opportunity to expand the market share of another
species better adapted to tropical environments. This project
explores genetic variability for traits related to quality and pest
resistance within C. moschata. A BC1 mapping population
was created between ‘Taina Dorada’ (popular culinary traits)
and ‘Shima’ (locally adapted) with the F1 being backcrossed
to ‘Shima’. The mapping population was grown on certified
organic land using organic practices. This population showed
variation for 12 different phenotypes. This population suggests
that it may be possible to pyramid desirable agronomic traits
with traits associated with good flavor for Hawaiian markets.

Approaches to Phenotyping PRSV and ZYMV
Resistance in Tropical Pumpkin
(Poster Board #104)

Wilfredo Seda-Martinez

University of Puerto Rico, Mayaguez, PR, USA

Magdiel Miranda-Velez

University of Puerto Rico, Mayagiez, PR, USA

Linda Wessel-Beaver

Univ of Puerto Rico, Mayaguez, PR, United States

Angela Linares Ramirez*

University of Puerto Rico, Mayaguez, PR, USA

A key challenge in plant breeding is to differentiate among
genotypes in an efficient and reliable manner. For disease
resistance, greenhouse screenings are often used to select as
early as possible. Greenhouse-based tests should correlate
with field results. Our objective was to develop protocols for
phenotyping the reaction of genotypes of tropical pumpkin
(Cucurbita moschata) inoculated with Zucchini yellow mosaic
virus (ZYMV) or Papaya ringspot virus (PRSV). We inoculated
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cotyledons, then used ELISA to measured titer in the first four
leaves. Samples were taken as each leaf expanded. For ZYMV,
differences among genotypes were clear early: in the first or
second leaf. Symptoms of ZYMV could also be observed early,
by the time the second leaf expanded. The situation for PRSV
was different. Genotypes could not be differentiated until the
fourth leaf. Mottling could sometimes be observed earlier in
susceptible genotypes, however symptoms were clear in the
fourth leaf. In another experiment seedlings were inoculated
with PRSV or ZYMV and ELISA readings were taken in the
greenhouse and at two dates in the field. In general, Spearman
correlations between ELISA in the greenhouse and field were
low. For PRSV, the correlation between greenhouse readings
and field readings (5 weeks later) was r = 0.48. The correlation was not significant between greenhouse and the second
field readings 14 weeks post-seeding (r = 0.26). Results for
ZYMV were similar: r = 0.54 (P < 0.001) and r = –0.14 (NS)
between readings in the greenhouse and the first and second
field ELISA tests, respectively. Finally, we conducted a study
to determine if leaves from multiple apices from a single plant
need to be sampled when evaluating resistance. We sampled two
newly-expanded leaves from plants that had been inoculated
and transplanted to the field. For both PRSV and ZYMV, rank
correlations between the two samples from a plant were high
(r = 0.81 for PRSV and r = 0.66 for ZYMV). Based on our
studies, we recommend that the fourth leaf of an inoculated
tropical pumpkin seedling be used to compare genotypes for
PRSV resistance using ELISA. Genotype differences for ZYMV
can be tested in the first or second leaf. In the field, a single
leaf sample may be adequate to establish the level of resistance
in a plant. More study is needed concerning the relationship
between greenhouse and field results.
Specified Source(s) of Funding: UDSA-NIFA

Microscopic Analysis of Variation in Cuticle and
Epicuticular Wax Structure in Cucumber Fruit
(Poster Board #105)

surface. The fruits also differ for epidermal cell structure and
cuticle and wax related traits. Thin-section samples (~0.1mm)
were prepared from the mid-region of fruit harvested at 16 days
post pollination (dpp), a time when most cuticle deposition
has taken place and strong differences for cuticle thickness are
observed. Sections were stained with Sudan IV to identify the
cuticle and epicuticular waxes and imaging software was used
to evaluate samples for: cuticle thickness, depth of wax intercalation between epidermal cells, epidermal cell size and shape,
and number and size of lipid bodies. ‘9930’ is characterized by
flatter epidermal cells (approximately 35 µm in length and 29
µm in width), while ‘Gy14’ has columnar shaped epidermal
cells (approximately 54 µm in length and 17 µm in width).
The cuticular layer for ‘9930’ was 2- to 3-fold thinner than for
‘Gy14’ (average thickness of 1.6 µm versus 4.3 µm, respectively)
with reduced intercalations between cells (average depth of 5.2
µm versus 30 µm). The epidermal cells of ‘Gy14’ had a larger
number and larger sized lipid bodies (average of 33 lipid bodies
per 450 µm epidermal cell layer with an average diameter of
6.2 µm for ‘Gy14’ versus 16 lipid bodies and 4.3 µm average
diameter for ‘9930’). A recombinant inbred line (RIL) population, consisting of 112 lines developed from these two cultivars,
is being utilized to examine inheritance of these traits and their
relationship to each other. Plants were grown in the greenhouse
and three hand-pollinated fruits per line were harvested at 16 dpp.
Microscopic samples are currently being evaluated for cuticle
thickness, depth of intercalation, epidermal size and orientation,
and presence and size of lipid bodies.

Genome-wide Association Study Using Nextgeneration Sequencing in Spinach
(Poster Board #106)

Ainong Shi*

University of Arkansas, Fayetteville, AR, USA

Jun Qin

University of Arkansas, Fayetteville, AR, USA

Stephanie Rett*

Beiquan Mou

Rebecca Grumet

Jim Correll

Cucumber fruits are covered by a layer of cuticle (a thin lipophilic
layer) and epicuticular waxes that function to restrict water loss
and prevent infection by pathogens. The cuticle is formed from
a complex matrix of mainly cutin and waxes, whose precursors
are synthesized and secreted by epidermal cells aided by lipid
bodies. This deposition of the cuticle and epicuticular waxes
varies among species, cultivars, and developmental age. This
study evaluates the natural variation of cuticle and epicuticular
wax deposition in two cultivars of cucumber, Chinese Long
‘9930’, a Chinese fresh market cucumber, and ‘Gy14,’ a pickling type. Fruit of these lines differ in appearance; ‘9930’fruit is
more elongated and darker green with striping and bumps, while
‘Gy14’ has wider fruit that are lighter green with a smoother
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Spinach (Spinacia oleracea L., 2n = 2x = 12) is an economically important vegetable crop worldwide. The purpose of this
research is to build a molecular breeding platform integrated
into a classical breeding approach in spinach through next
generation sequencing technology including whole-genome
sequencing (WGS), whole-genome resequencing (WGR), and
genotyping by sequencing (GBS). So far, three levels of genome
sequencing have been conducting in spinach: 1) WGS using
10X Genomics Chromium System powered by 10X GemCode
Technology combined with the Illumina HiSeq X Ten sequencing platform with 100X sequencing depth and 200X sequencing
data in one spinach genotype NIL1; 2) WGR using the Illumina HiSeq X Ten sequencing platform with 33X sequencing
depth and 33 Gb sequencing data in 30 cowpea genotypes; and
3) GBS and ddRADseq using Illumina HiSeq series sequencing platform with 0.1–0.3X depth and 100–200 Mb data in
1000 spinach genotypes. The de novo genome assembly of
spinach NIL1 was created; whole genome variations were
analyzed; genetic diversity was determined on 462 spinach
genotypes originally collected from 33 countries, and genomewide association study (GWAS) was conducted for disease
resistance to downy mildew (Peronospora effusa), white rust
(Albugo occidentalis), Verticillium wilt (Verticillium dahliae),
and Stemphylium leaf spot (Stemphylium botryosum f. sp.
spinacia); for pest tolerance to leafminer (Liriomyza spp.);
for morphological traits: leaf texture, leaf base color, bolting,
and height; and for mineral elements: B, Ca, Co, Cu, Fe, K,
Mg, Mn, Mo, Na, Ni, P, S, and Zn. SNP markers were identified to be associated with these traits in spinach. The SNP
markers identified from this study will provide breeders with
a tool to select associated traits in spinach breeding programs
through marker-assisted selection (MAS) and genomic selection (GS).
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Evaluation of Association Analysis of Salt
Tolerance in Cowpea
(Poster Board #107)
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Cowpea [Vigna unguiculata (L.) Walp.] (2n = 2x = 22) is a
leguminous crop providing cheap protein for human consumption, growing world-wide. Salinity is one of the major threat to
cowpea production, particularly in semi-arid regions of Africa.
Salinity significantly affects seed germination and decreases
pod and seed yield in cowpea. However, little has been done to
provide farmers with salt-tolerant cowpea cultivars. The objectives of this research are to 1) to evaluate cowpea salt tolerance
at germination stage, 2) to evaluate cowpea salt tolerance at
seedling stage, and 3) to conduct genome-wide association study
for cowpea salt tolerance at germination and seedling stages
and to identify SNP markers associated with salt tolerance in
cowpea. A total of 151 cowpea genotypes at germination stage
and 203 cowpea genotypes at seedling stage were evaluated in
this research. Association analysis was performed in 116 genotypes at germination stage and 155 genotypes at seedling stage.
The results indicated that: (i) a large variability in salt tolerance
was found among the tested cowpea genotypes at both germination and seedling stages; (ii) three SNPs, Scaffold87490_622,
Scaffold87490_630, and C35017374_128 were highly associated with salt tolerance at germination stage; (iii) seven SNPs,
Scaffold93827_270, Scaffold68489_600, Scaffold87490_633,
Scaffold87490_640, Scaffold82042_3387, C35069468_1916,
and Scaffold93942_1089 were found to be associated with salt
tolerance at seedling stage; and (iv) PI582422, 09-529, PI293584,
and PI582570 were highly salt tolerant at germination stage
and PI293570, PI582812, PI582856, PI180014, PI257463, 09175, 09-529, PI666260, I582402, and PI582340 were highly
salt tolerant at seedling stage. This research will have practical
applications in cowpea breeding and genetics. The salt tolerant
lines could be used as parents in breeding programs and the SNP
markers could be used as tools in cowpea molecular breeding
through marker-assisted selection.
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Weed Control and Pest Management

Ainong Shi*

Laurel Wilt of Avocado: Management of an
Unusual and Lethal Disease
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Cowpea (Vigna unguiculata L. Walp., 2n = 22), an annual herbaceous legume plant, is widely grown in tropical and subtropical
regions of the world. Genetic diversity study will provide the
base of utilization of cowpea germplasm in breeding. Both genetic and phenotypic diversities were analyzed in 768 cowpea
genotypes, originally collected from 56 countries. A total of 17
phenotypic traits were used for phenotypic diversity and 1028
SNPs used for genetic diversity studies. Genetic analysis was
conducted based on cowpea genotype individually and also based
on genotype grouped by nine geographic regions: South Africa,
West Africa, Central East Africa, East Asia, Central West Asia,
Europe, Oceania, North America, and Latin America plus two
specific groups: ‘India’, the germplasm accessions from India
and ‘America Cultivar’, the cultivars from the United States. The
Shannon-Weaver diversity index (H’) and Simpson index (1-D)
were calculated for the qualitative and quantitative characters to
compare diversity between the different characters and among
various regions and the Canonical discriminant analysis was
also used for eleven quantitative traits. Results indicated that
the geography grouped affected both phenotypic and genotypic
variations but the dendrograms didn’t fully match between the
phenotypic and genotypic data. However, both data supported
that the African was the original domestication place in this
study; the accessions from Asia had higher diversity and closer
to the cultivated cowpea; the most agricultural diversities were
observed in the India population, which were close to the population from Central East Africa; and the United States breeding
sources were closer to West Africa and East Asia. This study will
provide cowpea breeders with how to use cowpea germplasm
in breeding programs.

(Poster Board #148)
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Laurel wilt kills members of the Lauraceae plant family in the
southeastern United States, including the important commercial
crop, avocado (Persea americana). It is caused by Raffaelea
lauricola, a nutritional fungal symbiont of an invasive Asian
ambrosia beetle, Xyleborus glabratus, which was detected in Port
Wentworth, Georgia in 2002. This invasive insect is the primary
vector of R. lauricola in forests along the southeastern coastal
plain of the United States, but other ambrosia beetle species that
obtained the pathogen after it was introduced in Georgia may
play a role in the avocado pathosystem. To date, R. lauricola has
been detected in nine additional species of ambrosia beetle, two
of which transmitted the pathogen experimentally to avocado
and one of which has been shown to reproduce when fed solely
on the fungus. Comparisons between R. lauricola and its closest,
nonpathogenic relative, R. aguacate, have identified specific
genomic attributes that are associated with pathogenicity and
which may be useful for disease screening. Sanitation (prompt
destruction of affected trees) is needed to successfully manage
new outbreaks of laurel wilt, as root-graft transmission of the
fungus can result in rapid disease spread and, ultimately, the
abandonment of commercial orchards. Early detection of the
disease, which is key to successful sanitation, is possible with:
1) frequent scouting for foliar symptoms, 2) remote sensing
of spectral reflectance signatures that are associated with the
disease, and 3) trained dogs. Although fungicidal protection
of avocado trees is possible, it is expensive, requires annual
re-treatment and may not be sustainable due to the damage that
occurs in treated trees after treatment (fungicide injection).
Progress has been made in understanding the vector portion
of this puzzle, but reduction of the disease’s impact has not
been demonstrated with insecticides, repellents or attractants.
Work continues to understand why ambrosia beetle species
other than X. glabratus harbor the fungus and what attributes
are associated with the alternative vectors. Vascular attributes
of different avocado cultivars are associated with laurel wilt
susceptibility. For example, highly susceptible West Indian
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cultivars have significantly higher rates of sapflow, and wider
lumen diameters. Current work examines reducing the susceptibility of West Indian cultivars by grafting them onto less
susceptible Guatemalan and Mexican genotypes.

A Grower’s Integrated Pest Management
Program for Coffee Berry Borer in Hawaii
(Poster Board #149)

Andrea M. Kawabata*

University of Hawaii at Manoa College of Tropical Agriculture and
Human Resources, Kealakekua, HI, USA

Stuart T. Nakamoto

UH CTAHR, Honolulu, HI, USA

R.T. Curtiss

Hawaii Department of Agriculture, Captain Cook, HI, USA

The coffee berry borer (Hypothenemus hampei) or CBB, the
most destructive pest of coffee in the world, was introduced
to Hawaii in 2010 and is quickly spreading throughout the
state. Over 950 farms and nearly 40 million pounds of coffee
production are at risk. Hawaii coffees can sell for over $100/lb.
Based on CBB research conducted in Hawaii and other coffee
growing regions in the world, the first CBB Integrated Pest
Management Recommendations document was published in
2013; revised editions followed in 2015 and 2016. This poster
presents a pictorial summary of the current recommended best
management practices which include field sanitation, block
pruning, sampling and monitoring, biopesticide and chemical
spraying, biocontrol, improved harvesting, and safe movement
of infested materials.

Delia Species Involved in Cabbage Maggot
Damage, and Prevalence of Chlorpyrifos
Resistance: Results from a Canada-wide Survey
(Poster Board #150)

Josée Owen*

in 2013 showed that 75% of cabbage maggot populations tested
exhibited chlorpyrifos resistance. To date, the damage caused
by cabbage maggot has been attributed to Delia radicum L.
(DIPTERA: Anthomyiidae). In Summers 2015 and 2016, a
Canada-wide survey was undertaken with the goals of 1) elucidating the Delia species complex responsible for cabbage
maggot damage in brassica vegetables, including broccoli,
cauliflower, cabbage, daikon radish, kale and Chinese greens,
and; 2) determining the prevalence of chlorpyrifos resistance.
More than 40 partners were assembled across 9 of Canada’s
10 provinces, and they collected eggs, larvae, puparia and
adult flies from commercial fields in their regions. Fields were
georeferenced, and field history, cultural and chemical practice
history and neighbouring crops were noted. Samples were
sent to regional hubs for species identification and counts of
relative abundance. Adult flies were allowed to emerge from
puparia samples and were subsequently subjected to screening
tests using the Potter spray tower to determine susceptibility to
chlorpyrifos relative to a laboratory strain. Results have been
assembled, analysed and Arc-GIS was used to produce practical
maps of relative abundance of species in relation to crop and
other regional characteristics, and of prevalence of chlorpyrifos
resistance, which are made available to growers through the
partners across the country to guide effective pesticide use
and pesticide resistance management. The results and maps
produced from this completed work are presented in this poster.
Specified Source(s) of Funding: Agriculture and Agri-Food
Canada’s Pesticide Risk Reduction Program

Survey Says: Arthropod Pests of Tea Plants,
Camellia sinensis, Grown in the Southeastern
United States
(Poster Board #151)
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The tea plant, Camellia sinensis, was first discovered for
brewing tea beverages in China around 4700 years ago and
is the most consumed beverage today only next to water. Tea
consumption in the United States increased from $1.8 billion
in 1998 to $11.5 billion in 2015, an almost six-fold increase,
and this trend is projected to be continuing over the next ten
years. Additionally, consumers are increasingly interested in
where tea is sourced and whether or not it was produced in an
environmentally and socially sustainable manner. With the local
food movement in the recent years, there is a strong demand
for domestically grown tea. This market demand provides an
opportunity to growers and investors in the southeastern region
to consider tea as a new crop. Several land-grant universities in
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Cabbage maggot is a major insect pest in every brassica vegetable crop in Canada, and around the world. It is challenging
to control because many cultural methods are often costly or
impractical to implement on a large scale, and, in Canada, few
insecticides are registered and available to growers. The main
chemical control product is chlorpyrifos, and studies in three
growing regions of the Canadian province of British Columbia
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the southeastern region have teamed up with tea growers and
other specialty crop growers interested in adding tea to their
production in conducting tea germplasm and production potential evaluations. One important aspect of these evaluations is
to document occurrence of arthropod pests, injuries caused by
them, and plant responses. A survey was conducted by sampling
tea plants at several tea farms, botanical gardens, nurseries, and
private properties. Location, surrounding vegetation, identified
arthropod pest species and their densities were recorded, plant
injuries were photographed, and plant response and recovery
was documented during follow-up visits. Results were analyzed
by location and surrounding vegetation and were compared
to the list of major pests found on tea plants in traditional tea
production areas in China.

Preemergence and Postemergence Control
of Artilleryweed (Pilea microphylla) in
Ornamental Production Nurseries
(Poster Board #152)

Chris Marble*

University of Florida, Mid-Florida Research and Education Center,
Apopka, FL, USA

Debalina Saha
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University of Florida/IFAS Mid-Florida Research and Education
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Artilleryweed is an annual or short-lived perennial weed that
is becoming increasingly problematic in Florida, Hawaii, and
other tropical and subtropical environments. Limited information is available on efficacy of commonly used herbicides on
artilleryweed. The objective these experiments were to evaluate
preemergence (PRE) and postemergence (POST) herbicides
labeled for use in nurseries and/or landscapes for control of
artilleryweed. All studies were conducted in Apopka, FL, in a
shaded greenhouse using standard soilless potting mix (pinebark
+ peat) and fertilizer amendments. Herbicides evaluated for
POST control included diquat, dimethenamid-P, flumioxazin,
glufosinate, glyphosate, indaziflam, oxadiazon, pelargonic
acid, sulfentrazone and sulfosulfuron applied at 1x their highest label rate to mature (10–12 cm in height) artilleryweed.
Data collection included bi-weekly visual control ratings for
eight weeks. At 8 weeks after treatment (WAT), shoot weights
were determined. As this species often resumes growth soon
after herbicide treatment, regrowth was assessed at four weeks
after initial fresh weight collection. To evaluate preemergence
herbicide efficacy, nursery pots filled with standard substrates
and amendments and overseeded with artilleryweed seed and
treated with either dimethenamid-P, indaziflam, isoxaben, oxadiazon, oxyfluorfen + prodiamine, oxyfluorfen + pendimethalin,
pendimethalin, pendimethalin + dimethenamid-P, prodiamine,
prodiamine + isoxaben, or S-metolachlor, or trifluralin +

isoxaben. Weed counts, and percent weed coverage ratings
were taken bi-weekly for 10 weeks. At 10 WAT, shoot fresh
weights were recorded. Results showed that flumioxazin and
glufosinate provided effective POST control although regrowth
did occur following application with glufosinate. All herbicides
evaluated provided over 90% control of artilleryweed when
applied PRE with the exception of isoxaben and trifluralin +
isoxaben. Results indicate that several effective options exist
for artilleryweed management but more effective control will
likely be achieved when herbicides are applied PRE. Due to
prolific seed production, the addition of a PRE herbicide in a
tank-mix with a suitable POST herbicide would be advised in
areas that are heavily infested with artilleryweed.

The Role of Bacillus amyloliquefaciens Y1 on
Control of Root Knot Nematode, Meloidogyne
incognita By Producing Cyclo (D-Pro-L-Leu)
(Poster Board #153)
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Institute of Environmentally-Friendly Agriculture, Chonnam National
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The aim of the current study is to describe the role and mechanism
of Bacillus amyloliquefaciens Y1 against root knot nematode,
Meloidogyne incognita, under in vitro and in vivo conditions.
Initially, exposure of bacterial culture filtrate and butanol crude
extract of Y1 to M. incognita showed significant inhibition on
egg hatch and caused mortality of second-stage juveniles (J2).
The hatch inhibition and J2 mortality increased with increase
in the concentration of those. The dipeptide, cyclo(D-Pro-LLeu) having the nematicidal activity was identified for the first
time in B. amyloliquefaciens strain culture supernatant using
chromatographic techniques and nuclear magnetic resonance
(NMR, 1H, 13C, H-H COSY, HSQC and HMBC). Exposure of
M. incognita to various concentrations of cyclo(D-Pro-L-Leu)
significantly reduced egg hatch and caused substantial mortality
of J2. All tomato plants were infested with M. incognita and
then received Y1 culture, fertilizer medium (F), F+chemical
nematacide, or chemical nematacide. The results from pot
experiments demonstrated potential antagonistic effect of B.
amyloliquefaciens Y1 against M. incognita by reducing the
number of galls and eggs per root of tomato plant and number of J2 in the soil. Besides, the investigation on the growth
parameters such as the shoot length, fresh and dry weights of
the tomato plants increased evidently in the strain Y1 treated
plants compared to control. Therefore, our study demonstrated
the ability B. amyloliquefaciens Y1 as a biocontrol agent against
M. incognita as well as plant growth promoter for tomato.
Specified Source(s) of Funding: This study was financially
supported by Chonnam National University, 2016
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Advancement of Laser-guided Intelligent
Pesticide Spray Control Technology in Specialty
Crop Production

the ground by 70% to 90%. Recently a versatile laser-guided
spray control system was developed as a retrofit for most orchard
air-blast sprayers currently used in ornamental nurseries, apple,
peach and pecan orchards, small fruit plantings, vineyards and
other specialty crops. The retrofit modified the control system
previously developed for the concept-proven prototype sprayer.
The critical components of the new control system were the
algorithm and control circuits integrating with a high-speed
laser scanning sensor, a non-contact Doppler radar travel
speed sensor, a two-microprocessor manipulated nozzle flow
rate controller, an embedded computer and inputs of particular
sprayer parameters. The control system was able to determine
the presence of a tree canopy, map the canopy structure, estimate
the foliage density, calculate the sectional canopy volume and
spray volume designated to individual nozzles, and manage
variable numbers of nozzles to discharge variable spray outputs
to match tree architectures. Laboratory tests were conducted to
validate the control system functions and capabilities. These
tests included automatic control of individual nozzles, separate
groups of nozzles and random numbers of nozzles by changing
target positions; determination of delay times to accommodate
different sized sprayers by changing laser sensor positions and
travel speeds; and manual selection of active nozzles to discharge
sprays to desired target heights. Test results demonstrated that
conventional sprayers with the retrofitted control system were
able to characterize the presence, size, shape, and foliage density
of target tree canopies, measure sprayer travel speed, and then
automatically control spray outputs of each individual nozzle
to match canopy architectures in real time. This new spray
control system will significantly advance conventional spray
technologies and offer an environmentally responsible approach
to controlling insects and diseases and applying other foliar
products for specialty crop production.
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Peter Ling

The Ohio State University, Wooster, USA

David Lockwood

University of Tennessee, Knoxville, TN, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

H. Erdal Ozkan

The Ohio State University, Columbus, OH, USA

Jay Pscheidt

Oregon State University, Corvallis, OR, USA

Robin Rosetta

Oregon State University Extension, Aurora, OR, USA

Guido Schnabel

Environmentally Friendly Management of
Root-knot Disease on Melon with Bioformulated
Pseudomonas chlororaphis O6

Clemson University, Clemson, SC, USA

Ajay Shah

The Ohio State University/OARDC, Wooster, USA

Lingying Zhao

(Poster Board #155)

The Ohio State University, Columbus, USA

Young Cheol Kim*

Randy Zondag

Chonnam National University, Gwangju, Korea, Republic of (South)

The Ohio State University/Lake County, Painesville, USA

Advancing conventional sprayer technology with precision
variable-rate capability is an economically feasible method
to solve current challenges associated with imprecise application and extensive waste of foliar-applied pesticides and other
products. A concept-proven laser-guided intelligent sprayer
was previously developed to adjust spray outputs based on
tree canopy architectures in real time. The sprayer could apply
different rates to different sections of individual plants. Onfarm field tests in commercial nurseries demonstrated the pest
control efficacies of this experimental intelligent sprayer were
comparable to those of conventional sprayers, while the new
sprayer reduced average pesticide use by 46% to 70%, reduced
airborne spray drift by up to 87%, and reduced spray loss on

Beom Ryong Kang

Chonnam National University, Gwangju, Korea, Republic of (South)

Root-knot nematodes are one of the most serious pests in melon
as it is cropped continuously in greenhouses. However, only
limited and costly chemical methods are available for nematode
control. In previous field work, a biocontrol agent, Pseudomonas chlororaphis O6, showed strong efficacy against root-knot
nematode. In the summer of 2015, P. chlororaphis O6 strain,
formulated with freeze-drying agents as a wettable powder form,
was applied to melon fields in greenhouse at Gosung in South
Korea. The nematocide, Fosthazate, was used for comparison
as an authentic chemical pesticide. The melon cultivar Early
Elite was transplanted into soil used for three years for melon
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cultivation; plants in 2014 were highly infected with root-knot
nematode. Disease severity in 2015 was rated based on larval
mortality, number of galls/plant and plant growth parameters.
Root drenches of both the biocontrol and chemical products at
transplant stage reduced nematode populations significantly (P
< 0.01). Reduction was greater (P < 0.05) with the biocontrol
agent (88 – 93 %) than with applications of Fosthazate (69 %).
Drenching with the bioformulation improved (P < 0.05) plant
height, leaf length, leaf width, and stem diameter when compared
with growth of melon treated with the chemical. Fruit yield was
20% higher. These findings suggest that bioformulation of P.
chlororaphis O6 provides a sustainable alternative to chemical
use for control of root-knot nematode. Applications of the biocontrol agent can become integrated into management strategies
for root-knot disease in melon.
Specified Source(s) of Funding: a grant from the Korea Institute
of Planning and Evaluation for Technology in Food, Agriculture,
Forestry, and Fisheries, Ministry for Food, Agriculture, Forest,
and Fisheries, Republic of Korea

Overview of the University of Tennessee Weed
Diagnostics Center
(Poster Board #156)

Gregory K. Breeden*

University of Tennessee, Knoxville, TN, USA

James Brosnan

University of Tennessee, Knoxville, TN, USA

Robert N. Trigiano

University of Tennessee, Knoxville, TN, USA

Jose J. Vargas

University of Tennessee, Knoxville, TN, USA

Sarah L. Boggess

University of Tennessee, Knoxville, TN, USA

The Weed Diagnostics Center (WDC) is a new diagnostic arm
of the University of Tennessee (UT) Institute of Agriculture
that opened in summer 2016. An initiative supported by both
the UT Office of AgResearch and UT Extension, the mission of
this Center is to provide end-users from across the United States
diagnostic tests tailored to weeds of crop production systems
as well as turf, ornamentals, and urban landscapes. Serving
both the consumer and professional industries, specialists at
the WDC incorporate both whole plant and molecular methods to provide a wide range of diagnostic services from basic
weed identification to tests confirming herbicide resistance via
DNA sequencing. The WDC can currently evaluate weeds for
resistance to herbicidal inhibitors of acetyl CoA carboxylase
(ACCase), acetolactate synthase (ALS), cellular mitosis, enolpyruvylshikimate phosphate (EPSP) synthase, photosystem II,
and protoporphyrinogen oxidase (PPO). Work is on going to
expand services to test other modes of action and develop more
rapid methods of resistance testing. The WDC is also home
to an additional suite of services specific to bermudagrasses
(Cynodon spp.) used on golf course putting greens and fairways.

All WDC test results are complemented with research-based
control recommendations to promote proper weed management
practices in the field. Additional information about the WDC can
be found online at www.weeddiagnostics.org, or by contacting
weeddiagnostics@utk.edu. More information on the WDC can
also be accessed via Twitter (@WeedDiagnostics) and Instagram
(@weeddiagnostics).

Specified Source(s) of Funding: UTIA AgResearch; UTIA
Extension; Bayer Environmental Sciences; Syngenta Professional Products

Evaluating Variable-rate, Laser-guided Sprayer
Performance and Powdery Mildew Control in
Cornus florida ‘Cherokee Princess’
(Poster Board #157)

Amy Fulcher*

University of Tennessee, Knoxville, TN, USA

Jeff McHugh

University of Tennessee, Knoxville, USA

Robert Collier

Pleasant Cove Nursery, Rock Island, TN, USA

Heping Zhu

USDA–ARS Application Technology Research Unit, Wooster, USA

Whitney Yeary

University of Tennessee, Knoxville, TN, USA

Wesley Wright

University of Tennessee, Knoxville, USA

Xiaocun Sun

University of Tennessee, KNoxville, USA

Frank Collier

Pleasant Cove Nursery, Rock Island, TN, USA

David Lockwood

University of Tennessee, Knoxville, TN, USA

A novel, variable-rate, air-assisted sprayer was developed that
applies pesticides based on real-time laser measurements of
plant presence, size, and density. This sprayer has the potential
to refine pesticide application, including minimizing off target
waste, and greatly reducing negative environmental impacts. The
objectives of this experiment were to evaluate 1) powdery mildew
control and 2) drift and intentional spray applications to Cornus
floridain the interior and exterior rows of a multi-row block
from the newly developed laser-guided, variable-rate sprayer,
referred to as the intelligent sprayer, and a conventional radial
air-blast sprayer. Trees were monitored weekly throughout the
growing season for powdery mildew severity. The most recently
matured, fully expanded pair of leaves on the leader and two
branches were ranked using a modified Horsfall-Barratt scale,
and whole trees were rated on a 0–4 scale. Prior to each spray
event, a set of water sensitive cards was placed back-to-back in
predetermined trees. The cards in the area being sprayed were
used to characterize intentional spray while those in the area not
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being sprayed were used to assess drift. Cards were analyzed for
coverage (%) and droplet density (deposits/cm2). Plant height
and caliper growth during the growing season were not affected
by sprayer type. There was no effect of sprayer type on powdery
mildew severity on the average of the three leaf pair ratings or
overall tree rating. Position of the trees within the row affected
the coverage but not droplet density. Intentional spray coverage
was greater for trees on the edge. Percent coverage was lower
for the intelligent sprayer than for the conventional sprayer. On
each spray date, intentional droplet density was not affected
by sprayer type. Direction the card faced did not affect percent
coverage or droplet density from intentional spray. Coverage
and droplet density on the drift cards were not affected by
position of the tree in the row or direction the card faced. Drift
coverage was not affected by sprayer type. There was a treatment x date interaction for droplet density on the drift card. The
intelligent sprayer reduced spray volume by 56.1% compared
to the conventional sprayer. The average per application cost
for this trial was $3.99/2.4 acres for the intelligent sprayer and
$8.14/2.4 acres for the conventional sprayer. Evaluation of the
sprayer will continue, as will evaluation of a second generation
retrofit sprayer.

Infection Degree of Major Five Viruses for
Commercial Nursery Trees in Apple Cultivars
‘Hongro’ and ‘Fuji’

degree with RT-PCR technique. The RT-PCR analysis for each
nursery tree performed dividedly into scion and root zone. For
apple cultivars of ‘Hongro’ lines, the scion analysis resulted that
both ACLSV and ASGV were infected by 100%. ASPV was
infected by 81.3%. ApMV and ASSVd showed no amplification
bands on the all samples. Whereas, the root analysis showed that
infection ratio of ACLSV, ASGV, and ASPV were 87.5, 100,
and 81.3% as well as that of ApMV and ASSVd were 12.5 and
6.3%, respectively. For apple cultivars of ‘Fuji’ lines, the scion
analysis resulted that each infection ratio of ACLSV, ASGV,
and ASPV were 86.7, 100, and 86.7%, showing no infection of
both ApMV and ASSVd. On the other hand, the root analysis
showed that ACLSV, ASGV, ASPV, ApMV, and ASSVd were
infected by 86.7, 93.3, 93.3, 6.7, 0%, respectively. In conclusion,
our results indicate that most of commercial apple nursery trees
was multiple-infected by at least 2~3 viruses, such as ACLSV,
ASGV, ASPV.
Specified Source(s) of Funding: Korea Institute of Planning
and Evaluation for Technology in Food, Agriculture, Forestry
and Fisheries (IPET) funded by Ministry of Agriculture, Food
and Rural Affairs (MAFRA) (grant No. 315003-05-2-HD060)

Evaluation of Bicyclopyrone in Sweetpotato
(Poster Board #159)

Matthew Cutulle*

Clemson University, Charleston, USA

(Poster Board #158)

Phillip A. Wadl

Sung-Hee Lee*

USDA–ARS, U.S. Vegetable Laboratory, Charleston, SC, USA

Chungcheongbuk-do Agricultural Research and Extension Service,
Cheongju, Korea, Republic of (South)

Brian Ward

Clemson University CREC, Charleston, SC, United States

Yeuseok Kwon

Chungcheongbuk-do Agricultural Research and Extension Service,
Cheongju, Korea, Republic of (South)

Hyunman Shin

Chungcheongbuk-do Agricultural Research and Extension Service,
Cheongju, Korea, Republic of (South)

Sang-Yeong Nam

Chungcheongbuk-do Agricultural Research and Extension Service,
Cheongju, Korea, Republic of (South)

Eui Yon Hong

Chungcheongbuk-do Agricultural Research and Extension Service,
Cheongju, Korea, Republic of (South)

Daeil Kim

Chungbuk National University, Cheongju-si, Korea, Republic of
(South)

Byeongjin Cha

Chungbuk National University, Cheongju, Korea, Republic of (South)

Jae-Soon Cha

Chungbuk National University, Cheongju, Korea, Republic of (South)

In apple trees, the multiple infection of viruses and a viroid
causes farmer’s economic losses, such as yield and quality
decrease of fruits. Therefore, we analyzed the commercial
nursery trees of main apple cultivars to confirm the infection

Bicyclopyrone (BIR) is a new 4-Hydroxyphenylpyruvate dioxygenase (HPPD)-inhibitor that is being evaluated for use in
sweetpotato. Bicyclopyrone would be the first HPPD-inhibiting
herbicide to be approved for use in sweet potato. Previous studies have shown that sweet potato varieties may differ in their
response to herbicide inputs. A greenhouse study was conducted
in Charleston, SC, to evaluate BIR tolerance in 6 sweetpotato
varieties. Five commercial varieties (Covington, Beauregard,
Excel, Sumor, and Bayou Belle) and one experimental sweetpotato line (04-136) were propagated in the greenhouse. Cuttings
from the sweetpotatos were transferred to herbicide-treated soil.
Bicyclopyrone was applied to the soil at rates of 50, 100, and
200 g/ha active ingredient (a.i.) Data were taken on bleaching,
general phytotoxicty, and fresh weights. Generally, application
of 50 g/ha a.i. of BIR did not have any phytotoxic effects on
the sweet potato varieties; however, numerically weights of the
plants trended to decrease when comparing 50 g/ha a.i. to the
untreated check. When accessing injury and bleaching at higher
rates ‘Beauregard’ trended to be the most tolerant while Sumor
was the least tolerant to BIR. The 04136 experimental line did
not show any phytotoxic symptoms at the 1X rate; however this
variety lost the most fresh weight relative to the untreated check
when 200 g ai/ha of BIR was applied.
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Response of Seashore Paspalum (Paspalum
vaginatum), Bermudagrass (Cynodon dactylon),
and Goosegrass (Eleusine indica) to
Post-emergence Herbicides
(Poster Board #160)

A.J. Lindsey*

Vegnet: How Long-term Crop Pest Monitoring
Protects Vegetable Growers in the Pacific
Northwest
(Poster Board #161)

Jessica Green

Oregon State University, Corvallis, OR, USA

University of Hawaii, Honolulu, USA

Daniel Mcgrath

University of Hawaii, Honolulu, HI, United States

Ed Peachey*

University of Hawaii, Honolulu, HI, USA

Knowing which pests are present, and when and where they occur
is a vital component to any integrated pest management (IPM)
program. Oregon State University’s VegNet program has been
operating in the Willamette Valley, OR for more than 20 years
and has a subscriber base that includes researchers, consultants,
and vegetable growers from across the nation. This monitoring
and reporting system relays information regarding insect pests
of snap bean, cabbage, cauliflower, broccoli, and sweet corn.
When pheromone traps detect an increased level of adult moths
compared to historical averages, it is considered a significant
egg-laying event, and depending on the reproductive biology
of the specific insect, we can predict that larval damage may be
evident in the days or weeks that follow. Weekly data reports are
published online and available as an email newsletter. Reports
provide a basis to maintain or intensify field scouting efforts
and make informed spray decisions. Processing plants utilize the
information as well, and have collaborated with VegNet to make
direct comparisons between trap count numbers seen in the field
and actual pest loads received. The regional nature of the service
provides landscape-level comparisons, and allows producers to
determine if the concern affects their crop or location. Over the
past 20 years, and especially since 2014, we have seen notable
shifts in pest activity patterns. Relative abundance of western
spotted cucumber beetles (Diabrotica undecimpunctata u.; 12S)
in 2016 was higher than any other year on record. Black cutworm
(Agrotis ipsilon; BCW) numbers have been steadily increasing
since 2012, and moths arrive earlier each year. Recent additions to the VegNet program include GIS mapping, insecticide
efficacy trials, and monitoring for new invasives like Japanese
beetle, European pepper moth, and brown marmorated stink bug.

Joseph DeFrank

Zhiqiang Cheng

Seashore paspalum (Paspalum vaginatum) has seen increased
popularity in Hawaii due to use of non-potable water on
various sports venues. Bermudagrass (Cynodon dactylon) and
goosegrass (Eleusine indica) are problem weeds infesting both
fairways and greens in many seashore paspalum golf courses.
Herbicide efficacy studies were conducted at the Pali Golf
Course (greens cut, cv. Salam), in windward Oahu, and the
Hoakalei (fairway cut, cv. SeaDwarf) and West Loch (greens
cut, cv. Salam) Golf Courses on leeward Oahu. The herbicides metribuzin, topramezone, mesotrione, and ethofumesate
were evaluated alone and in tank mixtures for Bermudagrass
and goosegrass control and seashore paspalum injury. At the
Pali Golf Course, maximum goose grass control in seashore
paspalum greens was obtained with a tank mix of metribuzin
[0.11 active ingredient (a.i.)], topramezone (0.010 kg/ha a.i.),
and mesotrione (0.056 kg/ha a.i.). However, seashore paspalum
injury was severe. Excessive bleaching of turf foliage caused
by mesotrione and topramezone was significantly reduced with
the addition of metribuzin to the tank mix. At the Hoakalei
Golf Course 2, 3, and 4-way tank mixes of metribuzin (0.21
kg/ha a.i., topramezone (0.021 kg/ha a.i.), mesotrione (0.056
kg/ha a.i.), and ethofumesate (0.94 kg/ha a.i.) were evaluated
for Bermudagrass management in seashore paspalum maintained at a fairway cut. Unacceptable turf injury was obtained
in all treatments that did not include metribuzin. Although the
3-way tank mixes of metribuzin, mesotrione, ethofumesate and
metribuzin, topramezone, ethofumesate provided acceptable
seashore paspalum turf discoloration, long-term suppression
of Bermudagrass was not obtained. Turf foliage bleaching
caused by mesotrione and topramezone was further reduced
with the addition of ethofumesate to the tank mix. Goose grass
in seashore paspalum greens at the West Loch Golf Course
was controlled with 3-way tank mix of metribuzin (0.11 kg/ha
a.i.), topramezone (0.010 kg/ha a.i.), and ethofumesate (0.94
kg/ha a.i.) with an acceptable level of discoloration of the turf.
Overall, tank mixes of metribuzin, topramezone, mesotrione,
and ethofumesate have the potential for post-emergent goosegrass control and bermudagrass suppression in seashore paspalum turf.
Specified Source(s) of Funding: USDA Cheng/DeFrank grant
2017-2018

Oregon State University, Corvallis, OR, USA
Oregon State University, Corvallis, OR, USA

Specified Source(s) of Funding: Oregon Processed Vegetable
Commission, Agriculture Research Foundation

Characterization of Bacillus amyloliquefaciens
Y1 on Autoclaved and H2O2-treated Medium
(Poster Board #162)

Hyeon Deok Jeon*

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)

Kil Yong Kim

Institute of Environmentally-Friendly Agriculture, Chonnam National
University, Gwangju, Korea, Republic of (South)
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This study was carried out to investigate the characteristics of
Bacillus amyloliquefaciens Y1 isolated from soybean cake and
to cultivate the strain without autoclave. Y1 secreted siderophore
and several lytic enzymes such as gelatinase, lipase and protease.
In addition, the strain released an antifungal compound which was
identified as a Bacillomycin D using HPLC, nuclear magnetic
resonance (NMR), liquid chromatography mass spectrometry
(LC-MS), and high resolution mass spectrometry (HR-MS).
Cost effective medium was prepared and antifungal activity was
performed to compare between Cost effective and CP medium
(colloidal chitin with potato dextrose). Y1 inhibited all tested
pathogenic fungi (Rhizoctonia solani, Colletotrichum gloeosporioides, Botrytis cinerea, Phytophthora capsici, Fusarium
oxysporum and F. graminearum); however, the antifungal activities in CP medium were a little bit higher than BB medium
(blue brown). When the culture filtrate of Y1 was used to test
the antifungal activity, the longer the incubation period and the
higher the treated concentration, the stronger antifungal activities
were shown. Especially, the growth inhibition rate for R. solani
and B. cinerea was 100% when the culture filtrate cultured for
15 days was treated with 50% concentration. The properties of
Y1 culture were investigated after Y1 was inoculated on autoclaved and H2O2 treated medium. As a result, cell growth was
the highest after three days in both media. The pH values of both
cultures were kept at 8.0, but the value of 8.0 was reached at two
days and 14 days for the autoclaved medium and H2O2 treated
medium, respectively. The surface tension was 38.3 mN m-1 in
the autoclaved medium and 43.8 mN m-1 in the H2O2 treated
medium. Chitinase, β-1,3-glucanase and protease activities
were 4. 7, 8.4, and 7.4 unit ml–1 in the autoclaved medium and
3.3, 1.1 and 15.0 ml–1 in the H2O2-treated medium, respectively.
Therefore, based on these results, it is expected that Y1 can be
cultured without autoclave sterilization and used in agriculture.

Genetics and Germplasm 1
Development and Evaluation of Centipedegrass
Mutant Lines with Improved Agronomic
Performance
(Poster Board #133)

Susana Milla-Lewis*

North Carolina State Univeristy, Raleigh, NC, USA

M. Carolina Zuleta

North Carolina State Univeristy, Raleigh, NC, USA

Esdras M. Carbajal

North Carolina State Univeristy, Raleigh, NC, USA

Centipedegrass (Eromochloa ophiuroides) requires few inputs
and is more tolerant to pests than most tufgrasses. The genetic
base for this species is narrow because most centipedegrass originated from a single accession introduced from China. The lack
of morphological variation in the species has hampered breeding
efforts and, as a result, few commercial cultivars are available
in the market. The objective of this study was to use chemical

mutagen ethyl methane-sulfonate (EMS) to generate genotypic
and phenotypic variation for centipedegrass improvement. Seeds
of cultivar ‘Common’ were treated with five concentrations
of EMS for five different time lengths. Following mutagenic
treatment of seeds, 50 regenerated plantlets from each of the
three highest treatments were planted in the field and allowed
to self-pollinate. A total of 3000 M1 progenies were recovered
and subsequently established in the field for initial evaluation
of establishment, winter survival and overall turf quality. One
hundred individuals were selected and established in a replicated
trial in the mountains of North Carolina for evaluation of winter
survival along establishment rate and turf quality. Individuals
that outperfomed the check were identified.

Genetic Diversity of Kikuyugrass Using Dartseq
Markers
(Poster Board #134)

Marta Pudzianowska*

University of California, Riverside, Riverside, CA, USA

Tyler Mock

University of California, Riverside, Riverside, CA, USA

Peter Martin

Plant Breeding Institute, Camden, Australia

Adam J. Lukaszewski

University of California, Riverside, Riverside, CA, USA

James H. Baird

University of California, Riverside, Riverside, CA, USA

Kikuyugrass (Pennisetum clandestinum Hochst. Ex Chiov.) is
a warm-season species introduced into California in the 1920s
for soil stabilization. Today it is considered either an invasive
weed or the desired species on many golf courses and other turf
areas along coastal and inland regions. Currently, there are no
active kikuyugrass breeding programs in the United States. To
assess the extent of genetic variation present among available
accessions of kikuyugrass, local populations were sampled
from throughout California, as well as from the collections at
the University of California, Riverside (UCR), Hawaii and Australia. A total of 20,000 single nucleotide polymorphism (SNP)
makers were discovered using the Diversity Arrays Technology
sequencing (DArTseq) platform. The hierarchical plot, gap statistics, and the principal coordinate analysis all showed that the
336 accessions in the study separated into three main clusters.
Seventy-seven percent of the total genetic variation was due
to within population variation, while 23% represented among
population variation. The main axis of the principal coordinate
analysis accounted for 33% of the total variation. Accessions
from California showed the least genetic variation with all but
six located in the same cluster. Accessions from Australia and
Hawaii showed a much broader degree of genetic diversity and
would be valuable stock for breeding should such efforts become
feasible and the exchange of germplasm possible. Meanwhile,
breeding toward new turf-type cultivars must be limited to
available germplasm within the UCR collection with select
accessions from around the State.
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Genome-wide Association Study for Lettuce
Cultivars with Improved Salad Processing
Efficiency

Determination of Genetic Relationship Among
Kalmia latifolia L. Cultivars Using ISSR
Markers

Jinita Sthapit Kandel*

He Li

Beiquan Mou

Donglin Zhang*

Ryan Hayes

Kalmia latifolia L. (mountain laurel) is an outstanding evergreen
flowering shrub native to the eastern United States. Based on
morphological traits and landscape performance, more than
100 mountain laurel cultivars have been released. Since morphological characteristics might vary greatly depending on
growing conditions and could not reflect genetic relatedness,
we examined genetic relationship among 24 popular cultivars
using inter-simple sequence repeat (ISSR) markers. A total of
110 fragments were generated from 8 primers and 90 fragments (81.8%) were polymorphic. A genetic similarity matrix
was established and a dendrogram was generated by UPGMA.
Similarity coefficient values ranging 0.5636 –0.7909 indicated
high degree of genetic variations between cultivars. The highest
similarity was found between ‘Olympic Fire’ and its female parent ‘Ostbo Red’ that both have upright growth habit, red bud,
and light pink corolla, while the lowest similarity was between
‘Freckles’ and ‘Kaleidoscope’ that also showed morphological variation. In the UPGMA tree, ‘Peppermint’ and ‘Pristine’
were distinct from others and tended to form a cluster. Other 22
cultivars exhibited two clusters. The first cluster consisted of 15
cultivars, among which ‘Snowdrift’ having medium green leaf
and white bud showed genetic difference to other 14 cultivars
having dark green leaf and pink or red bud. The second cluster
included seven cultivars and was further divided into two subclusters. One subcluster comprised three dwarf and pink-budded
cultivars (‘Elf’, ‘Minuet’, and ‘Tiddlywinks’) and another
subcluster consisted of ‘Kaleidoscope’, ‘Pink Charm’, ‘Sarah’,
and ‘Red Bandit’ that have purplish red stem and lanceolate
leaf blade. The results will help in identification of mountain
laurel cultivars and selection of parents for further breeding.

(Poster Board #135)

USDA–ARS, Salinas, CA, USA
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Ivan Simko

USDA–ARS, Salinas, CA, USA

Lettuce (Lactuca sativa L.) is widely used as the main ingredient of packaged leafy vegetable salads. Salad lettuce can have
short shelf life decaying as early as eight days after harvest
and reducing the nutritional quality. Decayed lettuce is not
marketable, produces extra waste, and needs more lettuce to
be grown, processed, and transported. Lettuce cultivars with
extended shelf life will help reduce waste products and increase efficiency. Genetic diversity, population structure, and
a genome-wide association study (GWAS) were performed
on a set of 498 lettuce accessions of mostly romaine types.
All but 12 accessions underwent single-seed increase before
genotyping using the genotyping-by-sequencing technique. A
total of 4615 high-quality polymorphic SNP (single-nucleotide
polymorphism) markers were used for analysis. For shelf life
assessment, lettuce heads were harvested from a single replicated field, processed into three salad bags (340 g each) per
accession, and stored at 4 °C for evaluation. Salad bags were
evaluated on weekly intervals using the scale of 0 through 10,
where the rating corresponds to 1/10th of the estimated percentage of decayed tissue. Area under deterioration progress stairs
(AUDePS) was calculated for each accession. GWAS with
shelf-life data was performed by general linear model (GLM)
and mixed linear model (MLM) analyses. Information about the
genetic relationships among the individuals was incorporated
in the analyses using principal component analysis (PCA) in
GLM and PCA and kinship in MLM. Significant marker-trait
association (SMTA) was detected on Linkage Group 4 (LG4)
in both methods. The P-value was as low as 3.55E-14 in MLM,
which explained 16% of the variation. The lowest P-value with
GLM was 1.11E-53, explaining 42% of the variation. Markers
associated with this SMTA can be used for marker-assisted
breeding for improved salad processing efficiency. Major
quantitative trait loci (QTL) for decay of fresh-cut lettuce have
been previously reported in LG4 in a recombinant inbred line
population of Salinas 88 x La Brillante. Thus, information on
these SMTA and QTL can be used for further studies leading to
the identification and functional studies of gene(s) responsible
for extended shelf life of lettuce.
Specified Source(s) of Funding: California Department of Food
& Agriculture (CDFA)

(Poster Board #136)
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University of Georgia, Athens, GA, USA

Identification of a Gene Controlling
Interspecific Lethality in Nicotiana
(Poster Board #137)

Justin Ma

North Carolina State University, Raleigh, NC, USA

Wesley Hancock

North Carolina State University, Raleigh, NC, USA

Ramsey Lewis*

North Carolina State University, Raleigh, NC, USA

Hybrid lethality is sometimes observed in interspecific F1 hybrids, thus limiting opportunities for creation of new hybrids
of interest for ornamental purposes, or as starting points for
introgression of diverse germplasm into cultivated row crop
species. An example of a post-zygotic interspecific hybridiza-

An asterisk (*) following a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S369

Poster Presentations
tion barrier in Nicotiana is the seedling lethality that occurs
in the majority of F1 progeny produced by a cross between N.
tabacum and its wild relative, N. africana. Indeed, this reaction
provides an expedient system for the identification of maternal
haploids of N. tabacum that result from parthenogenesis. To gain
insight on genetic mechanisms affecting interspecific lethality
in plants, we attempted to identify the N. tabacum genetic
factor involved in the lethality reaction in the N. tabacum x
N. africana cross. We utilized an approach combining transposon-tagging, phenotypic markers, and molecular markers to
identify a N. tabacum candidate gene contributing to seedling
lethality. The gene belongs to a class of coiled-coil nucleotidebinding site—leucine-rich repeat (CC-NLR) proteins, which
are the largest class of plant defense proteins. Ongoing work
to functionally validate the role of this gene in the interspecific
lethality reaction is being carried out using a CRISPR/Cas9
knockout approach. The research findings provide a greater
understanding of factors contributing to plant speciation and
increased insight on genetic limitations to interspecific hybridization in plants.

(–0.96), linoleic and stearic acid (–0.37), and SWT and protein
content (–0.39). Conversely, significant positive correlations
were found between seed size and oil content (0.56–0.69), seed
size and palmitic acid (0.49–0.65), seed size and stearic acid
(0.38–0.46), palmitic acid and oil content (0.50), and stearic
acid and oil content (0.31). Collectively, this data suggests
wide variation in seed nutrition within C. pepo and provides
insight into the phenotypic relationship among important seed
traits. Several accessions high in oil, protein and TUFA were
identified and will be useful in breeding for enhanced pumpkin
seed nutrition.

Identifying Late Blight Resistance QTL in
a Diploid Mapping Population of Solanum
microdontum
(Poster Board #139)

Emily W. Pawa*

Michigan State University, East Lansing, MI, USA

Saltanat Mambetova

Michigan State University, N/A, MI, USA

Oil, Protein, and Fatty Acid Composition of 35
Cucurbita pepo Accessions

Ray Hammerschmidt

Michigan State University, East Lansing, MI, USA

(Poster Board #138)

David Douches

Geoffrey Meru*

Michigan State University, East Lansing, MI, USA

University of Florida–TREC, Homestead, FL, USA

Yuqing Fu

University of Florida–TREC, Homestead, FL, USA

Paul Sarnoski

University of Florida, Gainesville, FL, USA

Yavuz Yagiz

University of Florida, Gainesville, FL, USA

Pumpkin seeds (Cucurbita pepo L.) are high in oil, protein,
total unsaturated fatty acids (TUFA), and provide an important
source of nutrition and income globally. In the United States,
the seeds are primarily used in trail mixes with various nuts,
seeds, dried fruit and sweets, as well as a source of vegetable
oil. The use of pumpkin seed in the snacking and vegetable oil
industry in the United States is expected to rise as the market
for healthy foods and vegetable oil increases. To improve the
nutritive value of pumpkin seed through breeding, it is important to assess the phenotypic variation of key seed traits among
pumpkin accessions. In the current study, protein, oil, fatty acid
composition and seed size traits [weight (SWT), length (SL)
and width (SWD)] of 35 C. pepo accessions were determined.
Protein content among the accessions ranged from 19.47 to
31.34% with a mean of 24.62%, while as oil content ranged
from 29.32 to 48.40% with a mean of 41.84%. Linoleic acid (x̅
= 51.19%) was the major fatty acid in the seed followed by oleic
(x̅ = 30.77%), palmitic (x̅ = 9.84%), and stearic (x̅ = 5.63%)
acid. Significant (P < 0.05) negative correlations were found
between oil and protein content (–0.51), linoleic and oleic acid

Phytophthora infestans (de Bary), the causal agent of late blight,
is a devastating pathogen of potato (Solanum tuberosum). Our
approach to crop improvement is to broaden the genetic base
of potato through introduction of R genes for vertical resistance
to P. infestans from wild potato germplasm sources. S. microdontum has previously been identified as containing a source
of resistance to P. infestans, with a R-gene hotspot on chromosome 4. In this study, an F1 population of approximately 200
diploid individuals was generated by crossing MSBB953-10,
as a parent with S. microdontum-based late blight resistance,
with MSBB948-01, a susceptible diploid clone. The diploid
population was screened for resistance by inoculating detached young greenhouse-grown leaves with a US23 isolate.
Cultivar Katahdin and a transgenic three-R-gene Diamant line
(RB, vnt1, and blb2) were used as susceptible and resistant
checks, respectively. Inoculation results showed that the progeny
ranged from highly susceptible to completely resistant within
the progenies, on a 0–100% scale. Single nucleotide polymorphisms linked to late blight resistance quantitative trait locus
(QTL) are observed by mapping the diploid population using
the Infinium Potato 12k SNP array V2. The QTL analysis for
late blight resistance will be presented. Identifying novel R
genes to introgress as scaffolds or use for “gene pyramiding”
will be used for future cultivar development in the diploid potato
breeding program at Michigan State University. The ultimate
goal is to develop durable late blight resistance through stacking multiple R genes.
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Plant Biotechnology

Joseph Postman

Fox Hunting in Wild Apples: Searching for
Novel Apple Genes in Malus sieversii

Nahla V. Bassil*

(Poster Board #373)

Michael Wisniewski*

USDA–ARS, AFRS, Kearneysville, WV, USA

John Norelli
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Timothy Artlip
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Erik Burchard
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Jing Ma
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Malus sieversii is distinguished from other wild Malus species
as being an excellent source of economically important traits,
including stress and disease resistance. USDA-sponsored expeditions to Central Asia have resulted in a large collection of
M. sieversii accessions that are maintained at the USDA Plant
Genetics Resources Unit (PGRU) in Geneva, NY. M. sieversii
–PI 613981, is one of the elite lines that was originally selected
for collection in Kazakhstan for drought tolerance and potential
disease resistance. The t identification of the genes responsible for
these and other traits, however, have not been explored. Therefore, it is important to identify stress-tolerance genes in wild and
distantly-related genotypes of apple to discover how they differ
from the genes identified in commercial cultivars and to identify
any potential “new” genes associated with stress tolerance. Thus
far, large-scale, high-throughput screening for stress tolerance
genes in apple has not been conducted. In the present project, the
FOX (Full-length cDNA Over-eXpressing) gene hunting system,
which represents an alternative gain-of-function gene hunting
technique, has been used to generate gain-of-function mutant
lines in Arabidopsis carrying up to 10,000 independent apple
cDNAs derived from a cDNA library of M. sieversii–PI613981
constructed from mid-winter bark tissues. The high-throughput
screening effort will focus on identifying genes related to freezing
tolerance, salt tolerance, drought tolerance, and morphological
traits (dwarfing, early-flowering, branching, etc.). Initial characterization of the system, a sampling of inserted apple genes,
and examples of morphological mutants will be presented.

An Improved 10-SSR Pyrus Fingerprinting
DNA Test to Confirm Parentage

USDA–ARS-NCGR, Corvallis, OR, USA
USDA–ARS Corvallis, Corvallis, OR, USA

Pedigree confirmation is a critical part of breeding, managing
genetic resources, and developing genetic mapping populations
for out-crossing plants, such as the genus Pyrus. Individuals
which are not progeny of a biparental cross can cause mapping
errors or result in the costly genotyping of individuals not needed
for the study. Moreover, it is important to ensure the identity of
individuals within a germplasm repository. The ability to validate
pedigree and identity is usually not possible through morphology alone. A DNA test was needed to confirm parentage and
identity by descent in three biparental populations developed
to identify fire blight resistance loci as part of the United State
Department of Agriculture–Specialty Crop Research Initiative
(USDA–SCRI) funded RosBREED project and confirm identity within the USDA National Clonal Germplasm Repository
(NCGR) Pyrus collection. An existing fingerprinting set developed by the European Cooperative Program for Plant Genetic
Resources (ECPGR) consists of 12 di-nucleotide-containing
simple sequence repeat (SSR) markers which are amplified in
two PCR reactions. Di-nucleotide-containing SSRs often exhibit
a number of amplification artifacts such as stutters, split peaks,
and binning errors, whereas high-core repeat (3-6 bp motifs) SSRs
usually do not. Initially, a single-reaction 9-SSR fingerprinting
set consisting of four di-nucleotide-containing SSRs from the
ECPGR set and five high-core repeat SSRs was created and used
to evaluate the 310 biparental progeny housed at the USDAAgricultural Research Service (USDA–ARS) Appalachian Fruit
Research Station and 412 accession from the Pyrus collection
housed at the USDA–ARS NCGR. The 9-SSR fingerprinting
set was able to confirm parentage for 255 of the 310 progeny
and generated unique profiles for all but 45 individuals. Unique
profiles were generated for all but 47 individuals from the Pyrus
core collection. The inability to distinguish these 92 individuals prompted the improvement of the 9-SSR fingerprinting set.
Therefore, poorly performing markers were removed, and five
new high-core repeat SSRs were added to bring the set to 10SSRs. The number of undifferentiated individuals was reduced
from 92 to 12 sets of 26 individuals using the improved SSR
set. This 10-SSR fingerprinting set is a useful tool for quick
parentage verification in pear and will continue to be improved.
Specified Source(s) of Funding: USDA–ARS CRIS Project 207221000-044-00D and USDA-NIFA-SCRI 2014-51181-22378

Jason Zurn

Quantification of Bioactive Compounds in Hot
Pepper Genotypes Selected from the USDA/ARS
National Germplasm Collection

April Nyberg

George Antonious*

Richard Bell

Twenty-six hot pepper, Capsicum genotypes, representing species
originally acquired from world-wide different locations were

(Poster Board #374)

USDA–ARS, NCGR, Corvallis, OR, USA
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selected from the USDA Capsicum germplasm collection to
represent four hot pepper species, C. annuum L., C. baccatum
L., C. chinense Jacq., and C. frutescens. At harvest, mature
fruits of plants grown under field condition were analyzed
for capsaicin, dihydrocapsaicin, ascorbic acid, and phenols
content. Capsaicin and dihydrocapsaicin were extracted using
methanol and quantified using a gas chromatograph equipped
with a nitrogen phosphorus detector (GC/NPD). Ascorbic acid
(vitamin C) and total phenols were extracted using 0.4 solution
of oxalic acid and 80% solution of ethanol, respectively and
quantified using spectrophotometric methods. The main objective
of this investigation was to select pepper genotypes for use as
parents in pepper hybridizations programs for improvement in
fruit composition of bioactive compounds with health promoting properties. Results indicated that plant identification (PI)
6311144 from C. frutescens contained the greatest concentration
of capsaicin (323 µg·g–1 fresh fruit), whereas PI 123474 from
C. annuum contained the greatest concentrations of dihydrocapcaicin (205 µg·g–1 fresh fruit). Overall, results revealed that PI
631144 contained the greatest concentrations of total capsaicin
and dihydrocapsaicin (466 µg·g–1 fresh fruit). Variations in
ascorbic acid contents were found among the genotypes tested.
These variations ranged from 216.8 µg·g–1 in PI 260571 from
C. baccatum originated in Bolivia to 583.4 µg·g–1 fresh fruits in
PI 631144 from C. frutescens originated in Guatemala. Phenols
in PIs 639661 and 631144 from C. frutescens contained 807
and 798 µg·g–1 fresh fruit, respectively that dominated all other
genotypes tested.
Specified Source(s) of Funding: USDA/National Institute of
Food and Agriculture (NIFA)

Isolation of Anthurium Nuclei for Molecular
Applications
(Poster Board #376)

Jon Y. Suzuki*

USDA–ARS Daniel K. Inouye US Pacific Basin Agricultural Research
Center, Hilo, HI, USA

Teresita Amore

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA

Jonathan R. Horrell

USDA–ARS Daniel K. Inouye US Pacific Basin Agricultural Research
Center, Hilo, HI, USA

produced novel cultivars and performed landmark basic research.
Together, these activities contributed to worldwide popularization of this floral crop. Recent research advances from numerous labs worldwide have improved the resources available to
further cultivar improvement and basic research in Anthurium,
non-model plants belonging to the most species-rich genus of
the Araceae, or aroid family. Recent transcriptome analyses in
particular have enabled a first insight into the gene content and
expression patterns of large sets of Anthurium genes representing different pathways. Despite advances in molecular research
in Anthurium and the availability of improved protocols, reliable and reproducible isolation of nucleic acids can still pose
a challenge. These challenges may be attributed, in part, to
the high polyphenolic content in various tissues, as well as the
variability in tissue composition or integrity between cultivars
and related species. Polyphenolics can damage nucleic acids
or inhibit recovery and downstream applications. In this study,
we combined components of several methods for isolation of
plant nuclei as a means of obtaining the most intact and purest
genomic DNA. Nuclei isolation is a method that enables gentle,
physical separation of DNA from cellular contaminants, but to
our knowledge has not been reported for the study of Anthurium.
DNA intactness was evaluated from isolated nuclei prepared in
gel plugs, based on migration patterns in pulse field gel electrophoresis (PFGE) and conventional agarose gels, whereas DNA
purity was assessed by 4̓,6-diamidino-2-phenylindole (DAPI)
staining of nuclei, gel plug color, and DNA digestibility. Larger
isolation buffer volume to sample mass ratios improved removal
and lowered viscosity of cellular contaminants from Anthurium
nuclei preparations. However, Percoll step gradient isolation of
Anthurium nuclei was required in order to remove contaminants
inhibiting DNA digestion. Among nuclei preparations from
different tissue types, the spadix, a type of spike inflorescence
typical of aroids, was found to be an efficient source, based on
mass fresh tissue, of isolated nuclei. The findings of this work
will be useful for isolating and evaluating HMW Anthurium
and related plant DNA for large DNA fragment cloning, next
gen sequencing and DNA blot applications.
Specified Source(s) of Funding: USDA–ARS

Optimizing Tissue Culture Methods in Diverse
Nightshade Species
(Poster Board #377)

Joanne S.L. Imamura

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA

Tracie Matsumoto
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University of California, Riverside, Riverside, CA, USA
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University of California, Riverside, Riverside, CA, USA

USDA–ARS Daniel K. Inouye US Pacific Basin Agricultural Research
Center, Hilo, HI, USA

Ashley Henry

The colorful tropical cut flower, Anthurium has a long and
storied history in Hawaii. The Hawaii anthurium industry was
founded by ardent local growers, breeders, and shippers, and
was supported by the pioneering ornamental plant breeding
and genetic research program of the University of Hawaii that

Truman State University, Kirksville, MO, USA

Arman Baghaei
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In vitro propagation and plant regeneration are essential for
many advanced genomic techniques such as the generation of
stable transgenic plant lines as well as for propagation of lines
that are sterile or that have desirable traits. Although many
nightshade species have well-established traditional propagation protocols, in vitro propagation methods have only been
developed for a few select species. We have adapted a tomato
(Solanum lycopersicum) in vitro tissue culture and transformation protocol developed at the Boyce Thompson Institute for
use in a diverse group of nightshade species. These species
include wild tomato (Solanum pimpinellifolium), desert tobacco (Nicotiana obtusifolia), synthetic tobacco (N. tabacum)
hybrids, night-blooming jasmine (Cestrum nocturnum), jimson
weed (Datura stramonium), and Schizanthus grahamii. Desert
tobacco is a diploid congener of N. tabacum more amenable
to greenhouse growth conditions, because it flowers rapidly
and copiously and can be maintained at a relatively small size.
Additionally, tobacco, night-blooming jasmine, jimson weed,
and Schizanthus are ornamentally important species with useful phylogenic placement. Of these species, we have created
transgenic lines of both desert tobacco and wild tomato. The
results of these optimization experiments represent an important
first step toward generation of stable knock out lines for future
genetic studies, the clonal preservation of important varieties,
and the propagations of sterile hybrid lines.

vermicasts (33.1 mg/g) as compared to the volcanic mineral
(228.0 mg/g), and the least in the other treatments. Kale plant
tissue nutrients content varied similar to the nutrients content
of the amendments, but there was no association between the
two. Generally, plants grown in the dry vermicasts amended
medium recorded the highest total nutrients content. These
included nitrogen, phosphorus, potassium, magnesium and
boron at 36.6, 6.2, 33, 4.3 and 233 mg/g, respectively, and were
greater than the Pro-mix BXTMcontrol by 51, 90, 88, 77 and
61%, respectively. Iron and zinc contents were similarly high for
plants grown in volcanic mineral and the Pro-mix BX™ alone
i.e. 0.12 and 0.17 mg/g respectively, as compared to the other
treatments. This initial work suggested that the type of natural
amendment can determine the functional nutrient properties of
kale, which is currently under investigation.

A Framework to Improve Nitrogen Fertilizer
Use Efficiency in Intensive Vegetable Systems of
Hawaii
(Poster Board #174)

Mitchell K. Loo*

University of Hawaii at Manoa, Honolulu, HI, USA

Jensen Uyeda

University of Hawaii at Manoa, Honolulu, HI, USA

Specified Source(s) of Funding: NSF

Michael D Cahn

Plant Nutrient Management 1

Jonathan Deenik

Natural Amendment Type Affects Kale Nutrient
Content

Anthropogenic nitrogen, reactive forms of nitrogen (N)
converted from atmospheric N2 gas for human activities, is
threatening the environment at a global and regional scale. The
main source of anthropogenic nitrogen that enters the biosphere
comes from high inputs of N fertilizers in crop production
systems. Using an N mass balance approach, synchronization
of N fertilizer applications with plant nitrogen uptake can be
optimized with knowledge of crop N demand and soil nitrogen
status; hence, reducing environmental impacts and increasing
farmer profits. In developing a framework to guide N fertilizer
management in Hawaii, two critical parameters of the N mass
balance equation were addressed through cooperation with
Hawaii farmers. Through six crop cycles of selected brassica
crops, models of crop N demand were developed. The use of
a soil nitrate quick test (SNQT) was also assessed as a diagnostic tool to measure soil nitrogen status in tropical soils. To
validate the SNQT as a viable tool, accuracy assessment of the
SNQT procedure was conducted in a range of soil types critical
to Hawaii agriculture. Results showed that the SNQT highly
correlates with the standard laboratory analysis (r2 = 0.97). In
addressing two parameters of the N mass balance equation,
substantial progress has been made in the development of an
N management framework specific for intensive vegetable
systems of Hawaii.

(Poster Board #173)

Samuel K. Asiedu*

Dalhousie University, Truro, NS, Canada
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Kale (Brassica oleracea L. subsp. acephala) is valued for its
health promotion phytochemicals, which can be influenced
by genotypic, environmental and production factors. A greenhouse pot-experiment was performed to determine the effects
of different types of natural growing medium amendments
on kale plant tissue mineral nutrients content. The types and
rates of amendments were 47.5 g potassium humate/pot; 50 g
dry vermicasts/pot; and 100 g volcanic minerals/pot mixed in
Pro-mix BX™ soilless potting medium. The control was the
Pro-mix BX™ alone. Comparatively, the electric conductivity
(EC) of the dry vermicasts (8.86 mS/cm) prior to mixing in the
potting medium was the highest followed by the potassium
humate treatment with 2.35 mS/cm. The least EC of ≤ 0.67
mS/cm was recorded for the volcanic mineral and the Pro-mix
BX™ alone. Similarly, the dry vermicasts contained the highest nitrogen content of 30.2 mg/g followed by 9.7 mg/g for
the potassium humate. Calcium content was lower in the dry
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Yield, Biomass Accumulation, and
Phytonutrient Concentrations Are Affected By
Location and Lettuce Cultivar

also had greater amounts of phenolic acids, flavonoids, and
anthocyanin except for chlorogenic acid. ‘Salvius’ had greater
amounts of phenolic acids and ‘Thurinus’ had greater amounts
of flavonoids and anthocyanins.

(Poster Board #175)
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Characteristics of Inorganic Compound in
Waste Nutrient Solution Used and Leaves
According to Fruiting Node on Hydroponic
Culture of Cherry Tomato
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A major cause of decrease in yield and quality of lettuce, a coolweather crop, is bolting due to high temperatures. The ability to
grow lettuce during high temperatures could result in an overall
increase in production of lettuce because it could be grown
through the summer in regions where high temperatures limit
production. The purpose of this research was to determine how
lettuce yield, biomass accumulation, phenolic acid, flavonoid,
and anthocyanin concentrations are affected by varying levels
of nitrogen (N) fertilizer, location, and cultivar. This study
was carried out at two sites, the Mississippi State University
(MSU) and the Washington State University (WSU). The experiment was a randomized complete-block design arranged
in a 2 (cultivar) x 2 (location) x 4 (nitrogen rate) factorial with
4 replications. Treatments included two cos (romaine) lettuce
cultivars, Salvius and Thurinus. Nitrogen treatments included
42 (1x), 63 (1.5x), 105 (2.5x) and 189 (3.5x) kg·ha–1 N. Lettuce plants were transplanted on 6 May 2016, at MSU (average
temperature is 21.4 °C in May and 25.6 °C in June) and June
14, 2016 at WSU (average temperature is 13.3 °C in June and
16.1 °C in July). Results indicated no significant differences in
lettuce yield and biomass accumulation with increasing N treatments. ‘Salvius’ had a significant increase in fresh weight (FW)
and dry weight (DW), and the DW:FW ratio when compared to
‘Thurinus’. Additionally, the WSU location had higher lettuce
FW and DW. There were no significant differences in phenolic
acid, flavonoids, and anthocyanin concentrations with N treatments, except for quercetin-3-glucoside (Q-3-G). The flavonoid
Q-3-G increased significantly with increasing N concentrations.
There were interactions between location and lettuce cultivar
for chlorogenic acid, Q-3-G, and quercetin/luteolin glucuronide
(QL-G). In general, there was increased chlorogenic acid content
in ‘Salvius’ at the MSU location and increased concentrations of
Q-3-G and QL-G in ‘Thurinus’ at the WSU location. ‘Thurinus’
had significantly more chicoric acid and quercetin-malonylglucoside (QM-G) when compared to ‘Salvius’. Furthermore,
the lettuce grown at the WSU location had significantly more
chicoric acid and cyandidan-3-glucoside (C-3-G). Overall, lettuce grown at the WSU location and ‘Salvius’ had greater yields
and biomass accumulation. Lettuce grown at the WSU location
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The recycling operating system of waste nutrient solution (WNS)
in view of closed hydroponic cultivation is important to reduce
the cost of purchasing fertilizer and to preserve the natural environment by eliminating the unauthozied discharge of organic
and inorganic nutrients. We therefore investigated the changes
of inorganic compounds in WNS and tomato plant leaves, and
the diversity of microorganisms in WNS to determine whether
it is possible or not to recycle the WNS drained in hydroponic
cultivation of tomatoes during spring cultivation. The change
of electrical conductivity (EC) in WNS was increased by 4.5
dS·m–1 when tomato plants were grown until the ninth fruiting
node than the initial rate of 2.0 dS·m–1 at the second fruiting
node. However, the pH of WNS was lowered to pH 5.9–6.1 at
the ninth and tenth fruiting nodes compared to pH 6.4–6.7 at
the second and third ones, respectively. The concentrations of
nitrogen (NO3-N), phosphorus (PO4), potassium (K), calcium
(Ca), magnesium (Mg) and boron (B) were similar in both WNS
and initial nutrient solution (INS) during the second and the third
fruiting stage, while their concentrations in WNS were higher
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than that of INS at the middle and late fruiting of tomato. The
iron (Fe) content was also higher in INS than that of WNS from
the beginning to the end of tomato growth. During the cultivation,
the density of the microorganisms were 2.3 to 9.4 x 106 cfu·mL–1
in the WNS. Trichoderma, Penicillium, and Pseudomonas spp.
were isolated into dominant species and have been found to be
non-pathogenic fungi and bacteria. The content of total NO3-N
in the leaves was 4.01% level at the second fruiting node, but it
was reduced by 2.75% at the tenth one. The phosphorus (PO4)
concentration in the analysis of the leaves was not difference from
the second fruiting node to the tenth one, however the concentration of K and Ca increased slightly during tomato growth. The
content of Mg is 0.67 to 0.92% of the total. The results of these
experiments showed that the reuse of WNS could be possible
because of the high concentration of inorganic compounds and
non-pathogenic microoganisms in the WNS.
Specified Source(s) of Funding: This work was supported by
Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries (i-PET), funded by
MAFRA (No. 315084-03).

Characteristics and Changes of Waste Nutrient
Solution Used in Semi-forcing Hydroponic
Cultivation of Tomato cv. Bonus
(Poster Board #177)

Eun Mo Lee*

Furit-vegetable Research Institute, Chungcheongnam-do ARES,
Buyeo-gun, Chungcheongnam-do, Korea, Republic of (South)

Sang Kyu Park

Furit-vegetable Research Institute, Chungcheongnam-do ARES,
Buyeo-gun, Chungcheongnam-do, Korea, Republic of (South)

Gyoung Je Kim

Furit-vegetable Research Institute, Chungcheongnam-do ARES,
Buyeo-gun, Chungcheongnam-do, Korea, Republic of (South)

Bong Chun Lee

Furit-vegetable Research Institute, Chungcheongnam-do ARES,
Buyeo-gun, Chungcheongnam-do, Korea, Republic of (South)

Hee Chul Lee

Furit-vegetable Research Institute, Chungcheongnam-do ARES,
Buyeo-gun, Chungcheongnam-do, Korea, Republic of (South)

ing natural environment without permission. So we investigated
the changes of inorganic compounds to examine the possibility of
recycling of WNS, which is a Yamazaki nutrient solution drained
during hydroponic cultivation of tomato using coir-perlite from
18 Mar. to 28 June. The EC of WNS was increased by from 2.0
to 3.0 dS·m–1 when tomatoes were grown. The pH of WNS was
low as 5.5-5.8 level until mid-April, and maintained pH 6.1–6.4
level after the end of April. The concentrations of NO3-N, PO4
and K were similar in both WNS and initial nutrient solution
(INS) during the early growth stage, while their concentration
of WNS were higher than that of INS at the middle and late
growth of tomato. The concentrations of Ca and Mg were no
significant difference between INS and WNS until mid-April.
But the concentrations of Ca and Mg in WNS were increased
by 1.3–1.5 times than that of INS after the end of April. The
Boron content was higher in INS by the end of March, but it
was increased by 1.5 times in WNS than INS. The Fe content
was also higher in INS than WNS from the beginning to the
end of growth. In general, inorganic compound concentration in
INS and WNS were no difference at the seedling period when
absorption of nutrients is low. But that in WNS was higher than
INS because evaporation loss of big plant increased. Although
these results provided a lot of information about the changes of
inorganic compounds in INS and WNS as one of the recycling
nutrient solution for hydroponic cultivation of tomato, further
studies for the availability of waste nutrients in plant vegetative
and reproductive growth are required in the near future.
Specified Source(s) of Funding: This work was supported by
Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries (i-PET), funded by
MAFRA (No. 315084-03).

Effects of Potassium Rates on Tomato Growth,
Potassium Uptake, and Use Efficiency in
Calcareous Soils
(Poster Board #178)

Qiang Zhu

University of Florida, Immokalee, FL, USA

Monica Ozores-Hampton*

University of Florida, Immokalee, FL, USA

Soo Bok Park

Yuncong Li

Oh Jin Kwon

Kelly Morgan

Sun-Ok Chung

The understanding of crop potassium (K) accumulation and
partitioning is essential to improve K use efficiency and reduce
fertilizer cost. In tomato (Solanum lycopersicum L.) production, the largest K demand occurs during fruit development.
Therefore, adequate K supply at that stage will be required to
achieve optimum marketable yields. The objective of this study
was to determine plant biomass, K uptake and use efficiency
of drip-irrigated tomato with multiple K rates in a calcareous
soil. The field experiment was conducted on a calcareous soil

Chung-oh Engineering Co. Ltd, Deajeon, Korea, Republic of (South)
Chung-oh Engineering Co. Ltd, Deajeon, Korea, Republic of (South)
Chungnam Nat’l. Univ, Deajeon, Korea, Republic of (South)

Jong Myung Choi

Chungnam Nat’l. Univ, Deajeon, Korea, Republic of (South)

It is important to develop the recycling system of waste nutrient solution (WNS) in view of closed hydroponic cultivation
of tomatoes, because many farmers have grown tomatoes with
hydroponics and released a lot of WNS once used to the surround-

University of Florida, homestead, FL, USA
University of Florida, Immokalee, FL, USA
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with 112 mg·kg-1 of Mehlich-3 extracted K (M3-K) during the
winter season of 2014 in Homestead, FL. Potassium were applied at 0, 56, 93, 149, 186, and 223 kg·ha–1 of K and divided
into pre-plant dry fertilizer and weekly drip fertigation. Plant
samples were collected at 30, 60, and 95 days after transplanting (DAT) and the stem, leaf, root, and fruit were separated to
measure dry-weight biomass, K concentration, and K uptake.
Potassium use efficiency was calculated as apparent recovery
efficiencies (ARE), partial factor productivity (PFP), and agronomic efficiency (AE). Total biomasses (stem, leaf, root, and
fruit combined) and total K uptakes (TKU) were not significantly
affected by K rates at 30 DAT. At 60 DAT, the TKU increased
linearly with increasing K rates, but total biomasses were not
significantly affected. Total biomass at 95 DAT increased quadratically with increasing K rate and reached a maximum at K
rate of 187 kg·ha–1. The response of TKU at 95 DAT was predicted by linear-plateau model with critical rate of 192 kg·ha–1
and maximum TKU of 264 kg·ha–1. In the partitioning of total
biomass and TKU at 95 DAT, the proportion of stem, leaf, root,
and fruit ranged at 13 to 18%, 26 to 33%, 1.0 to 1.3%, and 51
to 60%, and 9 to 13%, 11 to 20%, 0.3 to 0.7%, and 66 to 80%,
respectively. The ratio of fruit to TKU decreased with increasing
K rates predicted by a linear-plateau model with critical rate of
187 kg·ha–1. The K rate of 56 kg·ha–1 resulted in a significantly
higher ARE than other rates and the averaged ARE was 67%
for K rates from 93 to 223 kg·ha–1. Increasing K rates from 56
to 223 kg·ha–1 quadratically reduced PFP and AE by 72% and
55%, respectively. Potassium rate of 192 kg ha-1 was adequate
to maximize TKU to 264 kg·ha–1 in calcareous soils with M3-K
of 112 kg·ha–1 during tomato growing season.
Specified Source(s) of Funding: Florida Department of Agriculture and Consumer Services

mM). The plants were grown in a 13.9-L black plastic containers with a peatlite substrate mix. Plants were fertilized twice
or three times daily (morning/afternoon/evening) with a water
soluble fertilizer (20N–4.4P–16.6K) depending on the weather.
Shoot, root and fruit mass, and plant growth parameters were
measured periodically. The shoot dry mass of plants grown at
3.5 mM N supply was the lowest (141 g) compared to plants
grown at 7.1 (201 g) N, 14.2 (263 g) N, and 21.4 (254 g) mM N
supply, respectively. The 3.5 mM N supplied plants had lowest
leaf area (203 cm2), spad value-chlorophyll concentration (43)
and the fruit cumulative mass (996 g) than the rest of nitrogen
supplied treatments. However, the visual scoring index of root
health decreased with an increased from 7.1 to 21.4 mM N supply. The water uptake was lowest (174 mL/hour) at highest N
supply of 21.4 mM. However, the water uptake decreased with
an increased in electrical conductivity, i.e. with an increase in
nitrogen concentration. Sub- or supra-optimal supply of nitrogen
affected the plant growth and fruit yield in container grown
cherry tomato plants.
Specified Source(s) of Funding: International Plant Nutrition
Institute

Postharvest 2
Potential of Postharvest Coatings to Maintain
Freshness of Red-fleshed Pitaya (Hylocereus
costaricenses)
(Poster Board #091)

Nur Azlin Razali

University of Florida, Gainesville, FL, USA

Steven Sargent*

University of Florida, Gainesville, FL, USA

Impact of Nitrogen Concentration on Shoot and
Root Development and Water Uptake in Cherry
Tomato (Solanum lycopersicum var. cerasiforme)

Charles A. Sims

University of Florida, Gainesville, FL, USA

Jeffrey Brecht

(Poster Board #179)

University of Florida, Gainesville, FL, USA

Steven Kennedy

Tennessee State University, Nashville, TN, USA

Adrian D. Berry

Tennessee State University, Nashville, TN, USA

Guiwen Cheng

University of Florida/IFAS, Gainesville, FL, USA

Ravi Ramasamy

JBT Corporation, Lakeland, FL, United States

Robert Mikkelsen

International Plant Nutrition Inst, Merced, CA, United States

Dharmalingam Pitchay*

Tennessee State University, Nashville, TN, USA

Plant growth and development is dependent on several factors
including essential nutrients especially their concentrations.
Exploring the effect of nitrogen (N) concentration in soilless
container-grown cherry tomato is critical due to nutrient and water
demand for indeterminate fruit production. To investigate the
effect of nitrogen concentration on the shoot and root response
in cherry tomato (Solanum lycopersicum var. cerasiform), plants
were supplied with four nitrogen rates (3.5, 7.1, 14.2, and 21.4

Pitaya is a non-climacteric fruit belonging to the genus Hylocereus that has white or red flesh with numerous small black
seeds. In the United States, the market for red-fleshed pitaya
is expanding, with a 4.5 kg carton selling for $55. Pitaya has
a high moisture content; however, water loss during handling
and storage negatively affects the fresh weight, firmness and
appearance of the fruit, decreasing market value. Application
of compatible postharvest coatings have been shown to benefit
postharvest quality of many crops, slowing ripening, retarding
water loss, enhancing visual quality and increasing resistance
to decay. The objective of this study was to evaluate the effect
of two commercial coatings on weight loss and quality of pitaya
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during storage. Pitaya fruit (cv. Lisa) were commercially harvested in Homestead, FL, a humid, subtropical climate. Fruit
were returned to the laboratory at ambient temperature, held
overnight at 15 °C and sorted the next day for uniformity of size
and freedom from defects. Fruit were briefly immersed in either
a vegetable oil-based coating (VOC; SF2981) or a carnaubabased coating (CC; EF6100) (JBT FoodTech, Lakeland, FL) or
in tap water (control). Fruit was fan-dried at room temperature
for 20 minutes, then stored on single-layer trays at 7 °C with
85% relative humidity (RH) for 20 days. Every 5 days, fruit
(n = 4) were evaluated for dryness, decay, overall appearance,
weight loss, external color and firmness. After each evaluation fruit were peeled and frozen (-14 °C) for later analysis of
soluble solids content (SSC) and total titratable acidity (TTA).
An untrained consumer taste panel (n = 71) evaluated fruit after
14 days. After 15 days of storage, CC prevented shriveling (0%)
compared to uncoated pitaya (16.3%); VOC was not different
than the other treatments. Fruit coated with CC had significantly
higher L* value (34.85); however, there was no treatment effect
for the other parameters, including the sensory evaluations for
appearance, acceptability, flavor, texture, firmness and juiciness.
After 20 d storage, appearance for fruit from all treatments was
unacceptable due to development of anthracnose; weight loss
was 5.5%. It was concluded that CC best maintained freshness
of pitaya by preventing shriveling for 15 d at 7 °C and 85% RH.

Handling of ‘Tommy Atkins’ Mango (Mangifera
indica L.) for Ripe and Ready-to-eat Markets
(Poster Board #092)

Jorge Osuna-Garcia*

INIFAP-Santiago Ixcuintla Experimental Station, Santiago Ixcuintla,
Nayarit, Mexico

Yolanda Nolasco-Gonzalez

9.0 °Brix) and; II. Four levels of shipping temperature: a) 53.6
± 1.5 °F; b) 59.0 ± 1.5 °F; c) 64.4 ± 1.5 °F; and d) 71.6 ± 3 °F.
In all cases, the relative humidity was 85 ± 10%. Sampling was
done at the beginning and at the end of the shipping simulation
period (5 days), and at consumption time. The variables were:
Dry matter, weight loss, external appearance, skin color, pulp
firmness, pulp color, total soluble solids (°Brix), tritatable acidity, and ratio °Brix/acidity. We used a factorial design with 20
replications (fruit) for weight loss and 8 for all the other variables.
Results showed that ripening degree was one of the main factors in the handling of RRTEM mango, since the more mature
mango showed the highest quality index (QI), and acceptability
by consumers. Ripening degree affected pulp firmness, pulp
color, and total soluble solids (°Brix), and the ratio of °Brix/
acidity. The shipping temperature significantly influenced most
of the variables, especially at the end of shipping simulation.
The lower the temperature, the lower the weight loss, higher
pulp firmness, and less development of pulp color and total
soluble solids. This factor is very important for retailers to plan
their orders volume of RRTEM according to their needs. The
suggested ripening degree at harvest is 3/4 and the shipping
temperatures are 59.0 ± 1.5 and 64.4 ± 1.5 °F.
Specified Source(s) of Funding: National Mango Board

Determination of Total Flavonoid Content of
Selected Genomically Diverse Banana Cultivars
in the Southeastern United States: Effect of
Maturity and Extraction Solvent
(Poster Board #093)

Mahnaz Kargar*

Auburn University, Auburn, AL, USA

Floyd Woods

Auburn University, Auburn, AL, USA

INIFAP-Santiago Ixcuintla Experimental Station, Santiago Ixcuintla,
Nayarit, Mexico

Marisa Wall

USDA–ARS, Mayaguez, PR, USA

Kalidas Shetty

Ricardo Goenaga

Recently, demand for ripe and ready to eat mango (RRTEM)
has increased, offering an interesting possibility for Mexican
producers because of geographic closeness from the production
sites to the U.S. markets. The objectives were to determine the
optimum fruit ripening stage at harvest and to delimit shipping
temperature and warehouse temporary storage to maintain
mango quality. The study was carried out on the mango zone
of Nayarit, Mexico, with presence of fruit fly. ‘Tommy Atkins’
fruit were collected from a packing line of a commercial packinghouse during the 2016 harvest season. Fruit were separated
by ripening stage, and then submitted to quarantine treatment
(115.0 °F for 100 minutes and hydrocooling 69.8–73.4 °F for
30 minutes). Two factors were considered: I. Two levels of fruit
ripening at harvest: a) Ripe (rounded form with full cheeks and
raised shoulders, pulp color ranging from stage 2 to 3, and a
total soluble solid content > 7.3 °Brix); b) 3/4 (higher ripening
degree with skin turning color and total soluble solid content >

USDA–ARS, Hilo, HI, USA
North Dakota State University, Fargo, ND, USA

J. Raymond Kessler

Auburn University, Auburn, AL, USA

Esendugue Greg Fonsah

University of Georgia, Tifton, USA

Ramesh B. Jeganathan

Auburn University, Auburn, USA

Dipayan Sarkar

North Dakota State University, Fargo, USA

Curtis Jolly

Auburn University, Auburn, USA

Free radicals are continuously produced in our body either naturally or because of environmental stress and can be implicated
in many diseases like stroke, cardiovascular disease, cancer and
type 2 diabetes. Banana is one of the most important fruit crops
in the world which is considered a staple food for more than
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400 million people in many countries. It has been reported as an
important source of phenolic compounds, with the flavonoids
being the major form which has free radical scavenging activity. The extraction efficiency of flavonoids varies considerably
dependent on the solvent. Stage of maturity may also have a
profound influence on phytonutrient content and bioactive compound extractability. Toward these goals, the current study was
planned to identify flavonoids enriched banana cultivars adaptable to the southeastern of United States. Six banana cultivars
varying in genome including, ‘FHIA 1’ (AAAB), ‘Hua Mua’
(AAB), ‘Kandarian’ (ABB), ‘Pisang Raja’ (AAB), ‘Saba’ (ABB)
and ‘Williams’ (AAA) were harvested at full three quarter stage
of maturity and room ripened at 20 °C and 95% RH. Samples
were separated into four ripening stages (mature green, transition, ripe and over ripe) and analyzed for total flavonoid content.
Three extraction solvents (methanol-water 50:50, acetone-water
50:50, and acetic acid- acetone-water 1:50:49) were utilized to
determine optimal extractability and recovery of total flavonoid
content in banana fruit pulp tissues. Results indicate solvent
effectiveness regarding extractability of total flavonoid content
varied considerably. There was significant cultivar by maturity stage by solvent interactions. Acetic acid- acetone-water
(1:50:49), provided the most efficient solvent with respect to
cultivar and maturity stage. Moderate and lowest extractability of total flavonoid content was observed for acetone-water
(50:50) and methanol-water, (50:50) respectively. Transitional
stage in ‘FHIA 1’(AAAB) and ‘Pisang Raja’ (AAB) cultivars
and mature green fruits of ‘Williams’ (AAA) showed the highest
values in total flavonoid content in acetic acid- acetone-water
extraction solvent (1:50:49). However, over ripe fruits of ‘Hua
Mua’ (AAB), ‘Kandarian’ (ABB) and ‘Saba’ (ABB) cultivars
had the lowest values. Results of this study indicate total flavonoid content of banana fruit can vary significantly depending on
cultivar and maturity stage. Results also suggest extracts from
acetic acid- acetone-water may serve as a potential source of
natural antioxidant for food, nutraceutical and pharmaceutical
applications. Our data also highlight the importance of maturity
and selection of genotypes adapting to the southeastern U.S.,
for potential local niche market and health enhancement of
geographically diverse populations.

Chemical Composition and Antifungal Activity
of Five Plant Essential Oils Against Anthracnose
(Colletotrichum gloeosporioides) in Avocado and
Papaya Fruit
(Poster Board #094)

Patricia Lopez

University of Florida, Homestead, FL, USA

Asiye Soleymani

Florida International University, Miami, FL, USA

Essential oils have been shown to be effective for controlling
many plant pathogens and are considered to be safe for consumers
and the environment. Anthracnose, caused by the fungus Colletotrichum gloeosporioides Penz., is one the most devastating
diseases of tropical fruit crops, including avocado (Persea americana Mill.) and papaya (Carica papaya L.). Symptoms often
appear on fruit after ripening, causing damage to the fruit during
storage, transit, and marketing. Experiments were conducted to
determine the efficacy of five different plant essential oils for
postharvest control of anthracnose in avocado and papaya fruit.
Essential oils were extracted from savory (Satureja khuzistanica
Jamzad.), thyme (Thymus daenensis Celak.), cinnamon (Cinnamomum zeylanicum Blume.), mint (Mentha piperita Willd.),
and lavender (Lavandula angustifolia Mill.) plants, and chemical
components of each oil were identified by GC-mass spectroscopy. The polymerase chain reaction (PCR) method using the
internal transcribed spacer (ITS) primer confirmed the identity
of the C. gloeosporiodes isolate. Antifungal activity was evaluated by artificially inoculating fruit with C. gloeosporioides and
then spraying the essential oils on the fruit immediately after
inoculation. The essential oils were tested at concentrations of
0, 500, 1000 and 2000 µL·L–1. After storing the fruit for three
weeks at 12 ± 1 °C followed by one week at room temperature
(24 ± 1 °C), lesion diameter, disease severity, and fruit firmness
were assessed. For both avocado and papaya, savory and thyme
oils applied at 2000 µL·L–1 exhibited the strongest antifungal
activity, reducing expansion of necrotic lesions around the inoculation sites on the fruit by 58 to 64% compared to the control.
Also, at a concentration of 2000 µL·L–11, savory and thyme oils
decreased disease severity more and decreased fruit firmness
less than any of the other essential oils. This study showed that
foliar application of savory or thyme oil is extremely effective
as a natural fungicide for controlling anthracnose decay and
prolonging storage life of avocado and papaya fruit.

Hypobaric Storage of Fresh Tropical Fruit
(Poster Board #095)

Marisa Wall*

USDA–ARS, Hilo, HI, USA

Sandra Silva

USDA–ARS, Hilo, HI, USA

Ana I. Vargas*

Suzanne Sanxter

Ali Sarkhosh

Peter Follett

Bruce Schaffer

Producers and exporters of fresh tropical fruit gain an advantage
in the marketplace by supplying unique, high quality products.
However, the shelf-life of most tropical fruit is insufficient to
reach distant markets by marine transport. Hypobaric (low
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oxygen partial pressure) conditions may extend the storage life
of refrigerated fresh tropical fruit without loss of edible quality,
thereby creating a means to ship fresh fruit in sea containers. The
quality and storage life of ‘Rainbow’ papaya (Carica papaya),
‘Haden’ mango (Mangifera indica), and cherimoya (Annona
cherimola) under low pressure were determined. Four custom
fabricated, modular hypobaric chambers (Vivafresh R&D System, Atlas Technologies) were used for the study. The system
included automated vacuum pressure regulation, humidification, pressure and temperature sensors, data acquisition, and a
computer control system. Low pressures were achieved with
a 2-stage rotary vacuum pump. The chambers were stationed
inside a walk-in cold room (Polar King). Low pressure treatments ranged from 2–8 kPa and storage temperatures were
10 °C for papaya and 13 °C for mango and cherimoya. Control
fruit were held in chambers at atmospheric pressure (100 kPa)
and cold temperatures for comparison. The fruit were treated at
the quarter-ripe stage for papayas, and mature green stage for
mangos and cherimoya. Fruit were evaluated for quality before
hypobaric treatment, and then weekly until the end of storage
using standard methods for each fruit type, including water
loss, surface color, firmness, soluble solids, titratable acidity,
disease incidence, and visual quality ratings. Cherimoya fruit
stored at 2.7 kPa pressure, 100% RH, and 13 °C had 10–12 days
extended storage life when compared to control fruit stored at
100 kPa. In contrast, papayas stored at 2.7 kPa pressure, 100%
RH, and 10 °C had minimal storage life extension (3–4 days)
when compared to control fruit. The storage life for mango fruit
was extended by 7–10 days under hypobaric conditions (2.7 kPa,
13 °C) when compared to control fruit. For cherimoyas, papayas
and mangos, fruit ripened normally after removal from hypobaric
storage, however postharvest diseases limited the shelf-life
of control and treated mangos and papayas equally. Although
hypobaric conditions delayed ripening of these tropical fruit,
disease incidence after ripening was not inhibited in most trials.

Sensory Comparison of Hand- and Machineharvested ‘Brown Snout’ Utilizing a Trained
Panel and the α-Astree II Potentiometric
Electronic Tongue
(Poster Board #096)

Travis Robert Alexander*

Washington State University, NWREC, Mount Vernon, WA, USA

Emily Ann Walsh

Washington State University, School of Food Science, Pullman, WA,
USA

Carolyn Ross

Washington State University, School of Food Science, Pullman, WA,
USA

harvested ‘Brown Snout’ cider apples (Malus ×domestica) that
had been stored at ambient conditions postharvest. In 2014 and
2015, ‘Brown Snout’ was hand harvested and mechanically
harvested with an over-the-row small fruit harvester (Model
OR0012, Littau Harvester Inc., Stayton, OR) at WSU Mount
Vernon Northwestern Washington Research & Extension Center.
In both years, three boxes of fruit (18 kg per box) from each
plot were randomly selected for assessment of cider quality at
harvest, after 2 weeks ambient storage (13.8 °C), and after 4
weeks ambient storage. Each year, juice was fermented with
Lallemand DV-10 (Saccharomyces cerevisiae var. bayanus),
sulfited for antimicrobial purposes utilizing potassium metabisulfite, and matured at 13.3 °C for 3 months. At the School of
Food Science in Pullman, Washington the ciders were evaluated utilizing a trained panel (n = 8). The panel was composed
by individuals ranging in age from 25 to 59, with a mean age
of 38, and of which 88% identified as female. The attributes
that were evaluated included appearance, aroma, taste, flavor,
mouthfeel, and aftertaste. A standard was prepared to illustrate
each attribute and all attributes were evaluated along a 15-cm
line scale, anchored at 1.5 and 13.5 cm. For formal evaluations,
30 mL of each cider sample (max of 8 samples per day; total of
24 samples) was presented in an ISO/INAO wine glass, coded
with a 3-digit code, and capped with a petri dish to maintain
aromas. Samples were presented monadically in a randomized,
balanced serving order. Data were collected using Compusense
Cloud (Guelph, ON). The sensorial impact of harvest method
and storage time on cider quality was also evaluated utilizing the
α-ASTREE II potentiometric electronic tongue. The electronic
tongue included a 48-tray liquid automatic sampler system, seven
liquid cross-selective taste sensors, and an Ag/AgCl reference
electrode with a chemometrics software to perform analysis.
The seven sensors detected sweetness, sourness, umami, saltiness, bitterness, metallic, and spiciness. Principal component
analysis and calculation of discrimination index were carried
out using Astree AphaSoft (version 12). Results of the study
indicated that saltiness should be included as a taste attribute,
that accurate monitoring of fermentation should occur at the
level of replication, and that significant year to year variation
in the sensory perception of cider warrants evaluation of cider
for at least three years.
Specified Source(s) of Funding: Washington State University
Emerging Research Issues Grant

Manufacture of Spring Black Tea with Newly
Developed Korea Tea Cultivar and Their
Physiochemical Properties
(Poster Board #097)

Young-Ok Kim

Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

In 2016, researchers at Washington State University (WSU)
carried out sensory analysis of cider made from mechanically
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Korea, Republic of (South)

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Gwang-Yeon Gi

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Byeong-Ho Kim

Jellanamdo Agricultural Research and Extension Services, Bosung,
Korea, Republic of (South)

Seung-Hee Nam

Chonnam National University, Kwang-ju, Korea, Republic of (South)

Novel Korea Tea cultivar, “Bohyang” was harvested to produce
high quality black tea and further investigated its physiochemical properties and sensory evaluation. High quality black tea
was manufactured by withering (55, 60, 65, and 70% moisture
content), rolling (20, 25, 30, and 40 minutes), and fermenting
(90, 120, 150, and 180 minute) processes. For withering step,
tea leaves with 60% moisture content showed higher amounts of
total amino acid (8.92%), catechin (2.15%), free sugar (2.66%),
and quality factors. Longer rolling period led to decreased total
amino acid, catechin, and free sugar contents but improved
a color value. Fermentation was optimum for 150 min since
black tea contained increased total amino acid, catechin, free
sugar contents, and improved sensory factors. In conclusion,
high quality black tea was successfully produced by the means
of processing by withering at 60% moisture content, rolling
for 30 minutes and fermentation for 150 minutes with Korea
Bohyang tea cultivar.

Specified Source(s) of Funding: This study was financially
supported by Rural Development Administration (Project
No.PJ010203501)

Development of Flavored Teas Using Korean
Green and Black Tea
(Poster Board #098)

Jeong Choi*
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Korea, Republic of (South)
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Korean native tea variety was applied to produce high quality
green tea and black tea for young people. The green tea was
roasted, rolled, and dried tea leaves using tea manufacturing machine. For black tea, harvested tea leaves were withered, rubbed,
and fermented for 2 hours, followed by drying at room temperature. Flavored tea was produced by citrus oil spraying (3% to 7%)
green tea or black tea directly on and sealed in plastic bags for 1–2
days at room temperature. Flavored black tea and green tea were
kept for 1, 10, 30, 60, and 90 days at 25 °C and evaluated their
preference of citrus flavor through sensory evaluation. Aroma
of flavored tea was higher at 7% citrus oil spraying than 5% or
3% citrus oil spraying. On the 90th day of black tea, 5% flavored
tea exhibited preferred taste and flavor while 3% or 7% citrus oil
tea contained less citrus aroma. Among flavored green tea, 5%
flavored tea was kept well its citrus aroma for 90 days but 3%
flavored tea contained its citrus aroma only for 60 days. Therefore, optimum flavored green tea or black tea could be produced
by 5% citrus oil spraying, keeping its citrus aroma for 90 days.
Specified Source(s) of Funding: This study was financially
supported by Rural Development Administration (Project
No.PJ010203502)

Uncovering the Relationship Between
Hydrolytic Enzymes and Postharvest Needle
Abscission in Balsam Fir
(Poster Board #099)

Rajasekaran Lada*

Dalhousie University Faculty of Agriculture, Truro, NS, Canada

Jingyi Wang

Dalhousie University, Faculty of Agriculture, Truro, NS, Canada

Hydrolytic enzymes have been shown to relate to organ abscission
in plants. However, it is not clear about the nature of hydrolytic
enzymes and their dynamics of change in balsam fir postharvest
needle abscission. It is also not known whether the changes
in the levels would explain the needle retention resistance in
clones. An experiment was conducted to evaluate the dynamics of change in hydrolytic enzymes (cellulase and pectinase)
during postharvest and uncover their relationship to the needle
abscission resistance (NAR). A total of 264 branches were collected from low and high genotypes with four replicates. The
treatments included: genotypes and days. Water was supplied to
branches during a 72-day period. Water usage and needle loss
were recorded every two days. Water usage decreased (P<0.05)
with increasing days. The cumulative needle loss percentage was
significantly affected by the interaction between clone and day
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(P < 0.05). In this experiment, the low NAR clone began to lose
needle sooner and reached 50% of needle loss faster than that of
the high NAR clone. Cellulase (EC 3.2.1.4) and pectinase (EC
3.2.1.15) activities in the needle were evaluated every three days.
Cellulase activity of low NAR clone was significantly higher (P
< 0.05) than that of high NAR clone through the whole experiment period. The pectinase activity was not affected by neither
genotypes nor the days of postharvest. These results indicate that
higher cellulase activity could be the reason for higher needle
abscission in balsam fir, postharvest. Cellulase activity was also
found to be significantly high in low NAR clone, which could be
a possible reason why the low NAR clones loose needles early.
Specified Source(s) of Funding: Atlantic Canada Opportunities
Agency, SMART Christmas Tree Cooperative

Low-temperature Storage Overcomes the
Negative Effects of Baling on Postharvest Needle
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Postharvest needle abscission is a serious threat to balsam fir
Christmas tree industry. Baling of trees have been shown to
negatively contribute to postharvest needle abscission however,
exposure of trees to low temperature or cold acclimation has also
been shown to delay needle abscission. In this study, we tested
the hypothesis that low temperature can over-ride the negative
effect of the mechanical stress caused by tree baling. A bale of
six-year-old trees in groups of 3 and non-baled trees were exposed to varying temperatures of 5, 10, 20, or 30 °C for 30 days
while the control trees was kept outside the laboratory at ambient
temperature that ranged from 2 °C to 3 °C. After that, trees were
transferred to 5-L jars containing 3 L water until a minimum of
60% needle loss was achieved. Trees were observed for percent
needle loss PNL (%), needle retention duration (NRD), average
water use (AWU), ethylene and volatile terpene compound (VTC)
evolution. The absolute control (non-baled trees) irrespective of
the storage temperature, the needles were lost within 14 days of
storage primarily through discoloration. Trees stored at 20 °C
and 30 °C lasted for a duration of 7 and 14 days at significantly
higher humidity of 83% and 85%, respectively. Our results also
show that postharvest storage of trees under varying temperatures
(3.2, 5, and 10 °C) strongly mitigate NRD through its effect on
AWU, ethylene and VTC evolutions. At lower temperature (<
5 °C), tree had higher AWU, high NRD, high ethylene and VTC
evolution. This suggests the ability of trees to take up water
as depicted in high AWU, and can be beneficial to balsam fir

trees by slowing down needle abscission, despite an increase
in ethylene and VTC suggesting the negative effects of baling,
ethylene and VTC can be overcome by low temperature storage.
Specified Source(s) of Funding: Atlantic Canada Opportunities
Agency, NSERC, SMART Christmas Tree Cooperative

Produce Quality, Safety, and Health
Properties
Developing a Produce Safety Course Module for
Undergraduate Students
(Poster Board #240)

Chris Walsh*

University of Maryland, College Park, MD, USA

Justine Beaulieu

University of Maryland, College Park, MD, USA

Kathleen W. Hunt

University of Maryland, College Park, MD, USA

Donna M. Pahl

University of Maryland, College Park, MD, USA

Undergraduate enrollment in agricultural production and management programs is growing, primarily because the courses
are attracting students from non-farm backgrounds. This trend
is based on increased interest in healthy eating, sustainable and
organic food production, direct-market sales, and the expansion
of local agriculture. Good Agricultural Practices (GAPs) courses
offered by extension programs provide excellent training for
farmers; however, there is little in-depth produce safety training
for students on campus. Using grant funds, we developed and
added a one-credit module to an existing fruit and vegetable
technology course for upper-level undergraduate students. To
ensure valuable learning outcomes, students completed weekly
assignments. Each student was required to identify and describe
a recent foodborne illness outbreak (Week 1), develop Standard
Operating Procedures (Week 2), develop a direct-market farm
food safety plan (Week 3), perform a risk assessment (Week 4),
and prepare a USDA Harmonized GAPs plan (Week 5). Passage
of the Food Safety Modernization Act (FSMA) has created new
food safety requirements for farmers. This curriculum is being
modified to incorporate new resources developed to help farmers comply with these requirements. Current resources include
a web-based question and answer series and YouTube videos
on water sampling and harvest bin sanitation. A direct-market
farm case study was also developed. These resources have been
particularly valuable to students from a non-farm background
interested in sustainable, local food production. Students who
have completed this course have used their training to assist
urban, suburban and rural growers in food safety planning.
This training is a valuable asset for these students entering the
workforce, and ensuring the food safety of local farms producing for farmers’ markets, restaurants, community supported
agriculture, and consumers.
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Effect on Growth and Leaf Color of Baby Leaf
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Generally, the rice nursery facility in Korea is used only from
April to June when the rice is nursery. Except these days, it
does not use installed multi-layer system and nursery beds.
Baby leaf vegetables are cultivated within 30 days from sowing
to harvesting time and also contain a lot of functional ingredients. Therefore, the objective of this study was conducted to
produce baby leaf vegetables using rice nursery beds for yearround utilization in rice nursery facility. This experiment was
conducted to investigate the effect on growth and leaf color of
baby leaf lettuce ‘red salad bowl’ grown in multi-layer system.
The experimental material was ‘Red Salad Ball’ lettuce which
leaf color is red (KOREGON co. Ltd, Korea), and was cultivated in Chuncheon, Gangwon-do, Republic of Korea on 28
Aug., 2015. plants were raised seediling for 12 days, and then
grown for 14 days in a multi-layer system. Rice nursery beds
was filled with horticultural soil (Baroker, Seoul Bio Co. Ltd,
Korea) and line sowing(3 x 3 cm, 150 lips / tray). The multilayer system was built up to 6 layers, first floor height was 20
cm over ground and rest floors are 30 cm apart. Baby leaf lettuce
were cultured by six- treatement, 20 cm(S1), 80 cm (S3), 170
cm (S6), from the 1st layer to the sixth layer (S1S6), from the
third layer to the sixth layer (S3S6), and from the sixth layer to
the first layer (S6S1).Treatment of S1S6, S3S6 and S6S1 wee
transferred after 5days of layer treatment. During grow periods,
each of multi-layer’s average temperature is 20 ~ 21 ℃ and
the average light intensity is 753.8 µmol·m–²·s–¹. for S6, 85.1
µmol·m–²·s–¹. for S3 and 71.4 µmol·m–²·s–¹. for S1. Plant length
and leaf length at S3 were the longest 14.2 cm and 13.6 cm,
respectively, and the fresh weight was high at S6 and low at
S1. The Hunter a value was the lowest at S1, but S6 was high.
The contents of polyphenols and flavonoids were no sifnificant
different according to the layer, but anthocyanin was higher
cultivated in S6 layer. The result of this study showed that
baby leaf lettuce ‘red salad bowl’ grown in multi-layer system
is advantageous for the product quality improvement to grow
in S3 and S6 treatment which the light intensity was upper than
85 µmol·m–²·s–¹. However, when it is inevitably cultivated in
the lower layer, moving at a high layer nine days before the
harvest will help to improve quality.
Specified Source(s) of Funding: This study was supported by
Koran IPET

University of Minnesota, Saint Paul, MN, USA

To focus future good agricultural practices (GAPs) educational efforts, we surveyed leafy greens growers in Minnesota
about their farming practices and measured microbial load on
greens. Leafy greens growers attending the Minnesota Fruit
and Vegetable Growers Association annual meeting, the Immigrant and Minority Farmers annual conference, and farm food
safety workshops were asked to answer short, written surveys.
The survey was designed to collect information about grower
practices related to fertilizers, wash/rinse water, drying, and
storage. Most survey respondents used potable water without
added sanitizer for washing. A subset of growers responding
to the survey agreed to allow us to sample greens from their
farms. Eight organic farmers, half of whom used sanitizer and
half who did not, agreed to collaborate on the project in 2014,
and allowed us to sample one to three times during the growing season. Three of the farmers agreed to wash samples with
and without sanitizer after the first sampling date. Six farmers
who used conventional methods or animal manure for fertility
collaborated in 2015. In addition, samples were obtained from
seven farmers’ market stalls. Pathogenic bacterial levels were
undetectable or low on farm and farmers’ market samples. Coliforms were in the normal range and similar among farms and
treatments. The microbial food safety risk from locally grown
leafy greens appeared to be low. Our future outreach efforts can
therefore focus on worker hygiene and cleanliness of farming
operations, making GAPs training less onerous for growers.
Specified Source(s) of Funding: U.S. Department of Agriculture
Agricultural Marketing Service via MN Dept. of Agriculture

Metabolites Change Under Insect Herbivory
and Exogenous Methyl Jamonate Application in
‘Red Russian’ Kale
(Poster Board #243)
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Exogenous application of methyl jasmonate (MeJA) on Brassica
crops has shown to increase indole glucosinolates (GS) while
the concentration of aliphatic GS remained unaffected. MeJA
application also increased the concentration of myrosinase-
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mediated hydrolysis products from indole and aliphatic GS that
have been shown to have potential health-promoting effect. The
presence of MeJA in this practice is similar with the insect herbivory damage however the latter one is relatively gradual and
complicated since plants are challenged by the not only physical wounding but also foreign biochemicals including peptides
from saliva. To compare the potential differences between two
scenarios, control, insect damage (four days treatment of cabbage looper caterpillars), and MeJA treatment (harvested four
days after 250 µM MeJA treatment) using Brassica napus var.
pabularia ‘Red Russian’ kale for primary metabolites change via
gas chromatography mass spectrometer, GS profile, myrosinase
activity, and GS hydrolysis products profile were measured.
Sugars including fructose, galactose, and raffinose were less
accumulated in two treatment groups while certain phenolic acids
including ferulic acid and 3-caffeoylquinic acid showed two fold
or higher accumulation in insect damaged samples compared
to control. Decreased sugar level suggests that they might be a
carbon source for secondary metabolite biosynthesis in MeJAtreated and insect damaged kales. Indole GS glucobrassicin,
neoglucobrassicin, and 4-methoxyglucobrassicin increased 5.4,
5.6, and 3-fold in insect damaged samples but only increased
3.2, 2.1 and 5.4-fold in MeJA treatment samples. Insect damages samples also showed significantly lower accumulation in
two aliphatic GS glucoraphanin (32%) and gluconapin (53%)
while MeJA treatment samples were not different from the
control. All indole GS hydrolysis products N-methoxyindole3-carbinol, 1-methoxyindole-3-carboxyaldehyde, and indole-3acetonitrile were only detected in two treatments groups while
the concentration variation within insect damaged sample was
larger than MeJA treatment sample. Most of hydrolysis products from aliphatic GS were not statistically difference except
the 2-propenythioacetonitrile was significantly lower in insect
damaged sample. Myrosinase activity was significant lower
in insect damaged samples and was 45% reduction compared
to the control. The result demonstrated that the metabolic
changes triggered by MeJA application and insect herbivory
share similar trend but with quantitative difference and it can
provide valuable aspect in agriculture practice with aspect to
the health-promoting effect of GS hydrolysis products and the
pest control.
Specified Source(s) of Funding: This research was supported
by the West Virginia Agricultural and Forestry Experiment
Station (WVA00698)

Difference in Attachment of Salmonella enterica
to Waxy or Glossy Collard Leaves

Cangliang Shen
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Although understanding attachment mechanism of Salmonella
to produce surface is crucial information for reducing food
pathogen outbreaks, the bacterial attachment to different surface
properties of leaves is not fully understood. Epicuticular wax
is the most outer layer on the leaf surface that directly interact
with food pathogen attachment. The hydrophobic nature of
epicuticular wax has been found to have positive attributes to
pathogen resistance due to the prevention of spore germination,
however there is limited study on if the amount of epicuticular
wax layer on the leaf is correlated with the attachment ability
of Salmonella. The goal of this study is to examine attachment
strength of Salmonella on collard green cultivars (‘Green glaze’
as glossy leaf type and ‘Top Bunch’ as waxy leaf type (Brassica
oleraceae L. Acephala group). The leaf surface image of two
cultivars examined by scanning electron micrographs (SEM)
showed the topographical difference; net-like waxy crystals
were deposited on ‘Top Bunch’ leaf surface and the waxy layer
made less visible stomata compared to glossy collard ‘Green
Glaze’. ‘Top Bunch’ collard has significantly higher contact
angle (147° ± 6.21) than ‘Green Glaze’ (89° ± 2.11), indicating that the higher surface hydrophobicity. Total wax content
of waxy collard was 94.85 ± 7.41 µg/cm2 with total fatty acids
concentration 1.8 µg/cm2, total alkanes 57.1 µg/cm2, total alcohol
7.1 µg/cm2 and total ketone 29 µg/cm2. By contrast, total wax
content of glossy collard was 2.31 ± 0.39 µg/cm2 with total fatty
acid concentration 1.7 µg/cm2, total alkanes 0.2 µg/cm2, total
alcohol 0.4 µg/cm2 and non-detectable ketone concentration.
The most significant difference of wax composition of glossy
type collard ‘Green Glaze’ compared to waxy type collard was
absence of 1-hexadecanol, 15-nonacosanone (C29 ketone) and
C31 alkane. In addition, the concentration of C29 alkane in
waxy collard was significantly (P < 0.001) higher than glossy
type with 190-fold increment. The attachment of Salmonella
was significantly stronger on the glossy collard (105 CFU/g)
rather than the waxy collard (104 CFU/g). The preliminary
result suggests the presence of epicuticular wax has negatively
influence on Salmonella attachment and the cultivar chosen for
the salad leaves can potentially be considered to reduce the risk
of foodborne illness.
Specified Source(s) of Funding: Animal Nutritional SciencesPlant and Soil Sciences Grant in West Virginia University
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Ten sweetpotato accessions/cultivars were evaluated for yield,
resistance to pests, and quality in field trials in Pepeekeo, HI.
Thirty cuttings of each accession/ cultivar were planted at a
spacing of 0.3 m in a hill that was 1.5 x 9.1 m and blocked over
time due to limited availability of space. In the first two field
trials, local cultivars planted were Okinawan, Mokuau, and
Kona B, as well as accessions 531094, 566613 (Beauregard),
573309, 573330, 595199 (Darby), 634398 (Pelican Processor),
and 634399 (Picadito). Yields of ‘Mokuau’ and ‘Kona B’ were
too low and they were replaced in the latter three field trials with
two new cultivars from Louisiana State University Agricultural
Center (Murasaki-29 and 0821P). Five trials were planted on
May 2014, Oct. 2014, Feb. 2015, 15 July 2015, and Jan. 2016.
Plots were harvested 4.5–6 months after planting. Storage
roots were graded according to State of Hawaii standards, and
categorized as Grade AA, A, B, and off-grade. Marketable
yields combined storage roots in Grades AA, A, and B. In addition, injuries of storage roots in each category were estimated
due to infestations of sweetpotato weevil [Cylas formicarius
elegantulus (Coleoptera: Brentidae)]. Finally, sugar concentrations, anthocyanins, and β-carotene contents were measured
in storage roots. Accessions/cultivars differed significantly in
marketable fresh weight yields, with 0821P having the greatest marketable yields. However, ‘0821P’ also had the greatest
incidence of damage due to weevils, perhaps due to its growth
habit of a tight cluster of storage roots located close to the soil
surface. Accessions/cultivars also differed significantly in sugar
concentrations (fructose, glucose, sucrose, maltose, and total
sugars). Concentration of sucrose was highest among monoand disaccharides analyzed, and ranged from 25 to 68 mg·g–1
fw. ‘Beauregard’ had the highest sucrose concentration and
total sugars. Purple-fleshed cultivars (Okinawan and 0821P)
contained total monomeric anthocyanins that ranged from 34
to 37 mg 100 g/dw. Orange-fleshed cultivars (Beauregard and
Darby) contained β-carotene that ranged 5485–8302 µg/100 g
fw. Results from these field trials demonstrate healthful benefits
of purple-fleshed and orange-fleshed sweetpotato cultivars,
as well as provide yield information to growers interested in
producing new cultivars.
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Pak choi is a popularly consumed vegetable in China and is showing an increase in consumption in Europe and North Amercia,
primarily due to its comparatively mild flavor. As a Brassica
vegetable, pak choi provides a number of phytonutrients; in
particular, glucosinolates. Although its popularity is increasing, the nutritional quality of pak choi has not been thoroughly
investigated, and only a few studies have reported glucosinolate
profiles from pak choi. Glucosinolates, their hydrolysis products,
and primary metabolites were analyzed in five pak choi cultivars
to determine the effect of 500 µM methyl jasmonate (MeJA)
on metabolite flux from primary metabolites to glucosinolates.
Among detected glucosinolates, indole glucosinolate concentrations (153 to 229%) and their hydrolysis products increased with
MeJA treatment. Total isothiocyanates concentration changes
by MeJA were associated with epithiospecifier protein activity.
Total nitrile formation (%) out of total hydrolysis products was
significantly increased by MeJA treatment. Goitrin concentration was significantly decreased by MeJA treatment in all
cultivar. However, changes in glucosinolates and hydrolysis
products differed among cultivars. Primary metabolites including amino acids, organic acids, and sugars also changed with
MeJA treatment in a cultivar-specific manner. Decreased sugar
level suggests that they might be a carbon source for secondary
metabolite biosynthesis in MeJA-treated pak choi. The present
study suggests that MeJA can be an effective agent to elevate
indole glucosinolates and reduce goitrogenic effect in pak choi.
Specified Source(s) of Funding: This research was supported by
the West Virginia Agricultural and Forestry Experiment Station
(WVA00698)
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Plant breeding programs and industry require fast and low-cost
screening techniques for determination of nutritional and bioac-
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tive compounds in food matrices. In this study, the possibility of
near-infrared spectroscopy (NIRS) for predicting alpha-carotene,
beta-carotene and total carotenoid from NIRS spectra of winter
squash puree, freeze-dried powder, puree methanol extract were
evaluated. The carotenoid content was analyzed by Waters UPLC
and ranged from 0.3–2.9, 0.1–17.3, and 0.9–18.2 mg/100 g dwt
for alpha, beta, and total carotenoids, respectively. The NIR
spectra of the squash samples were collected by a Bruker FT-NIR
spectrometer, Multi Purpose Analyzer (MPA). The regression
models were obtained by partial least square regression. Four
combinations of NIRS spectra and UPLC data were tested: 1)
puree spectra versus UPLC puree data; 2) freeze-dried (FD)
powder spectra versus UPLC FD data; 3) FD powder spectra
versus UPLC puree data; and 4) puree methanol spectra versus
UPLC puree data. Best models were obtained using spectra
and UPLC data from freeze dried powder. The coefficients of
determination (R2) in the cross validation in combination 2 for
alpha-carotene, beta-carotene and total carotene were 0.46, 0.83
and 0.83, respectively. The R2 for total carotenoids and betacarotene was 0.75 in models from combinations 1 and 3, but
the R2 of total carotenoids from the combination 3 model was
only 0.2–0.33. This study indicates that NIRs is highly effective
for predicting beta carotene and total carotenoids in butternut
squash, but was not good at predicting alpha carotene. Freeze
dried powder was the best material for butternut squash NIRS
prediction and methanol extracts were not acceptable. NIRS
offers a means of quickly screening butternut squash selections
for high pro-retinol A carotenoids.

to survey administration. Responding to the survey were 686
people (88% female) from 39 states, and 57% were ages 41–64.
Most respondents (64%) were home gardeners. The participants
rated several attributes of apples on a 9-point scale (1 = least
important; 9 = most important). Flavor (8.33), crispness (7.96)
and firmness (7.92) were rated as the most important attributes
used to select apples, followed by cultivar (6.62), price (5.84),
color (5.63) and size (5.61). Half red, half green apples were
the most popular type of apple among 63% of the respondents,
followed by bright red (28%). When rating their preference for
sweetness (1 = sweet; 9 = sour), the respondents indicated an
average sweetness preference of 3.94. The respondents also
indicated a preference for crisp apples; the average score was
8.36 on a 9-point scale (1 = mushy; 9 = crisp). Respondents
commented that intended use (cooking vs. fresh eating) made a
difference in their apple selection, along with recommendations
from family and friends, absence of “off” flavors from long storage or coatings, apple size, aroma, keeping quality, presence of
blemishes, and past experience with the apple variety. Country
of origin was not a consideration for buying apples according to
76% of respondents. Of those who responded with concern about
country of origin, many people commented that they preferred
to purchase from U.S. farmers, especially locally grown. Pesticide use was cited as an issue of concern by some respondents.

Consumer Preference of Apple Characteristics

(Poster Board #249)
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In the United States, more than 2,500 apple cultivars (Malus
xdomestica Borkh.) are available. Apples are popular among
consumers because of their ready availability in supermarkets
and farmers markets, their flavor, nutrition, versatility on the
menu and other attributes. Apples are naturally cholesterol free,
very low in sodium and fat, a good source of fiber, vitamins and
minerals and have less than 100 calories in a medium-sized fruit.
In the northern Great Plains, many apple cultivars grow well and
are a subject of expanding research. The NDSU Extension Service
horticulture and nutrition programs conducted an online survey
to determine apple preferences among consumers to help inform
breeders in university research programs. The survey protocol
was submitted to the university’s Institutional Review Board;
upon approval, the 18-question online survey was disseminated
using email listservs and social media (Facebook) through the
Extension network in the United States to reach educators,
specialists and consumer audiences using a snowball approach

Texas A&M University, College Station, TX, USA
Texas A&M University, College Station, TX, USA
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Texas A&M University, College Station, TX, USA

High quality seed is the critical aspect in onion (Allium cepa
L.) production. Nano-priming is an innovative technique for
improving seed germination and initial growth. Due to higher
surface to volume ratio, small sizes and increased reactivity,
nanoparticles penetrate into the pores of seeds, spread inside,
and activate phytohormones that stimulate physiological growth.
In this study, phytochemicals extracted from agro-industrial
byproducts were used for synthesis of nanoparticles in place
of highly toxic inorganic reducing agents, which pose risks for
environmental and human health hazards. Green nanoparticles
were prepared by a dropwise reduction method and characterized
using ultraviolet-visible (UV-Vis) spectroscopy and dynamic
light scattering (DLS) techniques. Silver nanoparticles (AgNPs),
gold nanoparticles (AuNPs) and nanoemulsions prepared using
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turmeric and citrus oil were formulated and used for priming
onion seeds for 12 hours. Dry and hydroprimed seeds were
used as controls. Seeds were planted in the greenhouse and
germination percentage (GP) was recorded, 6 and 21 days after
sowing (DAS). GP was found to be 47% and 19% higher in
AuNPs treatment at 6 and 21 DAS respectively, as compared to
controls. Different growth and yield parameters were assessed
in the field at College Station, Texas after transplanting. Results
demonstrated that nanopriming had significant effects on shoot
length, number of leaves per plant, leaf surface area and bulb
diameter. Quality parameters were evaluated after harvesting of
onions. Pyruvate levels were found to be lower in AuNps treated
bulbs. Total phenolics in bulb and chlorophyll content in leaves
were superior in nano treated plants as compared to controls.
Results indicate that nanopriming has a significant impact in
seed germination, growth, and quality of onion.

Identification and Quantification of Tomato
Volatile Markers Grown in High Tunnel and
Open-field Conditions

high-tunnel system were 2.6 times higher than those grown in
the open-field system. Meanwhile, the levels of geranyl acetone
and farnesyl acetone in all four varieties of tomato grown in
open-field conditions were approximately two times greater
than the high-tunnel tomatoes. Multivariate analysis and partial
least squares-discriminant analysis indicated that ß-damacenone
and geranyl acetone were potential candidate markers related to
production system. To the best our knowledge, this is the first
comparative study of high-tunnel and open-field tomato volatiles.
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Tomato (Solanum lycopersicum) is one of the most consumed
horticultural crops in the world and important as a good source of
essential nutrients. Recent work has demonstrated the potential
role of volatile compounds in promoting human health and in
tomato flavor. Carotenoid-derived aroma volatiles such as ßdamacenone (sweet, apple) and geranyl acetone (sweet, fruity)
have been reported to possess potential chemopreventive or
antimicrobial properties. Until now, only a few quality parameters
have been investigated in relation to production system (high
tunnel v/s open-field) and the influence of production systems on
volatile compounds has not been studied. In the present study,
optimized headspace solid phase micro extraction (HS-SPME)
coupled with gas chromatography-mass spectrometry (GC-MS)
was conducted to determine the effect of production system on
the volatile compounds. Four tomato varieties grown in high
tunnels or in open fields in Amarillo, Texas, were harvested
to determine the effect of production system on the levels of
volatile compounds. The HS-SPME was optimized for various
parameters for accurate quantification of volatiles using an
internal standard. Forty-six volatile compounds were identified
from four varieties and expressed as 2-octanone equivalents.
The levels of ß-damacenone of all four varieties grown in the

The plight of pollinators is an issue of major concern throughout
the United States and many other countries as well. University of
Nevada Cooperative Extension faculty, staff and volunteers have
begun working to improve the situation of important pollinators
in the southern part of the state, a region with an environment
that can be hostile to essential plants, insects, and birds. While
many butterflies and bees are found in the area, there has been
relatively little research done on western monarch butterfly
migration patterns, preferred nectar plants and best foods for
larvae. Milkweed, mainly Aesclepias species, is known as the
essential food source for monarch butterfly larvae. Since 2015,
over 25 different species and varieties of milkweeds have been
grown at the Cooperative Extension Outdoor Education Center
and Botanical Garden in Las Vegas Nevada. These trials will
determine not only which are the most popular among monarchs,
but will also demonstrate which plants are most likely survive in
the Mojave Desert, particularly around Las Vegas. Results from
these trials will be of use in other regions where environments
pose similar challenges to pollinator populations. The migration
pathway of eastern monarchs has been studied and mapped out
in fine detail. For the western population, it is clear only that
they overwinter along the California coast and fly through parts
of California, Oregon, and Nevada. Whether the monarchs seen
in Southern Nevada are following an actual migration path or
are simply outliers has yet to be determined. This research, following butterflies that pass through the Mojave will also give
valuable information the western migration.
Specified Source(s) of Funding: Clark County, Nevada
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Campus Pollinator Habitat and Outreach
Efforts at North Carolina Colleges and
Universities
(Poster Board #015)

Anne M. Spafford*

North Carolina State, Raleigh, NC, USA

higher than non-liberal arts institutions on this measure. These
results suggest that North Carolina colleges and universities
are important contributors to the national pollinator protection
movement and that while horticultural practices for pollinators
are improving, campus and community education and outreach
should be expanded.

Hallie Keller

Camp Turf: Raising Awareness of the
Horticultural Fields through a Summer
Academy

Emily Griffith

Shelley E Mitchell*

Lucy Bradley

Justin Moss

The global plight of pollinators has captivated public attention
in recent years, from disappearing butterflies to collapsing honey
bee colonies. In 2014, then U.S. President Barack Obama created the Pollinator Health Task Force to address this issue. The
resulting National Strategy to Promote the Health of Honey
Bees and Other Pollinators called for planting seven million
acres of enhanced pollinator habitat nationwide by 2020 and
increasing public education. Individuals and institutions alike
are responding by establishing pollinator habitat and changing
their landscape practices. Universities are no exception: college
campuses are educating students and citizens about pollinators
while incorporating diverse pollinator-friendly plantings on
their grounds such as “no-mow zones”, rooftop gardens and
greenway corridors. We conducted a voluntary online survey of
North Carolina college and university horticulture professionals to describe the current state of campus pollinator protection
efforts. Using Qualtrics software, 114 schools were contacted
and 55 responses were collected. Survey respondents primarily represented two- and four-year public institutions in rural
settings focused on liberal arts, vocational skills, or technical/
engineering. Of the respondents, 12 had no pollinator habitat,
21 had unmanaged wild areas, and 30 institutions maintained
formal or informal pollinator gardens. Interpretation of these
spaces was mediocre with 28 respondents indicating they have
zero signage and 29 reporting zero communication or outreach
to the community. Urban schools reported more public outreach
activities than rural schools. When asked about the use of pollinator friendly landscaping and integrated pest management
practices in the past five years versus in the five years ahead, 31
respondents indicated a positive trend. For example, 20 respondents said they had increased their use of native plants in the
past, and 27 thought their use of native plants would continue
to increase in the future. Most respondents used their general
operating budget to fund these projects, while 25 received a grant
or financial gift. Only 1 respondent affirmed their institution
had an explicit landscaping policy regarding campus pollinator
protection. Finally, we combined several questions regarding
campus pollinator habitat types and locations into a statistical
Pollinator Friendliness Score. Liberal arts institutions scored

The state of Oklahoma funds summer science and math academies
for the purpose of exposing high school students to the university
environment, as well as different career fields. The Oklahoma
State University Department of Horticulture and Landscape
Architecture has run a two-week residential academy for the past
eight summers, with up to 25 high school students participating
each time. Camp TURF (Tomorrow’s Undergraduates Realizing
the Future) provides experiences both on- and off-campus, with
professors and industry professionals leading hands-on sessions
covering such areas as pervious concrete, bonsai design, personal
protective equipment, cloning, grafting, dish gardens, turfgrass,
entomology, DNA extraction, soil and water testing, and Extension. Many of the attending students are first-generation, low
socioeconomic status, and/or members of minorities. In addition
to being enjoyed by the majority of participants (five attending
students have been “legacies” related to previous attendees, and
several students have reapplied the following year, or recommended the camp to friends), Camp TURF has produced some
academic results. Pre- and post-assessments given at Camp TURF
show significant changes in college readiness and familiarity
with horticulture careers. Compared to the 56% of Oklahoma
high school graduates who attend college, close to 75% of Camp
TURF attendees have gone to college. Several have also chosen
to major in a horticulture-related field. Similar academies may
help to increase enrollment of horticultural students in college.

Melissa A Tinling

North Carolina University, Raleigh, NC, USA
North Carolina University, Raleigh, NC, USA
North Carolina University, Raleigh, NC, USA
North Carolina State University, Raleigh, NC, USA

(Poster Board #016)

Oklahoma State University, Stillwater, OK, USA
Oklahoma State University, Stillwater, OK, United States

Specified Source(s) of Funding: Oklahoma State Regents for
Higher Education

First Conference on Arboriculture in Kiev,
Ukraine: Methods and Results
(Poster Board #017)

A. James Downer*

University of California Cooperative Extension, Ventura, CA, USA

J.F. Karlik

University of California Cooperative Extension, Bakersfield, CA, USA

Cooperative Extension advisors are usually assigned to a geographic area, whether it be county, region or state. ASHS and
other professional society meetings allow visits to other places
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and interaction with colleagues, but knowledge of specific
horticultural practices may also be requested and conveyed in
non-traditional venues. In September, 2016, we helped sponsor and participated in the first conference on arboriculture in
Kiev, Ukraine, with over 70 arborists, students and university
faculty in attendance. Knowledge of modern arboriculture is
not widespread in Ukraine and interaction of local arborists
with the university faculty in Kiev was undeveloped. Meeting
planning was done using messaging through social media after
identification of stakeholders in Ukraine. We found that essential
ingredients for this conference were similar to those for our local extension activities, specifically local interest on the part of
both practitioners and academics, sponsorship for the meeting
venue and arrangements, ability to convey research and resulting
horticultural practices in the local language, and speakers who
could address horticultural points and practice of interest and
significance to the audience. Results underscore the effectiveness
of delivery methodology and research-based extension as well
as the value of horticultural knowledge itself, and may serve as
encouragement to colleagues to offer expertise outside of their
usual geographic boundaries, especially in nations that have no
Extension-based system of information sharing.

The History and Evolution of the Northeast
Region-ASHS: New Opportunities

resentation from Northeastern Weed Science Society, American
Society of Agronomy, Crop Science Society of America, and the
Soil Science Society of America. Becoming involved with these
other societies has broadened the topics presented, increases
attendance, and strengthened the networking and collaborative
opportunities for attendees. All ASHS members from the states
and provinces of NE–ASHS are encouraged to join the group
and become involved in its activities and new opportunities.

Root Growth & Rhizosphere
Dynamics/Plasticulture/Seed &
Stand Establishment
Sorghum Root Growth and Exudation in
Response to Drought Stress
(Poster Board #067)

Sarah B. Miller*

Bioagricultural Sciences & Pest Management, Colorado State
University, Fort Collins, CO, USA

Corey D. Broeckling

Proteomics & Metabolomics Facility, Colorado State University, Fort
Collins, CO, USA

Jessica E. Prenni

Proteomics & Metabolomics Facility, Colorado State University, Fort
Collins, USA

(Poster Board #018)

Matthew Taylor*

Courtney E. Jahn

Longwood Gardens, Kennett Square, PA, USA

Bioagricultural Sciences & Pest Management, Colorado State
University, Fort Collins, USA

Michael Neff

ASHS, Alexandria, USA

Timothy Elkner

Penn State Extension, Lancaster, PA, United States

Nicholas Polanin

Rutgers Cooperative Extension, Bridgewater, NJ, USA

The Northeast Region–ASHS (NE–ASHS) began as the
Northeastern Section of ASHS in 1923, with its first meeting
in Amherst, MA. Known by several names over its span (New
England Group, New England Section), the group finally settled
on NE–ASHS as the official name, with formal establishment as
an ASHS Section/Region in 1944. The Region consists of ASHS
members in Connecticut, Delaware, Maine, Massachusetts,
New Hampshire, New Jersey, New York, Pennsylvania, Rhode
Island, Vermont, West Virginia, and the Canadian provinces of
Labrador, New Brunswick, Newfoundland, Nova Scotia, and
Quebec. Members from Maryland also often participate in the
NE–ASHS Region. The NE–ASHS and the Southern RegionASHS are the two remaining regions of ASHS. Both groups
seek to facilitate the mutual exchange of ideas and information
concerning horticultural research, extension, education, and
industry. Both regions operate independently under the auspices
of ASHS, electing their own officers and governance structure.
The regional meeting for the NE–ASHS has evolved, and for
two years has met in conjunction with the Northeastern Plant,
Pest and Soils Conference (NEPPSC). This conference has rep-

Roots release chemical compounds into the rhizosphere that aid
in the acquisition of resources and mediate positive and negative plant-microbial symbioses. However, these root exudates
have been known to differ in composition and magnitude in
response to environmental changes. For instance, roots produce
mucilage, a viscous substance, in response to drying soils.
This allows roots to elongate in search for water under water
stress. Furthermore, recent evidence suggests that plants can
select for plant growth-promoting rhizobacteria (PGPR) under water stress by altering root exudation. Drought stress is
a major limiting factor to agricultural production. Therefore,
observing root exudation under drought stress will contribute to
better understanding whole plant drought tolerance. Sorghum
(Sorghum bicolor) is an excellent model crop species to evaluate root exudation under drought stress as the species exhibits
significant genetic variation in response to limited-water. We
characterized the effect of pre-flowering water stress on root
exudation. Gas chromatography-mass spectrometry was utilized
to characterize exudates in the rhizosphere of four grain sorghum
lines that were either drought tolerant (T), BTx623 and Tx7000,
or susceptible (S), BTx642 and SC56, under water-stressed and
well-watered conditions. Additionally, physiological and above
and below ground morphological responses to water stress
were examined. All traits were measured at two time points:
1) four days of withholding water (limited water) and 2) 24
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hours after rewatering (24-hour recovery). At limited water,
there were no differences in leaf area or root characteristics
between treatments within each genotype, however assimilation and stomatal conductance rates were reduced for BTx623
(T) and SC56 (S) under water-stressed conditions compared
to well-watered controls. At 24-hour recovery, leaf area was
reduced for water-stressed lines BTx623 (T) and SC56 (S)
and total root lengths were reduced for all water-stressed lines
compared to their well-watered controls except for in Tx7000
(T). Further, all water-stressed lines had reduced assimilation
rates compared to their well-watered controls at the 24-hour
recovery time point. However, tolerant lines displayed more
subtle changes in physiology than susceptible lines, which may
be indicative of pre-flowering drought tolerance. Additionally,
we describe variation in plant-mediated exudates of lines under
water stress and recovery and between tolerant and susceptible
lines. Characterizing root exudation trends between tolerant and
susceptible lines of sorghum during water stress and recovery
will contribute to a more accurate understanding of drought
responses in sorghum and can be used in breeding for preflowering drought tolerance in the face of a changing climate.
Specified Source(s) of Funding: USDA NIFA

Comparative Root Growth and Competition
Among Seven Eastern Colorado Species of
Annuals and Perennials
(Poster Board #068)

Ahmed Getlawi

Colorado State University, Fort Collins, CO, USA

Harrison Hughes

Colorado State University, Fort Collins, CO, USATroy Orchtree
Colorado State University, Fort Collins, CO, USA

Jessica Davis*

Colorado State University, Fort Collins, CO, USA

Below ground systems remain one of the most poorly understood areas in terrestrial ecology. The life histories are different between perennial and annual plants and that contributes
to difficulties establishing perennials on lands dominated by
annuals. The main objective of this work was to determine if
the root structure and the rate of root development differed
between annuals and perennials. The competitive growth rates
among annuals and perennials from initial germination and
growth to nine weeks were evaluated as well. Seeds of seven
spices, Helianthus annuus (sunflower), Machaeranthera (Aster) tanacetifolia, Chenopodium berlandieri (chenopodium),
Amaranthus retroflexus (amaranthus), Atriplex canescens
(4-wing saltbush), Aquilegia caerulea (columbine), and Gaillardia aristata (gaillardia) were germinated at Colorado State
University Plant Growth Facilities and grown for nine weeks.
Length, surface area, and volume of the roots were measured
as well as biomass for both the root and shoot system. The
results demonstrated significant variation among species in
most traits. In weekly biomass comparisons, A. retroflexus

showed the greatest biomass followed closely by H. annuus.
Both A. retroflexus and H. annuus are annuals whereas the
perennials Aquilegia caerulea and A. canescens had the lowest
weekly biomass. Annuals had significantly greater root length
and surface area, whereas only G. aristata of the perennials
evaluated had the largest root volume when compared to other
species followed by H. annuus and A. retroflexus (annuals).
Competitive growth among species indicated that the annual, A.
retroflexus, had superior biomass among species at nine weeks
whereas the A. caerulea, perennial, had the lowest amount of
biomass. In conclusion, annuals have the greater growth rate.
The size, structure and the length of the root system can give
annuals the ability to forage the nutrients more quickly than
perennials. This growth strategy allows them to quickly capture
available resources and complete their life cycle which may
serve to suppress competitors.

Soil Core Sampling Is Not Reliable for
Assessing Biodegradable Mulch Fragments in
Soil
(Poster Board #069)

Shuresh Ghimire*

Washington State University, Mount Vernon, WA, USA

Arnold Saxton

The University of Tennessee, Knoxville, TN, USA

Annette Wszelaki

University of Tennessee, Knoxville, TN, USA

Jennifer Moore

University of Tennessee, Knoxville, TN, USA

Carol Miles

Washington State University, NWREC, Mount Vernon, WA, USA

The main advantage of biodegradable mulches (BDMs) in
agriculture is they can be tilled into the soil after use, saving
time and labor for growers, and eliminating disposal issues
for communities. Biodegradation of BDMs in the soil can be
inferred by the presence or absence of visible mulch fragments;
although this is not a direct measure of biodegradation, it
provides an initial assessment of mulch biodegradation. Three
experiments were designed to develop a protocol for measuring BDM fragments in the soil following soil-incorporation
of mulch. Experiment 1 (carried out at Mount Vernon, WA,
and Knoxville, TN) included five BDMs, and a polyethylene
(PE) mulch reference plot (Mount Vernon only). Pumpkin was
planted at both locations, and mulches were tilled into the soil
after harvest. Mulch recovered (%) was calculated based on
the surface area of the soil cores taken per plot. Only 59% of
mulch fragments were recovered from the reference plot. BDM
recovery was 13% to 54% at Mount Vernon and 0% to 72% at
Knoxville. There was high plot-to-plot variation by treatment
(3% to 95% at Mount Vernon, 2% to 88% at Knoxville). In
Experiments 2 and 3 (Mount Vernon only), one BDM was laid,
then tilled into the soil immediately to prevent deterioration.
In Experiment 2, 15 samples were collected per plot, resulting
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in 70% recovery of mulch. In Experiment 3, 128 samples were
collected per plot, and 62% of mulch was recovered. In summary,
sampling with a relatively large core recovered less than 59%
of tilled-in PE mulch, there was high variability between plots
within each treatment, and 50 cores minimum per plot would
be needed to estimate mulch remaining in the field. Thus, soil
sampling with a large core method was ineffective, and new
sampling methods are needed to assess BDM remaining after
soil incorporation.

more exposed, suggesting that it is important to maintain their
integrity throughout the raspberry cropping cycle.

Management Practices to Minimize Stormwater
Pollution from Macrotunnel Production
Systems

Jeremy Cowan

Oleg Daugovish*

Debra A. Inglis

James Whiteford

Carol Miles*

Laosheng Wu

Tomato is a major vegetable crop produced in high tunnels worldwide. This study compared two fertilizer sources, an integrated
fertilizer treatment program (composted poultry manure plus
urea) with commercial chemical fertilizer applications and the use
of grafted plants on fruit yield and quality of tomato grown in high
tunnels in northwest Washington in 2015 and 2016. Composted
poultry manure was applied at 2.4 t·ha–1 (15N–60P–35K and
320 Ca kg·ha–1) during both growing seasons.Urea fertilizer (90
kg·ha–1 N) additions at 112N–68P–45K and 322 Ca kg·ha–1 were
adjusted each year for comparable N application rates. Tomato
cv. Panzer was grafted on rootstocks ‘Estamino’, ‘Maxifort’,
‘DRO138TX’, and compared with non-grafted ‘Panzer’ (control). The experiment used a randomized complete block split
plot design with four replications; the main plot was fertilizer
and the subplot was grafting. Fruit were harvested once a week
when at least 75% ripe. At each harvest, weight and number of
both total and marketable fruit were recorded, and the quality
of marketable fruit evaluated for juice content, total soluble
solids (TSS) and pH. In 2015 and 2016, number and weight of
total and marketable fruit did not differ due to fertilizer source.
In 2015, there was no difference due to grafting in total fruit
weight, nor in weight or number of marketable fruit; however,
the number of total fruit was greater for non-grafted plants. In
2016, the number of total and marketable tomato fruit did not
differ due to grafting, but the weight of total and marketable
fruit was greater for grafted plants as compared to non-grafted
plants. There was no effect due to fertilizer source on juice content
(%) either year. In contrast, fruit from grafted plants had higher
juice content than non-grafted plants in 2015, but not in 2016.
In 2015, total soluble solids (TSS, °Brix) was not different due
to the fertilizer or grafting treatments. In 2016, TSS was higher
for tomato fruit grown with the integrated fertilizer program
and for grafted plants. No differences in pH were found due to
fertilizer source or grafting either year.

(Poster Board #070)

Effect of Grafting and Fertilizer Source on
Tomato Yield and Fruit Quality in High Tunnel
Production
(Poster Board #071)

Fairuz Buajaila

Washington State University, NWREC, Mount Vernon, WA, USA
Washington State University, Spokane, WA, USA

Lynne Carpenter-Boggs

Washington State University, Pullman, WA, USA
Washington State University, Mount Vernon, WA, USA

University of California Coop. Ext., Ventura, Ventura, CA, USA

Washington State University, NWREC, Mount Vernon, WA, USA

Resource Conservation District, Somis, CA, USA
University of California–Riverside, Riverside, CA, USA

Ben Faber

University of California Cooperative Extension, Ventura, CA, USA

Macrotunnel production systems contribute over $1 billion to
California’s economy and are one of the State’s fastest growing
agricultural sectors. Despite their increased use, guidance to
help macrotunnel growers choose management practices that
limit agricultural pollutant loads in stormwater-induced runoff
is sparse. Using raspberry as a model crop, four management
practices were evaluated for their efficacy and economic viability in preventing nutrient runoff and managing weeds. The
four treatment practices included: barley cover crop seeded at
500 lb/acre, weed barrier fabric, yardwaste mulch spread 2–3
inches thick, and polyacrylamide (PAM). Treatments were
applied to the 350 ft x 4 ft wide post rows that collect runoff
from adjacent 22 ft-wide plastic-covered tunnels. Analysis of
runoff collected from two rain events showed that barley cover
crop residues reduced combined nitrate and nitrite nitrogen in
runoff 21 to 48% and phosphorus 29% compared to bare ground,
while the other treatments had no consistent effect. All treatments did, however, reduce runoff turbidity: 360 nephelometric
units in bare ground was reduced to 10–92 in mulch, 84–162
in weed barrier, 47–215 in barley residue, and 44–231 in PAM.
Reduced soil (sediment) losses after implementation of these
conservation practices may decrease regulated legacy pesticide
loads traveling to receiving waterways, thereby achieving
water quality goals. Additionally, all treatments except PAM
reduced weed densities of little mallow and annual sowthistle
by 48-98% compared to bare ground, which reduces the costs
of weed management. It was observed that efficacy of treatments in improving runoff water quality and weed suppression
deteriorated as bare ground areas within treatments became
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Different Combinations of Blood Meal, Feather
Meal, and Pelletized Chicken Manure on
the Establishment of Fenugreek (Trigonella
foenum-graecum) and Bok Choy (Brassica rapa
chinensis) Seedlings
(Poster Board #072)

Dharmalingam Pitchay*

Tennessee State University, Nashville, TN, USA

Karen Bateman

Tennessee State University, Nashville, USA

Juan Díaz-Pérez

University of Georgia, Tifton, GA, USA

Chandra Reddy

Tennessee State University, Nashville, TN, USA

Organic nutrient sources can provide nutrients, but it could also
affect the substrate properties. Transplants are sensitive to physical and chemical properties of substrate and container geometry.
An experiment was conducted to investigate the effect of blood
meal (BM), feather meal (FM) and pelletized chicken manure
(CM) on coir and peatlite substrate pH, EC values, ammonia
(NH3) volatilization and growth of fenugreek (Trigonella foenumgraecum) and bok choy (Brassica rapa chinensis) seedlings.
The BM, FM and CM were incorporated in peatlite (70:30) and
coir in combinations, with two different rates (each amendment
at 0.25 and 0.50% by volume). Two controls, peatlite and coir,
were fertigated with 100 mg·L–1 of 20N–4.4P–16.6K. The pH
of BM amended substrates was greater than without BM and
substrates amended at the 0.25% rate and peatlite, respectively.
The 0.50% BF and 0.50% BC peatlite amended substrates with
Bok Choy had greater EC values than their control. Substrate
EC values were higher when amended at 0.50% rate than 0.25%
rate but some were only occurred initially. Both species grown
in 0.50% BM amended coir and peatlite were the smallest and
least developed. Both species performed well in the coir control.
Seedlings growth and development comparable to the control
(coir substrate) were grown in 0.25% and 0.50% FC, and 0.25%
BC amended coir. However, significant number fenugreek leaves
developed necrotic white spots in 0.50% FC coir. The leaf damage symptom was similar to ammonia toxicity.

Ethylene Alleviates Lettuce Seed Germination
Under Salinity Stress through Modulation of
Proline Biosynthesis
(Poster Board #073)

Heqiang Huo*

University of Florida, Apopka, FL, USA

Kent Bradford

University of California–Davis CA, USA

Lingqi Kong

Institute of Grassland Research of Chinese Academy of Agricultural
Science, Hohhot, China

Diverse genotypes of lettuce were assessed for their seed ger-

mination responses to salt stress. The most tolerant genotype,
PI251246, a primitive accession of Lactuca sativa, can germinate
well at 250 mM NaCl, while the most sensitive genotypes are
greatly inhibited at 225 mM NaCl. The inhibitory effect of salinity
on germination was due to the osmotic stress rather than ionic
toxicity. The inhibition of seed germination by salinity could be
greatly alleviated by ethylene or partly by 1-aminocyclopropane
carboxylic acid (ACC, ethylene precursor). Application of aminoethoxyvinylglycine (AVG, an ethylene biosynthetic inhibitor)
and silver thiosulfate (STS, an ethylene receptor inhibitor) can
completely block seed germination of PI251246 seeds at 250
and 200 mM NaCl, respectively. Ethylene production is seven
times higher from PI251246 seeds than from UC96US23 seeds
imbibed in 200 mM NaCl, although there is no significant difference between them when imbibed on water. Furthermore,
free proline content of PI251246 seeds is significantly higher
than that of UC96US23 seeds at 200 mM NaCl. Application
of AVG or STS dramatically reduced free proline content of
PI251246 seeds at 250 and 200 mM NaCl, respectively. Realtime PCR analysis showed that the transcript levels of ethylene
biosynthetic gene LsACS1 and LsACO1 and of LsPDH1, a
proline catabolic gene, are more abundant in PI251246 seeds
imbibed in 200 mM NaCl than in other lettuce genotypes; STS
greatly reduced their transcript levels in PI251246 seeds at 200
mM NaCl. However, seedling biomass and root length analyses
revealed that the tolerance of PI251246 to salinity is specific
to germination; seedling growth was not tolerant to salt stress.
Thus, tolerance to osmotic stress during germination does not
necessarily imply tolerance of seedling growth to salinity.

Germination of Papaya (Carica papaya L. cv.
Kapoho Solo) Seed in Response to Giberellic
Acid, Potassium Nitrate, and Heat
(Poster Board #074)

Russell Galanti*

University of Hawaii at Manoa, Honolulu, HI, USA

Alyssa Cho

University of Hawaii at Manoa, Hilo, HI, USA

T. Matsumoto

USDA–ARS Daniel K. Inouye US Pacific Basin Agriculture Research
Center, Hilo, HI, USA

Sharon Motomura

University of Hawaii, College of Tropical Agriculture and Human
Resources, Hilo, HI, USA

Joanne Lichty

University of Hawaii at Manoa, Hilo, HI, USA

The effects of heat, storage, giberellic acid (GA3), potassium
nitrate (KNO3), and combined GA3+KNO3 on the germination
of fresh (harvested 0 days prior) and stored (harvested two years
prior) Carica papaya L. cv. Kapoho seeds was studied. A factorial
design was used with the factors of heat and pre-plant soaking.
The heat factor consisted of a heated (30 °C) and unheated
growth environment. The soaking treatments were soaked in
solutions of GA3, KNO3, GA3+KNO3, and a control (H20). Each
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treatment had four replicates, with 50 seeds per replicate. The
study was conducted in a lab at the Komohana Research and
Extension Center, Hilo, HI, from 21 July 2016 to 22 August 2016.
Measurements were taken every other day on a Monday through
Friday schedule. Radicle protrusion and cotyledon emergence
were recorded. Radicle and cotyledon emergence percentages,
and days to emergence were assessed. Fresh seeds germinated
at lower percentages compared to stored seeds, most likely due
to higher concentrations of growth-inhibiting compounds in the
sarcotesta and seed coat of fresh seeds, mainly phenolic compounds. Fresh seeds treated with GA3 and germinated on heat mats
showed the fastest radicle protrusion at an average of eight days
from imbibition. Heat overall did not significantly increase rate
of radicle protrusion (P = 0.1221), but did significantly increase
rate of cotyledon emergence (P < 0.0001). Heat did increase the
germination percentage in the control group. Stored seeds had
greater germination percentages and faster germination rates
compared to fresh seeds under control treatments. The GA3 treatments resulted in faster radicle protrusion when compared to all
other treatments (P < 0.0001). The addition of KNO3 improved
shoot emergence compared to GA3 and the control. Fresh seeds
showed improved results when comparing the three treatments
to the control except for the effect of GA3 on shoot emergence.
It is essential to have radicle protrusion and shoot emergence
for viable plants. A combination of GA3+KNO3 resulted in the
second highest radicle protrusion and highest shoot emergence.
Heated mats can potentially be used to increase the percentage
of viable seedlings during germination. This data can be used
to inform producers of effective treatments to increase germination percentages and decrease days to germination, potentially
reducing the seed costs associated with papaya production.

Dormancy Habit Differences By the GA/
ABA Balance in Morphological (MD) and
Morphophysiological Seed Dormancy (MPD)

ological dormancy (MPD). The phenology of embryo development and germination in seeds of Aquilegia buergeriana
and Adonis amurensis (Ranunculaceae) was investigated in
the natural field soil, and the seasonal changes of endogenous
phytohormone levels (ABA and GAs) were analyzed. A. buergeriana seeds had MD, and embryo growth and germination were
completed within 30 days in the natural field conditions when
soil temperatures were high. On the other hand, A. amurensis
seeds had MPD, and the seeds experienced warm temperatures
in summer followed by cold temperatures in winter to break
seed dormancy in the natural environment. In A. buergeriana
seeds, ABA content and sensitivity decreased rapidly, and GA
content and sensitivity increased rapidly after burial. On the other
hand, in A. amurensis seeds, ABA content decreased drastically
after burial but GA content did not increase before the seeds
experienced temperature changes from high in summer to medium temperatures in autumn in the natural environment. When
underdeveloped embryos grew rapidly, ABA was non-detectable
and GA content increased. After embryo maturation in autumn,
ABA content increased and GA content decreased at the same
time, and thus, the seeds remained ungerminated during cold
season in winter. When the seeds started to germinate after cold
season in winter, GA content increased rapidly. GA4 played a
key role in promoting embryo growth and germination in the
seeds with MD and MPD. The changes of GA/ABA ratio were
similar to the changes of embryo growth and germination in
the buried seeds. These results indicate that MD or MPD in the
basal angiosperm taxa is also controlled by a hormone balance
model. The results of this research were introduced at KSHS
2015 Annual Spring Conference through oral presentation)

Effects of Biochar and Vermicompost on Seed
Germination and Seedling Growth
(Poster Board #076)

Lan Huang*
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Texas A&M University, College Station, TX, USA
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Ki Cheol Lee

Useful Plant Resources Center, Korea National Arboretum, Korea
Forest Service, Yangpyeong, Korea, Republic of (South)

Sun Hee Ryu*

Useful Plant Resources Center, Korea National Arboretum, Korea
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Ki Sun Kim

Seoul National University, Seoul, Korea, Republic of (South)

There have been few reports on hormonal regulation of dormancy
in buried seeds with morphological (MD) and morphophysi-

Biochar (BC) can be used as an excellent alternative substrate
with similar physical and chemical properties to commonly used
substrates. Biochar mixes with vermicompost (VC) have positive impact on plant growth. Early germination was observed
on seeds sown in biochar mixes in preliminary experiments.
The objective of this study was to investigate the effect of BC
and VC mixes (70% and 80% BC with the rest being VC, by
volume) on seed germination, compared to commercial germination mix (control). Germination was observed for two weeks
on seven types of seeds of flowers and vegetables, including
tomato (Solanum lycopersicum), okra (Abelmoschus esculentus),
celosia (Celosia plumosa), vinca (Catharanthus roseus ‘Vitalia
Pink’), marigold (Tagetes patula L.), zinnia (Zinnia elegans)
and basil (Ocimum spp.), and 10 days on four types of seeds
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including cowpea (Vigna unguiculata), corn (Zea mays var.
rugosa), radish (Raphanus sativus) and pumpkin (Cucurbita
pepo). At the end of germination test, all seedlings were harvested to measure fresh weight (FW). Emergence index (EI)
and emergence percentage (EP) were calculated to reflect the
germination speed and overall germination rate. The effects of
BC mixes on seed germination and seedling growth vary among
different plants. Okra had higher EI in 80% BC than control,
and both 70% and 80% BC for tomato. Seeds of in 80% BC
had similar EI, EP and FW as control except EI of celosia and
pumpkin, EP of corn and pumpkin and FW of radish. No seeds
in 70% BC mixes outperformed the control.
Friday, September 22, 2017

Floriculture

Responses of Phalaenopsis Plantlets to Nitrogen
Deficiency Stress In Vitro
(Poster Board #261)

Yao-Chien Chang*

National Taiwan University, Taipei, Taiwan

Yi-Jhen Chen

National Taiwan University, Taipei, Taiwan

Phalaenopsis plant has great nitrogen (N) storage capability,
hence it is not easy to study its reaction to N deficiency stress
and the development of deficiency symptoms in mature plants.
Therefore, tissue-cultured plantlets from intermediate cultures
of Phalaenopsis Sogo Yukidian ‘V3’ (V3) and Phalaenopsis
amabilis (AMA) were used as plant materials in this study.
The plantlets were subcultured on half-strength Murashige and
Skoog medium containing 0 mM N in N deficiency treatment or
30 mM N in control. Three months after culture, the plantlets
were subcultured on the same medium. After three months of N
deficiency treatment, the main symptom in V3 compared with
control was longer roots that grew almost vertically downwards
so that the shoot was elevated from the medium. Lower leaf
yellowing began to occur after 3.5 months of N deficiency treatment and became more severe after six months of treatment.
Leaf growth was markedly reduced in V3 after six months of
N deficiency treatment, with progressively smaller new leaves
becoming evident and a shoot dry weight of only 110 mg being
found in the N deficiency treatment group, in contrast to 179
mg in control. However, six months of N deficiency treatment
to V3 significantly increased root growth (135 mg dry weight
vs. 99 mg in control), root diameter (5.7 mm versus 4.4 mm),
and root hardness (5.7 N versus 4.8 N). The response of AMA
to N deficiency was largely similar to that of V3, differing in
the slightly later occurrence and the lower severity of lower leaf
yellowing, as well as the greater changes in shoot and root dry
weights relative to control. After six months of N deficiency
treatment, shoot dry weights of AMA were reduced by 52%
compared with control, which was greater than the 39% reduction
found in V3. In conclusion, under N deficiency Phalaenopsis

plants exhibit lower leaf yellowing, reduced shoot growth, but
increased root growth, so that the shoot/root ratio decreased to
17% to 26% that of control. In other words, greater biomass is
allocated to the roots, presumably to increase the N absorption
capability of the plant.

Specified Source(s) of Funding: Ministry of Science and Technology, Taiwan

Evaluation of First Color Date of Gediflora
Mums in Oklahoma
(Poster Board #262)
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Geographic location and abiotic factors can affect flowering time,
thus it is important to trial plants in different regions and even
specific areas within a region. The objective of this study was
to determine first color dates of Gediflora mums in Oklahoma.
On 2 June 2016, 78 cultivars of unrooted mums were received
and rooted with 1,000 ppm Hormex rooting powder and placed
under mist in a greenhouse. On 27 June 2016, rooted cuttings
were planted one per 20 cm diameter mum pots with BM7
media at The Botanic Gardens at Oklahoma State University.
Plants were fertigated with 15–5–15 Peters Excel Cal Mag at
250 ppm until 2 Aug 2016 then the fertilizer was reduced to 150
ppm. On 21 July 2016, 907.2 g MgSo and 113.4 g of S.T.E.M
was added to the fertilizer tank. Plants were drip irrigated twice
daily as needed. Starting on 12 July 2016, Conserve was applied
weekly to control caterpillers. In all, 45% of the plants trialed
first started showing color within 7 days either before or after
of proposed flowering dates given for the Southern region. Of
which, ‘Akilon Pink’, Adiva Purple’, ‘Destino Orange’, Amadora Red’, ‘Conella Yellow’, ‘Savora’, ‘Rhinos Orange’, ‘Aluga
White’, and ‘Veritas Orange’ all flowered on or within a day of
proposed date. Thirty-five cultivars flowered in the range of 8
to 14 days. ‘Amiko Violet’, ‘Jasoda Yellow’, ‘Amiko Bronze’,
‘Amiko White’, ‘Mefisto Purple’, and ‘Dark Veria’ flowered
15 to 19 days earlier. ‘Fiora Pink’ and ‘Akilon Gold’ flowered
15 and 19 days later than expected, respectively.

Photoperiod Influences Flowering of Foliage
Annuals
(Poster Board #263)
Kellie J. Walters*

Michigan State University, East Lansing, MI, USA

Allison A Hurt

Michigan State University, East Lansing, MI, USA
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Foliage plants are grown for their brightly colored or patterned
leaves and are increasingly being incorporated into mixed annual
combination planters, therefore, vegetative growth is desired
over flowering. Additionally, the flowers are not visually appealing and can stall vegetative growth, also reducing cutting yield.
Therefore, our objective was to determine the photoperiodic
flowering responses of several foliage annual plants. Photoperiods consisted of a 9-hour day that was extended to 10, 12,
13, 14, or 16 hours with lamps containing red (R), white (W),
and far-red (FR) light-emitting diodes (LED) (R:FR = 0.67);
an additional treatment was a 9-hour day with a 4-hour night
interruption (NI) from lamps containing R:W:FR or R and W
LEDs (R:FR = 53.35). Nearly all bloodleaf plants (Iresine herbstii), josephs coat (Alternanthera) ‘Red Threads’ and ‘Brazilian
Red Hots’ grown under 9, 10, and 12-h photoperiods flowered
less than 10 weeks after transplant. Bloodleaf and josephs
coat ‘Red Threads’ plants grown under 13-h photoperiod had
visible buds while those grown under 14, 16, or 9-h with NI
photoperiods did not flower or have any visible buds 10 weeks
after transplant. Josephs coat ‘Brazilian Red Hots’ did not flower
or have a visible bud under 13, 14, 16-h, or NI photoperiod
treatments. Stem elongation of all foliage plants was greatest
in treatments containing FR light. Based on our results, josephs
coat ‘Red Threads’, josephs coat ‘Brazilian Red Hots’, and
bloodleaf plant can be classified as short day plants requiring
a day length of 14-h or greater or NI to inhibit flowering. Red
and W light is as effective as R, W, and FR light at inhibiting
flowering, therefore, FR light is not necessary.

Effect of Storage on Unrooted Cuttings of
Euphorbia pulcherrima ‘Prestige Red’ and
‘White Star’

cuttings were scored on a scale of 1–5 with 1 having no roots
and 5 having >10 roots, 2.5 cm or longer. Root ratings for PR
decreased from 2.2 with no storage to 1.2 after eight days in
storage. WS root ratings increased from 2.1 with no storage to
2.7 after two days in storage, but decreased to 1.9 after eight
days in storage. Overall, WS had significantly higher root ratings than PR. Initial fructose and glucose concentrations were
not significantly different between cultivars, while sucrose
content was greater in PR (4.48 mg·g–1 dry weight) than WS
(3.27 mg·g–1 dry weight). As storage duration increased, concentrations of fructose, glucose, and sucrose in WS decreased
by 13, 29, and 38%, respectively, and in PR by 22, 54, and
63%, respectively. Multivariate correlation analysis showed
glucose (r = 0.4824, P ≤ 0.01) followed by reducible sugars,
fructose + glucose, (r = 0.4222, P ≤ 0.05), to be good predictors
of root rating. While white cultivars have often been thought to
be less durable than red cultivars in postharvest environments,
PR was more negatively impacted by storage than WS, which
may have been caused by its loss of carbohydrates over the
eight-day storage duration.

Container Fertilization of Native North
American Herbaceous Perennials with
Controlled-release Fertilizers
(Poster Board #265)

Christopher J. Currey*

Iowa State University, Ames, IA, USA

Nathan A. Trainer

Iowa State University, Ames, IA, USA

Erica F.T. Schlichte

Iowa State University, Ames, IA, USA

(Poster Board #264)

Nathan Jahnke*

North Carolina State University, Raleigh, NC, USA

John Dole

North Carolina State University, Raleigh, NC, USA

Hamid Ashrafi

North Carolina State University, Raleigh, NC, USA

Unrooted cuttings are prone to environmental stress during
shipping and storage. During these periods, dehydration and
carbohydrate depletion can occur, potentially delaying rooting
and extending crop schedules. Unrooted cuttings of poinsettia ‘Prestige Red’ (PR) and ‘White Star’ (WS) were stored at
10 °C for eight days. Twelve cuttings of each cultivar were
sampled every two days. Six were used for rooting and six
for carbohydrate analysis. Fresh weight loss averaged across
cultivars was 8% when cuttings were stored for eight days.
Shoot turgidity, rated on a scale of 1–5 with 5 being fully turgid,
decreased an average of 1.7 points after eight days in storage.
After 24 hours in propagation under mist, all cuttings returned
to a turgidity rating of 5. After four weeks, the propagated

Little information exists for producing containerized native
North American herbaceous perennials. The objectives of
our research were to quantify the growth of eight prairie and
woodland herbaceous perennials to controlled-release fertilizers during greenhouse production. Vernalized 50-cell plug
trays of wild columbine (Aquilegia canadensis L.), white wild
indigo (Baptisia lactea L.), prairie smoke (Geum triflorum
Pursh), american alumroot (Heuchera americana L.), great
blue lobelia (Lobelia siphilitica L.), bradbury’s monarda (Monarda bradburiana Beck), woodland phlox (Phlox divaricata
L.), and pinnate prairie coneflower (Ratibida pinnata (Vent.)
Barnhart) were received from a commercial producer. When
species displayed signs of active growth, they were individually
transplanted into 5.5-inch-wide square containers filled with
a commercial soilless substrate individually amended with 0,
1.2, 2.4, 3.6, 4.7, or 5.9 kg/m3 of controlled-release fertilizer
(16–2.2–9.1) and irrigated with clear, tempered municipal water.
Plants were grown in a glass-glazed greenhouse with an average
daily temperature of 23.7 °C and a daily light integral of 14.5
mol·m–2·d–1. Every other week, pour through leachate tests were
performed to measure pH and electrical conductivity (EC) of
substrate leachate. Data collected or calculated included height,
diameter, shoot dry mass, and relative chlorophyll concentration
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(SPAD). The influence of CRF fertilization on growth (SDM),
development (height and diameter), and relative chlorophyll
concentration varied among taxa. For example, white wild
indigo, and bradbury’s monarda heights were slightly shorter
than unfertilized plants at high CRF concentrations. Alternatively, great blue lobelia height increased as CRF increased up
to 3.6 kg·m–3. Plant diameters were either unaffected by CRF
(white wild indigo, wild columbine) or increased with CRF
to 3.6 kg·m–3 (great blue lobelia, pinnate prairie coneflower).
Great blue lobelia SPAD increased from 24.2 to 50.7 as CRF
increased from 0 to 5.9 kg·m–3 and pinnate prairie coneflower
increased from 25.7 to 52.0. Alternatively, SPAD for columbine
and prairie smoke only increased with CRF up to 3.6 kg·m–3.
Applying 3.6, 4.7, or , 5.9 kg·m–3 produced the greatest SDM
for pinnate prairie coneflower, great blue lobelia, or bradbury’s
monarda, respectively, while prairie smoke, white wild indigo,
and wild columbine were unaffected by CRF. There were no
clear relationships between growth response to CRF and native
habitat. For example, not all prairie plants had greater fertilizer requirements, and some woodland species responded to
increasing CRF.

Floral Design Using Tropicals
(Poster Board #266)

Richard Criley*

University of Hawaii, Honolulu, HI, United States

Teresita Amore

University of Hawaii, Honolulu, HI, USA

Orville Baldos

University of Hawaii at Manoa, Honolulu, HI, USA

The costs of the floral inputs tend to limit floral design classes,
especially when considering the large pieces created by florist
shops and emulated in college courses. Different styles and
fashions are available and the traditional chrysanthemum, carnation, rose, and baby’s breath arrangements feature masses of
flowers that limit appreciation of the beauty of individual flowers.
Although not suitable for all purposes, the simplistic designs
of Ikebana have many settings in which they are appropriate.
Fewer flowers are used so that each flower in the creation stands
out but is part of a harmonic balance. The bold tropicals (bird of
paradise, gingers, heliconia, anthurium, and others) are unique in
their colors and structures such that one, two, or even three can
be used to create interesting compositions. Soft tropicals, such
as orchids, Globba, Gloriosa, plumeria, tuberose, and others find
their ways into wedding work and small designs. In addition,
fruits, vines and seed pods can be used. While the tradition of
Japanese flower arranging has definite rules and different styles,
modern interpretations from other Asian cultures can be used to
create innovative designs for contemporary spaces. Arrangements
become sculptures that are balanced between the flowers, the
form, and the setting. While similar concepts can be applied to
familiar temperate flowers, it is the tropical lifestyle that these
designs draw the observer into. The poster illustrates a number
of designs from Ikebana exhibitions and other displays.

New Daily Light Integral Maps for the United
States
(Poster Board #267)

Joanne Logan

The University of Tennessee, Knoxville, TN, USA

James Faust*

Clemson University, Clemson, SC, USA

The National Renewable Energy Laboratory developed the
National Solar Radiation Database to make solar radiation
data available for various uses. Previously, we created a series
of monthly daily light integral (DLI) maps to provide a tool
for horticulturists to estimate the potential growth for various
plants throughout the year. The original DLI maps were based
on solar radiation data from 239 sites recorded from 1961 to
1990. The new DLI maps are based on an updated database that
includes data from 1991 to 2010. The new database provides
higher resolution data modeled from satellite images of cloud
cover. The data are presented in pixels with one pixel representing each km2 area of land across the United States. The
database provides global horizontal irradiance (unit) data that
are converted to DLI (mol·m–2·d–1) using the conversion factor
of 0.007265 mol(PAR)/Wh(full spectrum), which assumes that
45% of the solar radiation is in the PAR region and 4.48 µmol/J
is the conversion from radiometric to quantum units. The new
maps provide geographically more precise data reflecting more
recent weather patterns.

Ice Cube Irrigation of Potted Phalaenopsis
Orchids Does Not Decrease Display Life
(Poster Board #268)

Kaylee Anne South*

The Ohio State University, OARDC, Wooster, OH, USA

Paul Thomas

University of Georgia, Athens, GA, USA

Marc van Iersel

University of Georgia, Athens, GA, USA

Cindy Young

University of Georgia, Athens, GA, USA

Michelle Jones

Ohio State Univ/OARDC, Wooster, OH, United States

Historically, orchids have been associated with the wealthy and
orchid enthusiasts, but today Phalaenopsis orchids are readily
available to all consumers due to the advancements in production, breeding, and propagation. Proper irrigation is a challenge
faced by consumers, but plant care instructions can alleviate
the problems of over or under watering. Ice cube irrigation is a
method promoted to give structured, straight forward instructions
for irrigating orchids. Chilling or freezing damage caused by
the ice is a concern because Phalaenopsis orchids are native to
tropical regions. The objective of this study was to evaluate the
health and display life of Phalaenopsis orchids irrigated with
ice or room temperature water. The experiment was conducted
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at The Ohio State University (Wooster, OH) and University of
Georgia (Athens, GA). At each location, 24 orchids (six plants
of four different cultivars) were irrigated with three ice cubes
and 24 orchids were irrigated with the equivalent volume of
room temperature water every week. The longevity of an individual flower and the overall display life of the whole plant
were determined. Plants were maintained in an interior evaluation room for 4 to 6 months, until the last flower on the plant
senesced. Leachate volumes were measured to determine how
much water was used by the plant or held by the bark growing
media. The chlorophyll content of the leaves, quantum yield of
photosystem II of the leaves and roots, and final dry weights
of the leaves and roots were used to monitor the effect of ice
irrigation on the health of the plants. The temperature in the
media was also monitored during irrigation events. Flower
longevity and display life were the same in ice and water irrigated plants of all cultivars. The efficiency of photosystem II
and chlorophyll content also showed no treatment effect. The
leachate volume after ice irrigation was equivalent or lower
than the leachate volume after water irrigation. Leaf and root
dry weights showed similar results between the two irrigation
methods. The temperature of the bark after ice irrigation reached
a low of 11 °C. Ice irrigation did not cause early flower loss
or damage the plant’s photosynthetic health, while providing a
sufficient amount of water to the orchid. A consumer’s success
with their potted plants is an important aspect of the industry,
and irrigating with ice should be considered a viable irrigation
option for Phalaenopsis orchids in bark media.
Specified Source(s) of Funding: D.C. Kiplinger Endowment

Investigation of Suitable Substrate to Save
Water in Cymbidium Orchid Production By
Using Sensor-based Irrigation System
(Poster Board #269)

Seong Kwang An*

Seoul National University, Seoul, Korea, Republic of (South)

Hyo Beom Lee

retention curve of pine bark (PB), coconut chip (CC), coir dust
(CD), and sphagnum moss (SM) was obtained using sandbox.
Saturation points were nearly 0.8 m–3·m–3 (v/v) for SM and CD,
0.6 m–3·m–3 for CC, and 0.4 m–3·m–3 for PB. PB and CC did not
release much water after 1.0 and 1.5 pF, respectively, whereas
SM and CD continued to release water steadily until 2.0 pF.
Volumetric water content (VWC) coefficients and the difference
among the substrates were investigated. Using distilled water, the
VWC of each substrate was prepared at 12 levels in the range of
0.05 – 0.6 m–3·m–3, and a soil moisture sensor 10HS (Decagon
Devices, Pullman, WA, USA) was used to measure raw values
(mV, ADC). The measured values were used to calculate VWC
correction factor for each substrate by using a regression analysis. Sensor output-VWC regression equation of the substrates
showed at least 0.84 or more coefficient of determination (R2).
1-year-old Cymbidium ‘Yang Guifei’ plants were transplanted
from 10 cm to 15 cm (2190 mL) pot. The SIS consisted of 10HS
sensors, data logger CR1000 (Campbell Scientific Co., Ltd.,
Logan, UT, USA), relay controller SDM-CD16AC (Campbell
Scientific Co., Ltd., Logan, UT, USA), and solenoid valves
(NDJ Electric Valve, NaanDanjain Irrigation Ltd., Israel). PC
spray stakes (Netafim Ltd., Co., Israel) and drip tubes were also
installed. The VWC set point was 0.2 m–3·m–3. When the sensor value was less than the set point, irrigation was performed
every 20 minutes, and 200 mL of water per once was irrigated.
During 13 weeks after transplant, the average amount of daily
supplied water was 13.11, 0.06, 0.07, and 0.1 L in BA, CC, CD,
and SM, respectively. The number of leaves of mother pseudobulb was continuously decreased in all substrate treatments
because of root damages caused during transplanting. Similar
tendency was also founded in chlorophyll content. However,
there was no significant difference among net growth rates of
lead pseudobulbs which were not damaged when the plants were
transplanted. These results indicate that if the irrigation can be
controlled precisely regardless of the type of substrate, it will
be possible to greatly reduce water usage approximately 200%
in Cymbidium orchids production.
Specified Source(s) of Funding: Korea Institute of Planning
and Evaluation for Technology in Food, Agriculture, Forestry
and Fisheries
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Non-invasive Imaging Using Fluorescence to
Measure Growth Rate of Annual Bedding Plant
Seedlings
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Bark was commonly used as a substrate to grow Cymbidium
orchids in commercial production. However, using the bark
makes a grower use a lot of water. Thus, an alternative substrate
is necessary to prepare for upcoming water shortage in the future. This study was conducted to select a suitable substrate for
cultivating Cymbidium using a sensor-based irrigation system
(SIS). Hydrophysical properties of substrate were examined,
followed by a calibration to use with a soil moisture sensor, and
finally these were applied to Cymbidium cultivation. Moisture

Joshua K. Craver*

Purdue University, West Lafayette, IN, USA
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Monitoring the growth of bedding plant seedlings is essential to
ensure quality production. However, visual growth assessments
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are often erroneous, while manual measurements can be time
consuming due to the high density of seedlings in a plug tray.
A strong correlation between leaf area and the accumulation
of biomass exists for many plant species. Generally, as leaf
area increases the amount of light intercepted by the plant also
increases. We tested the use of automated and non-invasive
imaging using fluorescence to estimate leaf area and track the
growth rate of entire plug trays. Our hypothesis was that the
fluorescence from seedlings could be effectively used to separate
plant material from the surrounding area during image processing, thereby increasing the accuracy of measurements. Seeds of
pansy (Viola xwittrockiana MatrixTM Yellow), petunia (Petunia
xhybrida ‘Dreams Midnight’), tomato (Lycopersicum esculentum ‘Early Girl’), and zinnia (Zinnia elegans ‘Zahara Fire’)
were sown in 128-cell plug trays and grown in a greenhouse
environment under an average daily light integral of 16.1 ± 3.5
mol·m–2·d–1 and an average daily temperature of 20.1 ± 0.67 °C.
Data collection occurred every two days starting from the third
day after germination, with one tray from each species randomly
selected for imaging and destructive measurements. Images
were collected after exposing seedlings to blue light (470 nm)
and filtering fluorescence from the seedlings using a top view
image station (Aris BV, Zeelsterstraat 80, The Netherlands). The
image processing was rapid and automatic after collection using
OpenCV software to estimate the pixel area. Destructive data
collection of each tray for leaf area, root dry mass, and shoot
dry mass immediately followed imaging. Regression analyses
indicated a strong linear relationship (R2 = 0.95 to 0.99) between
destructively measured leaf area and non-invasive pixel area
from fluorescence imaging, shoot dry mass, and total (root +
shoot) dry mass for all species. Therefore, the proposed imaging
technique could be utilized to estimate the leaf area and total
biomass of entire plug trays, with potential use in the bedding
plant industry as a means to efficiently and non-destructively
monitor the growth rate of bedding plants seedlings.

Spatial Location of Pigmented Cells in Bracts
of Modern Poinsettia Cultivars (Euphorbia
pulcherrima) and Euphorbia Interspecific
Hybrids (E. pulcherrima x Euphorbia cornastra)
(Poster Board #271)

Emily Teng*

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI,
Honolulu, HI, USA

Teresita Amore

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
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Poinsettia (Euphorbia pulcherrima) is the most popular holiday
potted plant, with eye-catching colorful modified leaves commonly referred to as bracts. Red cultivars are the most abundant,
with pink, white, and novelty colors also available. Euphorbia
interspecific hybrids between E. pulcherrima and Euphorbia
cornastra in vibrant pinks not seen in traditional poinsettias are

becoming more popular. Bract color is affected by the location
of pigments within the cell layers of the bract tissues. However,
the spatial location of pigmented cells in bracts of modern day
cultivars of poinsettia bracts has not been examined since 1982,
and spatial location in Euphorbia interspecific hybrids has not
been reported. The location of pigments in the cell layers of bracts
was determined in six modern day poinsettia cultivars (‘Premier
Red’, ‘Premier White’, ‘Premier Pink’, ‘Freedom Red’, ‘Polly’s
Pink’, and ‘Orange Spice’) and two Euphorbia interspecific hybrids (‘Princettia Dark Pink’ and ‘Luv U Pink’). Cross sections
were prepared using polyethylene glycol infiltrated bracts sliced
with a thin razor blade. Free-hand thin sections were mounted on
a slide and examined under a compound microscope. Pigments
were found to be concentrated in the upper and lower epidermis
of all cultivars and hybrids examined, with the mesophyll mostly
lacking in pigment. Previous reports on the location of pigments
in red bracted poinsettias and pink bracted seedlings agree with
current findings. However, previous studies reported pigments in
only the internal spongy tissues of pink bracted sports while the
epidermis appeared colorless. Location of pigments in modern
poinsettia cultivars and E. pulcherrima × E. cornastra hybrids
is reported for the first time.
Specified Source(s) of Funding: Monsanto Graduate Fellowship
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Associated Mycorrhizal Fungi
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University, El Paso, TX, USA

Hongzhang Liu

Department of Horticulture, Jilin Agricultural University, Changchun,
Jilin, China

Cypripedium Linn., a most important genus in Orchidaceae,
is becoming endangered due to excessive deforestation and
poor reproductive capability. Mycorrhizal fungi play a crucial
role in the growth and development of Cypripedium plants.
The interactions between mycorrhizal fungi and Cypripedium
plants indigenous to Changbai mountain in northeastern China
are still unclear. The root anatomy of C. calceolus, C. guttatum,
C. macranthum, C. macranthum f. white, C. shanxiense, and C.
ventricosum was compared, and dynamic changes in the mycorrhizal development of Cypripedium roots were characterized.
Cypripedium plants were collected from wild populations in
Changbai mountain and transplanted to a field at Jilin Agricultural University on May 2010. Root tips were collected on 15
May, 15 June, and 15 July, 2012, and fixed in FAA solution. Thin
sections were made with paraffin protocol and observed using
compound microscope. The results showed that six varieties
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had similar root anatomical characteristics. The outer cortex
cells of all species were rectangle except C. guttatum that was
semi-round. The xylem and phloem of C. guttatum were in a
ring arrangement, whereas those of the remaining Cypripedium
varieties were in a radial pattern. The fungal hyphae penetrated
individual cells of the cortex of all Cypripedium varieties and
were surrounded by plasma membrane to form structures known
as arbuscular. The hyphae development of arbuscular mycorrhizal fungi in Cypripedium root was growth-stage dependent.
Fewer and smaller hyphae were observed in vegetative stage
than in reproductive stage of Cypripedium plant. Fungal hyphae
invasion and development repeated over the course of growing
season. When Cypripedium plants were in blooming in June, a
great number of newly developed hyphae were observed in cortex
cells. Transplanting Cypripedium plants from wild population
at this stage may fail due to the disturbance of active hyphae
development and should be avoided for off-site conservation.
Specified Source(s) of Funding: USDA National Institute of
Food and Agriculture Hatch project TEX090450, and Texas
A&M AgriLife Research

Genetics and Germplasm 2
Variation in Ploidy and Nuclear DNA Content
in Blueberry
(Poster Board #140)

Hamidou Sakhanokho*

USDA–ARS, Poplarville, MS, USA

M. Nurul Islam-Faridi

U.S. Forest Service, College Station, TX, USA

Timothy Rinehart

USDA–ARS, SHL, Poplarville, MS, USA

Stephen Stringer

USDA–ARS, Poplarville, MS, United States

Commercial blueberry production in the United States relies
on cultivars derived from combinations of different blueberry
species. Interspecific hybridization is used to improve overall
fruit quality as well as abiotic and biotic tolerance to expand
the range of blueberry production. Knowing both ploidy and
nuclear genome size can help in determining the evolutionary relationships among plant species and also lead to better
breeding strategies for the development and selection of new
cultivars. Blueberry species have many different genome sizes,
presumably due to differing ploidy levels and/or DNA content.
In some species, such as V. pallidum Aiton, there are different ploidy series available for breeding, further complicating
the observed DNA content in elite selections. In this study we
determined DNA content in 79 blueberry taxa including 11
species and 68 hybrid cultivars and selections. Chromosome
spread was performed in selected taxa to verify presumptive
ploidy levels. Diploid, tetraploid, pentaploid, and hexaploid
blueberry species and accessions were included in this study.
Holoploid genome size (2C DNA) was significantly correlated

with ploidy, or presumed chromosome number (2n), but only
weakly correlated with monoploid genome size (Cx).

Phenotypic Diversity Among Peach and
Nectarine (Prunus persica L.) Fruit in the
National Prunus Collection at the USDA–
ARS, National Clonal Germplasm Repository
(NCGR)
(Poster Board #141)

Anders Vidstrand*

University of California–Davis, Davis, CA, USA

John Preece

National Clonal Germplasm Repository USDA–ARS, Davis, CA,
USA

Ted DeJong

Univ of California, Davis, CA, USA

Ksenija Gasic

Clemson University, Clemson, SC, USA

The diversity and relationships of fruit quality traits peach and
nectarine (Prunus persica L.) in the National Prunus collection were studied using comprehensive phenotyping methods.
The collection was re-propagated in 2013 and planted in 2014
providing a unique opportunity to evaluate an even-aged,
bearing population with large genetic diversity. This sample
population consists of 360 accessions from diverse lineages
(breeders’ lines, Western cultivars, Asian cultivars, and wild
germplasm). Comprehensive phenotyping methods, including
electronic data capture and standard protocols were used. Traits
evaluated included physical parameters (fruit weight, size, flesh
color, percentage red overlay, percentage blush, firmness, type,
shape, endocarp adhesion, amount of fuzz, and flesh texture),
and chemical parameters [soluble solids concentration (°Brix),
titratable acidity (TA), Brix/acid ratio (°Brix/TA), and pH].
Phenological traits were also recorded, including: full bloom
date, leaf-out date, fruit maturity date, and fruit development
period (days from full bloom date to maturity date). Unique
combinations of flesh color, percentage red overlay, percentage
blush, and fruit type were observed. Fruits were harvested from
2 replicates for each genotype when mature, and analyzed at
tree ripe stage for all physical and chemical traits. Traits were
measured on 12–24 fruit per replicate for each genotype with
mean values from 5 fruit for each trait used for analysis. Fruit
maturity dates ranged from May to October, with fruit development periods from as short as 67 days to as long as 230 days
with a mean of 134 days. Soluble solids ranged from as low as
6.2 °Brix to as high as 20.1 °Brix with a mean of 13.4 °Brix.
Titratable acidity ranged from 0.14% to 2.1% with a mean of
0.64%. The Brix/acid ratio (°Brix/TA) ranged from 6.5 to 132.8
with a mean of 26.8. Numerous correlations among fruit quality and phenological traits across diverse lineages have been
observed. Phenotypic diversity of the NCGR Prunus collection and the invaluable resource it presents to peach breeding
programs will be discussed.
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Genetic Structure and Diversity of Apple
Germplasms Using Genome-wide SNPs
Originated from Genotyping By Sequencing

progenies of ‘Fuji’, and other cultivars. Group III contained
32 cultivars including ‘McIntosh’. The results of research may
be utilized for the establishment and management of apple
germplasm collections.

Kidong Hwang*

A Genetic Linkage Map in Interspecific Asian
Pear Using SNP and Indel Derived from Next
Generation Sequencing

Min-Gi Lee

Kidong Hwang*

Hyeondae Han
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Youngjae Oh

Keumsun Kim

(Poster Board #142)
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Chungbuk National University, Cheongju-si, Korea, Republic of (South)
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Yoon-Kyeong Kim

Pear Research Station, National Institute of Horticultural & Herbal
Science, Rural Development Administration, Naju-si, Korea, Republic
of (South)

Chungbuk National University, Cheongju-si, Korea, Republic of (South)

This study was performed to develop the SNP markers for the
assessment of genetic diversity and genetic structure in 95 apple
germplasm including bud sport cultivars using genotyping-bysequencing (GBS). Using ApeKI for GBS library preparation
and sequencing on an Illumina Hiseq 2000 paired-end read,
744 Mb of raw reads were yielded with an average length of
101 bp. After aligning each of 95 accessions’ trimmed reads
to reference genome (Malus xdomestica cv. Golden Delicious
1.0), an average of 5,952,222 reads (78.86%), which covered
reference genome with an average of 2.18%, were successfully
aligned to reference genome. An average number of mapped
region were 78,406 with an average depth of 22.28. The mapped
reads from 95 accessions were filtered with a minimal set of
initial quality filters, resulting in union matrix of 786,247 SNPs.
For the set of union SNP matrix, by applying subsequent filters,
12,014 SNPs were obtained and utilized for construction of
phylogenetic tree using MEGA6 with neighbor-joining method.
After analyzing genetic relationship between 95 accessions,
they were classified into a total of 3 groups. Group I contained
31 cultivars including ‘Hongro’, ‘Gala’, ‘Golden Delicious’,
and their bud sport cultivars, cross cultivars between them,
and others. Group II was characterized as ‘Fuji’. These group
consisted of 32 cultivars, including ‘Fuji’, its bud sport cultivars,

Daeil Kim

Chungbuk National University, Cheongju-si, Korea, Republic of (South)

In the genus Pyrus, High-density genetic linkage maps have
been constructed with an effort to identify quantitative traits
loci (QTLs), evaluate whole genome structure, and apply to
marker-assisted selection. In this study, a population of 93
progenies of ‘Whangkeumbae’ (P. pyrifolia) and ‘Minibae’ (P.
hybrid) was used to construct a saturated linkage map using
genotyping by sequencing-based 2331 SNP and 12 InDel markers according to the pseudo-testcross mapping strategy. For the
detection of InDel markers, ‘Whangkeumbae’ and ‘Minibae’
were aligned to the pear whole genome sequence of Chinese
pear ‘Suli’ (P. bretschneideri). After grouping, 17 strongly
linked groups consisted of 982 SNP and 2 InDel markers in
‘Whangkeumbae’ and 907 SNP and 5 InDel markers in ‘Minibae’, respectively. The map for ‘Whangkeumbae’ consisted of
988 loci on 17 linkage groups (LGs) over totals of 1111.6 cM,
with an average distance of 1.13 cM between markers whereas
that for ‘Minibae’ included 921 loci encompassing a genetic
distance of 1,293.5 cM, with an average distance of 1.40 cM.
The shortest LG of ‘Whangkeumbae’ was 10.0 cM in LG17,
while that of ‘Minibae’ was 30.3 cM in LG2. However, the
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longest LG of ‘Whangkeumbae’ was 105.1 cM in LG10, while
that of ‘Minibae’ was 119.2 cM in LG11. In our results, 3 InDel
markers fitting a Mendelian fashion were not mapped, indicating
a relatively unevenness of restriction sites across the genome.
This genetic map should be continuously integrated with published SSRs for the construction of consensus genetic linkage
map.

Association Mapping of QTLs for Presence and
Absence of Pollen Interspecific Asian
Pear (Pyrus spp.) Using a Genotyping By
Sequencing

2331 SNP markers derived from genotyping by sequencing,
Kruskal-Wallis test was performed to calculate the significant
markers for pollen. In total, 14 candidate SNPs for the presence and absence of pollen were successively positioned on
LG14 in 2014 and 2016, whereas only 2 SNPs were peaked
in 2014. These results might indicate that pollen formation is
affected by one or more genes depending on environmental
conditions. The results of this study should be used to demonstrate genotypes of the franking SNP loci by high resolution
melting analysis and develop the STS markers for markerassisted selection.

Genetic Diversity Analysis in Asian Pears
(Pyrus spp.) Based on Genotyping By
Sequencing

(Poster Board #144)
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The object of this study was to localize the genes associated
with pollen abortion and identify the flanking markers for
the traits in F1 population between ‘Whangkeumbae’ (Pyrus
pyrifolia) and ‘Minibae’ (P. hybrid). Unlike ‘Whangkeumbae’, having abortive pollen, ‘Minibae’ has plenty of pollens
and high compatibility to Korean-bred pears. In March 2014
and 2016, flowers were collected at pink bud stage from each
tree and dried at 25 °C for 24 hours. Phenotype was scored as
binary digit, presence (1) and absence (0) of pollen for all F1
individuals. Segregation of presence and absence in this cross
fit the ratio of 1:1 by chi-square test P ≤ 0.01 in 2014 and 2016.
However, some progenies showed inconsistency of phenotypic
score in 2014 and 2016. Based on genetic linkage map using

Pear Research Station, National Institute of Horticultural & Herbal
Science, Rural Development Administration, Naju-si, Korea, Republic
of (South)

Daeil Kim

Chungbuk National University, Cheongju-si, Korea, Republic of
(South)

This study was performed to identify genetic relationship
among Asian pears (Pyrus spp.) by using genotyping by sequencing (GBS). GBS was used to discover single nucleotide
polymorphism (SNP) in Asian pears. The genetic diversity was
analyzed, and the population structure was estimated in 45 pear
accessions (2 primary pears, 42 Asian pears, and 1 reference
pear). Phylogenetic tree was constructed using MEGA 6 with
neighbor-joining method. After analyzing genetic relationship
between 45 accessions, they were classified into a total of three

An asterisk (*) following a name indicates the presenting author.
S400

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations
groups. Group I consisted of 21 P. pyrifolia accessions except
for nine cultivars such as Xuehuali, Yali, Jingbai, and others.
Group II consisted of accessions belonged to P. bretschneideri
and P. ussuriensis except for ‘Kumoi’, ‘Amanogawa’, and
‘Ichiharawase’. Group III contained P. fauriei, ‘Bartlett’, and
other cultivars that consisted of ‘Kiyomaro’, ‘Ooharabeni’,
and ‘Taiheiyo’. These cultivars were accessions of interspecific cross between Asian pear and P. communis. This group
was out-grouped and served as a reference to determine the
relationship among Asian pear accessions. STRUCTURE 2.3.4
was used to infer the population structure. Population structure
was assessed for K values ranging from 2 to 8. The optimal K
value was determined using Structure Harvester and the peak
of delta K was observed at K = 3, suggesting the presence of
three main populations in 45 pear accessions. Our results may
be used for the management and development of Asian pear
germplasm collections.

Increased Phylogenetic Resolution Using Target
Enrichment of Nuclear Loci in Rubus
(Poster Board #146)

Katherine A. Carter*
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Lawrence A. Alice
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Aaron Liston
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Phylogenetic analyses in Rubus L. have been challenging due to
polyploidy, hybridization, and apomixis within the genus. Wide
morphological diversity occurs within and between species,
contributing to challenges at lower and higher systematic levels.
Phylogenetic inferences to date have been based on limited
nuclear and chloroplast loci or have focused on one subgenus
or section. To clarify complex infrageneric relationships in
Rubus, a thorough sampling of each subgenus at multiple loci
is needed. Target enrichment is an innovative phylogenomic
approach that could provide clarity. The objective of our study
was to use target enrichment to determine phylogenetic relationships within Rubus. Our target enrichment probe synthesis
encompassed loci from the Rubus occidentalis L. genome and
a comparison of the apple, peach and strawberry genomes.
Specifically, we chose probe sequences from transcripts of
926 single copy R. occidentalis nuclear genes. In addition, we

included probes for 247 single copy nuclear genes, as identified from the apple, peach and strawberry genome sequences.
Illumina sequencing was performed for 96 enriched libraries,
including representatives from each of 12 subgenera and five
known hybrids or economically important cultivars. The final
sequencing library contained a high proportion of the captured
sequences, enabling high levels of sample multiplexing while
retaining good depth of coverage at each locus. More than three
species were sampled for each subgenus except for Comaropsis
and the monotypic subgenus Chamaemorus. Representative
samples from every continent on which Rubus is known were
studied. Preliminary analysis differentiated certain members of
subgenera Anoplobatus and Dalibardastrum into a unique clade
relative to the remainder of the genus. Observed clades were
similar to those seen in a previous nuclear ribosomal internal
transcribed spacer (ITS) tree, however, relationships among
clades were different. Idaeobatus was polyphyletic in the ITS
and the target enrichment phylogeny, but the trees place alternate Idaeobatus clades sister to the clade containing subgenus
Rubus. The target enrichment phylogeny provided additional
resolution within clades, likely due to the increased number of
loci. Orobatus was monophyletic and all species of subgenus
Rubus except R. ursinus and R. caesius grouped together. Other
subgenera were either para- or polyphyletic, suggesting that
traditional subgeneric divisions of Rubus should be redefined.
This robust dataset will produce further insights into the role of
polyploidy and interspecific hybridization in the evolutionary
history of Rubus.
Specified Source(s) of Funding: CRIS 2072-21000-044-00D

Genetic Improvement of Taro for Taro Leaf
Blight Resistance in Hawai’i
(Poster Board #147)

Roshan Paudel*

University of Hawaii at Manoa, Honolulu, HI, USA

Taro (Colocasia esculenta) is a clonally propagated root crop
that is a staple of Pacific Islanders. Taro leaf blight (TLB) is the
most devastating disease of taro in Hawaii and the world. This
disease is typically controlled by the use of fungicides, which
are costly. Genetic resistance has been identified in taro populations from Palau. Here we explore the genetic architecture of
TLB resistance in several breeding populations with resistant
material being incorporated into the existing University of
Hawaii taro breeding program. We have developed two mapping populations: 1) one F2 population based on self-pollinating
cultivar 230 (Hawaiian landrace Moi x TLB resistant Palauan
landrace Dirratengadik); and 2) an F1 mapping population based
on crossing 230 with another breeding cultivar 255 [(Hawaiian
landrace Red Moi x TLB resistant Papua New Guinean landrace
PH15) x TLB resistant Indonesian landrace Sawahn Kurasae].
We have developed a linkage map based on these two populations using single nucleotide polymorphisms (SNP) markers to
identify QTLs linked with TLB resistance, both in field trials
and laboratory assays.
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Plant Nutrient Management 2

Michael Yang

Foliar Applications of Boron and Calcium
Fertilizers Do Not Improve Fruit Set of
Northern Highbush Blueberry

Ruth Dahlquist-Willard
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Fruit set in northern highbush blueberry (Vaccinium corymbosum)
can be low under certain climactic conditions and contributes
to reduced yields, particularly in western Washington. The
mechanisms influencing fruit set are complex, but poor fruit set
can be associated with inadequate nutrient availability during
critical stages of flower and fruit development. Boron (B) and
calcium (Ca) and may be of specific importance for reproductive
developmental processes, but little research has been done to
evaluate their influence on improving fruit set and yield in Washington blueberry. The objective of this project was to evaluate if
foliar-applied B and Ca increase fruit set and resultant yields of
highbush blueberry. Specific sub-objectives were to: 1) evaluate
the effects of foliar applied B and Ca, alone or in combination,
on fruit set, yield, and fruit quality (berry firmness and weight)
of blueberry; and 2) measure the effects of B and Ca application
on blueberry pollen germination, tube growth, and fertilization
of ovules. Commercially available fertilizers containing these
nutrients were applied either alone or in combination as foliar
sprays during the 2015 and 2016 growing season in western
Washington. Nutrient were applied as: calcium chloride, calcium
sulfate, and tetra borate foliar sprays, repeated 6 times per year,
7–10 days apart. Applications were timed from pink bud through
petal fall in ‘Draper’ and ‘Bluecrop’. No significant increases
were observed in fruit set, estimated yield, or fruit quality (berry
firmness and weight) across any of the treatments, however year
and cultivar effects were observed. Increased B was observed
in leaf tissue nutrient analyses in 2015 and 2016, suggesting
foliar nutrient applications of B were effectively taken up by
the plants. However, elevated levels did not lead to increased
fruit set or yield. Results indicate that foliar applications of B
and Ca, either alone or in combination under the conditions of
the experiment, do not increase fruit nutrient levels, fruit set,
yield, and attributes of berry quality in Washington blueberry.

In a grafting trial planted in 1999 at Kearney (Agricultural Research and Extension Center) in Parlier (CA), we evaluated the
foliar nutrient concentration over the growing season in 2016.
Shoots of two varieties of Southern Highbush blueberry: “Star”
and “Jewel” were grafted on to rootstock of sparkleberry (Vaccinium arboreum). We compared nutrients between shoots of
the two varieties when grafted or when ungrafted, in comparison
to shoots of V. arboreum. The first thing that we observed was
that the rootstock had a different phenology when compared
with the two varieties of blueberry. However, when the nutrient concentrations were tracked with time, it was observed
that the foliar concentration of Fe, Mg, Ca, B, and Al tended to
increase from the green fruit stage to the after the harvest stage
in blueberry for all the species. On the other hand, N, P, Cu, and
Zn decreased in the same period in all species, and the rest of
the nutrients remain in similar concentration over the growing
period 105 days. Thus, some immobile nutrients accumulated
in mature leaves with time, while highly mobile nutrients were
presumably allocated to growing tissue. When we compared all
treatments within a day, it was observed that sparkleberry showed
higher concentration of all minerals with the exception of Ca
and Cu, which were higher in Star when grafted. It is important
to highlight that the difference in foliar concentration between
sparkleberry and blueberry was highly significant for Mn and
Zn, where in all the days evaluated, the concentration of these
two micronutrients was double in the shoots of the rootstock.
Finally, with the exception of S, it seems that the grafting does
not have advantage in enhancing foliar concentration when
compared to non-grafted plants.
Specified Source(s) of Funding: California Department of Food
and Agriculture

Nitrogen Use Efficiency in Strawberry (Fragaria
xananassa)
(Poster Board #182)
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Foliar Nutrient Concentration in Southern
Highbush Blueberry Plants and Impact of
Grafting Onto Vaccinium arboreum

Plant nitrogen use efficiency (NUE) is important for minimizing fertilizer costs and reducing negative impacts of agriculture
on the environment. Nitrogen use efficiency can be influenced
by many factors including soil properties, root architecture,
and physiological differences such as the ability of the plant to
utilize organic N directly in the form of amino acids. Greenhouse
experiments were carried out to determine the role of compost
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and C : N ratio on amino acid turnover, uptake and NUE of
cultivated and wild relatives of strawberry (Fragaria sp). A
direct comparison of 14C and 13C:15N dual label methodologies for sensitivity in measuring amino acid uptake was also
conducted. While different methodologies were not always
consistent, results show that compost addition increased both the
rate of amino acid cycling and the amount captured by plants,
while the role of C : N ratio was less pronounced. Significant
differences in NUE were also found between cultivated strawberries F. xananassa and their wild relative F. chiloensis. Some
cultivated varieties were more N efficient than others indicating
significant variability exists for both variety selection and future
breeding efforts. Further research is needed to screen current
varieties in the greenhouse and field in order to select cultivars
that yield well under reduced N environments, hence reducing
reliance on expensive inputs and decreasing potential loss to
the environment.
Specified Source(s) of Funding: Utah State University internal
funding

Trends and Comparisons in Sugar Maple Sap
Flow and Physiology over Two Years
(Poster Board #183)

evaluated for yield, nutrients, and °Brix levels at the beginning
and end of each tapping season. Over the two years of the study,
there was no significant change in soil organic matter or trunk
circumference. Soils were drier and canopies denser in 2015
compared to 2016. In year one there was a correlation between
sap flow and yield at most sites, where trees with larger trunk
diameters had higher average flow. Zinc concentrations proved
significant in soil, leaf and core tissues when correlated with sap
flow/yield though direction of correlations depended on sample
type and time of analysis. Higher soil moisture content in August
and March correlated positively with sap yield (R2 0.12, P <
0.05), while higher LAI readings in July correlated with lower
sap yields in the 2016 tapping season (R2 0.12, P < 0.05). There
were no significant relationships between site slope, elevation
or latitude, however longitude was positively correlated with
sap yield (R2 0.12, P < 0.05). Leaf canopy densities in July displayed a negative correlation with sap brix levels, where denser
canopies resulted in lower °Brix level. Overall, sap yield and
flow is a complex process affected by various factors associated
with tree health.
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Evaluating the Efficacy of Nickel Fertilization
on Micropropagated Pecans
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The maple industry in Canada is not only economically important, but culturally important as well. Canada produces 85% of
the world’s maple syrup supply, amounting to approximately
12.2 million gallons in 2016. Quebec is Canada’s top producing
province responsible for more than 90% of Canadian production. Ontario, New Brunswick, and Nova Scotia produce most
of the remaining maple product with Nova Scotia contributing
about 1% of the Canadian maple product. Nova Scotia has a
growing industry proven by increasing from 19,000 gallons in
2015 to 48,000 gallons in 2016. However, while the number of
taps are increasing province wide, the average yield per tap has
declined. This study examined tree physiological health and the
impact of various environmental factors in comparison to sap
yield and flow. Ten sites in the key production areas of Nova
Scotia were used to represent the provinces maple industry over
two years. Measurements of site characteristics, canopy, leaf
and core nutrition, trunk circumference, soil moisture content
and potential, soil nutrients, vegetative competition and weather
parameters were taken each month beginning June 2015. Maple
sap was collected in the spring of 2016 and 2017. The sap was
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Nickel (Ni) is an essential element for plant growth, and is
particularly important for the development of pecans (Carya illinoinensis). Pecan trees have a particularly high Ni requirement
and frequently exhibit Ni deficiency symptoms characterized by
distinctive round shaped leaflets. It is unknown how different
genotypes vary in their responses to Ni. Two distinct genotypes of
clonally micro-propagated pecans were potted and acclimatized
to greenhouse soil conditions and used to study responses to Ni.
Testing clonal pecan trees in a greenhouse setting enabled us to
observe trends in physiological response that arise from genetic
uniformity and controlled conditions. We selected 30 trees from
each genotype for our experiment, both of which displayed Ni
deficiency symptoms, and treated them with varying concentrations of Nickel plus (Ni lignosulfonate) fertilizer. Ni treatments
ranged from 100 to 1000 ppm Ni and were administered as a
foliar spray once per week over the course of eight weeks. The
trees ranged from 6–16 cm tall, with a mean height of 9.9 cm.
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Nutrient analyses of acid-washed leaves were performed before
and during the experiment to quantify nutrient uptake. Our studies
revealed differences in Ni uptake and plant growth responses
were based on both genotype and Ni concentrations. The two
genotypes responded differently to nickel fertilization. The high
Ni fertilizer concentrations correlated with significantly higher
levels of magnesium, sulfur, manganese, boron, and nickel
within the leaf tissue in both genotype groups, though all other
nutrients were applied at the same rate. One genotype (Wi1)
had a more positive response to Ni treatments and accumulated
higher levels of zinc and molybdenum in both the low and high
nickel treatment groups in foliar tissue. The second genotype
(We1) had a response toward Ni and accumulated higher levels
of iron and nitrate in the foliar tissue. We1 also had a tendency
to develop compound leaves compared to Wi1. We have made
progress in characterizing physical symptoms of Ni deficiencies
and toxicities that will aid growers as they improve Ni fertilization
practices. This study enabled us to gain a deeper understanding
of the nutritional requirements and development of two unique
genotypes of pecan, showing that genetically unique trees within
a species may have significantly varied nutritional requirements
and responses. As we further investigate this phenomenon,
we hope to develop ways for growers to give their trees more
individualized care to create even more productive orchards.

Phosphorus Requirements of Geranium,
Marigold, and Coleus during Vegetative and
Reproduction Growth

geranium, marigold, and coleus, respectively) and reproductive
growth (72%, 65%, and 90%): stems and leaves in geranium,
and leaves in marigold and coleus. Increased biomass of the tissues was associated with higher P accumulations. These results
indicate that plant type and growth stage differently affect P accumulation patterns due to different biomass allocation patterns.
Higher P had more predominant effects in coleus especially
during vegetative growth, significantly increasing shoot DW
compared to geranium and marigold. Phosphorus content also
linearly increased in the shoots of coleus with higher P. Geranium and marigold accumulated 92% and 90% P, respectively,
in shoots during vegetative growth, and 89% and 72% during
reproductive growth. Meanwhile, coleus accumulated 96% P in
shoots during vegetative growth, and maintained 93% P during
reproductive growth. It is clear that P requirements are higher
during vegetative stage compared to reproductive stage regardless of the type of plants, and Coleus, a foliage plant, requires
higher P compared to geranium and marigold, flowering plants
due to higher vegetative shoot biomass production. Phosphorus
concentrations were optimal at 10–15 ppm for vegetative growth,
and 10 ppm for reproductive growth in all the tested plants.
Specified Source(s) of Funding: USDA

Water and Nitrogen Uptake Patterns during
a One-year Production Period for Winterdormant versus Summer-dormant Succulents in
a Greenhouse System
(Poster Board #186)
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Phosphorus (P) is an essential nutrient required for plant growth
and survival. Excess P runoff from agricultural production sites
is a primary cause of deteriorated water quality and other serious environmental problems. The objective of this study was
to determine an optimum rate of P required for greenhouse
crop production, and how a physiological shift from vegetative
growth to reproductive growth changes P requirements in three
plant species: two flowering plants, geranium ‘Bullseye Scarlet’
and French marigold ‘Bonanza Yellow’, and one foliage plant,
coleus ‘Chocolate Scarlet’. Plants were grown in a 1:1 mixture
of perlite and vermiculite with a range of P concentrations (3,
5, 10, 15, 20, and 30 mg·L-1), while all other nutrient elements
remained the same. Growth parameters (height, width, leaf
number, branch number, and flower number) were measured
during production. Plants were harvested at vegetative and
reproductive stages, and dry weight (DW) of all plant parts
and P contents were quantified at each harvest as well as root
characteristics. During vegetative and reproductive growth,
growth parameters logarithmically increased with increasing P
rate in all plant species. Higher biomass allocation to shoots was
observed during both vegetative growth (90%, 78%, and 95% in

Mississippi State University Coastal Research and Extension Center,
Poplarville, MS, USA

Production of succulents has increased significantly over the
past two decades. In warmer climates, succulents have become
part of the plant palette in drought-tolerant landscapes. In colder
climates, the less hardy succulents are treated as annuals or as
accent plants for color bowls and focal displays. Nursery inputs
of water and nutrients are not well understood for these crops.
Making this situation more complex is the fact that some succulents are winter-dormant while others are summer-dormant
in their native habitats. In the following study we quantified
water and nitrogen uptake over a one-year growing cycle for
winter-dormant vs. summer-dormant succulents in a greenhouse
production system. Species used in the study that tend to be
winter growers included: 1) Aeonium haworthii, Morocco and
Canary Islands; 2) Crassula ovata, Eastern Cape Province,
South Africa; 3) Dudleya brittonii, Baja, Mexico; 4) Haworthia
attenuata, Eastern Cape Province, South Africa; 5) Portulacaria
afra, Kalahari Desert, South Africa; 6) Sanseveria trifasciata
hahnii, Nigeria, Africa; and 7) Sempervivum arachnoideum,
southern Europe. Species used that tend to be summer growers included: 1) Agave victoriae-reginae, Chihuahuan Desert,
Mexico; 2) Aloe juvenna, Kenya; 3) Euphorbia antisyphilitica,
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Mexico; 4) Euphorbia milii, Madagascar; 5) Euphorbia cymbifera, South America; 6) Kalanchoe tomentosa, Madagascar,
7) Opuntia argentiniana, Argentina; and 8) Pachypodium lamerei, Madagascar. Plants were grown in 2.4-L containers and
watered once a week with 1 L of nutrient solution (100 mg/L
nitrogen). Leachates from each container were collected and
quantified for volume and inorganic nitrogen content. Because
of the artificial growing conditions, some plants did not exhibit
a dormancy period, while other species went dormant, as in
their native habitat. Water and nutrient uptake were reflected
in these growth cycles.
Specified Source(s) of Funding: USDA-NIFA Hatch Projects
MIS-21906 and CA-R-BPS-5032H and a grant funded by
the California Association of Nurseries and Garden Centers
(CANGC)

Soil Testing Survey and Soil Fertility
Management Practices of Smallholder Farmers
in Chitwan, Nepal
(Poster Board #187)
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Vegetable production is increasing rapidly as a cash crop in the
Chitwan district of Nepal. Warm temperatures and access to water
favor year-round production. Farmers are looking for improved
soil fertility and pest management practices for assured production and profitability. A soil survey was conducted 1) to establish
baseline data on soil fertility status and 2) to document farmer
practices related to soil testing and knowledge of fertilizer and
pesticide use. The survey was conducted on forty-six farmers’
fields in April 2017. in collaboration with U.S. Aid Horticulture Innovation Lab and Center for Agriculture Research and
Development (CARD)-Nepal. Soil pH and EC were measured
with a combo meter and nitrogen, phosphorus, and potassium
(N-P-K) were analyzed by colorimetric tests. Questionnaires
were administered to farmers to gather information about previous soil testing and management practices. Results from the
soil survey showed range of soil pH and EC to be 5.7–8.04 and
0.06–1.31 mS/cm, respectively. Status of N–P–K ranged from
low to high. Survey responses showed that farmers have never
tested their soil before and have not ever received training in
fertilizer use. Results found animal manure, compost, urea, and
diammonium phosphate (DAP) to be the most common fertilizer

inputs. Most farmers reported they have had received training
in use of pesticides due to previous CARD-Nepal workshops.
These findings indicate an apparent lack of soil testing facilities near Chitwan, Nepal and suggest a need for farmer training
on best management practices for soil fertility and fertilizers.
Specified Source(s) of Funding: US Aid, UC Davis Horticulture
Innovation Lab, CARD-Nepal

Pomology 2
Early Growth and Productivity of Four
Training Systems for High-density European
Pear Orchards in the United States
(Poster Board #340)

Rachel Elkins*
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Todd Einhorn
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Cornell University, Geneva, NY, USA

We established three replicated trials in Spring 2013 in Mendocino County, CA, Hood River, OR, and Geneva, NY, to
evaluate multiple training system, spacing, and rootstock
combinations for the European pear (Pyrus communis) cultivar
‘Bartlett’ (California), ‘D’Anjou’ (Oregon), and ‘Bosc’ (New
York): Tall Spindle (TS), “V” Trellis (V-T) , parallel 2-leader
(2-L; California only), and nursery-formed Bi-axis (B-A) x
3’, 4.5’ and 6’ spacings x OHxF 69, OHxF 87, and Pyro 2-33
rootstocks (36 total combinations) in a split-split plot design.
In California only, an adjacent row of extra B-A and single
leader trees was left completely unheaded and unpruned and a
replicated sub-trial initiated on one set of the extra B-A trees on
OHxF 87 to compare the effect of spreading versus not spreading on vigor and precocity (remaining trees on OHxF 87 and
69 were left completely unpruned as an unreplicated control.
From 2013–16, TS trees were tallest and also had the largest
cultivar single trunk cross-sectional area (TCSA) (B-A trees
had the largest total TCSA with both scaffolds combined). TS
and V-T and trees were most precocious and efficient. There
was a trend for 6’ spacing to have the largest and most fruit.
OHxF 87 was the most productive and efficient rootstock and
Pyro 2-33 the least. There was a slight trend toward more root
suckers in the V-T. For spread versus unspread B-A trees on
OHxF 87, there was a trend toward higher yield in unspread
versus spread trees, with no difference in fruit size. Spread trees
were significantly smaller (shorter) and thus had higher yield
efficiency. After four growing seasons, training and rootstock
appear to be the most important factors in determining early tree
growth and productivity. Tall spindle and V-Trellis are the most
productive training systems to date, with V-Trellis having the
largest fruit of the two. Spacing has yet to play a discernible role,
except (slightly) for tree height. OHxF 87 yield and fruit size
exceeds that of OHxF 69 and Pyro 2-33 lags well behind both
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OHxF rootstocks. V-Trellis has required the least fruit removal
to maintain vigor and promote leader development. Pyro 2-33
appears to be slightly more prone to water stress than OHxF 87,
perhaps due to its larger canopy size. Spreading of B-A trees
appears to reduce vigor, but perhaps also fruiting potential.
Completely forgoing pruning in early years appears to encourage
early fruiting without compromising tree size (caliper).
Specified Source(s) of Funding: California Pear Advisory Board,
Pear Pest Management Research Fund

Characterization of Pistil Growth, Relative
Water Content and Freeze Resistance of
Tart Cherry Reproductive Buds during the
Transition from Eco-dormancy to Growth

Periodic Analysis of Soil and Peach Tree
(Prunus persica) Leaf Tissue Nutrients Profile in
a Peach Tree Short Life Syndrome Study
(Poster Board #342)
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Following the completion of eco-dormancy, tart cherry (Prunus
cerasus) ‘Montmorency’ pistils steadily lose freeze resistance.
Reproductive buds are classified by discrete phenology stages
between dormancy and anthesis, each stage associated with a
distinct critical survival temperature. Phenology stages, however,
have not been correlated with pistil growth and can be difficult
to distinguish, especially during early stages of development
(dormancy to bud swelling and side green to green tip). Collection of accurate phenotyping data could facilitate the development of predictive models with practical implications for frost
protection. Hence, reproductive buds were collected several
times per week near the end of eco-dormancy until anthesis.
Buds were weighed, imaged using a stereo microscope equipped
with a camera, then oven-dried to constant weight. Pistils were
extracted from a subset of fresh buds, imaged and measured
using image analysis software. The lethal temperature (LT50)
of flowers was also determined by a combination of differential
thermal analysis (DTA, between dormancy and first swell) and
visual observation of oxidative browning (between first swell
and anthesis) following freezing at a rate of 1.5 °C per hour. The
LT50 of tart cherry buds was approximately 1 °C higher than
previously published data at most phenology stages. Between
dormancy and side green, pistil volume increased nearly 7-fold
and RWC increased from 50% to 68%. The onset of pistil growth
occurred during the transition from bud swell to side green.
Concomitantly, ~6 °C of hardiness was lost during this period,
yet these phenology stages were difficult to distinguish visually. Relative water content was strongly associated with pistil
growth and served as an objective indicator of bud development.

Peach is one of the important stone fruits in the southeastern states
that has great economic and nutritional values. However, due to
peach tree short life (PTSL) syndrome, yield is affected. This
research was carried out in a new peach orchard established to
study various factors contributing to the PTSL syndrome at the
Fort Valley State University farm, located in the Peach County,
Georgia. Successful establishment and production potential
of peach orchards largely depend on various physio-chemical
and biological properties of the soil profile. On the other hand,
plant tissue test provides the picture of actual nutritional status
of a growing plant including nutrient sufficiency, deficiency
and imbalance in the plant. Therefore, we carried out periodic
soil and plant tissue testing during the two consecutive years of
planting (2015 and 2016) this new peach research orchard. Soil
samples were collected from 0–15 cm (top), 15–30 cm (middle)
and 30–45 cm (bottom) depths and tested for soil texture, pH,
and Mehlich-III extractable calcium, potassium, magnesium,
phosphorus, iron, manganese, sodium, lead, zinc, copper, nickel,
chromium and cadmium. Soil samples were also collected and
tested for nematode populations. Leaf tissues were collected
from growing trees on the same spot from where those soil
samples were collected. Each leaf tissues was tested for total
carbon, nitrogen, potassium, calcium, magnesium, phosphorus,
sulfur iron, aluminum, boron, manganese, sodium, zinc, copper, nickel, chromium, molybdenum, cadmium, and lead. Soil
nematodes population were tested for root-knot nematode, sting,
lance, reniform, lesion, stubby-root, ring, stunt, spiral, dagger,
sheath, cyst larvae, and other nematodes. There was no significant change in soil and plant tissue test results for the periodic
sampling done over the two-year study period.
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Specified Source(s) of Funding: Michigan Cherry Committee

University of Georgia, Athens, GA, USA
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Post-release Performance of MP-29, a Clonal
Interspecific Rootstock for Peach, in Grower
Trials
(Poster Board #343)
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Following the release of MP-29, a clonal interspecific plum x
peach hybrid rootstock for peach (Prunus persica L. Batsch),
in 2011 testing has continued in both researcher and grower
trials. Trials comparing MP-29 with commercial standards have
confirmed MP-29’s resistance to peach tree short life (PTSL).
Moreover, these trials have also confirmed MP-29’s clear superiority to Guardian peach rootstock and Sharpe plum rootstock on
Armillaria root rot (ARR) infested sites. A follow-up horticultural
trial comparing MP-29 with Guardian has confirmed MP-29’s
superior yield potential. Importantly, this was achieved with no
loss in fruit size, an issue which has been problematic with several
recently released interspecific rootstocks developed for peach.
MP-29’s broad disease and nematode resistance in combination
with its vigor control and excellent overall productivity offers
great promise for use in U.S. peach production areas and others
worldwide suffering from the same maladies or those simply
in need of improved productivity in combination with a lower
vigor, easier to manage tree.

Transient Water Stress Responses in Young
Potted Malus domestica Borkh
(Poster Board #344)
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There has been recent evidence to suggest that differences exist
in water stress responses amongst apple cultivars. Apple cultivars can either be isohydric or anisohydric. Isohydric cultivars
maintain constant leaf water potential by reducing stomatal conductance under water deficit conditions. Anisohydric cultivars,
on the other hand, keep their stomata open much longer under
water deficit conditions and allow their leaf water potential to
decrease to a specific threshold. The implication of these different
strategies is that the use of plant water status as a ecophysiological
stress indicator should be done with caution due to variation in

leaf water potential caused by isohydric/anisohydric behavior.
Here, we conducted an exploratory study looking at differences
in tree water responses amongst different cultivars. The trial
was done under transient water stress conditions with high vapor pressure deficit. The experiment was conducted on potted
second leaf ‘Granny Smith’, ‘Gala’, and ‘Honeycrisp’ trees at
the Washington Tree Fruit Research and Extension Center in
Wenatchee, WA. The trees we grafted on M9 T337 rootstock,
planted 0.6 x 1.5 m apart. Soil moisture status was measured
manually in each pot. Leaf water potential (Ψl), stomatal conductance and chlorophyll fluorescence measurements were taken
at two-hour intervals from 08:00 to 16:00 for each parameter
measured. Additionally, predawn leaf water potential (Ψpd) was
measured at 04:00 to 04:45 HR and midday stem water potential
(Ψmd) at 13:15 to 14:00 HR. Results showed no differences
in volumetric soil water content, therefore differences in soil
water content can be discounted as having affected our results.
Stomatal conductance measured using a steady state porometer
was significantly higher in ‘Granny Smith compared to ‘Gala’
and ‘Honeycrisp’ at all sampling times. Ψpd was significantly
lower in ‘Granny Smith’ (-–0.26 MPa) compared to ‘Gala’ (–0.14
MPa) and ‘Honeycrisp’ (–0.12 MPa), similarly Ψmd was significantly lower in ‘Granny Smith’ (-1.76 MPa) compared to ‘Gala’
(–1.37) and ‘Honeycrisp’ (–1.33 MPa). Expect for 08:00, Ψl
was more significantly negative in the ‘Granny Smith’ compared
to ‘Gala’ and ‘Honeycrisp’. Chlorophyll fluoresce showed no
differences in maximum photochemical efficiency of PSII (Fv/
Fm) and quantum photosynthetic yield of PSII (Y(II)) between
the three cultivars. In conclusion, ‘Gala’ and ‘Honeycrisp’ had a
more controlled response to water stress compared to ‘Granny
Smith’. The use of plant water status as an ecophysiological
stress indicator needs to be revisited in apple since differences
exist between cultivars.

Response of ‘Honeycrisp’ and ‘Gala’ Apple
Trees to Heat and Water Stress.
(Poster Board #345)

Nadia A. Valverdi*

Washington State University, Wenatchee, WA, USA

Lee Kalcsits

Washington State University, Wenatchee, WA, USA

Malus domestica Borkh cv. ‘Honeycrisp’ and ‘Gala’ are two
of the most commonly planted apple cultivars in Washington
State. ‘Honeycrisp’ is susceptible to bitter pit and hot and dry
conditions exacerbate it. Newly available rootstock selections
with variability in nutrient uptake capacity may improve this
problem but little is known about how nutrient uptake capacity
is affected by soil abiotic stress (e.g. heat and drought). The
objective of this study was to evaluate the response of potted
‘Gala’ and ‘Honeycrisp’ apple plants grafted to two different
rootstocks, Bud-9 and Geneva-890 to decreased water supply and
increase soil temperature. At the WSU Tree Fruit Research and
Extension Center, 36 trees (nine of each rootstock-scion combination) were grown in a greenhouse for 60 days. After 60 days of
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growth, the water supply was reduced in one treatment (65% of
field capacity), soil temperature was elevated by approximately
5 °C using a thermostat controlled heating cables in another
treatment, and the remaining trees were left as an untreated
control. After 60 days of treatment, all trees were destructively
sampled to determine stem length, total leaf area (TLA), stems
dry mass (SDM) and roots dry mass (RDM). Samples from
roots, stems, and leaves were analyzed separately for calcium
(Ca), magnesium (Mg) and potassium (K). RDM decreased by
26% in ‘Gala’ when exposed to abiotic stress. However, there
was no significant difference between stress treatments. SDM
for ‘Gala’ was 20% and 11% less than the control for drought
and heat stress, respectively. For ‘Honeycrisp’, RDM was not
significantly different between treatments. Leaf Ca concentration was 8% and 14% lower for ‘Honeycrisp’ on ‘Bud-9’ under
drought and heat treatments, respectively. Leaf Mg concentration
was 17% and 24% lower in both treatments, respectively. Leaf K
concentration was 4% lower in both stress treatments. For ‘Gala’
on Bud-9, Ca concentration decreased by 10% under drought.
K and Mg increased by 15% and 23%, respectively, for the heat
treatment compared with the control. For ‘Gala’ on ‘G-890’, Mg
was 2% and 10% lower for drought and heat, respectively while
K increased by 13% in the two treatments compare to control.
Combined Ca, Mg and K content was 35% higher for ‘Gala’
on both rootstocks compared to ‘Honeycrisp’. In conclusion,
preliminary results show that ‘Gala’ is more sensitive to abiotic
stress than ‘Honeycrisp’.

Optimizing in Vitro Pollen Germination for
Malus

four replications. At least 300 pollen grains per replication were
evaluated to calculate the germination rate. During this experiment, the effect of different germination medias, incubation
times, temperatures and light conditions were evaluated. The
best germination results were obtained by using 10 % sucrose,
0.005 % boric acid and 1 % agar. All genotypes reached their
maximum germination rate after an incubation period of two
hours. Germination rates ranged from 37 % (‘Granny Smith’
and ‘Rome Beauty’) to 52 % (‘Red Delicious’). Pollen tube
growth increased steadily until 12 hours after incubation. The
five genotypes showed the highest pollen tube growth rate two
hours after the incubation. The maximum pollen tube growth
rate ranged from 154 µm/h (‘Rome Beauty’) to 238 µm/h
(‘Honeycrisp’). The light conditions (light vs. dark) during
the incubation (df = 1, F = 0.024, P = 0.88) showed no effect
on the pollen germination rate. The incubation temperature at
15 °C lowered the germination rate for all genotypes by 9 %
(df = 1, F = 64, P < 0.001). The maximum pollen tube growth
rate (measured at two hours after incubation), maximum germination rate and maximum pollen tube length (both measured
12–24 hours after incubation) can be used to evaluate the pollen
potential of new genotypes.

Effects of Precipitation on Apple Phenology in
Addition to Air Temperature
(Poster Board #347)
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Manchurian crabapple is one of the most commonly used pollinizers in the Pacific Northwest. However, the susceptibility
against Sphaeropsis pyriputrescens, Phacidiopycnis washingtonensis and other postharvest diseases led to trade issues in
the past. New suitable pollinizers are needed to overcome this
problem for the future. This part of the project focused on the
optimization of the in vitro pollen germination procedure to
evaluate new crabapple genotypes. Pollen from five commercial apple cultivars (‘Gala’, ‘Granny Smith’, ‘Honeycrisp’,
‘Red Delicious’, and ‘Rome Beauty’) were purchased from a
commercial company (Yakima, Washington, USA). Pollen was
stored at –20 °C until use. The pollen was rehydrated for two
hours at 25 °C before each experiment. 50 mg of each cultivar’s
anthers were then transferred into a 2-mL tube. Afterwards, 1.5
mL with germination media containing 10 % sucrose and 0.005
% boric acid were added and the anthers were gently squeezed
with a tweezer to promote the release of the pollen grains. 150
µL of the pollen suspension was transferred to an agar petri
dish (60 x 15 mm). Each experiment was conducted by using

Rural Development Administration, Wanju, Korea, Republic of
(South)

Spring phenology of apple (Malus pumila var. domestica) is well
explained and predicted by the effect of temperature in many
previous studies. Although the temperature is a predominant
factor, we know also other environmental factors, e.g. precipitation, light intensity, and photoperiod, affect on phenological
events. However, there are not many studies on these additional
factors. In this study, we tested the effect of precipitation in
addition to the temperature influenced on phenology. We selected 42 apple orchards including 8 experiment orchards in
the research stations and 34 commercial orchards managed
by experienced growers across South Korea. We observed the
dates of three phases of spring phenology; budding, flowering,
and full bloom for 4 years from 2011 to 2014. Monthly climate
data in the each research site were calculated by the spatial
interpolation methods from the 90 weather stations by Korea
Meteorological Administration. Mean air temperatures in March
were processed by the inverse distance weight interpolation
with 30–m resolution digital elevation model. And precipitations in March were processed by the Kriging interpolation.
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Linear regression analyses were used to build models which
were compared by Akaike information criteria(AIC). In all
phenologcial events, the multiple regression models with the
both of temperature and precipitation were all improved from
the models with only temperature. In the model of budding
dates, the determination of coefficient (R2) in the precipitation
adding model was 0.77(P < 0.001, AIC = 59.91) compared to
0.60(P < 0.001, AIC = 77.14) of the temperature only model.
The R2 of the flowering date model with precipitation was
0.77(P < 0.001, AIC = 68.66) compared to 0.64 (P < 0.001,
AIC = 85.32) of the model without it. Also, the R2 of the full
blooming date model with precipitation (R2 = 0.68, P < 0.001,
AIC = 70.06) was improved from the model without it (R2 =
0.59, P < 0.001, AIC = 78.21). Budding date responded to the
linear trend at –2.2 °C/day (temperature) and –0.079 mm/day
(precipitation). Also, flowering date and full bloom date showed
linear trends at –2.7 °C/day with –0.086 mm/day and at –2.8
°C/day with –0.061 mm/day, respectively.
Specified Source(s) of Funding: PJ010102 by RDA, Republic
of Korea

Crop Load Effect on Fruit Quality in Cosmic
CrispTM
(Poster Board #348)

ratio (LA:F) of 1009 cm2/fruit, whereas the ‘Click’ treatment
had a LA:F of 1280 cm2/fruit. G41 had a significantly higher
leaf area index (LAI) and LA:F per tree (1.64 and 1394 cm2/
fruit) than Nic29 (1.12 and 914 cm2/fruit). G41 produced fruit
with less overcolor and lower soluble solid content (SSC), and
dry matter (DM). Crop load did not have a significant effect on
LAI. However, crop load did have a significant impact on fruit
quality in respect to weight, IAD (chlorophyll/ripening index
by DA meter), firmness , SSC, DM, and titratable acidity. Fruit
quality was negatively influenced with increased crop load. Our
study pointed out that a possible threshold for optimum fruit
quality can be identified ~3 fruits/cm2 of TCSA. Further data
will be collected to confirm this preliminary result. Bienniality
tendencies will be determined in the second year of the trial.

Ploidy Level of American Persimmon in
Kentucky: Could It Impact Production
Strategies for Seedless Fruit?
(Poster Board #349)

Kirk Pomper*

Kentucky State University, Frankfort, KY, USA

Jacob Vincent

Kentucky State University, Frankfort, KY, USA

Brendon M. Anthony*

Jeremiah Lowe

Stefano Musacchi

Sheri Crabtree

Sara Serra

The American persimmon (Diospyros virginiana) is a slowgrowing, moderately sized tree native to the forests of Kentucky. The golden orange fruit are sweet when fully ripened
and astringency is reduced. This fruit has great processing
potential. Persimmons are normally dioecious; that is, separate
trees produce the male and female flowers. These self-infertile
trees require cross-pollination with another variety to produce
fruit. There are two races of persimmon. The tetraploid (60
chromosome) race is centered in the southern Appalachian region and adjacent areas while the hexaploid (90 chromosome)
race generally occupies a range north and west of the tetraploid
range although the ranges overlap in Kentucky. Most cultivated
varieties are thought to be the northern, 90-chromosome race.
Since the ranges overlap, cross-pollination may cause sexual
incompatibility, resulting in pollination without fertilization.
This could result in the production of seedless fruits. The objective of this study was to confirm the existence of both the 60
and 90 chromosome races of persimmon in native Kentucky
populations and to compare them to established cultivars using
flow cytometry. Leaf samples were collected from 20 native
trees located in the Bernheim Arboretum and Research Forest,
in Bullitt County, Kentucky, five native trees in Franklin County,
Kentucky, and persimmon varieties ‘Prairie Sun,’ ‘Prairie Star,’
‘Mohler,’ ‘Early Golden,’ ‘Garretson,’ ‘Meader,’ ‘100-46,’ and
a male persimmon tree located at the Kentucky State University Harold R. Benson Research and Demonstration Farm, in

Washington State University, Wenatchee, WA, USA
Washington State University, Wenatchee, WA, USA
Washington State University, Wenatchee, WA, USA

Crop load management has grown increasingly important in
recent years due to biennial tendencies, postharvest disorders,
and inconsistent fruit quality in apple production. This has been
especially the case with new and valuable varieties like ‘Honey
Crisp.’ Washington State University recently released a new
cultivar named Cosmic CrispTM that will be planted for the first
time in 2017. Limited information is available about the productive characteristics of this cultivar, especially its tendency to be
biennial. The main goal of this research is to optimize the crop
load for this variety. Precision-based management techniques
are on the rise. Proper crop load and leaf area assessments are
needed to help guide the tree fruit industry, especially for new
cultivars. An experimental trial evaluating the effect of crop load
on fruit quality was conducted in 2016 on 39 Cosmic CrispTM
trees. Treatment combinations included trees trained to a Spindle
system on Geneva-41 (G41) or M9 Nic-29 (Nic29) rootstocks
and were pruned via a ‘Click’ or mechanical treatment. Three
trees per rootstock, pruning, and crop load combination were
selected, with no significant difference in Trunk Cross Sectional
Area (TCSA). Four natural crop load range categories were
identified (1.3, 2.5, 4.0, and 4.7 fruits/cm2 of TCSA). Mechanical pruning significantly decreased the leaf area (LA) by 22%
on average per tree when compared to the ‘Click’ treatment.
Mechanically pruned trees exhibited a smaller leaf area:fruit

Kentucky State University, Frankfort, KY, USA
Kentucky State University, Frankfort, KY, USA
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Franklin County, Kentucky. Flow cytometer analysis of the leaf
samples showed that all varieties located at the KSU Research
Farm were from the 90 chromosome race. All native trees
sampled from Franklin County were from the 60 chromosome
race. For the trees sampled in Bullitt County, six trees were
from the 60 chromosome race and 14 trees were from the 90
chromosome race. Since pollen from native trees could result
in seedless fruit formation in Kentucky, native seedlings should
be examined for use as pollenizers in commercial production
of American persimmon.
Specified Source(s) of Funding: McIntire-Stennis Funding

Characterizing Pathogen Phenotypes and
Diversity to Inform Optimum Management
Decisions for the Management of Bacterial Spot
of Tomato in North Carolina
(Poster Board #110)

Pragya Adhikari*

North Carolina State University, Mills River, NC, USA

Dilip R. Panthee

North Carolina State University, Mills River, NC, USA

Tika Adhikari

North Carolina State University, Raleigh, NC, USA

Inga Meadows

Vegetable Breeding 2

North Carolina State University, Mills River, NC, USA

Frank J. Louws

Heritability Estimates and Gene Effects for
Heat-tolerance Traits in Tomato (Solanum
lycopersicum L.)

North Carolina State University, Raleigh, NC, USA

(Poster Board #109)

Nai-Ning Chi*

Texas A&M University, College Station, TX, USA

Kevin Crosby

Texas A&M University, College Station, TX, USA

William L. Rooney

Texas A&M University, College Station, TX, USA

High temperature is often a major limiting factor for tomato
production in subtropical and tropical regions. Traditional
breeding of heat-tolerant crops is mainly based on phenotypic
analysis and selection of individual or lines with higher yield.
Most abiotic stress tolerance traits are polygenic and inherited
in a complex fashion. Studying correlation and the genetic
control for heat-tolerance traits under high temperature stress
facilitates heat tolerance selection. We determined the main gene
effects (additive, dominant and epistasis) for heat-tolerance traits
including pollen viability, flower number and fruit number per
cluster, and fruit set by analyzing the mean and variances of
the six genetic generations (P1, P2, F1, F2, BC1 and BC2) of
two crosses ‘Freshmarket 9’ x ‘Black Sea Man’ and T215 VR
x ‘Manyel’ in two locations in Texas. In the cross ‘Freshmarket
9’ x ‘Black Sea Man’, dominance effects were significant for all
traits except pollen viability in Waller. In the cross T215 VR x
‘Manyel’, additive effects were found significant for all traits,
while only pollen viability showed significant dominance effect in College Station. At Waller, only dominance effects were
found significant for fruit number per cluster and fruit set in
Waller. Narrow sense heritability estimates for pollen viability
and flower number per cluster were low in both locations, and
for fruit number per cluster and fruit set were low in College
Station but moderate in Waller. The low narrow sense heritability
estimates for most of the traits under high temperatures imply
that single plant selection in the F2 will not be effective, and
that alternative approaches such as mass or recurrent selection
should be considered in early generations.

Bacterial spot of tomato is a serious disease caused by multiple
bacterial species and physiological races within the genus Xanthomonas. The disease affects all-above ground parts including
leaves, stems and fruits and has a potential to cause up to 66%
yield loss. It is one of the most important diseases of tomato
in North Carolina and many other States. Management of this
disease is based on integrating multiple tactics including the
use of cultural practices and chemicals such as copper, antibiotics (streptomycin) and plant activators. However, the failure
of these chemicals and antibiotics to control bacterial spot of
tomato has been reported from different parts in North Carolina.
Therefore, we designed a systematic sampling protocol and
assessed 183 Xanthomonas strains in 2015 and 124 strains in
2016, isolated from different cultivars, grown in different fields
and counties of Western NC, for copper and streptomycin sensitivity. Strains able to grow on a specialized bacterial (Sucrose
Peptone Agar) media containing 200 ppm of copper sulfate
or 100 ppm of streptomycin were considered as copper and
streptomycin resistant, respectively. We discovered 94.0% and
96.0% of the Xanthomonas strains were resistant to copper and
44.8% and 24.8% of the strains were resistant to streptomycin
in 2015 and 2016, respectively. The high incidence of copper
resistance is presumably associated with frequent application
of copper in fields. The variation observed in the levels of
streptomycin resistance between years might be due to different
management practices as well as seed and transplant sources
that place differential selection pressure or introduce diverse
bacterial populations. All fields sampled harbored bacteria
that were copper or streptomycin resistant, which is consistent
with growers’ report of control failure. These data indicated
widespread existence of copper resistance and a modest level
of streptomycin resistance, enabling the outcome to recommend
the use of streptomycin in the transplant production phase and
discontinue use of copper. These data also document the need
to develop more sustainable and alternative strategies to manage the disease. This study will further classify the bacteria for
race (strains that differ in ability to parasitize different tomato
selections) and genetic diversity. In turn, these data will be
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helpful for developing effective disease management strategies and to optimize our current breeding program to develop
bacterial spot resistance in tomato cultivars.
Specified Source(s) of Funding: National Science Foundation

Using Scarification to Enhance Seed
Germination Rate in Sweetpotato
(Poster Board #111)

Thomas W. Zimmerman*

various breeding programs, while 13 are new cultivars bred
by the New Mexico State University Chile Pepper Breeding
Program with the goal of having dwarf or semi-dwarf growth
habits. Data indicates that the 13 new ornamental chile pepper
cultivars did not require pinching or a chemical foliar spray
to develop a dwarf or semi-dwarf plant habit and have the potential for commercial container production in the greenhouse
and nursery industries.
Specified Source(s) of Funding: NMSU

University of the Virgin Islands, Kingshill, Virgin Islands (U.S.)

Shamoy Bideau

Correlation between Glucosinolates Profiles
and Individual Amino Acids in Brassica Species
Sweetpotato (Ipomoea batatas), is a tuberous root crop that Seeds
University of the Virgin Islands, Kingshill, Virgin Islands (U.S.)

can be grown with three to four harvests a year in the Caribbean. Sweetpotatoes are normally propagated by cutting or
slips, while breeding uses seed production to develop new
varieties. Germination of true sweetpotato seeds is irregular
over time. The research objective was to use scarification to
shorten the length of time and enhance germination uniformity
of hard coated sweetpotato seeds. Sweetpotato seeds were
obtained from reciprocal crosses between varieties in an attempt to obtain a weevil resistant purple sweetpotato. A nail
clipper was used to cut through one of the three edges of the
sweetpotato seed. Scarified and un-scarified seeds were planted
in sterile potting mix and placed in a light and temperature
controlled growth room. Data on rate of seed germination was
recorded over time. Within four days 80% of the scarified
seeds had emerged while none of the unscarified seeds had
emerged. The germination of unscarified seeds ranged from one
week to over 50 days. Scarification can be used to enhance
germination rate and uniformity of the hard coated sweetpotato
seed.
Specified Source(s) of Funding: USDA-NIFA Hatch and Insular funds

Evaluation of Dwarf Ornamental Chile
Peppers Cultivars for Commercial Greenhouse
Production
(Poster Board #112)

Danise Coon*

New Mexico State University, Las Cruces, NM, USA

In the past, many ornamental chile pepper cultivars had to
be pinched or sprayed with a uniconazole foliar application
to achieve a dwarf, semi-dwarf, or compact plant habit. This
study compared 12 currently available commercial ornamental
pepper cultivars considered to be compact and introduces 13
new ornamental pepper cultivars that do not require pinching
or a uniconazole foliar spray to accomplish the desired dwarf
or semi-dwarf plant habit. All 25 cultivars evaluated in this
study were given either a dwarf or semi-dwarf classification
based on industry standards. Of the 25 cultivars evaluated, 12
originate from and are commercially available and bred by

(Poster Board #113)

Sooyeon Lim*

Seoul National University, Research Institute of Agriculture and Life
Sciences, Seoul, Korea, Republic of (South)

Jeong Gu Lee

Seoul National University, Department of Plant Science, Seoul,
Korea, Republic of (South)

Jongkee Kim

Chung-Ang University, Anseong, Korea, Republic of (South)

Eun Jin Lee

Seoul National University, Department of Plant Science, Seoul,
Korea, Republic of (South)

Glucosinolates profiles are variable depending on Brassica
species. We conducted individual glucosinolates and amino
acids analysis to understand the variations of glucosinolates
contents and components by Brassica species. The seeds of
chinese cabbage, broccoli, mustard, baemoochae, radish, and
arabidopsis were plant materials. Twenty one individual glucosinolates and 21 individual amino acids were detected by LC-MS.
Additionally total amino acid was determined by photometric
ninhydrin method. Using these multivariable components, we
analyzed statistics including PLS-DA, Heat map, Pearson’s
correlation. In PLS-DA, 6 groups were separated according to
component 1 (23.1%) and 2 (28.6%) and dependent on species
variety. By Pearson’s correlation and heat-map analysis, total
and major glucosinolate content in each species had positively
correlated with total amino acid content. The content of total
amino acid using photometric ninhydrin method also had a
positive correlation to total and major glucosinolate contents.
However major glucosinolate and their precursor amino acid
had no correlation, significantly. Thus, a rapid ninhydrin method
would be useful to screen higher content of glucosinolate in
Brassica seeds.

Specified Source(s) of Funding: Sooyeon Lim was supported
by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the
Ministry of Science, ICT & Future Planning (NRF2015R1C1A2A01055027).
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Efficacy of Nematicides and Soil Fumigants
on Field Production of Sweetpotatoes in
California

Vegetable Crops Management 2
Use of Biologicals As an Integrated Pest
Management Strategy in High Tunnels

(Poster Board #310)

(Poster Board #309)

C. Scott Stoddard*

Rose Ogutu*

University of California Cooperative Extension, Merced, CA, USA

Delaware State University, Dover, DE, USA

Antoon Ploeg

Rosalyne Battle

University of California Riverside, Riverside, CA, USA

Delaware State University, Dover, USA

The use of beneficials/biologicals/predaceous mites can be
intriguing in a controlled research experiment and the idea,
marvelous, but it is a different ball game for the grower who
has to use them under prevailing natural conditions while envisaging positive results. Most growers who follow Integrated
Pest Management strategies express the need of incorporating
the use of biologicals, especially in high tunnels which are
semi-enclosed structures. The major objective of this project
was to implement the use of predacious organisms for control
of whiteflies, thrips, spider mites, and aphids in tomato, pepper,
eggplants, cucumbers, strawberries, and collard greens grown
in high tunnels. Note that these are not replicated trials but important real life observations during implementation of use of
biologicals. We released; predaceous mites, Amblyseius swirskii,
and Neoseiulus carlifornicus, parasitic wasp; Aphidius colemani
and parasitoids in the genera Encarsia and Eretmocerus in seven
high tunnels in four different locations in Delaware (Smyrna,
Hartly, Townsend and Seaford). The project went on for three
years (2013–16) during the growing season between May to
September during which we monitored insect pests’ counts and
populations of predators on plant leaves, and on yellow and blue
sticky cards. We monitored temperatures and humidity in the
high tunnels using hourly temperature and humidity tracking
devices (onset Hobo data loggers) suspended inside the high
tunnels. We documented as much as possible, the prevailing
conditions in the high tunnels at the time of release. The IPM
Laboratories, Inc. (Locke, NY 13092) bred and delivered the
biologicals directly to the locations nearest to the location of
use in Seaford, DE, and Dover, DE. Results obtained were both
negative and positive and varied with location. A. swirskii, kept
the whitefly (B. tabaci) and broad mites (P. latus) populations low
in the Townsend location, N. carlifornicus adequately controlled
spider mites on pepper in Hartly. A. colemani was effective on
aphids on tomatoes at the Seaford location although there was
substantial presence of lady bugs. Many factors could have
contributed to the results namely; Time of release in relation to
weather and plant stage of growth or growth season; level of
pest infestation; predator persistence; availability of alternative
food sources etc. It is difficult to gauge the possible interactions
between the predators sharing an ecological niche. More trials
and guidance is needed for use of beneficials in semi enclosed
and open fields for more effective results by growers.
Specified Source(s) of Funding: USDA NIFA- Crop Protection
and Pest Management Competitive grants-Extension Implementation Program Area

Preplant soil fumigation is in integral component of pest
management for commercial sweetpotatoes in California. Soil
fumigation is done both in the fall and spring to suppress root
knot nematodes (RKN), Meloidogyne incognita, and soil insects
such as wireworms (Limonius spp.) and grubs (Diabrotica spp.,
Phyllophaga spp.). Telone (1,3-D), metam (methyldithiocarbamate), and chloropicrin (pic) are registered for use. Unfortunately, the availability of the preferred fumigant, Telone, is
insufficient to meet the needs of the industry because California
restricts Telone by implementing “use caps” for the entire state.
These caps limit the amount of Telone that can be used on a
township basis (one township is 23,040 acres) to 92,500 lbs a.i.
These restrictions can limit the amount of Telone used in any
year to approximately 50% of demand. In response, growers are using metam sodium (Vapam) and metam potassium
(K-Pam). A new nematicide Nimitz (fluensulfone) soon to be
registered on sweetpotatoes also offers a potential alternative
to fumigants. In 2009–10 and 2014–16, trials were conducted
to evaluate the effect of pre-plant fumigants and nematicides
on root knot nematodes and yield of sweetpotatoes. Telone
was applied at 6, 9, and 12 gallons per acre with and without
pic; metam rates were 35 and 50 gallons per acre. Nimitz was
applied at 3.5 and 5 pints/A and shank or water incorporated.
Treatment design for all trials was a randomized block with
four replications. Fumigants and Nimitz applications were applied before transplanting and incorporated. Nematode samples
were taken in early June to and again at the end of the season.
Regardless of treatment, location, or year, RKN counts in the
spring and fall were highly variable. Only in one location in
fall 2011 and 2014 were RKN counts significantly different in
the Telone treatment as compared to the other treatments. Yield
increases from soil fumigation, however, have been very consistent: yields were significantly improved as compared to the
untreated control in all treatment years. Metam at 50 gpa was
nearly as effective as Telone. Combining Telone with metam
improved the performance of both products, and results suggest
that reduced rates of Telone can be effective when combined
with metam. Results with Nimitz nematicide have shown
significantly increased root yield and quality with pre-plant
applications in three of four test sites. These results show that
alternatives to Telone can be very effective for sweetpotato
production in California. Challenges with application method
and treatment timing remain.
Specified Source(s) of Funding: various non-government
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Evaluation of the Effects of Fluensulfone
(Nimitz) on Seepage-irrigated Fresh-market
Tomato Production in Florida

Analysis of Control Efficacy of Different
Fungicides Against Downy Mildew of Onion in
South Korea

Gilma Castillo

In-Seong Lee

Monica Ozores-Hampton*

Jin sol Kim

Pablo Navia Gine

Bang-Hee Lee

Florida ranked first in fresh-market tomato (Solanum lycopersicum L.) production in the United States with 32,000 acres
harvested and a value of US$453 million in 2015. After the banning of methyl bromide in 2005, the testing of new chemistries
to target nematodes became critical in vegetable production.
Fluensulfone is a new non-fumigant, contact nematicide that
targets root-knot nematodes (Meloidogyne spp.) on low bush
berries, cucurbit, leafy, and fruiting vegetables. Fluensulfone
can be applied via drip irrigation, banded, or broadcast soil
incorporated, requiring an application of 0.5 to 1.0 inch of water
at least two days after application to avoid seedling exposure to
phytotoxic levels (~1.0 ppm). The objective of this study was
to evaluate the effect of pre-plant soil incorporated fluensulfone
on plant growth, fruit yield, and postharvest quality of freshmarket tomato in seepage irrigation during the fall of 2016
in Immokalee, FL. Fluensulfone treatments were broadcast
applied on flat bed surface area at 0, 3.5, and 7.0 pints/acre
arranged in a randomized complete block design with four
replications. Roots, stems, leaves, and fruits of two plants per
plot were randomly collected and oven dried at 30, 60, and 90
days after transplant (DAT). Fruit yield was harvested from 10
plants three times at mature-green stage and graded according
to USDA size category standards. Postharvest quality was assessed in terms of fruit firmness, exterior color, pH, and total
soluble solids (TSS). Water table levels were maintained between
18 and 34 inches from bed top. Plots with fluensulfone treatments did not present any sign of phytotoxicity. Roots, stems,
leaves, fruit, and total plant dry weight (DW) was not affected
by fluensulfone treatments in any sampling dates; however, at
60 DAT, fruit DW in the non-treated control was on average
18% higher. At first harvest, fluensulfone at 3.5 pints/acre and
the non-treated control accounted for the highest extra-large
fruit size category and total marketable yield. At third harvest, fluensulfone at 7.0 pints/acre accounted for the highest
large and medium size categories and total marketable yield.
Fluensulfone treatments did not have an effect on any tomato
fruit size categories or total marketable and unmarketable
yield at second, first and second harvests combined, and total
season yield. Fruit firmness, exterior color, TSS, and pH were
not influenced by any fluensulfone treatment. The pre-plant
incorporation of fluensulfone using seepage irrigation did not
negatively influence fresh-market tomato production grown
in sandy soils.

Su-Hyun Kim

(Poster Board #311)

University of Florida, Immokalee, FL, USA
University of Florida, Immokalee, FL, USA
ADAMA Agricultural Solutions, Raleigh, NC, USA

(Poster Board #312)

Chonnam National University, Gwang-ju, Korea, Republic of (South)
Chonnam National University, Gwang-ju, Korea, Republic of (South)
Chonnam National University, Gwang-ju, Korea, Republic of (South)
Chonnam National University, Gwang-ju, Korea, Republic of (South)

Kwang-Yeol Yang*

Chonnam National University, Gwang-ju, Korea, Republic of (South)

During the nursery seedlings stage at Muan, South Korea on
2013, moisture and temperature conditions were favorable for
the occurrence of onion downy mildew. Therefore, the different
fungicides was evaluated for their efficacy in controlling onion
downy mildew under nursery seedlings conditions. It showed
sufficient to evaluate the efficacy of different fungicides for the
control of onion downy mildew since disease incidence of the
untreated control was 51.1%. occurrence of onion downy mildew
was reached by 4.4% at treated plot with Mancozeb (MAN plot),
a protectant fungicide, resulting in the highest control value with
91.4%. Incidence of the disease was 10% in MIX plot treated
with various fungicides like Amectotradin plus Dimethomorph,
Fluopicolide plus Propamocarb HCL, or Dimethomorph plus
Pyraclostrobin, showing 80.4% of control value. Among the
various fungicides, Amectotradin plus Dimethomorph fungicide
(AME plus DIM plot) was selected and treated three times to
nursery seedlings, it resulted in 12.2% disease incidence and
76.1% of control value. There was statistically significant difference between three different fungicides plots and untreated
control for disease incidence. These results suggest that the application of fungicides on onion nursery seedlings was effective
to control the onion downy mildew.
Specified Source(s) of Funding: Korea Institute of Planning and
Evaluation for Technology in Food, Agriculture, Forestry and
Fisheries, the Advanced Production Technology Development
Program, Ministry for Agriculture, Food and Rural Affairs,
Republic of Korea.

Development of a Rapid Detection Method for
Peronospora destructor Using Loop-mediated
Isothermal Amplification (LAMP)
(Poster Board #313)

Kwang-Yeol Yang*

Chonnam National University, Gwang-ju, Korea, Republic of (South)

In-Seong Lee

Chonnam National University, Gwang-ju, Korea, Republic of (South)

Seung-Hee Nam
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Downy mildew caused by Peronospora destructor is one of
the most destructive diseases of onion. Early and rapid detection of P. destructor is important for the disease forecasting
and management. In this study, we developed a loop-mediated
isothermal amplification (LAMP) assay using DNA extracted
from leaf blades of diseased onion for visual detection. A set of
two primers was designed from the internal transcribed spacer
(ITS) region of rDNA of P. destructor. The LAMP reaction was
optimal at 64 °C for 45 minutes. When hydroxynaphthol (HNB)
was added, samples with P. destructor DNA developed a sky
blue color but those negative control or with the DNA of other
plant pathogenic fungi did not. Results of LAMP reaction were
reconfirmed by gel electrophoresis. This detection limit of the
LAMP assay for P. destructor was 7.25fg/µL of genomic DNA
per reaction, which was 10 times more sensitive than conventional PCR. These results suggest that LAMP assay is suitable
for the early and rapid detection of P. destructor in infected
onion, and contributes to the effective control of onion downy
mildew in the field.
Specified Source(s) of Funding: Korea Institute of Planning and
Evaluation for Technology in Food, Agriculture, Forestry and
Fisheries, the Advanced Production Technology Development
Program, Ministry for Agriculture, Food and Rural Affairs,
Republic of Korea.

Chitosan-Based Biostimulant Had No Effect
on Zucchini Squash (Cucurbita pepo L.) Plant
Growth, Fruit Yield, and Root-knot Nematode
Galling
(Poster Board #314)

Juan Díaz-Pérez*

University of Georgia, Tifton, GA, USA

Jesús Bautista

University of Georgia, Tifton, GA, USA

Chitosan is a cationic polymer derived from shellfish that has
been reported to have antimicrobial properties and to enhance
plant vigor and health. The objective was to evaluate the effects
of chitosan on zucchini squash plant growth and fruit yield
and root-knot nematode galling. The study was conducted on
sandy loam soil (pH 6.5) at the Horticulture Farm, University
of Georgia, Tifton, GA, during Fall 2015. Zucchini (‘Respect
F1’) plants were transplanted in the field on 28 Aug. Plants were
drip-irrigated and grown on raised beds (1.8 m) covered with
white plastic mulch; fertilization was with chemical fertilizers.
The experimental design was a randomized complete block
with four replications and four treatments. Treatments were:
a) Control (water); b) Chitosan (OII-YS, O2YS Corp.) applied
before planting (2.34 L/ha); c) Chitosan applied before planting
and foliarly (2.34 L/ha) three weeks after planting; d) Chitosan
applied before planting, and foliarly three and six weeks after
planting. Results showed that zucchini leaf net photosynthesis
and fluorescence (measured as PSII efficiency) were reduced
in plants treated with chitosan before planting + three and six
weeks after planting. Stomatal conductance and water use ef-

ficiency were unaffected by chitosan treatments. Plant growth,
marketable fruit number and weight, and root-knot nematode
galling rate were unaffected by chitosan treatments. Individual
fruit weight was reduced by chitosan treatments. Plants in all
treatments showed low insect damage and low incidences of
foliar and soil-borne diseases. Reduced leaf net photosynthesis
and leaf fluorescence with chitosan applications, particularly
when chitosan was applied before planting + three and six
weeks after planting, suggest that chitosan had toxicity effects
on zucchini plants.
Specified Source(s) of Funding: O2YS Corporation

Investigating the Impact of Soil Amendments on
Field-grown Tomato
(Poster Board #315)

Eric Turley*

Kentucky State University, Frankfort, KY, USA

George Antonious

Kentucky State University, College of Agriculture, Food Science, and
Sustainable Systems, Frankfort, KY, USA

Food demand is increasing at an alarming rate and much of future production systems will depend on the use of fertilizers in
organic amendments. Grower and consumer concern about safe
food products has also increased over the past several years and
is expected to continue. Thirty plots divided into three replicates
in a randomized complete-block design (RCBD) with five soil
amendments were used to study their impact on field grown
tomato. The five soil amendments were: i) sewage sludge mixed
with native soil, ii) yard waste compost mixed with native soil,
iii) chicken manure mixed with native soil, iv) horse manure
mixed with native soil, and v) no-mulch (unamended soil) used
for comparison purposes. Each of the five treatments was also
mixed with 1% biochar to make a total of 10 treatments. Soil
amendments were applied at 5% nitrogen/acre on dry weight
basis. After three harvests, Results revealed that yields obtained
from Chicken Manure (CM) and CM mixed with biochar were
highest whereas, yields obtained from yard waste compost was
lowest compared to other soil treatments. Accordingly, recycling
CM for use as a low-cost fertilizer resulted in a positive effect
on the growth and yield of tomato. Additional research is in
progress to increase and certify these results.
Specified Source(s) of Funding: USDA/NIFA

Nitrate Leaching Index for Surface Dripirrigated Cauliflower Fertilized with Organic
Soybean Meal
(Poster Board #316)

Dave Goorahoo*

California State University–Fresno, Fresno, CA, USA

Josue Samano-Monroy

California State University–Fresno, Fresno, CA, USA

Florence Cassel S.

California State University–Fresno, Fresno, CA, USA
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Govind Seepersad

University of the West Indies, St Augustine, Trinidad and Tobago

Nitrate (NO3) contamination of groundwater is a significant
unresolved environmental issue worldwide. Any nitrogen (N)
fertilizers not taken up by shallow rooted vegetable crops with
high demand for N, such as Cauliflower (Brassica oleracea),
can leach to the groundwater. Hence, in adopting a preventative
strategy to mitigate nitrate contamination of groundwater it is
critical to determine and control the amount of nitrate below the
root zone by implementing strategies that optimize crop yield
while minimizing the soil nitrate leaching index (LI). When
combined with the appropriate fertilizers, surface drip irrigation
can be a useful tool to help mitigate the nitrate leaching potential
of a cauliflower crop. This research focused on determining the
N leaching potential for drip irrigated cauliflower grown on a
sandy loam, and fertilized at four N rates (0, 75, 150, and 225
lb/ac N) with organic soybean meal (7–1–2) in a randomized
complete-block design with five replicates. Field experiments
were conducted in 2014 and 2015. The nitrate leaching potential
below the root zone of the crop was quantified using soil solution access tubes installed at depths of 12 and 24 inches below
the soil’s surface. Soil samples from the top 4ft were taken in
one-foot increments and analyzed to for soil NO3-N concentrations. The nitrate LI was calculated as the ratio of NO3-N in the
12–48 inch increment to the total amount in the 0–48 inch of
soil. Marketable yield from the fertilized plots were significantly
different (P < 0.01) from the control plots which received no
fertilizer addition with yield increases of 23% and 59% in 2014
and 2015, respectively. The greatest soil nitrate content occurred
within the 12–24 inches of soil for the plots fertilized with 225
lbs N/acre. Soil solution samples collected with the access tubes
indicated that there is a high degree of variability associated
with the NO3-N concentrations. Therefore, it is advisable that
assessment of nitrate leaching potential should not be based
solely on soil solution samples, but should be supplemented
with data derived from core soil samples. Overall, for the sandy
loam soil used in this study, the nitrate LI values would imply
that cauliflower growers should not exceed the 150lbs/N acre
rate, since the is no significant economic yield increase reported
between 150 lbs/N acre and 225 lbs/N acre, but there is a greater
potential to leach significant amounts of nitrate into groundwater.
Specified Source(s) of Funding: California State University
Agriculture Research Initiative (CSU- ARI)

Evaluation of Seven Processing Sweet Corn (Zea
mays) Hybrids at Four Plant Populations in the
Columbia Basin of Washington
(Poster Board #317)

A recent study from the Midwest demonstrated that plant populations for maximum sweet corn yield vary greatly for different
hybrid varieties, and suggested that yields could increase by
planting most of the newer hybrids at higher populations than
are currently used. The study was conducted under a rain-fed
system with lower yield potential compared to the Columbia
Basin region in Washington where sweet corn is irrigated. In
this trial, we evaluated the yield and processing qualities of
seven sweet corn hybrids grown in the Columbia Basin at
varying plant populations in 2014 and 2015. The seven hybrids
were Hardi, CSHYP10-104, Marvel, DMC 21-07, XTH1079,
XTH1779, and XTH3174. They were planted at four seeding
rates: 19,000, 23,200, 29,900, and 41,800 seeds per acre using
a Latin Square design and four replications. The actual plant
populations achieved in 2014 and 2015 differed; stands were
about 80% and 70% of the seeded rate in 2014 and 2015 respectively. Plant growth differed greatly each year; the plants
matured earlier, ears were larger, there were more ears per
acre, and yields were higher in 2015 compared to 2014. In both
years, total ear count and primary ear count increased as plant
population increased, while unhusked ear weights decreased.
Larger ears compensated for fewer ears as the plant population
increased so that yields were not significantly different at each
plant population in 2014. In 2015, the larger ears at lower plant
populations did not make up for having fewer ears and the total
yield increased significantly with each increase in plant population. Processing quality assessments including, tip fill, ear
weight, ear diameter, and the weight of kernels recovered per ear
significantly decreased as plant population increased both years.
The yield of kernels recovered on a per acre basis, however, is
also influenced by the number of ears produced and so the results
differed each year. There were significant hybrid x population
responses in this study for secondary ear count and secondary
ear yield, ear weight, and all processing recovery measurements.
Quadratic response curves for yield and cut kernel yield have
been assembled for each of the hybrids we evaluated. All of
the hybrids should be evaluated again at higher populations to
round out the curves (most of their responses are nearly linear
with populations under 33,000 plants per acre) and to account
for seasonal differences. We plan to continue these trials in 2018.
Specified Source(s) of Funding: Pacific Northwest Vegetable
Association

Viticulture and Small Fruits 1
Replacing Herbicides with Groundcovers to
Enhance Vineyard Sustainability
(Poster Board #350)

Benjamin Loseke

University of Nebraska, Lincoln, NE, USA

Carrie Wohleb*

Paul Read*

Timothy D. Waters

In most Midwestern vineyards a three to four-foot weed-free
strip is maintained directly beneath the vines to reduce vine-

Washington State University, Moses Lake, WA, USA
Washington State University, Pasco, USA

University of Nebraska, Lincoln, NE, USA
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weed competition. Conventionally, this strip has been conserved
with repeated applications of herbicide, mainly glyphosate. The
necessity for this weed-free strip to reduce vine-weed competition has been well documented in more arid climates. However,
in areas with higher soil fertility and adequate rainfall, this strip
may be unnecessary. Moreover, stand establishment and early
vine growth have not been well documented when planting
groundcovers (GC) immediately following the vine planting.
The main objective of this project is to assess the severity of
competition for water between ‘Edelweiss’ grapevines and
neighboring permanent native grass and legume GC combinations. The project is currently in its fourth year. In year one
(2014), the vineyard and GCs were established, where the GCs
were planted immediately after the vines. Preliminary data were
collected including rate of GC establishment and vine length. In
the summer of year two, water stress measurements were begun
by means of mid-day leaf water potential (LWP) and infrared
thermography (IRT) to measure leaf temperature. In warm and
arid regions leaf temperature has been shown to be highly correlated with plant water stress through the use of the crop water
stress index (CWSI). Moderate to low correlations between the
LWP and CWSI were observed in 2015 (R2 = 0.23) using single
leaf images. In 2016, images were taken of the grape canopy
for a better representation of the water status of the entire plant.
Higher correlations between the LWP and CWSI were observed
using this method. Vine-GC competition was more apparent in
three years of pruning weights, where the most extreme GC
treatment had up to 99% in 2014, 193% in 2015 and 183% in
2016 lower weights than the control. Harvest in 2016 showed
significant differences in total yields between GC treatments and
the control. However, no differences were found in berry quality
(pH, Titratable Acidity, °Brix). Preliminary results suggest that
planting groundcovers in both the alleyways and in-row areas of
the vineyard during the first year of establishment is detrimental
to vine growth. Furthermore, if water stress can be assessed using
non-destructive thermal imagery, grape growers will be able to
rapidly evaluate the water status of vines over large areas and
make educated decisions regarding irrigation regimes.
Specified Source(s) of Funding: Nebraska Department of Agriculture

ally available to the Midwest in years past. With these emerging
cultivars, various cultural practices should be examined to study
how they can influence grape quality at harvest. Practices related
to leaf removal or canopy leaf thinning are quite common in
established grape growing regions as well as fruit thinning or
cluster removal. To better understand how new cold-hardy grapes
respond to these traditional canopy management techniques,
two experiments were conducted at Iowa State University’s
Horticulture Research Farm. In 2015 and 2016, vines trained to
a single-curtain bilateral cordon system were thinned to retain
no more than 5 shoots per foot of cordon. ‘Marquette’ and ‘La
Crescent’ vines were divided into two canopy management
groups: leaf removal or cluster removal. Leaf removal consisted
of removing leaves adjacent to and below the second cluster,
and removing leaves adjacent to and below the first and second
cluster. Cluster removal consisted of removing all clusters except the primary cluster and removing only the tertiary clusters
(leaving the primary and secondary clusters). In addition, there
were two control groups: no leaf removal or cluster removal.
At harvest, fruits were collected, weighed for overall yield, and
either a 50-berry subsample (2015) or 5-cluster subsample (2016)
were collected to analyze fruit quality characteristics [°Brix, pH,
and titratable acidity (TA)]. ‘Marquette’ and ‘La Crescent’ fruit
quality was similar regardless of treatment in 2015 as well as
‘Marquette’ in 2016. ‘La Crescent’ did show an improvement
in fruit quality (°Brix and TA) during the 2016 season on vines
that had both the secondary and tertiary clusters removed but a
significant reduction in average yield (5.1 kg) was also apparent
compared to untreated vines (8.0 kg). Even though leaf removal
did not positively impact fruit quality on ‘Marquette’ vines, the
practice may have secondary benefits related to increased light
penetration and a faster drying of fruit, which could help reduce
disease pressure. Variable results were apparent with cluster
removal techniques on ‘La Crescent’ vines when comparing
2015 and 2016 results, but overall yield may have a greater influence on fruit quality at harvest. It will be important for grape
growers to understand site dynamics and vine characteristics to
determine if they should implement cultural practices aimed at
improving overall fruit quality.
Specified Source(s) of Funding: Northern grapes project

Impact of Leaf Removal on ‘Marquette’ and
Cluster Removal on ‘La Crescent’ Grape
Quality and Yield

Exogenous Abscisic Acid Increases Freezing
Tolerance and Induces Sugar Accumulation in
Grapevines

Kenneth G. McCabe*

Shouxin Li

Diana Cochran

Lu Zhao

Gail Nonnecke

Joshua Blakeslee

New cold-hardy wine grape cultivars have expanded possibilities
for grape growers and vintners beyond the selections tradition-
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Grapes are the most valuable horticultural crop in the U.S., and
its acreage has been expanding rapidly in the cold regions of
eastern and Midwestern states. However, the economic sustainability of the grape industry is limited by climatic constraints,
in particular freezing temperatures. In order to mitigate freezing
damage, various protection methods have been developed, with
the purpose of either changing the environmental conditions in
the vineyard or improving the freezing tolerance (FT) of grapevines. To address this issue, Dami and his group has developed
a novel method consisting of foliar application of abscisic acid
(ABA) that increased FT in various grape cultivars. However, it
is currently unclear how exogenous application of ABA mediates the acquisition of FT in grapevines. It is the purpose of this
study to understand the role of ABA on early plant responses
by evaluating the effect of exogenous ABA application on the
temporal (24 hours to four weeks) changes of FT, water content, and sugars in buds of two grape cultivars, Vitis vinifera
‘Cabernet franc’ (cold sensitive) and Vitis spp. ‘Chambourcin’
(moderately cold sensitive). Greenhouse-grown grapevines
were used in multiple experiments conducted in 2013 and 2014.
Treated vines were sprayed with a foliar application of ABA (400
mg·L-1) and compared to untreated (control) vines, which were
sprayed with deionized water. Bud FT consistently increased
over time and was higher in treated than control vines as early
as one week post-ABA application. Bud water content generally
decreased over time and was lower in treated than control vines,
but these changes were not consistent. Total and most individual
sugars increased over time and were higher in treated than in
control vines in ‘Chambourcin’ but not in ‘Cabernet franc’.
Only raffinose was higher in treated than control vines in both
cultivars. In ‘Cabernet franc’, its concentration peaked then
decreased one week post ABA application. In ‘Chambourcin’,
maximum raffinose levels were reached two weeks post ABA
application. It is concluded that vine early responses to ABA is
genotype –dependent and generally occurred one to two weeks
post ABA application and led to increased FT, decreased water
content, and increased sugar levels in buds. The new knowledge
of understanding how ABA mediates early cold acclimation
responses would help develop new strategies to mitigate freezing damage. Ultimately, the findings from this research will
enhance the economic and environmental sustainability of grape
production in cold regions.
Specified Source(s) of Funding: SEEDS–OARDC Research
Enhancement Competitive Grants Program, The Ohio State
University

Most floricane red raspberry (Rubus idaeus L.) plantings in the
Pacific Northwest are caneburned. Caneburning is removing
the first-emerging primocanes with herbicides in early spring
in attempt to reduce their competition with floricanes during
flowering and fruiting and thereby increase fruit yield. Two-year
trials were conducted in maritime northwestern Washington and
in semi-arid central Washington to determine how carfentrazone,
oxyfluorfen, or saflufenacil applied for primocane management
affect fruit quality and cane growth in a total of five red raspberry
cultivars. Additionally, total nonstructural carbohydrate content
was characterized for ‘Meeker’ and ‘Chemainus’ primocanes
and laterals grown at both locations. While berry and cane
parameters were not affected by herbicide treatment at either
location, many did differ by cultivar and location (central vs.
western Washington sites). Anthocyanin content was generally
greater in western Washington fruit, although °Brix and polyphenol content were higher in central Washington. In central
Washington, ‘Wakefield’ fruit were higher in anthocyanin content
and lower in pH than ‘Chemainus’ or ‘Meeker’. Across cultivars, midseason floricane and fruiting lateral biomass was 2.2
and 1.7 times greater, respectively, in northwestern Washington
than in central Washington, while the opposite was true for primocanes (13% more biomass in central Washington). Among
the three cultivars in central Washington, ‘Wakefield’ produced
more primocane and fruiting lateral biomass than ‘Meeker’ or
‘Chemainus’, particularly in 2016. There were few large differences in cane biomass among the four cultivars in western
Washington, except for the 16% lower floricane biomass of
‘Meeker’ compared to the other cultivars in 2016, and the 35%
to 60% lower lateral biomass in ‘Cascade Bounty’ in 2016 and
‘Chemainus’ in both years compared to ‘Meeker’ and ‘Saanich’.
When data were pooled across location and years, ‘Meeker’
primocanes contained greater carbohydrate concentrations than
‘Chemainus’. Carbohydrate content of ‘Chemainus’ fruiting
laterals was greater than in ‘Meeker’ in central Washington,
while ‘Meeker’ fruiting lateral carbohydrate concentration
exceeded that of ‘Chemainus’ in western Washington. Based
on these data, cultivar choice and environmental factors (e.g.,
location) significantly affected aspects of red raspberry fruit
quality, cane growth, and cane carbohydrate content, while
caneburning programs did not.
Specified Source(s) of Funding: Washington Red Raspberry
Commission and Washington State Commission on Pesticide
Registration

Caneburning Herbicides Do Not Greatly Affect
Red Raspberry Fruit Quality, Cane Growth,
and Cane Carbohydrate Content

Annual and Perennial Alleyway Cover Crops
Vary in Their Effects on Pratylenchus penetrans
in Pacific Northwest Red Raspberry (Rubus
idaeus)
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Cover crops can provide many benefits to agroecosystems, such as
lessening soil erosion and increasing water infiltration. However,
cover crop use is not common in established red raspberry (Rubus
idaeus) production fields in the Pacific Northwest. Growers are
concerned about resource competition between the cover crop
and raspberry crop as well as increasing population densities
of the plant-parasitic nematode, Pratylenchus penetrans, which
has a wide host range and has been shown to reduce raspberry
plant vigor, yield, and economic returns. A two-year study
was conducted in a 4-year-old ‘Meeker’ red raspberry field in
northwest Washington to evaluate the effects of nine alleyway
cover crops and the industry standard bare cultivated soil on
P. penetrans population dynamics in this production system.
Impacts on raspberry estimated yield and fruit quality were also
measured. There were no significant differences in raspberry
yield or fruit quality among treatments in either year of the
experiment. Alleyway P. penetrans populations did not affect
population densities of P. penetrans in corresponding raspberry
beds. Pratylenchus penetrans population densities did not
increase over time in raspberry roots adjacent to cover crops
compared to those adjacent to bare soil alleyways. In the field,
all of the cover crops were hosts for P. penetrans, but differed
in their suitability; none were as good of hosts as raspberry.
Raspberry grown in cultivated, bare soil plots did not fare better over time than raspberry grown in cover crop plots under
any measured parameter. To further evaluate the host status of
the cover crops for P. penetrans, two greenhouse host assays
were conducted. Two mustards commonly used as cover crops
in the Pacific Northwest, ‘Pacific Gold’ and ‘Ida Gold’, were
also evaluated; ‘Meeker’ raspberry was used as the positive
control. In both host assays, ‘Norwest 553’ wheat and a perennial ryegrass mix were consistently poor hosts for P. penetrans
while ‘Nora’ oat, ‘TAM 606’ oat, and both mustards were good
hosts for P. penetrans. Implementation of alleyway cover crops
may improve soil quality, but growers should select a cover crop
appropriate for their production system.
Specified Source(s) of Funding: Washington Red Raspberry
Commission; Northwest Agricultural Research Foundation

A Comparison of Twenty Raspberry Cultivars
for North Dakota
(Poster Board #355)

Wenhao Dai*

North Dakota State University, Fargo, ND, USA

Changhyeon Kim

North Dakota State University, Fargo, ND, USA

Victoria A. Magnusson

North Dakota State University, Fargo, ND, USA

Ten floricane (‘Prelude’, ‘Boyne’, ‘Killarney’, ‘Nova’, ‘Meeker’,
‘Latham’, ‘Encore’, ‘Amthyst’, ‘Royalty’, and ‘Mac Black’)
and ten primocane (‘Polana’, ‘Polka’, ‘Autumn Bliss’, ‘Autumn

Britten’, ‘BP-1’, ‘Himbo-Top’, ‘Joan J’, ‘Caroline’, ‘Heritage’,
and ‘Anne’) raspberry cultivars reported to be hardy to USDA
hardiness zone 3-5 have been field tested since 2013. Due to
the harsh winter and short growing season in North Dakota,
the evaluation focuses on winter hardiness, ripening time, fruit
quality, and yield. Field trials were conducted in two locations
(Fargo and Absaraka). The planting spacing is 9’ x 5’ and the
“V”-shape trellis system was used to support growth. Results
showed that all floricane cultivars except ‘Meeker’ and ‘Mac
Black’ showed a high winter survival rate (< 10% bud damage)
in last two years. Most of the primocane cultivars well survived
the winters in which ‘Polana’, ‘Heritage’, and ‘J. Joan’ showed
no or a low winter damage (< 15%). Research also found that
winter hardiness largely increased after first year in the field and
spring planting helped plants survive the first winter. ‘Prelude’
is the earliest ripening cultivar and 5% fruit were harvested between late June and early July 7. ‘Polana’ is the earlies ripening
primocane cultivars and 5% fruit were harvested in early August.
‘Heritage’ was the latest ripening cultivar and its fruit were
harvested after September 2 in 2016. Fruit quality evaluation
showed significant differences in size, soluble sugar contents
(SSC), firmness, and flavor among these cultivars.

Container Production of Blackberries,
Blueberries, and Raspberries for Farm
Diversification, Season Extension, and Winter
Protection in Ohio
(Poster Board #356)

Yu Gary Gao*

The Ohio State University, Piketon, OH, USA

M.Ryan Slaughter

The Ohio State University, Piketon, OH, USA

Containers for blueberries were then top-dressed with four different treatments of Topdress Special 17–3–6, a slow-release
macronutrient. The treatments were 47 (g), 94 (g), 141 (g) and
188 (g). Containers for raspberries were top-dressed with four
different treatments of Osmocote 15–9–12, a 6-month slowrelease macronutrient. The treatments were 47 (g), 94 (g), 141
(g) and 188 (g). 144 (g) of Dolomitic Lime per container was
also amended into the media to raise the pH up to around 6.8, the
desirable level for this crop. Containers for Blackberries were
top-dressed with 126 (g) of Osmocote 15–9–12, a six-month
slow-release macronutrient. These were also amended with
144 (g) of Dolomitic Lime per container to raise the pH up to
around 6.8. There are four different winter protection treatments
for these; they are: moving containers into a protected structure
like a barn, moving containers into a four-season high tunnel,
covering containers with two layers of 0.9 ounce row cover and
covering containers with four layers of 0.9 ounce row cover.
During the growing season, all containers were on landscape
fabric in a nursery style setting. All containers were irrigated
using 6.6 Gph spray stakes. Fruit yield and quality data from
the 2017 season will be summarized and presented.
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Specialty Crop Block Grant #AGR-SCG-15-4

Application of Manure-derived Fertilizers in
Red Raspberry and Blueberry
(Poster Board #357)

Chris Benedict*

maintaining productivity and improving soil quality. Soil, leaf,
and fruit samples were taken throughout the growing season to
determine the potential food safety risks these products pose
for use in horticultural crops.

Specified Source(s) of Funding: USDA-NRCS Conservation
Innovation Grant Program

Elizabeth Schacht

Effects of Spring High Tunnels on Primocane
Raspberry Production

Meijun Zhu
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Georgine Yorgey

Sheriden M. Hansen*

Washington state is the largest producer of red raspberries
(Rubus idaeus) in the country with over 73 million pounds
in 2015 the majority of which is concentrated in Northwest
Washington particularly in Whatcom County). Washington
state also recently emerged as the leader in highbush blueberry
(Vaccinium corymbosum L.) Washington state is the largest
producer of red raspberries in the country with over 73 million
pounds in 2015 the majority of which is concentrated in Northwest Washington particularly in Whatcom County Washington
state also recently emerged as the leader in highbush blueberry
production with Whatcom County a significant contributor.
Additionally, Whatcom County ranks in the top 3% of dairy
counties. These production systems have evolved in tandem
over time, but have recently lost their nutrient connection due
to food safety concerns related to applying manure products to
horticultural crops. While anaerobic digester (AD) technology
can help mitigate air quality issues while producing renewable
energy, the technology has only been adopted on a minority of
the dairy farms on which it is potentially profitable. Adoption
could be improved with development of commercially viable
complementary technologies that help dairy farmers address
their pressing nutrient management concerns. As a result, the
dairy industry is interested in use of nutrient recovery technologies that physically or chemically convert raw manure into viable fertilizer. The use of such manure derived fertilizers from
dairies (supply) to adjacent small fruit operations (demand) in
northwestern Washington would assist in managing the overall
nutrient balance in the region, but requires the documentation
indicating that these products do not pose a food safety risk to a
crop that is shipped worldwide. To this end, a trial was initiated
in 2016 in ‘Meeker’ red raspberries and ‘Draper’ blueberries
comparing two manure-derived fertilizers (ammonium sulfate
liquid [8% nitrogen] and phosphorous-rich solid [3–2–1 + micronutrients]) to raw manure, post-AD manure, composted dairy
manure, and standard synthetic fertilizers. Horticulture evaluations were paired with soil quality assessments to determine if
these products could be substituted for synthetic fertilizers while

Primocane-fruiting red raspberries (Rubus idaeus L.) avoid winter
injury by fruiting on first year canes, but fruit production is later
than needed for some local markets in the Intermountain West.
Early spring heat could help to maximize primocane growth and
promote earlier production. We conducted a study to compare
early heating with high tunnels to field production using two
different primocane raspberry cultivars, Caroline and Josephine.
High tunnel plastic was installed 17 March, and removed by 5
May. As fruit began to ripen, the high tunnel frames were covered
with shade cloth to minimize sunburned drupelets. Field plots
remained unshaded. Tunnel and field treatments were compared
for yield, fruiting season, fruit size and quality. The tunnel treatments advanced primocane growth by up to 55 cm (18 May,
‘Caroline’), with early harvest advanced by approximately 24
days for ‘Caroline’ and 19 days for ‘Josephine’. High tunnels
also increased marketable yield percentage, but had no effect on
average berry size. Early spring heat with high tunnels represent
an opportunity to shift primocane raspberry production earlier
in the season to address local market needs in high-elevation
continental climates.

Washington State University, Bellingham, WA, USA
Washington State University, Bellingham, WA, USA
Washington State University, Pullman, WA, USA
Washington State University, Mount Vernon, WA, USA
Washington State University, Mount Vernon, WA, USA
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Specified Source(s) of Funding: Utah Agriculture Experiment
Station

Natural Elderberry Rust Infection of Sambucus
nigra subsp. canadensis Plants
(Poster Board #359)
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Jeanne Mihail

University of Missouri, Columbia, USA

Elderberry rust (Puccinia bolleyana) commonly occurs in elderberry plantings when the alternate host, sedge (Carex spp.)
is present. Two studies were conducted to determine the effect
of rust on vegetative growth, fruit yield, and chemistry of berry
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puree of American elderberry plants. When sedge plants were
placed within elderberry plant blocks (11 Mar. to 19 May), there
were 30 potential infection periods with ≥ 3 h of continuous
leaf wetness and mean maximum hourly temperatures ranging
from 9 °C to 17 °C. The first rust pustules were observed on
5 Apr. at the Horticulture and Agroforestry Research Center
(HARC) near New Franklin, MO. In the first study with potted
‘Bob Gordon’ elderberry grown at HARC, rust-infected plants
averaged six pustules/plant on 19 May. Although not statistically
significant, berry yield was 84 g/plant for rust-infected plants
and 121 g/plant for uninfected plants. Shoot dry weights were
similar among plants. In a second study, canes of three-year-old
‘Wyldewood’ elderberry plants were tagged in a commercial
planting near New Bloomfield, MO. Rust-infected canes averaged 137 pustules/cane on 31 May. First date of fruit harvest for
rust-infected canes was five days earlier than that of uninfected
canes. Number of berries and berry yield for rust-infected canes
was reduced by ≈ 50% as compared to uninfected canes. Shoot
dry weight of rust-infected canes was generally lower than that
of uninfected canes and titratable acidity of berry puree from
rust-infected canes was lower than that from uninfected canes.

Specified Source(s) of Funding: Missouri Department of Agriculture Specialty Crop Grant

Determining Harvest Indices of ‘AU Golden
Dragon’ and ‘AU Golden Sunshine’ (Actinidia
chinensis Planch) Based on Consumer
Preference and Postharvest Longevity

Sunshine’ fruit harvested on 29 Aug. To determine the effect of
harvest maturity on fruit quality and postharvest longevity of
these two cultivars, fruit were harvested at seven-day intervals
from mid-Aug. to mid-Sept. in 2015 and 2016. Fruit quality attributes were measured initially and subsequently every 14 days
until fruit was unmarketable, or chilling injury became severe. As
harvest date increased, there was a quadratic increase in chilling
injury incidence of ‘AU Golden Dragon’ and a linear decrease
in chilling injury incidence of ‘AU Golden Sunshine’ in 2016.
Chilling injury incidences increased as storage time increased.
‘AU Golden Dragon’ harvested with a soluble solids content of
approximately 8% and ‘AU Golden Sunshine’ harvested with
a dry matter content >18% had better postharvest longevity.
Specified Source(s) of Funding: This research was supported
by the Alabama Department of Agriculture and Industries grant
# G00010154, the Alabama Agricultural Experiment Station,
and the Hatch program of the National Institute of Food and
Agriculture, USDA.

Computer Applications in
Horticulture
Horticultural Apps Connect Florida-friendly
Landscaping and Its Extension Outreach
Audience
(Poster Board #028)
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Lingbo Xie

C.J. Bain

James Spiers*

Claire Lewis

Leonard N. Bell

Donald Rainey

J. Raymond Kessler

Jennifer Marvin

Floyd Woods

Kelly Perez

‘AU Golden Dragon’ and ‘AU Golden Sunshine’ are two
yellow-fleshed kiwifruit with potential for commercial and
home garden production in the southeastern U.S. The objectives of this research were to determine the appropriate harvest
times and harvest indicators based on sensory evaluation and
postharvest longevity of these two cultivars grown in central
Alabama. Sensory evaluation was conducted in 2016 using
fruit harvested at seven-day intervals for five weeks and four
weeks, respectively for ‘AU Golden Dragon’ and ‘AU Golden
Sunshine’. In general, ‘AU Golden Dragon’ was more popular
with consumers than ‘AU Golden Sunshine’. The sensory
evaluation indicated that there could be a long harvest period
for ‘AU Golden Dragon’, as consumers liked fruit similarly
from multiple harvest dates. Consumers preferred ‘AU Golden
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Florida-Friendly Landscaping™ (FFL) is an Extension outreach
program of the University of Florida, Institute of Food and Agricultural Sciences (UF/IFAS). Conducted in partnership with
the Florida Department of Environmental Protection (FDEP),
the program focuses on statewide public outreach providing
scientifically based information on plant selection, fertilizer/

An asterisk (*) following a name indicates the presenting author.
S420

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations
pesticide management and water conservation for residential and commercial landscapes. The program seeks to curb
nonpoint-source pollution stemming from landscape runoff, as
well as promote water conservation. As population projections
indicate that Florida’s current 20 million residents may grow to
35 million by 2060, effective outreach to this large audience is
an ever-expanding challenge. Accordingly, FFL has developed
several mobile apps that offer program content in a convenient,
readily distributable format. 1) Plant-Selection App: The right
plant for the right place is a basic tenant of FFL. However,
what constitutes the right mix of plants for a Florida landscape
can be confusing for a state with seven USDA hardiness zones,
local annual precipitation ranging from less than 50 to nearly
70 inches per year, and a soil spectrum spanning xeric sands
to rich clay-loams. The FFL plant-selection app provides plant
recommendations to users based on their location and basic
information regarding their landscape characteristics (e.g., sun/
shade, wet/dry) and plant needs (e.g., turf/groundcover, shrubs,
trees). 2) Butterfly App: Protecting pollinators, including butterflies, is another basic FFL principle that motivates many
Floridians to plant a butterfly garden. Developed in coordination
with the UF McGuire Center for Lepidoptera and Biodiversity,
the app considers a user’s geographic location within Florida,
as well as their landscape conditions, and then recommends a
mix of host plants for a butterfly garden that complements the
locally expected butterflies. 3) Fertilizer-Ordinance Geolocation
App: Florida enjoys an abundance of lakes, rivers and coastal
waters, many with densely populated urbanized watersheds. In
the continuing struggle to manage urban landscape practices,
including excess fertilizer use that contributes to nonpointsource pollutant loading to surface and ground waters, over 75
city and county governments in Florida have enacted fertilizer
ordinances that often include blackout periods when no fertilizer at all may be applied. As landscape professionals may work
daily within multiple jurisdictions for these local ordinances, this
smartphone-based app allows them to confirm which ordinance
or jurisdiction applies to a particular work site. The smartphone’s
geolocation feature paired with a built-in map database provides
the capability for the app.
Specified Source(s) of Funding: Florida Department of Environmental Protection, UF/IFAS

Improving an RNA-Seq Analysis Workflow in
Blueberry
(Poster Board #029)

Margaret Staton

University of Tennessee, Knoxville, TN, USA

RNA-Seq is a powerful tool to monitor changes in the cell
transcriptome, with applications in assaying gene expression
and sequence variants, among many others. A typical RNA-Seq
analysis consists of (i) trimming adapter sequences from the
reads, with optional filtering of reads by quality and/or size, (ii)
mapping them to a reference genome or transcriptome, including de novo assemblies, and (iii) quantifying gene counts to
utilize for downstream differential expression analyses. Multiple
software options are available at each step of the process, which
ultimately affect the overall outcome of the analysis. When the
organism under study is fully sequenced to the genome level,
the performance of different software packages is usually less
variable compared to working with a non-model organism. Here,
blueberry (Vaccinium spp.) was used as a non-model organism
for which a draft genome sequence is available for diploid V.
corymbosum. However, there are multiple Vaccinium species
of interest for breeding and cultivation, many of which show
differences in their ploidy level, increasing the complexity of
their analysis and bringing into question the utility of the V.
corymbosum reference for other species. To explore this question, we use deep RNA-Seq data from two species of blueberry
-diploid V. arboreum and tetraploid V. corymbosum- to test several
possible RNA-Seq analysis workflows, including mapping to
the reference genome versus de novo transcriptome assemblies.
At a read processing level, the combination of kmer correction
and two trimming programs (trimmomatic and skewer) generated four sets of reads for downstream use. These were then
mapped to the reference genome or to de novo assemblies using
multiple programs (bowtie2, STAR, HISAT2, GSNAP, stampy
and salmon). Less stringent trimming with skewer retained a
larger number of reads than trimmomatic but with lower quality,
which negatively affected the performance of de novo assemblies
although increased the number of mapped reads. At the next
step, performance of the mapping programs was very variable.
GSNAP/STAR and salmon provided the highest number of total
counts when used against the reference genome and de novo
assemblies, respectively. Here we show how the selection of
different programs throughout the workflow impact the ability
to correctly assign reads to transcripts and properly interpret the
RNA-Seq analysis. Despite being out of the scope of this work, a
question remains open on whether the results from each pipeline
may affect the count profiles and thus influence the subsequent
differential expression analyses.

University of Tennessee, Knoxville, TN, USA

Evaluating Ag-Zoom Software for Near Realtime Access of Remote Sensor Data

University of Florida, Gainesville, FL, USA
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We have evaluated a new cloud-based software product for
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monitoring soil, water and environmental conditions. The AgZoom software (Ag-Zoom.com; Cervera, Spain) is specifically
designed as a real-time viewer for the EM50G (3G cellular) radio
datalogger (Meter-Group, Pullman, WA). EM50G nodes can
be connected to a wide range of soil, water and environmental
sensors in the field; the sensor data are then transmitted from
the node through the GSM cellular network to a cloud server
on a schedule chosen by the end-user. There is also a photovoltaic EM50G version available with rechargeable batteries,
which allows for data transmission every 15 minutes (near
real-time) from remote locations. These capabilities therefore
reduce maintenance needs and allow for wide-area deployment
of nodes on farms, addressing the limitations of other groundbased networks. It also allows for integration of data from
anywhere cell-phone networks are available. The google map
feature in Ag-Zoom enables easy geolocation of the node and
access to individual node data from anywhere on the planet.
The software is designed around “widgets” that graphically
illustrate both primary (e.g. air temperature, soil moisture
content) and derived data (e.g. degree days, plant-available
water) in a format that is easily accessible to growers on their
mobile devices. The software offers extensive customization
features, which allows a consultant (or manager) to illustrate or
prioritize specific datasets for the end-user. Data is also easily
displayed in either metric or imperial measurements, according
to individual preferences. A primary feature of this software is
the alert capability, which is easily configured using data from
any sensor on the node. We tested data receiving rates for frost
monitoring (alert) purposes using an EM50G node located in
South Carolina; the 15-minute alerts were reliably received in
College Park, MD within 5 minutes of the node sending the
data. Alerts can be received either as an email or a text message (using the secure Telegram Messenger App) on I-phone or
Android devices. Advanced model-based capabilities are also
available as individual widgets in the software. We have tested
and are using the Penman-monteith (ETo) model for predicting
crop water use, using crop coefficients. Several disease models are currently available e.g. Botrytis cinerea and Monilia
(brown rot); other predicted models are being integrated into
the software on a continuous basis.
Specified Source(s) of Funding: USDA-NIFA SCRI Award
2014-51181-22372

A Process-based Approach for Modeling Leaf
Development and Growth in Hardneck Garlic
(Allium sativum L.)
(Poster Board #031)

Jennifer Hsiao

Hyungmin Rho*

University of Washington, Seattle, WA, USA

Soo-Hyung Kim

University of Washington, Seattle, WA, USA

Leaf development and growth are two major processes in crop
simulation models. Accurately representing these two processes
sets the foundation for modeling changes in leaf number and
leaf area throughout the growth and development of a wholeplant. This is critical for processes that highly depend on leaf
phenology and morphology, such as gas exchange and carbon
allocation, which determine biomass and yield. In this study, we
developed a process-based modeling approach that describes the
development and expansion of individual leaves for hardneck
garlic (Allium sativum L.). We characterized leaf development
through the temperature dependence of leaf initiation, maturation
and senescence, which is further modified by photoperiod and
storage time. In between the process of leaf initiation and leaf
maturation, we used a beta function to describe the temperature
dependence of leaf elongation, and further applied an allometric
relationship between leaf length and leaf area to simulate the
gain in leaf area through elongation and expansion over time.
Leaf development, elongation and expansion were described
for each individual leaf, and was synchronized through leaf
development phenology to represent the whole canopy. We
calibrated the model with one year of field-collected data on
leaf development and leaf area, and validated the model with
another year of field data that represented differences in planting
dates, storage time, cultivars, location and weather. Comparison
between model simulations and field observations showed that
the model was able to capture the dynamics of leaf development
and growth over time, under a range of climate and management
conditions, and was suitable to integrate with other modules
within the garlic model that depend on an accurate representation of the crop phenology and morphology.
Specified Source(s) of Funding: Rural Development Administration, Korea

Horticultural Crops in the “Ultra Niche”
(Poster Board #032)
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Andy Wyenandt

The Cipra-2017 Software for Integrated
Crop and Pest Management in Eastern
Canada

Jennifer Matthews
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RAREC, Bridgeton, NJ, USA
Rutgers Cooperative Extension, Cape May Courthouse, NJ, USA
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Rutgers, The State University of New Jersey, New Brunswick, NJ,
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The “Ultra-Niche Crops for the Progressive New Farmer” is a
USDA-NIFA grant funded project currently underway at Rutgers
University. This project seeks to teach new and beginning farmers about the cultivation, marketing, and business management
of 10 “ultra-niche” horticultural crops—those of exceptionally
high value that can be grown successfully on 10 acres or less.
Teaching methodologies for this multi-year project include faceto-face traditional Extension workshops along with streaming
video of the live presentations to two other remote sites across
the state. A grower advisory council selected the crops and assists in evaluating the programming outputs. Reviews from the
first four (4) sessions on strawberries, cut flowers, winter lettuce,
and specialty peppers have been very positive from both the live
audiences and remote sites. A major highlight and undertaking
of this training is the grower virtual field trips, which were video
broadcast to all three sites on the evening of the training, and
then archived online along with the session training materials
and resources. The virtual field trips are 20-minute videos that
include an expert farmer, a wholesaler or consumer marketer
or buyer, and a subject matter expert for the crop. Attendees
are able to virtually visit the farm in season, see how the crop
is grown, learn what buyers look for, and hear from an expert
about specific difficulties a crop may pose. Presenters for each
workshop are those showcased in the videos, giving the audience members an opportunity to engage with the speakers in
person and from the remote sites. Evaluations from the first four
sessions (n = 182) revealed that 69.6% of the respondents were
not currently farming the crop while following the workshop,
52.38% of those were undecided. Evaluation data also revealed
that attendees planned to attend future workshops in the series
(88.07%), view the virtual field trip (70%), crop profiles and/or
budgets (83.33%), and business management videos (74.03%);
and that 76.83% were farming only 0–10 years. At the completion of the project, all educational materials developed about the
10 ultra-niche crops will be available on-line. In addition to the
virtual field trips for each crop, the website and training sessions
also include enterprise budgets for each crop; short segments on
the components of a farm business plan; crop profiles - including on-line interactive enterprise budgets; Feasibility Analysis
worksheets, including a SWOT analysis template; and a food
safety compliance worksheet. The educational materials and
project details are at http://njaes.rutgers.edu/ultra-niche-crops/.
Specified Source(s) of Funding: This project is sponsored by
the USDA-NIFA Beginning Farmer and Rancher Development
Program.
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To help managing horticultural crops and their pests, weatherbased decision systems are useful tools for producers. Several
weather-based mathematical models were developed or improved over the last 22 years, based on scientific experiments
and literature reviews. All these models are implemented in the
2017 version of the CIPRA (Computer Centre for Agricultural
Pest Forecasting) software, which can be used as a “virtual
laboratory” of bioclimatic modelling for many scientists, as
a knowledge integrator of several fields of expertise (e.g.
climatology, plant physiology, entomology, phytopathology,
post-harvest quality, mathematics, computer science, etc.),
and as an efficient technology transfer tool for all stakeholders
involved in horticulture. With more than 130 models, CIPRA
is now the largest bank of predictive bioclimatic models in
Canada using in real-time weather observations and forecasts.
These models predict the phenology of several vegetable, fruit,
small grain, and forage crops, as well as the development of
insect pests, diseases and physiological disorders that may affect
them. Several of these models are also used in national science
projects to study historical climate trends (e.g. 1950–2016) and
the potential impacts of climate change and variability (e.g.
2041–2070). Designed in a modular way by crop, CIPRA’s
bioclimatic models can be easily and quickly transferred to
other national and international actors to ensure better spatial
and temporal diffusion of bioclimatic predictions. Moreover, the
AgWeather Quebec and AgWeather Atlantic web platforms in
Canada now integrate several bioclimatic models of CIPRA and
feed them with weather data from 325 sites in eastern Canada.
This dynamics has greatly contributed to the development of
services offered by several research and consulting teams in
eastern Canada.
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Consumer Horticulture & Master
Gardeners/Local Food Systems

standardized answers to some frequently asked questions and
links to additional AaE training at eXtension.org. We hosted
a training event for Master Gardeners called “Building Your
Community Engagement Toolkit” at the Minnesota Landscape
Arboretum (10 Feb. 2017). One hundred-sixteen Master Gardeners from 18 Minnesota counties attended this five hour event. In
addition to AaE, Master Gardeners learn best practices in public
speaking as well as answering questions.

Minnesota Yard and Garden Extension Ask an
Expert Builds Relevancy and Value Answering
Questions
(Poster Board #019)

Julie Weisenhorn*

University of Minnesota, Chaska, USA

Water Wisely: Healthy Plants, Healthy People,
Healthy Planet—A Master Gardener Advanced
Education Program on Water Resources

University of Minnesota, Chaska, USA

Julie Weisenhorn*

University of Minnesota, St. Paul, MN, USA
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(Poster Board #020)
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Changes in technology, information culture and individuals’
expectations have prompted Extension to provide research-based
answers to home owners’ gardening questions in ways that fit
current lifestyles. Ask an Expert (AaE), an online question-answer
tool hosted and supported by National Cooperative Extension
(eXtension.org) and state university Extension colleges, serves
as an efficient way for Extension to help citizens get answers. It
is also is a powerful tool that strengthens Extension’s relevancy
and value to a certain audience segment, connecting them to the
University of Minnesota, its research, and its people. Part of the
larger eXtension.org Horticulture community of practice, the
Minnesota Yard & Garden Group is comprised of two Extension
educators and 30 Master Gardener volunteers. We field home
horticulture questions ranging from basic plant identification
to more complex explanations of landscape best practices and
managing invasive species. An eXtension.org exit survey of
AaE users confirms the user experience is positive: 80.1% of
5366 respondents indicate they are “satisfied” or “completely
satisfied” with the answer they received from us. Behavior
change is also anticipated based on advice we provided as the
Minnesota Yard & Garden group. Of 5278 respondents, 18%
(963) were considering a change in behavior or practice, 25%
(1329) were planning to change a behavior or practice, and
21% (1131) confirmed they had already made changes in their
behavior or practices. Master Gardeners self-select to train and
participate in AaE. They receive questions via email alerts that
are filtered per their question preferences indicated, research
solutions and respond directly to the submitter within 48 hours
via the AaE system. In 2016, volunteers answered 6188 questions with a majority of questions in spring and summer. Of our
Master Gardeners surveyed, 72% of respondents ranked the
experience of answering questions as a 4 or higher on a scale of
1–5, 5 being best. Mentoring is provided by more experienced
Master Gardener colleagues, and group members assist each other
with more challenging questions via a private listserv hosted by
eXtension.org. Extension educators also assist with questions as
well as provide training and resources. We developed an AaE
Google Site for volunteers with directions on establishing their
AaE eXtension account, tips on writing high quality answers,
and a list of research-based resources including a collection of
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We developed this advanced educational program as our 2016
public education theme. We provided Extension Master Gardener
volunteers with content and background for teaching home
gardeners about responsible, thoughtful water use in yards and
gardens that will maximize plant health and minimize negative
impacts on water resources. It is the first comprehensive statewide
program created for the Grow-U Education Program, a partnership of University of Minnesota Extension and the Minnesota
Landscape Arboretum that strives to enhance knowledge and
advance skills related to teaching research-based horticulture,
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gardening, and sustainable landscape practices. We developed
a comprehensive package of teaching tools and materials
specifically for Master Gardeners. This package, housed on
a Google Site, consists of four Powerpoint presentations—a
full presentation, a presentation on trees and shrubs, one on
gardens, and one on lawns—giving volunteers the option of
customizing the topic for their audience, event and timeframe.
Additional teaching tools include speaker’s notes, handouts
and a facilitator’s guide; hands-on class activities; class evaluations and record-keeping forms; posters for county and state
fairs; a press release for local promotion, and a brochure. We
also wrote five Extension publications, ten blog posts, and presented 13 lunchtime webinars for Master Gardeners throughout
the growing season on related critical topics surrounding best
practices in landscape water management. We developed a 2
1/2 hour “teach-the-teacher” session for volunteers to learn how
to effectively use and teach the content. In these sessions, we
cover information on soil and its impact on water movement
and availability to plants including demonstrating soil texture
hands-on activities, and instruction and considerations about
watering gardens, lawns, and trees and shrubs. We presented
a total of four teach-the-teacher sessions: three sessions at our
Master Gardener state conference, 24–25 June 2016, and one
session in Cloquet, MN, on 20 Oct. 2016, at our NW regional
meeting. After each training, attendees received access to the
Water Wisely Google site and signed pledge forms committing
to teach a number of sessions, as they felt able, in their communities. Of the 141 total attendees at these four sessions, 117
committed to teaching a total of 197 sessions in 2017. Attendees also completed evaluations. Of the completed evaluations,
91% rated the training sessions as excellent. At the time of this
abstract, Master Gardeners have taught and evaluated three
sessions: two full sessions, and one on trees and shrubs only.
Evaluations from the 81 home gardeners who have attended
these sessions reflect knowledge gains of 25% (lawns), 40%
(trees and shrubs), and 87% (soils, gardens) and plans to change
landscape practices of 22% (lawns), 26% (trees and shrubs,
gardens) and 38% (soils). As volunteers use the materials to
teach Water Wisely, their input about the teaching materials is
tracked on a Google Spreadsheet enabling us to make revisions
to improve the teaching tools and content.

Elements of an Award-winning Newsletter for
Master Gardeners
(Poster Board #021)

Denny Schrock*

Iowa State University, Ames, IA, USA

Susan DeBlieck

Iowa State University, Ames, IA, USA

Consistent and effective communication is key to engagement
and retention of volunteers. The Iowa Master Gardener program
publishes an award-winning newsletter each month entitled
Master Gardener News & Views. This newsletter has consistently
ranked among the top 10% for open rate of all newsletters sent

through Constant Contact, placing it in their All Star category.
For 2016 the average open rate was 43.6%, which is more than
double that for higher education in general (19.2%). Such a
high level of engagement may be attributed to several factors:
newsletter content, layout and design, and management practices.
Newsletter content is based on what Iowa Master Gardeners
want to know. Previous research indicated that master gardeners
are motivated to remain active as volunteers by learning new
horticultural information. Each issue of the newsletter includes
a Mystery Plant. The first respondents with the correct identity
are recognized in the next newsletter as Super Sleuths. Short
articles on topics of greatest interest for continuing education,
such as native plants, local foods, and sustainable practices are
included. Upcoming events that feature continuing education
opportunities also are listed with links to more details. More than
50% of the readers access the information on mobile devices, so
the newsletter was redesigned to be mobile friendly. Articles are
short (fewer than 200 words), the writing style is in active voice,
and each article includes a photo or graphic image to enhance the
reader experience. Boxes unify the written content and graphic
elements, with alternating background colors to provide visual
separation of articles. The palette reflects colors approved by
Iowa State University Extension and Outreach for consistent
branding and visual identity. In addition, the Iowa Master Gardener logo is prominently displayed in the newsletter header.
Database and other management practices are also important in
newsletter engagement. Inactive emails are removed monthly
from the database. Email delivery of the newsletter is timed for
consistency each month, with some flexibility for optimum hour
and day of the week, according to Constant Contact metrics.
The newsletter is promoted through Facebook, because 67% of
Iowa Master Gardeners are regular Facebook users. In addition,
links to past newsletters appear on the Iowa Master Gardener
website, in case readers missed the original email.

Field Day Attendees’ Perceptions of Local Food
Security
(Poster Board #022)

Laura Irish*

Iowa State University, Ames, IA, USA
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Denny Schrock

Iowa State University, Ames, IA, USA

Participation in field days have been shown to improve adoption
of new techniques and increase farmer learning. Since 1977,
Iowa State University (ISU) Department of Horticulture has
hosted several Home Demonstration Garden field days at many
ISU research farms to educate consumers on best practices and
cultivars for growing annual flowers and vegetables. Each year
these gardens are planted based on a specific topic or theme. In
2016 six Home Demonstration Gardens hosted field days in July
or August. The objective of these field days was to showcase
vegetable varieties that are in demand at food pantries and that
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home gardeners could grow easily for donation. In addition to
showcasing the crops, field day presentations focused on food
insecurity, its related implications in Iowa, and how community
members could impact food security in their local communities.
More than 400 community members attended these field days. Of
these field day attendees 151 (38%) participated in an optional
survey given at the end of the field day. The survey asked for
participants to reflect on their food security knowledge gain
and potential fresh produce donation intentions before and after
participation in the field day. Slightly more than half (53%) of
attendees reported some increase in food security knowledge
after participation while 47% reported no increase in food security knowledge. In addition, 85% of respondents reported that
they will or would consider donating fresh produce to a local
pantry after participation in this field day, a 44% increase from
previous donation patterns. The results from this first year of a
food pantry garden will influence the layout and content used
on the upcoming 2017 Home Demonstration Garden Field Day
Survey. Future studies will highlight before and after knowledge
using two separate surveys given at the beginning and end of
the presentation to better capture knowledge gain.
Specified Source(s) of Funding: Supplemental Nutrition Assistance Program–Education, U.S. Dept. Agr.

Benefits and Barriers of Involving Master
Gardener Volunteers As Citizen Scientists

scientists. The primary benefits were: 1) the connections master
gardeners made with food insecure individuals, 2) awareness of
food security issues in their local communities, 3) recognition
of the scientific process as citizen scientists, and 4) the positive
impacts of master gardeners on food insecurity. The primary
barriers of involving master gardeners as citizen scientists were:
1) amount of time needed to train master gardeners in collecting
data, 2) reluctance to thoroughly measure and record tedious
data, and 3) finding times when more than one master gardener
was able to harvest from the rural garden. Future studies will
identify master gardeners’ perceptions about scientists, as well
as strategies to improve team building, data collection, food
safety, and communication skills.
Specified Source(s) of Funding: Supplemental Nutrition Assistance Program–Education, U.S. Dept. Agr.
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Master gardeners can influence the reach of research through
citizen scientist training. With almost 2500 active master gardeners in Iowa, the potential for impacting the reach of applied
research is substantial. This study focused on the collaboration
between U.S. Dept. Agr. Supplemental Nutrition Assistance
Program–Education (SNAP–Ed) and Iowa Master Gardeners,
whose perceptions as citizen scientists were evaluated through
their involvement in local food donation projects. Master gardeners collected yield data on various cultivars of vegetables raised
at seven home demonstration gardens for donation to local food
pantries. Overall 9284 pounds of fresh produce were donated from
the demonstration gardens. Online surveys, given to participants
in these projects, were used to analyze Iowa Master Gardeners’
knowledge of research objectives and methods, including bias
and its effects on research reliability, and collaboration success.
After participation in the project 89.7% of respondents could
decipher bias during data collection. Results from the surveys
indicate that for continued success Iowa Master Gardeners need
more training in team building, communication among partners,
data collection, and food safety. We have noted several benefits
and barriers in training Master Gardener volunteers as citizen

Farmers’ markets are popular and successful in Northwest Arkansas (NWA), however a significant amount of produce goes
unsold at the end of the day at many markets. Many growers
do not have alternative markets, despite a strong local foods
awareness in NWA. The University of Arkansas, the Fayetteville
Farmers’ Market (FFM) and the Fayetteville Public School (FPS)
district collaborated to determine the potential for local foods
aggregation and distribution in NWA. Project activities included
a survey of institutional markets to identify interest and barriers
for using local foods, a pilot project between the FFM Co-op and
the FPS Farm-to-School (F2S) program with collective bidding
and ordering, developing USDA approved recipes featuring
local foods, increasing local foods use and awareness among
students, parents and staff, equipping school kitchens to handle
local produce, and meetings with stakeholders and advisory
board members to determine the feasibility of an aggregation
distribution system in NWA. As a result of this project it was
learned there was significant interest in incorporating locally
grown foods into food service programs in NWA institutional
facilities including schools, hospitals, nursing homes and child
day care centers. Institutional barriers to using local foods included lack of a produce ordering system, not knowing how to
connect with growers, and concerns with increased local product
price. In the F2S pilot, FFM Co-op won the primary bid for 5
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crops and made 14 deliveries to FPS in 2016. Sales were less
than expected due to communication barriers, growers learning
the ordering and delivery system, and difficulties predicting crop
availability. The FPS equipped kitchens to increase the capacity
for district wide purchasing by training kitchen staff, purchasing kitchen equipment and developing recipes featuring local
produce. They also promoted their local foods menu items and
growers through their Harvest of the Month program and social
media. The Advisory board met bi-annually to provide input
and to establish a roadmap for next steps in advancing the NWA
local food system. Overall, the activities in this project revealed
barriers to be addressed to scale up the NWA local food system
as well as opportunities including identifying grower training
needs, opportunities for new enterprises such as an aggregation
and distribution system and interest of institutional markets.
Next steps will be to remediate deficiencies and facilitate opportunities to further advance the NWA local food system with
community networks and partnerships.
Specified Source(s) of Funding: USDA-Local Foods Promotion
Program (disregard N/a below)

Virginia Cooperative Extension (VCE)
Community, Local, and Regional Food Systems
(CLRFS) Partnership
(Poster Board #025)

Kim Niewolny

Virginia Cooperative Extension, Blacksburg, VA, USA

Joyce Latimer

Virginia Cooperative Extension, Blacksburg, VA, USA

Kelli Scott

Virginia Cooperative Extension, Blacksburg, VA, USA

Caitlin Miller

Virginia Cooperative Extension, Blacksburg, VA, USA

Theresa Nartea

Virginia Cooperative Extension, Blacksburg, VA, USA

Bobby Grisso

Virginia Cooperative Extension, Blacksburg, VA, USA

Karen Vines

Ramon Arancibia*

Virginia Tech, Painter, VA, USA

A community-focused food system must be cultivated and nurtured by local leadership encompassing strong community ties
that are inclusive of a diversity of voices and ideas. The VCE
director formed a temporary steering committee for a CLRFS
team to identify current VCE programs and program activities related to CLRFS, and develop a workable and inclusive
organizational structure for supporting these efforts across the
Commonwealth. To address these goals, the team developed an
framework based on collective impact to identify, enhance and
promote community, local, and regional food systems resources,
information, and partnerships to VCE specialists, agents, and
community partners supporting “systems-level farm to table”
work. In March 2016, a statewide forum was conducted to facilitate dialogue and a shared understanding of the innovative
approaches and collaborations that comprise food systems work
in Virginia. The top topics of interest to participants to include
in roundtable or open space discussions were community gardens, supporting producers/growers with start-up and sustainability, urban agriculture, and food security. A CLRFS Model
was developed as a result of an interactive mapping exercise
conducted at the CLRFS Forum. This model described how
and where we work together along with value-based impacts. A
plan of action was developed based on input from participants
through program exercises as well as a post-forum evaluation. A
CLRFS Forum report was completed and widely distributed. A
websites and a blog were developed to promote marketing tools
and resources for CLRFS efforts. To address participants request
for more opportunities to share their work, we conducted nine
local listening sessions to learn more about VCE food system
programs. Current work includes analysis of data, development
of a sharing format, program assessment tools, agent facilitation
toolkit, and VCE CLRFS organizational structure.

Strengthening Local Food System Using a
Mobile Cooler during Marketing Process in
Underserved Community
(Poster Board #026)

Virginia Cooperative Extension, Blacksburg, VA, USA

Lekha N. Paudel*

Virginia Cooperative Extension, Blacksburg, VA, USA

Marikis Alvarez

Virginia Cooperative Extension, Blacksburg, VA, USA

Rose Ogutu

Sarah Morton

Eric Bendfeldt

Leonard Githinji

Virginia Cooperative Extension, Blacksburg, VA, USA

Crystal Tyler-Mackey

Virginia Cooperative Extension, Blacksburg, VA, USA

Charley Maxwell

Virginia Cooperative Extension, Blacksburg, VA, USA

Sarah Baughman

Virginia Cooperative Extension, Blacksburg, VA, USA

Delaware State University, Dover, DE, USA
Delaware State University, Dover, DE, USA
Delaware State University, Dover, DE, USA

The underserved community still lags behind in terms of capitalizing on economic opportunities in Delaware due to lack of
access to technology, knowledge, and resources. Among many
variables, they are less prepared regarding food safety during
post-harvest conditions. They want to grow fresh fruits and
vegetables and market to get higher prices, but they cannot fetch
what they expect due to the deteriorating condition of food stuff
by the time they get to the market. Therefore, the College of
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Agriculture and Related Sciences (CARS) at Delaware State
University (DSU) provide educational opportunities to these
audiences to minimize post-harvest loss by using tools like the
refrigerated trailer “Cool It Now.” Lekha Paudel and the team
from DSU–CARS were able to get financial support to build
DSU’s refrigerated trailer unit from a Specialty Crop Block
Grant, and a Capacity Building Grant offered competitively to
1890 Land-Grant institutions through USDA’s National Institute of Food and Agriculture in 2014. A mobile cooler allows
farmers to travel farther to take produce to farmers markets,
provides immediate preservation for harvest in the field, and
convenience for vending at events. Delaware State University’s
“Cool It Now” unit is equipped with a generator for field use or
can be plugged in. Paudel is continuously working to educate
farmers about this new method of keeping produce safe during
marketing, and as a result, many farmers are planning to build
the trailer for their needs.

Specified Source(s) of Funding: Specialty Crop Block Grant
Program of NIFA USDA via Delaware Department of Agriculture.

Regenerating the Social Context of Agriculture
(Poster Board #027)

Lee Altier*

California State University, Chico, CA, USA

Julie Estep

Adept Professional & Training Services, LLC, Chico, CA, USA

When strategies for regenerative agriculture are promoted,
restoring the linkage of production with local communities has
often been ignored. For the last six years, the Cultivating Community North Valley (CCNV) project has sought to bolster the
connection of underserved people in the Butte County area of
Northern California with production and consumption of fresh,
nutritious specialty crop production. In an effort to support local
production of specialty crops, CCNV has promoted hundreds
of workshops to enhance production skills while also educating
people about how to utilize local commodities. Based on the idea
that the viability of local production is dependent on informed
consumers, CCNV educational efforts have included workshops
on nutrition, preserving, storing, and cooking specialty crops.
The program has focused efforts on students, elderly, returned
veterans, and low income groups. At Chico State University, the
program has worked with the campus food pantry to provide
fresh fruits and vegetables for needy students and has offered
demonstrations on how to cook the produce. Student education
has also been supported with activities on the university farm
to provide practical production and marketing experiences.
A student-managed community supported agriculture (CSA)
program has facilitated a connection of community members
as share holders in the farm production. Around the area, over
25 community gardens have been supported by the program in
diverse neighborhoods to alleviate food deserts. The project
has resulted in the development of a stronger and more vibrant
community-based food network.
Specified Source(s) of Funding: Specialty Crop Block Grant

Program at the USDA through grant 14-SCBGP-CA-0006. Its
contents are solely the responsibility of the presenters and do
not necessarily represent the official views of the USDA.

Ornamental Plant Breeding
An Overview of Ornamental Plant Breeding in
China
(Poster Board #122)

Qixiang Zhang*

Beijing Key Laboratory of Ornamental Plants Germplasm Innovation
& Molecular Breeding , National Engineering Research Center for
Floriculture , Beijing Laboratory of Urban and Rural Ecological
Environment and College of Landscape Architecture, Beijing For,
Beijing, China

China, called “Mother of Gardens” by Ernest Wilson, has rich
germplasm resources of ornamental plants, which provide excellent materials for development of new varieties. During the
past 30 years, the ornamental industry has developed rapidly
with increasing production of ornamental plants. Meanwhile,
the discovery and utilization of the germplasms have been developed increasingly. More than 1000 species of wild flowers
are used in landscapes and in indoor environment, and nearly
100 species have been introduced as new flower crops, such as
Primula forbesii, Primula maximowiczii, Conandron ramondioides, and Limonium bicolor. Breeding with these specific
germplasms in China, breakthroughs have been made in Prunus
mume, Paeonia suffruticosa, Rosa chinensis, Chrysanthemum
morifolium, Lilium, Lagerstroemia indica and Cymbidium. A
highly efficient breeding technology system has been established
and a group of new flower varieties have been released, which
make a great contribution for the progress of China’s ornamental
industry. Furthermore, the whole genome sequencing work on
many ornamental plants, including Prunus mume, Phalaenopsis
equestris, and Nelumbo nucifera have been completed. Molecular
analyses have been done on important traits such as floral scent,
plant type, flowering characteristics and resistance, which lay
a foundation for the breeding of these ornamental plants at the
molecular level.

Determination of Interspecific Hybrids between
Hydrangea paniculata, H. macrophylla, and H.
serrata Using ISSR Markers
(Poster Board #123)

Donglin Zhang*

University of Georgia, Athens, GA, USA

Ming Sun

Beijing Forestry University, Beijing, China

Interspecific breeding of Hydrangea paniculata, H. macrophylla
and H. serrata was carried out and progenies were obtained.
Genetic confirmation of interspecific crosses was conducted
using inter-simple sequence repeat (ISSR) markers. Markers
differentiating parent genotypes were identified and then used
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to detect F1 progenies. Six ISSR primers (UBC 834, 836, 840,
841, 859, 873) were selected for identifying of 25 F1 hybrids
progenies. The result showed that paternal-specific bands were
found in 25 progenies and all of them were true hybrids. The
interspecific cross between H. paniculata ‘Unique’ and H.
macrophylla ‘Mariesii’ was the most successful and most of
true hybrids were from this cross. ISSR markers were efficient
in detecting genetic variability. In conclusion, ISSR markers efficiently identified the interspecific hybrids, which indicated that
ISSR can be used for early identification of Hydrangea hybrids.

Pollen Nuclei Identification, in Vitro Pollen
Germination, and Self-incompatibility Systems
in Abelia
(Poster Board #124)

Leynar Leyton Naranjo*

University of Georgia, Griffin, GA, USA

Carol Robacker

University of Georgia, Georgia Campus, Griffin, GA, USA

Self-incompatibility systems were evaluated in Abelia chinensis, Abelia engleriana and Abelia xgrandiflora. Self and cross
pollinations were performed in greenhouse-grown plants on
recently opened flowers. Pollinations were evaluated at one or
two days after pollination. Pollinated flowers dropped after the
second day after pollination. Styles were removed one and two
days after pollination, fixed in a solution of ethanol and glacial
acetic acid (3:1) for at least 24 hours, transferred to a solution
of NaOH 4N for 12–24 hours. to soften the tissues, and then
stained with 0.1% decolorized aniline blue with 0.1 M K3PO4.
Stained styles were analyzed for pollen tube growth under an
inverted epifluorescent microscope. Pollen tubes were inhibited
in the upper half of the style on self-pollinations and reached
the base of the style on cross-pollinations. Inhibition in the style
suggests the presence of gametophytic self-incompatibility in
Abelia. In vitro pollen germination was evaluated in A. chinensis,
A. engleriana and A. serrata. The most effective germination
medium consisted of 10% sucrose, 0.01% H3BO3, 0.02% CaCl3
and 0.5% agar with a pH of 7. Pollen did not germinate in liquid
medium and sucrose concentrations of 15, 20, or 25% were not
effective. Three samples of pollen from different dehiscent anthers of recently opened flowers from greenhouse-grown plants
were placed on top of a slide containing germination medium.
Slides were placed on a petri dish with a wet paper towel to
ensure 100% humidity and cultured in light at 28.5 ± 0.5 °C.
Germination of 100 pollen grains was evaluated at two hours
and 24 hours after culture. Overall, Abelia engleriana had the
highest germination, with 86% of the grains germinating after
24 hours of culture. A. serrata had 38% germination, while A.
chinensis exhibited very low germination in the three different
pH levels tested: approximately 13%, 8% and 3% in medium
pH 6, 7, and 8, respectively. Pollen nuclei identification was
evaluated in in vitro germinated pollen grains stained for one
hour with 0.25 mg·L–1 or 0.5mg·L–1 of a 4’, 6-diamidino-2phenylindole (DAPI) solution prepared with glass distilled water,

and evaluated under a fluorescent microscope. Observations
indicate the presence of three nuclei in Abelia pollen.

Autotetraploid Induced Sterility in the Golden
Shower Tree
(Poster Board #125)

Kenneth Leonhardt*

University of Hawaii at Manoa, Honolulu, HI, USA

The golden shower tree, Cassia fistula (L.), is a traffic stopper when in bloom with golden yellow three-inch flowers that
hang in clusters 30–45 cm in length. However, the copious
production of messy and sometimes hazardous fruits and seeds
make the normal diploid form of this species high maintenance and potentially invasive. A sterile form of this prolific
seed producing tree would be highly desirable for tropical
landscapes. Triploid plants are usually sterile, and can usually
be produced by crossing tetraploid and diploid plants of the
same species. In a first step toward creating triploid C. fistula
plants, tetraploid and mixoploid individuals were induced from
colchicine treatments on recently germinated seedlings. Upon
flowering, three 5-year old autotetraploid and one mixoploid
C. fistula plants were completely sterile, and remained sterile
in three subsequent years of flowering. It is not uncommon for
autotetraploid plants to have reduced fertility, but complete
sterility was unexpected. The sterile autotetraploid plants are
being vegetatively propagated for introduction to the Hawaii
landscape industry.
Specified Source(s) of Funding: This work was supported by
the USDA National Institute of Food and Agriculture, Hatch
project No. 819, managed by the College of Tropical Agriculture
and Human Resources.

Cornus mas L. Hardiness Evaluation Based on
Controlled Freeze Testing
(Poster Board #126)

Meredith A. Swanson*

North Dakota State University, Fargo, ND, USA

Todd West

North Dakota State University, Fargo, ND, USA

Cornus mas (Cornelian cherry) is a deciduous shrub or small
tree that is native to southeastern Europe and western Asia. It is
unique among the Cornaceae (dogwood) family in that the fruit
is highly nutritious and contains high amounts of antioxidants
and anthocyanins. While this plant has many desirable fruiting and ornamental characteristics, it has seen limited use in
North America. Several of these desirable characteristics are
low disease and pest incidence, fruit qualities, and early yet
long-lasting flowers. Little is known about the cold hardiness
of this species being that there has been limited use outside
of its native range. This study aims to determine if controlled
freezing can be used to analyze potential hardiness of different cultivars to select for northern zone field trials. To do this,
five cultivars (‘Flava’, ‘Golden Glory’, ‘Pyramidalis’, ‘Spring
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Glow’, and ‘Variegata’), one variety (var. elegantissima), and
one individual (TS79239, established at the NDSU Research
Arboretum near Absaraka, ND, USA; Lat: 46.9859, Long:
-97.3549) were exposed to five temperatures (–24, –32, –36,
–40, and –44 °C) using a controlled freezing chamber. Stem
tissue was evaluated for all selections and additional flower
buds and vegetative buds were evaluated for the Absaraka
selection. Electrical conductivity (EC) was recorded for each
tissue sample after exposure to freezing treatment temperatures
and heat killed temperature. This gives a percentage of the
number of ions that were released after freezing and therefore
how much damage was done at each temperature. Test results
showed ‘Variegata’ to have nearly 70% tissue damage at –24,
–32, and –36 °C and then increase to 80% damage at –40 and
–44 °C. This was the most amount of electrolyte leakage for
all of the selections tested. Even at –24 °C, ‘Variegata’ shows
significant tissue damage that would cause extensive dieback. Stem die-back of ‘Variegata’ has been observed at the
University of Wisconsin-Madison Arboretum (Madison, WI,
USA; lat: 43.0419, long: –89.4297), which is located in USDA
hardiness zone 5a. This study showed a gradual increase in tissue damage for the selections, however all besides ‘Variegata’
showed potential hardiness prior to –40 °C. Of the selections
tested, ‘Spring Glow’ showed the best potential for hardiness
in northern USDA hardiness zones. It can be concluded from
this study that controlled freezing is a viable resource for determining potential hardiness for Cornus mas.
Specified Source(s) of Funding: ND State Board of Agricultural
Research and Education

Ploidy Levels and Interploid Hybridization in
Panicle Hydrangea
(Poster Board #127)

Winston Beck

North Carolina State University, Mills River, NC, USA

Lauren Deans

North Carolina State University, Mills River, USA

Nathan Lynch

North Carolina State University, Mills River, USA

Thomas Ranney*

North Carolina State University, Dept. of Horticultural Science, Mills
River, NC, United States

Hydrangea paniculata is a valuable and popular landscape
shrub in temperate parts of the world. To better understand
their reproductive biology, diverse cultivars, interploid hybrids,
and wild-collected accessions of H. paniculata were analyzed
for ploidy levels and relative genome sizes by flow cytometry
and cytology. Most cultivated varieties were found to be tetraploid, though hexaploid and pentaploid clones were identified.
Crosses between pentaploids and tetraploids tended to produce
progeny with genome sizes within or near the tetraploid range,
suggestion a bias toward euploidy/isoploidy. Open-pollinated

pentaploids produced progeny with genome sizes ranging from
near tetraploid to near pentaploid, as well as one plant greater
than heptaploid, most likely resulting from an unreduced
gamete from one parent. Although diploid H. paniculata have
been documented in Japan, is appears that tetraploids and to a
lesser degree hexaploids have been preferentially selected for
horticultural use. These results document genome sizes and
ploidy levels of diverse cultivars, hybrids, and wild-collected
accessions of H. paniculata. Furthermore, it was found that
interploid hybrids can be easily produced and that pentaploid
hybrids maintain fertility and can produce offspring with a wide
range of cytotypes including aneuploids, (near) euploids, and
higher ploidy levels resulting from unreduced gametes.

Survival and Rooting of Irradiated Cuttings of
Illicium parviflorum michx. Ex Vent.
(Poster Board #128)

John Ruter*

University of Georgia, Athens, GA, USA

Kaitlin Barrios

University of Georgia, Athens, GA, USA

Small anise tree is a native evergreen shrub used in southeastern
U.S. landscapes due to its adaptive nature to a range of environmental conditions and dense hedge-forming ability. There are
very few cultivars on the ornamental market and little natural
phenotypic variation exists. Traditional breeding is difficult due
to very low seed set, as well as different timing of receptivity
of reproductive structures. This project utilized a relatively
common method of mutation breeding, gamma radiation, in an
attempt to induce variation and improve growth characteristics
of Illicium parviflorum. The purpose of these studies were 1) to
determine if gamma radiation leads to stable variation(s) of the
species and 2) to determine the optimal timing of cuttings and
rates of radiation application (Gy). In 2016 vegetative cuttings
were taken at three growth stages: hardwood, semi-hardwood
and soft/actively growing wood. Effect of radiation rate was
evaluated on hardwood cuttings on 16 Feb. treated with 20,
40 and 60 Gy, semi-hardwood cuttings on 4 Aug. at 3, 5, 10,
20, and 40 Gy; and on softwood on 20 May at 5, 10, 20, 40,
and 60 Gy using a Cobalt60 source. An untreated control was
included at each date. Percentage of cuttings rooted under
mist was recorded after nine to 12 weeks. Preliminary results
indicated an optimal rate and period of 5 Gy in August, which
yielded 90% rooting, 10% lower than the untreated control. In
February, control plants only had a rooting percentage of 60%
and no plants treated with radiation rooted. Survival of rooted
cuttings decreased dramatically above 5 Gy. Rooted cuttings
treated with radiation will be evaluated for differences compared to untreated controls. The experiment is being repeated
in 2017 and a large number of cuttings will be irradiated in
early August to maximize the potential of inducing variation
via gamma radiation.
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Oenothera drummondii ‘TX-10-G-L-11-9-125’—A Production-friendly, Beach-loving Native
Cultivar for Coastal Landscapes

J.Y. Suzuki

Sean T. Carver

T. Matsumoto

(Poster Board #129)

Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA
USDA–ARS Daniel K. Inouye US Pacific Basin Agriculture Research
Center, Hilo, HI, USA
USDA–ARS Daniel K. Inouye US Pacific Basin Agriculture Research
Center, Hilo, HI, USA

Texas A&M University, College Station, TX, USA

Michael Arnold

Texas A&M University, College Station, TX, USA

John E. Montoya*

Texas A&M University, College Station, TX, USA

Andrew R. King

Texas A&M University, College Station, TX, USA

Oenothera drummondii Hook., commonly known as the beach
evening primrose or coast evening primrose, is a coastal species ranging from North Carolina, USA. to Veracruz, Mexico. A
dieback subshrub on the northern limits of its range, this species
can grow to be a spreading evergreen shrub in warmer locations.
Foliage ranges from bright green to blue-green depending upon
the degree of white pubescence present on the leaves. Plants
frequently are found in coastal dunes. The cultivar ‘TX-10-GL-11-9-12-5’ (plant patent pending) is a cultivar with denser foliage, a lower growth habit (typically < 30 cm), more grey-green
foliage, and numerous yellow flowers compared to the species.
Bloom tends to be more free flowering than the species. Flowers
are a waxy bright yellow (R.H.S. 2A) and after pollination fade to
a light tangerine orange color as they senesce. Petals are 3.0–3.5
cm long x 3.5–4.0 cm wide at the broadest locations overlapping to
form a cup to open saucer-shaped bloom that is 7-cm in diameter.
Stem cuttings can be rooted in as little as 2–3 weeks and growth
in container production is rapid. Foliar- and substrate-applied
sodium chloride was tolerated in genotypes of O. drummondii as
high as half that in seawater. Established plants of this cultivar
have tolerated as low as 17 F (–8.3 °C) without damage, while
newly planted liners exhibited moderate foliar damage in the
same plot. Life expectancy varies by location, but typically is
3–5 years in cultivated landscapes where winters are not severe
(USDA hardiness zones 8b to 13); ‘TX-10-G-L-11-9-12-5’ can
be grown as a summer annual in colder climates. Parental genotypes involved in the development of this cultivar originated
from Texas coastal regions. This plant requires well drained
soils and a sunny to mostly sunny location for strong flowering.
Specified Source(s) of Funding: United States Department of
Agriculture National Institute of Food and Agriculture

Floral Design Characteristics As an Evaluation
Criteria for Anthurium Cut Flower Variety
Development
(Poster Board #130)

Teresita Amore

University of Hawaii, Honolulu, HI, USA

Joanne S.L. Imamura*

Tropical Plant and Soil Sciences, College of Tropical Agriculture and

Breeding for cut flower anthurium has focused traditionally
on desirable production traits from the growers’ standpoint,
such as yield, plant vigor, and resistance to pests and diseases.
Post-harvest characteristics such as vase life, susceptibility to
cracking and bruising, and ease of packing are also useful traits
for the grower. However, floral designers are rarely included in
the evaluation of new hybrids prior to variety release. In July
2016, the Hawaii Flower and Nursery Association sponsored a
one-day workshop to familiarize flower researchers with event
designing. Two floral designers were invited to give participating researchers hands-on training to design a simple table arrangement and a flower bouquet.Constructing the arrangements
enlightened researchers that certain design aspects, such as
stem flexibility and spadix color, should be considered during
evaluation process. Researchers were made aware of current
trends, and how future crosses and selections can address the
designers’ requirements. Addressing floral design attributes
strengthens the breeding program, since the designers are endusers of the new varieties, thus driving the demand for products
growers will provide.
Specified Source(s) of Funding: USDA Hatch 868H Breeding
Aroids and Orchids for Quality, Productivity, and Disease Resistance with Emphasis on Anthurium and Dendrobium

Novel Transient Assay for Color Expression in
Detached Anthurium Spathes
(Poster Board #131)

P.J. Toves*

University of Hawaii, Honolulu, HI, USA

Maureen Fitch

Hawaii Agriculture Research Center, Kunia, HI, United States

Xiaoling He

Hawaii Agricultural Research Center, Kunia, HI, USA

Richard Criley

University of Hawaii, Honolulu, HI, United States

C.R. Martin

John Innes Centre, Norwich, United Kingdom

Teresita Amore

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA

Anthurium is the most significant cut flower crop produced in
the Hawaii floriculture industry. Development of novel colors of
anthurium for the industry in Hawaii enables growers to remain
competitive with worldwide producers. Genetic transformation
is one method for novel color development, but recovering
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stably transformed plants is a lengthy process. With stable
transformation, there is no immediate observation of potential
color outcomes as a result of transgene expression. Transient
expression via Agrobacterium infiltration was explored to rapidly observe gene function of F3’5’H, the gene that catalyzes
the blue flavonoid delphinidin in the anthocyanin pathway in
anthurium spathes. In the first experiment, detached spathes of
‘Marian Seefurth’ and hybrid UH 1688 were agro infiltrated
with F3’5’H. After 48 hours, spathes that were agro infiltrated
with F3’5’H developed bluish hued areas of varying size, while
control spathes that received only infiltration buffer showed no
change in color. To ensure that the observed color change was a
result of the transgene and not pathogenicity by the bacterium,
a follow up experiment was done on eight hybrids having a
wider range of spathe colors using the following treatments:
agro infiltration with F3’5’H, agro infiltration without F3’5’H,
and only infiltration buffer. Results were inconsistent, however
hybrid UH 2008 was the only hybrid with color changes among
treatments. Further experiments are needed to confirm transient
expression of the gene F3’5’H in anthurium spathes. This rapid
method will be useful for observing the transient expression of
color genes of interest in anthurium.

Specified Source(s) of Funding: USDA Hatch Production, assessment and disease management of hybrid anthurium cultivars

708 bases. More than 77% of the total reads were mapped to the
assembled transcriptome and more than 66% paired-end reads
aligned concordantly to the assembly. Some genes expressed in
the leaves of UFGE 4033 were highly similar to disease resistance
genes that have been cloned in other plants.

Tropical Horticultural Crops

Determining Volatile Compounds in ‘Hass’ and
‘Fuerte’ Avocado Flowers with Comprehensive
Gas Chromatography Time of Flight Mass
Spectrometry
(Poster Board #230)

Hannes Robbertse

University of Pretoria, Pretoria, South Africa

Mart-Marie Bezuidenhout

University of Pretoria, Pretoria, South Africa

Egmont Rohwer

University of Pretoria, Pretoria, South Africa

Yvette Naudé

University of Pretoria, Pretoria, South Africa

Elsa S. du Toit*

University of Pretoria, Pretoria, South Africa

Characterizing Powdery Mildew Resistance in
Gerbera Using Next Generation Sequencing
(Poster Board #132)

Krishna Bhattarai*

Gulf Coast Research and Education Center, University of Florida,
Wimauma, FL, USA

Zhanao Deng

University of Florida, Wimauma, FL, USA

Gerbera daisy is one of the most popular flowers in the world
and an important floricultural crop in a number of countries.
Powdery mildew (PM) can rapidly infect gerbera leaves and
flowers and is considered as the most common and destructive
disease in commercial production and landscape use. In recent
years, improving PM resistance has become a priority breeding objective in gerbera breeding. Previously we identified two
gerbera breeding lines highly resistant to the PM caused by
Podosphaera xanthii (Podosphaera fusca). The PM resistance
in one of the breeding lines, UFGE 31-19, has been transferred
into several new garden-type gerbera cultivars. Previous genetic
mapping and quantitative trait locus (QTL) analysis identified two
linked QTL (Rpx1 and Rpx2) in UFGE 31-19. To identify genes
associated with these loci, total RNA was isolated from leaves
of a PM-resistant progeny (UFGE 4033) of UFGE 31-19 and a
PM-susceptible gerbera line and converted into cDNA, which
was then sequenced on an Illumina HiSeqTM 2000 (transcriptome
sequencing). Assembly of the transcriptomes resulted in 430,251
genes and 528,630 transcripts. The assembled transcriptomes
contain approximately 292 Mb with an average GC content of
43.6%. The N50 of the assembly based on all transcripts was

The supplying of bee hives in avocado orchards to improve pollination and fruit set is highly expensive to the avocado farmers,
but for some reason avocado flowers are not very attractive to
bees. Therefore, there is a need to find out why. Research has
been done on flower structure and functioning, but there are still
important aspects that need to be addressed such as the origin and
identification of volatiles emitted from the flower. According to
Afik et al. (2006), bees have to collect pollen as well as nectar
in order for them to visit the male and also the female flowers.
If they collect only pollen, they will not visit the female flowering stages and pollination cannot occur. The nectar component
is therefore quite important and it could, most possibly, be the
nectar that releases volatiles. Afik et al. (2006) also found that
avocado nectar and honey were rich in a wide range of minerals
including phosphorus and potassium, both of which are repellent
to bees, however, the authors have not investigated the volatile
compounds from the flowers. Therefore, the aim of this study
was to determine the volatile profiles from avocado flowers.
The study was done in an orchard on the Experimental farm
of the University of Pretoria in South Africa. Four replicates
each of male and female stage flowers of ‘Hass’ and ‘Fuerte’
were collected in Petri dishes containing a gel made up of 5%
agar, 10% sucrose and 0.05% boric acid and allowed to open.
Replicate sample sets (n = 4) were sampled at midday and at
late afternoon. The headspace of avocado flowers in agar was
sampled using an inhouse developed sorptive method (Naudé and
Rohwer (2013). After headspace sampling analyses were done
by thermal desorption with comprehensive gas chromatography
time of flight mass spectrometry (TDS-GC x GC-TOFMS). The
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data were statistically analysed and means were compared with
Fisher’s protected least significant test at the 5% level. ‘Hass’
and ‘Fuerte’ flowers had very different volatile chemical profiles.
There was also a significant difference between the volatile
profiles of male and female flowers within each cultivar. ‘Fuerte
flowers had pungent, spicy scents while ‘Hass’ flowers had
sweeter scents. In conclusion, we found that avocado flowers
produce a large number of volatile compounds which differed
between the male and female phases of the flowers and also
between the two cultivars that were studied.
Specified Source(s) of Funding: South African Avocado Growers’ Association

Moringa oleifera Lam. Flowering and Fruiting
Under Suboptimal Conditions and Effects of
Starch Storage

during the coolest months of the year. Fruit set was almost absent
during the cold season but was abundant toward the warmer
months from August to February. In the second trial there were
significant differences with starch concentrations between the
flowering and deflowered trees. There were also significant differences in the mean starch concentrations among the different
plant parts and reproductive stages (flowering, fruit-elongation,
fruit-filling and fruit-maturity) during development. A timeline
chart for different phenological stages is illustrated for Moringa
trees growing in a subtropical region. Variation in starch reserves
between stems, leaves, shoots, fruit, seeds, and roots and how
flowering and fruiting affect the concentration of starch in these
plant parts, is described.
Specified Source(s) of Funding: South Africa National Research
Foundation
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Improvement of Yield per Acre By Managing
Canopy Size and Close Spacing Planting of
‘Hass’ and ‘Lamb Hass’ Avocados (Persea
americana)
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Moringa oleifera Lam. (miracle/ horseradish/ drumstick tree) is
a fast growing, drought tolerant tree with numerous beneficial
uses, such as for nutritious food, animal forage, green manure,
water purification, traditional medicine and biofuel (Anwar et
al., 2007). Flowering and fruiting patterns of moringa varies
from location to location and from season to season within locations. Above information for subtropical regions (suboptimal
conditions) in South Africa are unknown. Also, moringa showed
irregular bearing which needed to be investigated. Research
was conducted at the University of Pretoria Experimental Farm
(25°45’08.6”S, 28°15’30.5”E) in Gauteng. An eight year old
moringa orchard with trees spaced at 2 m x 2 m under drip
irrigation was studied. Trees used were pruned down to about
2 m after fruiting in 2014, a year prior to the study. Both trials
were statistically laid out and analysed. In the first trial, trends
of flowering from bud development to fruit set and fruit maturity
were observed during the year to determine the duration of each
plant’s reproductive stage. One floral panicle from ten randomly
chosen trees was selected for each time period. The duration of
each stage was followed and recorded over a 12-month period.
In the second trial, a ‘low carbohydrate reserve’ being the most
obvious explanation for ‘alternate’ bearing was investigated.
Changes in starch concentrations for different plant parts (root,
branch, shoot, leaf, fruit and seed) were monitored between 16
flowering trees (control) which were left to flower and produce
fruit and 16 deflowered trees of which the flowers were stripped
at the onset of the flowering cycle. Results from the first trial
showed that flower numbers per panicle reached a peak during
September and October (spring season) which were significantly
higher compared to other warmer months and then slowed down

(Poster Board #232)
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California produces about 90% of the nation’s avocado (Persea
americana) crop and San Diego County grows about 40% of
all the avocados grown in the state. Avocado trees are native to
subtropical climates where rainfall is abundant so it is important
to keep trees well irrigated to produce fruit and leach out salts
from their sensitive root zone. Currently the cost of water in
San Diego County is approximately $1,600 ac/ft and avocados
require 3.5–4 ac ft/ac to produce a commercial crop. Water
costs are expected to increase. The cost of water is causing
many growers to turn off their water because they can no longer
make a profit. To adapt, growers need to dramatically increase
yield per acre using the same amount of water or less. Higher
yields have been achieved with high density spacing plantings
in Chile. As an alternative to planting at the traditional spacing
of 20’ x 20,’ trees for this project were planted at a high density
spacing of 10’ x 10’. Also, in other trials in California it has
been shown that Hass avocado yield can be improved by planting B-flowered avocado varieties nearby for cross-pollination.
Therefore, in order to achieve the best yield possible, we planted
nine 9-tree units (8 ‘Hass’ surrounding 1 B-flowered ‘Zutano’)
in blocks of 72 ‘Hass’ and 72 ‘Lamb Hass’ avocados, all on
‘Dusa’ rootstalks, in August 2012. The actual trial consists of
a comparison of two different methods of pruning (traditional
all sides pruned and topped at 8 ft) and alternate side pruning
(southwest side pruned every other year with the northeast side
pruned in alternate years). We are comparing 5 alternate side
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pruned units to 4 traditional pruned units within each variety.
In addition to heavy pruning after the harvest, twice within the
year light pruning was done to keep the aisles cleared for a
worker. Yield was collected on the third, fourth and fifth years
after planting for ‘Hass” and on the third and fourth years for
‘Lamb Hass’. Results thus far have indicated no significant difference in yield between the two pruning styles, but taken as a
whole the yields in the Hass block have been much higher than
the county average yields for mature trees of 6000–7000 lb/
acre. In our trial from years 2014–17 yield/ac in Hass has been
480 lb/ac, 13,246 lb/ac, 25,104 lb/ac and 5641 respectively. The
2017 harvest was an off-year due to high temperatures in 2016.
From years 2014–16 yield/ac in Lamb Hass has been 975 lb/ac,
8796 lb/ac and 15,243 lb/ac respectively. Lamb Hass has not yet
been harvested in 2017. Because trees are being kept below 8 ft,
ladders are not required and harvesting is much less expensive.
Water costs are less than neighboring tall trees kept at 30 ft, but
pruning costs are more. Pruning methods and costs still need
to be further evaluated to gain the information that is needed to
maximize production for California growers.
Specified Source(s) of Funding: California Avocado Commission

Mitigation of Phosphorus-induced Iron
Deficiency of Macadamia in Hawaii

other treatments that increased Fe from pre-application levels,
suggesting some effectiveness, but were not different from the
control. Throughout the study the Fe rates of all the treatments
were above the recommended value of 50 ppm, however, the P
levels in all of the trees were double the recommended range of
0.08–0.11%, inducing the iron chlorosis. Fe:P ratios less than
0.07 also suggest iron chlorosis, and all trees were below this
level throughout the study. Yields were highest in Iron Sulfate
trees, and although still below 0.07, the Fe:P ratio was highest
in the Iron Sulfate treatment. These results suggest that although
Fe levels of Iron Sulfate treated trees were not different from
control trees, the Fe:P ratio was higher than the other treatments
and could explain the higher yields. Longer term studies of the
effects of Fe applications on yields are needed to further substantiate the most effective treatments to overcome P-induced
Fe chlorosis in macadamia in Hawaii.

Seedless Purple-fruited Pitanga (Eugenia
uniflora L.)—Another Discovery from the Longterm Pitanga Breeding Project at the Kona
Experiment Station in Hawaii
(Poster Board #234)

John Griffis*
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Phosphorus (P) induced iron (Fe) chlorosis is a common problem in Hawaiian grown macadamia (Macadamia integrifolia)
orchards. Leaf P concentrations in excess of 0.15% are associated
with the development of Fe deficiency symptoms. Trees with
advanced Fe chlorosis can appear weak and can have reduced
production. The current recommendation is to eliminate P application in the orchard until the P:Fe ratios return to normal,
which can take several years. Despite following this recommendation, P-induced Fe chlorosis is persistent in the fields at
Royal Hawaiian Orchards (RHO) in Kau, Hawaii. The objective
of this study was to evaluate five iron treatments to increase
the Fe absorption in deficient trees. Treatments included tree
injection (MIN-jet), foliar application (Ligno Fe), soil drench
1 (Iron Sulfate with citric acid), soil drench 2 (Humega), soil
drench 3 (Rebar), and a control. We applied treatments to six
trees in December 2015 at RHO. We collected tissue samples
from each tree before (2 months) treatment application, at 4, 8,
and 15 months after treatment (MAT). We collected yield data
during the 2016–17 harvest season. Before treatment application
and 4 MAT there was no difference in Fe levels between the
treated and control trees. At 8 and 15 MAT the only treatment
that significantly increased Fe concentrations above the control
was the Foliar spray treatment. Iron concentrations in the Tree
Injection and Humega treatments at 15 MAT were not significantly different from the Foliar treatment, and were the only

Tens of thousands of plant species produce various edible,
medicinal and/or industrial components, but fewer than 100
plant species yield almost all of the food products available on a
commercial scale worldwide. Pitanga is not a newly discovered
fruit, although its commercial potential has not been widely
developed anywhere except in its native Brazil. Introduced to
Hawaii in the nineteenth century, fruits have long been popular
in farmers’ markets and are in demand by chefs and processors.
Additional interest in the crop has expanded rather recently because of the availability of purple-fruited, better-tasting, sweeter
fruits that are high in antioxidants. Purple-fruited cultivars have
been introduced to growers in Brazil, the United States and a
few other countries. In Florida, the tasty and prolific ‘Zill Dark’
purple-fruited cultivar has been available for some time and is
the parent plant of the large seedling field of pitanga planted
at the Kona Experiment Station. The planting at Kona has 137
seedlings from a ‘Zill Dark’ self-crossing and 20 grafted plants of
‘Zill Dark’. Data collected from the ‘Zill Dark’ plants are used as
controls and data collected from seedlings are compared against
that of the ‘Zill Dark’ plants. As the planting has matured, all
plants have been evaluated for various pest and disease problems
and fertilizer and water requirements. Fruits from individual
plants have been evaluated for antioxidant content, flavor, fruit
weight, seed size and postharvest quality. From 2013 to 2015, all
individual plants were evaluated weekly for presence of flowers
and/or fruits in various stages of development. In Spring 2017,
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the seedling field was again being examined for ripe fruits when
it was discovered that one plant held many smaller ripe fruits
that were all seedless. Plants on either side of this plant had the
usual ripe purple fruits with seeds, so pollination did not appear
to be a problem. Seedless fruits are not reported in the literature
and there had been no earlier attempts to look for them in this
field. Further close inspection of ripe fruits in the field turned
up two more purple-fruited pitanga seedling plants producing
nothing but seedless fruits. Although smaller in size than fruits
with seeds, the value of a seedless pitanga fruit is considerable.

Lab Choice and Field Evaluation to Determine
Japanese Beetle (Popillia japonica) Feeding
Preference for Banana Leaves (Musa spp.) of
Certain Cultivars
(Poster Board #235)

Edgar L. Vinson*

Auburn University, Auburn University, AL, USA

David W. Held

Auburn University, Auburn University, AL, USA

Elina Coneva
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Joseph Kemble

Auburn University, Auburn, AL, USA

J. Raymond Kessler
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Development of cold-tolerant banana cultivars provide potential
for the establishment of a non-Cavendish banana niche market
in coastal Alabama. The Japanese beetle (Popillia japonica) a
highly polyphagous, invasive insect was established in coastal
Alabama recently and threatens establishment of a banana niche
market. Upon field observations, it was noted that Japanese
beetle (JB) selection of banana leaves as a food source might be
influenced by cultivar. The goal of this study was to determine
if cultivar plays a role in JB herbivory of banana leaves using
both lab choice studies and field assessment. Least square means
comparisons using Shaffer-simulated method at α = 0.05 with
cultivar as the main effect were used (SAS 9.4). Trends over
rating dates were determined using qualitative-quantitative regression models in field evaluations. In the lab choice test, leaf
thickness (µm) was determined from harvested leaf sections
(30 cm x 10 cm) using a Mitutoyo Digimatic Indicator. Leaf
discs (25 mm in diameter) were cut from banana leaf section
from the following cultivars: Cacambou’, ‘Ice Cream’ (‘Blue
Java’), ‘Kumunaba’, ‘Raja Puri’, ‘Sweetheart’, and ‘Willims’.
Treatments consisted of six replications using a completely
randomized design. Weights of leaf discs were recorded and
surface areas were determined using ImageJ image processing
program. Two leaf discs, from two different banana cultivar,
were anchored to the wax-coated bottom of a feeding arena with
straight pins. Two female JB were placed in the feeding arenas
and were allowed to feed for four hours or until approximately
50% of the choice, leaf disc had been consumed. This process

was repeated until all possible pair combinations were made.
Ratings of JB feeding damage in the field based on percent
leaf area consumed were recorded. In the lab choice test JB
demonstrated a preference for ‘Kumunaba’ banana leaf tissue
(0.17 mg·mm–2). This preference was statistically similar to JB
preference for ‘Sweetheart’ banana leaf tissue (0.16 mg·mm–2).
In field ratings, ‘Belle’ bananas sustained the most damage from
JB feeding (9.0 %); however, damage sustained by JB feeding
was statistically similar to damage sustained by ‘Kumunaba’
(5.5 %) and ‘Williams’ (5.0 %) banana leaves. Preference for
leaves of ‘Kumunaba’ bananas was significant in both lab choice
and field ratings. Leaves of ‘Belle’ bananas were among those
most often consumed by JB in the field but were among the least
often selected in the lab choice test.
Specified Source(s) of Funding: Alabama Agriculture Experiment Stations–HATCH grant and the Alabama Nut, Fruit and
Vegetable Industries Mini-Grants Program

Susceptibility of Pitahaya Species to the
Southern Root-knot Nematode
(Poster Board #236)
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Pitahaya (Dragon fruit, Hylocereus spp.) are vining and climbing
cacti native to tropical America, from Mexico to Northern South
America. These species, grown for their edible fruit, adapt well
to Southern California where they are being evaluated and promoted as a new, viable crop alternative because of their drought
tolerance and their potential to produce high marketable yields
of excellent quality fruit sold for fresh consumption. Contrary
to their native tropical habitat where many foliar diseases are
primary problems, in our arid climate soilborne pathogens may
pose the greater challenge as they have been suspected to cause
unexplained plant decline or even plant death. The objective of
this project was to evaluate cultivars from five different species
(H. polyrhizus, H. ocamponis, H. guatemalensis, H. undatus, H.
megalanthus) for their susceptibility to the Southern root-knot
nematode (Meloidogyne incognita). Cuttings were established
and raised in pasteurized sand. For each Pitahaya species five
plants were transplanted into pots with 1500 cm3 pasteurized
sandy soil infested with 200 M. incognita eggs/100 cm3 or into
non-infested soil. The trial was incubated for eight weeks at 25
± 3 °C in a greenhouse with ambient light. At trial termination,
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root galling (scale 0–10, where 0 = no galls) ranged from 2.0
to 3.8 and the reproduction factor (R = Pf/Pi) from 2.4 to 26.7.
All Hylocereus spp. were susceptible to M. incognita while H.
ocamponis cv. Vadivia Roja had the highest gall rating and largest
number of eggs per root system. This might support growers’
observations of cv. Valdivia Roja’s particular susceptibility to
deterioration of its root system. In general, the Southern rootknot nematode has the potential to become a major threat to the
growth of California’s Pitahaya production industry.

Effect of Age of a Sunn Hemp Cover Crop and
Soil Amendment on Leaf Gas Exchange and
Growth of Papaya

ment date. There were no significant differences (P > 0.05) in
plant height or stem diameter among sunn treatments. Data
are still being collected from this study, but the results to date
indicate that incorporation of 1- 2- or 3-month-old sunn hemp
into a gravelly loam soil in southern Florida does not increase
leaf gas exchange or growth of papaya.

Intergeneric Hybridization of Carica papaya L.
with Vasconcellea Wild Relatives
(Poster Board #238)
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Growth of several crops in south Florida has benefited from
the use of sun hemp (Crotalaria juncea L.) as a cover crop,
which is grown for about three months (generally to a height
of 2.5–3 meters) and then mowed and incorporated into the soil
prior to crop planting. When sunn hemp reaches that height,
stems are heavily lignified and decomposition in the soil is
slow. Thus, it may be beneficial to mow and incorporate sunn
hemp into the soil at an earlier growth stage. An experiment
was conducted to investigate physiology and growth of ‘Red
Lady’ papaya (Carica papaya L.) with ‘Tropic Sun’ sunn hemp
incorporated into the soil prior to planting papaya. Sunn hemp
was planted in the field in Krome very gravelly loam soil at
one time and mowed and incorporated into the soil at three
different times, resulting in 1-, 2- or 3-month-old sunn hemp
treatments. A fourth treatment had no sunn hemp. Papaya were
planted in 56.7-L plastic pots containing soil from one of the
four sunn hemp treatments and placed in the field. Each sunn
hemp treatment was subdivided into two nitrogen treatments:
standard nitrogen (typical grower application rate starting at 3.1
g/plant) and low nitrogen (starting at 1.6 g/plant) applied to the
soil at two-week intervals. Thus, there were 4 sunn hemp treatments and 2 nitrogen treatments for a total of 8 treatments with
5 replications per treatment. The amount of inorganic nitrogen
added to the soil of each nitrogen treatment was increased over
time to account for plant growth. Soil nitrogen and organic
matter contents, and papaya leaf gas exchange (net photosynthesis, stomatal conductance, transpiration), plant height and
stem diameter were assessed at six-week intervals for plants in
each treatment. There was no significant interaction (P > 0.05)
between sunn hemp and nitrogen treatments for any other the
variables measured. There was no significant effect of sunn
hemp treatment on net photosynthesis, but stomatal conductance
and transpiration were higher for plants in the three-month-old
treatment than the other sunn hemp treatments on one measure-

Working with resources obtained from the USDA National Clonal
Germplasm Repository in Hilo, we attempted intergeneric crosses
of Carica papaya L. with 10 papaya wild relatives, mostly of the
genus Vasconcellea. Embryo rescue enabled five of the hybrids
to be established in the greenhouse, and three appear robust,
including hybrids with V. goudotiana Triana & Planch. (Phytophthora tolerant), V. pubescens A.DC. (PRSV resistant), and V.
x heilbornii V.M. Badillo (V.M. Badillo) (closely related to the
edible ‘babaco’). Pollen staining of C. papaya x V. goudotiana
and reciprocal F1’s indicated male sterility, and it is assumed
from previously published research that the other hybrids will
also be sterile, with the possible exception of C. papaya x V.
x heilborni, which has not been described previously. Since
large-scale backcrossing attempts by earlier researchers have
failed to transfer wild parent genes to papaya, our approach to
overcome sterility has been to create allotetraploids by chromosome doubling. Treatment of vegetative meristems with the
mitotic inhibitor, oryzalin, has yielded only ploidy chimeras, so
far, but flowers with altered morphology and enlarged pollen
grains were observed arising from a transient tetraploid sector of
an interspecific Vasconcellea F1 [V. quercifolia (Saint-Hilaire)
Hieron. x V. parviflora (A.DC.) Solms-Laub.]. We are focusing
on clonally propagating and maintaining the hybrids we have and
on developing more effective chromosome doubling methods
for allotetraploid creation, including in vitro treatments.
Specified Source(s) of Funding: USDA–ARS

Vegetable Crops Management 3
Genotypic and Environmental Influences on
Yield and Total Glucosinolate Concentrations
of Aquaponic-grown Pak Choi (Brassica rapa,
Chinensis Group)
(Poster Board #318)
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In recent years, commercial, institutional and subsistence
aquaponic systems have become increasingly popular in Hawaii. A series of four variety trials were conducted during the
period 2012–17 to evaluate yield and quality of aquaponically
grown pak choi, and determine which varieties are well suited
for aquaponic production. In each trial, plants were seeded in
trays and three-week-old seedlings transplanted in cinder beds
fed by tilapia (Oreochromis spp.) effluent at the Waimānalo
Experiment Station. Trials were arranged in a randomized,
complete-block design with four replications per variety. Three
heads per replication were harvested ~28 days after transplanting and evaluated for multiple traits including marketable fresh
weight and total glucosinolate concentration. Across varieties,
yield was 40% higher and glucosinolate concentrations 25%
lower in winter- relative to summer-grown pak choi, presumably
in response to higher summer air temperatures. Differences in
fish density, water quality and plant nutrient status also likely
contributed to the considerable variability observed in marketable yield. Among the high value green stem pak choi varieties,
‘Mei Qing’ and ‘Black Summer’ were consistently high yielders
relative to other varieties. The range of yield (75–500 g/plant)
and glucosinolate concentrations (20–50 mmol/kg dry weight)
observed in aquaponically grown pak choi are comparable with
values reported for soil-grown pak choi. Understanding genotypic and environmental influences on the yield and quality of
pak choi and other vegetables is expected to contribute to the
overall success of aquaponic producers.
Specified Source(s) of Funding: Hatch Project #08033-H and
Hawaii Department of Agriculture

Evaluation of Different Growing Mediums in
Nutrient Film Technique
(Poster Board #319)
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Future success of controlled environment agriculture will demand low-cost, multiple-cropping production strategies nearer to
major population centers and allowing efficient use of fertilizers
and water. The main system of hydroponics for production of
leafy greens is the Nutrient Film Technique (NFT). Rockwool

is commonly used as a seed starting substrate, but is priced
higher than other potential seed starting substrates. This study
evaluated three different substrates including rockwool cubes,
oasis cubes, and foam cubes for seed starting and plant growth
in an NFT system. Two cultivars of lettuce including ‘Mirlo’ ,
and ‘Rex’, both butterhead types, and Swiss chard ‘Rainbow
Chard’ were evaluated for their fresh weight of leaves and dry
weight of roots in different mediums. The mean height, width,
fresh weight, dry weight, and root dry weight of plants grown in
rockwool cubes and oasis cubes were significantly higher than
plants rooted in foam cubes for all species. Although rockwool
and oasis cubes had similar results, the cost of rockwool cubes
is higher than the cost of oasis cubes. Seedling survival rate was
not significantly different among three mediums, but germination took two weeks longer in foam cubes.
Specified Source(s) of Funding: Oklahoma Department of
Agriculture Food and Forestry (ODAFF) speciality Crop Grant

Salinity Tolerance of Lettuce in a Hydroponic
System and Soil
(Poster Board #320)
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Two lettuce (Lactuca sativa L.) cultivars Romaine del Sol and
Green Leaf Lettuce were grown in a hydroponic system or in
containers with soil in a greenhouse to determine their tolerance
to increasing salinity. Plants were exposed to irrigation water
with increasing salinity (2.1, 3.6, 5.1, and 6.6 dS/m) by supplementing the nutrient solution (2.1 dS/m) with a combination of
2:1 NaCl and CaCl. Lettuce head height, diameter, and shoot
dry mass decreased at the two highest salinity levels at the final
harvest. When plants were smaller, salinity had no effect on
these variables. Fresh weight decreased with increasing salinity
over 50% at final harvest for both cultivars. Although relative
water content decreased from lowest to highest salinity at final
harvest, osmotic potential of both cultivars were not affected
by salinity or substrate throughout the study. Leaf number at
final harvest decreased by 16% for Romaine and by 29% for
Green Leaf Lettuce. Substrate had no effect at final harvest on
these variables except for height on Romaine lettuce which was
taller in hydroponics compared to soil grown plants, and Green
Leaf Lettuce which had more leaves in hydroponics than in soil
substrate. An informal taste test found that the leaves from the
two highest levels of salinity from both cultivars were inedible
because of a salty and bitter taste. Mineral concentration of
sodium and chloride in Romaine and Green leaf increased as
salinity levels increased. In both cultivars chloride concentrations were higher than sodium at each salinity level. Plants of
both cultivars grown in soil had greater concentrations of both
elements when compared to hydroponics. The interaction of
substrate and EC was significant for chloride only in the Green
Leaf cultivar where chloride uptake resulted in higher concen-
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trations in plants growing in soil compared to hydroponics. We
found a similar trend for sodium uptake in Green Leaf Lettuce.
All the other nutrients were within sufficient range, with some
affected by salinity, substrate, or an interaction of both variables.
Romaine and Green Leaf Lettuce are more tolerant to salinity
than previously reported in other lettuce cultivars, they include
sodium and chloride, and show no osmotic adjustment with
increasing salinity. Although lettuce grown at 5.1 dS/m and 6.6
dS/m was marginally acceptable by size standards, the lack of
head formation in Romaine, and the unfavorable taste of both
cultivars would render these heads unmarketable.

Pruning Greenhouse Bell Peppers for
Productivity

fewer peppers. The weight of individual peppers varied from
232.0 ± 14.76 grams for Striker (one-leaf system) to 190.3 ±
31.46 grams for Paramo in the three-leaf system.

Evaluation of Tomato Nethouse Production in
South Texas
(Poster Board #322)

Carlos Avila*

Texas A&M AgriLife, Weslaco, TX, USA

Juan Enciso

Texas A&M AgriLife Research, Weslaco, TX, USA
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Texas A&M AgriLife Research, Weslaco, TX, USA
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The Lower Rio Grande Valley (LRGV) located in the southernmost part of Texas is one of the most productive vegetable areas
in the State. However, growing vegetables in the subtropical
climate of South Texas represents a real challenge due to harsh
environmental conditions that limit production. Some of the
limiting factors include high temperature, strong winds, and
high pressure of endemic/new insects and diseases. Historical
accounts implicate the demise of the once-flourishing tomato
industry to outbreaks of virus diseases especially the tomato
yellow leaf curl disease transmitted by whiteflies. Protected
structures such as nethouses offer an alternative to open field
production. Net-houses are relatively low-investment sealed
structures thoroughly covered with insect net that provides a
physical barrier that reduces pest pressure and wind damage
effects. Eight cultivars including commercial available and
Texas A&M developed hybrids were evaluated for production in
nethouse and open field. Average daily temperature was similar
between production systems. However, average temperature in
open field was more variable, showing higher and lower peaks
as compared to nethouse where temperature was more stable.
Average solar radiation and wind speed was 5.6 MJ/Day and 6.4
km/h lower inside the nethouse as compared to open field. The
average tomato yield was significantly higher when the same
cultivars were grown under nethouse conditions (74,917 kg/
ha) as compared to open field (47,474 kg/ha). This represents
an average of ~60% increase in yield. In addition, the average
fruit weight, uniformity and flavor components (brix and acidity) were higher when tomatoes were grown in high tunnels as
compared to open field independently of the cultivar. The total
percentage of fruit with defects was similar between nethouse
and open field. However, the type of fruit defect varied between
production systems. Fruit cracking was more frequent in nethouse
while fruit zippering in open field grown tomatoes. Whitefly incidence was significantly lower under net-house, indicating that
protected structures serve as a physical barrier to reduce disease
pressure. Although thrips population were lower in nethouse
as compared to open field, exclusion levels were not enough to

Texas A&M AgriLife Research, Weslaco, TX, USA

Meriam Karlsson*

Bell peppers bred for greenhouse production systems are
often trellised in vertical growing systems to facilitate crop
management and optimize space utilization. A protocol of one
to four primary stems with pruned side shoots is often used
to encourage reproductive growth and enhance productivity.
Recommendations vary as to number of leaves to keep on the
developing lateral side branches. A preliminary study suggested
increased productivity when three leaves compared to one leaf
were left on side branches in a two-stem trellising system.
To further evaluate the importance of side shoot pruning, an
experiment with the greenhouse bell pepper cultivars Fantasy
(red), Paramo (orange), and Striker (yellow) was initiated. The
study was completed in a greenhouse covered with the acrylic
material DEGLAS®. Seeds were sown on 15 Jan. and the study
conducted from 3 Mar. through 29 Aug. Supplemental lighting
from high pressure sodium lamps was provided when outside
ambient light dropped below 400 W·m–2 between 6:00 AM to
10:00 PM. The plants were grown in a high-wire drip irrigation system using dutch (bato) buckets (17.7 L volume) filled
with a 50/50 mixture of perlite and a peatlite medium (Pro-Mix
BX). The plants were trellised into a “V” shaped system using
two primary shoots off the main stem. The lateral side-stems
developing on the two primary stems were trimmed over one
or three leaves throughout the study. The pepper fruits were
harvested mature with at least 90% color formation. Fantasy,
Paramo and Striker produced significantly higher yields in the
three-leaf pruning approach. During the production period from
June through August, the highest yield was observed for the yellow pepper Striker at an average 4.3 ± 0.72 kg per plant in the
three-leaf system. In comparison, the one-leaf system yielded
3.7 ± 0.67 kg for Striker. Fantasy and Paramo had similar yields
at 3.8 ± 0.86 kg per plant with the three-leaf system and 3.4 ±
0.71 kg in the one-leaf pruning approach. Along with a larger
yield, the three-leaf system also resulted in additional fruits per
plant. Individual peppers were heavier in the one-leaf system
for all cultivars but the size difference did not make up for the
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prevent thrips population to reached high levels of infestation.
Finally, production cost estimations indicate that production in
protected structures is efficient, and it can be very competitive
to supply the increasing demand of locally produced tomatoes.

Grafting for Increased and Earlier Yield of
Spring Watermelon in Arizona
(Poster Board #323)

Mark Kroggel*

The University of Arizona, Tucson, AZ, USA

Chieri Kubota

The University of Arizona, Tucson, AZ, USA

Crop rotation cycles for seedless watermelon produced in the
United States can be three years or longer, and are necessary to
diminish the presence of soil borne diseases such as Fusarium by
planting non-host crops (such as cotton in Arizona) between watermelon crop production years, potentially limiting the amount
of watermelon a grower can produce. However, watermelon is
a minor crop in Arizona and faces competition for use of arable
land with other crops, making rotation more difficult. Grafting
of cucurbits has been considered as a solution to allow production without rotation and Arizona melon industry recently began
testing grafted watermelon in the field with limited rotation. In
addition to soil-borne disease resistances, many rootstocks used
for cucurbits, especially interspecific rootstocks, are chilling
tolerant, while scion watermelon cultivars are highly sensitive.
Watermelon transplants are traditionally planted in mid-late
March in central western Arizona, sometimes with row cover to
protect the young plants from chilling and wind damage. Grafting
onto cold tolerant rootstock may provide additional advantage
by advancing planting time to allow an earlier crop. During
2015 and 2016 we planted grafted and non-grafted seedless
watermelon ‘Tri-X-313’ on an early date of March 1 to test if use
of a cold tolerant rootstock ‘StrongTosa’ could compensate for
low night and soil temperatures. Treatments included grafted and
non-grafted plants combined with covering with frost protection
and non-covered. The results of these two years showed grafted
plants had more advanced vine growth and flower development,
and 115% more cumulative yield (25.2 ± 3.1 kg/plant or 50.6
± 6.3 tons/acre) than non-grafted plants (11.7 ± 1.5 kg/plant or
23.5 ± 3.1 tons/acre) by both increased number and size of fruits.
No particular soil-borne disease incidence was observed during
our trials. Grafting of seedless watermelon is a promising tool to
potentially allow earlier planting and therefore earlier harvests,
increased yields, as well as allowing reduced land rotation.
Specified Source(s) of Funding: USDA NIFA SCRI (Award
Number 2011-51181-30963)

Evaluating Grafting for Hybrid and Heirloom
Tomatoes in a Midwest High Tunnel Production
System
(Poster Board #324)

Kristine M. Neu*

Iowa State University, Ames, IA, USA

Ajay Nair

Iowa State University, Ames, IA, USA

High tunnels have emerged as a tool for vegetable growers to
extend the growing season, increase crop production, and improve
produce quality, but tomato production in this system does not
come without challenges. Continuous cropping of tomatoes in a
high tunnel production system gives rise to recurring soil-borne
and foliar diseases and increased pest pressure. We hypothesized
that tomato grafting would overcome those challenges through
increased plant vigor conferred by a proven, disease-resistant
rootstock, RST-04-106-T. Our research objectives were to assess marketable yields, fruit quality and nutritional value, and
plant growth characteristics of grafted and non-grafted hybrid
and heirloom tomatoes in a high tunnel production system.
Grafted and non-grafted ‘Cherokee Purple’ (heirloom) and
‘Mountain Fresh Plus’ (hybrid) tomatoes were grown in the same
high tunnel for two seasons, 2015 and 2016, in a randomized
complete block design. Each plot had 10 plants, and there were
four replications. Grafted plants had an increase in the number
of marketable fruit, but did not have an increase in marketable
fruit weight. Fruit size was not affected by grafting, but other
quality parameters suffered. The average total soluble solid in
fruit was 0.3 degrees lower in non-grafted plants. Grafting did
not increase lycopene content of tomato fruit as analyzed by
using a tetrazolium assay. Grafting increased stem diameter
but did not increase plant biomass. The effect of grafting on
SPAD reading was mixed. Grafting increased SPAD reading
in ‘Cherokee Purple’ but decreased SPAD in ‘Mountain Fresh
Plus’ plants. Grafting is a valuable tool in tomato production
but its potential could go unrealized in soils that are healthy and
free of soil-borne diseases. Benefits in healthy soils could exist
depending on rootstock types. Alternatives to the rootstock we
examined should be utilized, and localized grafting trials should
be continued to provide clearer answers for Midwest high tunnel
tomato production.

LED and Fluorescent Lighting Effects on
Hydroponically Grown ‘Tom Thumb’ Lettuce
(Poster Board #325)

Kent Kobayashi*

University of Hawaii at Manoa, Honolulu, HI, USA

Teresita Amore

Tropical Plant and Soil Sciences, College of Tropical Agriculture and
Human Resources, University of Hawaii at Manoa, Honolulu, HI, USA

Food safety, environmental impact, and efficient energy usage are
growing concerns in horticultural production systems. Producing
lettuce under artificial lighting can be a solution addressing these
concerns. Light-emitting diodes (LED) offer the advantages
of a narrow light spectrum, low power consumption, and little
heat production. The objective of this study was to compare the
effects of LED and fluorescent light and the sequence of the
lighting on the growth of compact ‘Tom Thumb’ lettuce in a
noncirculating hydroponic system. ‘Tom Thumb’ lettuce seeds
were started in Oasis cubes under T5 high output fluorescent

An asterisk (*) following a name indicates the presenting author.
HortScience 52(9) Supplement—2017 ASHS Annual Conference

S439

Poster Presentations
lighting in the lab. Seedlings were then transferred to 5.1-cm
net pots, which were placed in 1.9-L containers containing a
hydroponic nutrient solution of Hydro-Gardens’ Chem-Gro lettuce formula 8–15–36 hydroponic fertilizer with added calcium
nitrate (19% Ca and 15.5% N) and magnesium sulfate (9.8%
Mg and 12.9% SO4). Half of the seedlings were grown under
red+blue+white LEDs (110 µmol·m–2·s–1, 12-h photoperiod) and
half under T5 high output fluorescent lighting (111 µmol·m–2·s–1,
12-h photoperiod). After 12 days, half of the plants under LEDs
were moved under fluorescent lighting, and half of the plants
under fluorescent lighting were moved under LEDs for 16 more
days. The four treatments were LED lighting (LL), fluorescent
lighting (FF), initial LEDs followed by fluorescent (LF), and
initial fluorescent followed by LEDs (FL). At the end of the
study, differences among treatments were significant for plant
height, leaf chlorophyll content, root dry weight, total plant
dry weight, shoot dry weight produced per amount of nutrient
solution used, and the pH and electrical conductivity of the
nutrient solution. There were no significant differences among
treatments for shoot dry weight, shoot-root ratio, percent dry
weight partitioned to the shoots, percent dry weight partitioned
to the roots, and the amount of nutrient solution that was used
by each lettuce plant. In conclusion, the sequence of LED and
fluorescent lighting could be an alternative to only LED or
fluorescent lighting for lettuce plants.

were 2.5–5.1 cm tall or started to touch the clear lid, the lid was
removed. Cartons blocked sufficient light so that algae growth
was minimal. The cartons were not made for long-term use, thus
the material around the 5.1-cm hole wore out, and the weight
of the plant caused the net pot and plant to fall into the carton.
Screw cap spouts made it convenient to add additional nutrient
solution, especially when plants grew large and covered the
hole in the carton. Cartons were good for one-time use as they
started to soften and algae grew inside the carton. The noncirculating micro-hydroponic system is a simple hydroponic
system for growing miniature vegetables. Its advantages are
the use of recyclable material and its low profile for growing
under artificial lighting on shelving. I thank Bernie Kratky and
Jensen Uyeda for their assistance.
Specified Source(s) of Funding: Hatch

Field Trials of Twelve Asian Vegetables in West
Texas
(Poster Board #327)

Youping Sun*

Utah State University, Utah, USA

Genhua Niu

Texas A&M AgriLife Research Center at El Paso, Texas A&M
University, El Paso, TX, USA

Specified Source(s) of Funding: Hatch
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A Non-circulating Micro-hydroponic System for
Miniature Vegetables

Joseph Masabni
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University, El Paso, TX, USA
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A&M University, Overton, TX, USA

(Poster Board #326)

Kent Kobayashi*
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Micro-hydroponics involves growing miniature (less than 30.5
cm tall) vegetables. A non-circulating hydroponic system using
a 3.8-L plastic jug was found to be too tall for use on shelving
under artificial lighting. The jugs also needed to be covered
with aluminum foil to reduce algae growth. The objective was
to describe a non-circulating hydroponic system for growing
miniature vegetables. Oasis® cubes (3.2 cm x 2.5 cm) were
placed in plastic trays (21.7 cm x 14.3 cm) and moistened with
tap water. Two seeds (lettuce, tomato, chili pepper, or watercress)
were placed in each hole of a cube, and clear plastic lids were
placed on the trays. Trays were placed under artificial lighting,
and additional water was added as needed. The hydroponic
nutrient solution consisted of Hydro-Gardens Hobby Formula
10N–8P–22K fertilizer (5.0 mL per 3.8 L of water) and magnesium sulfate (1.3 mL per 3.8 L of water). When seedlings were
2.5-5.1 cm tall, the cubes were placed into 5.1-cm diameter
plastic net pots. Milk or juice cartons (3.8 L) with a screw cap
spout were used as containers with a 5.1-cm diameter hole cut
out from one side of the carton. Cartons were filled with nutrient
solution, making sure it touched the bottom of the cube in the
net pot. As the vegetables grew, additional nutrient solution was
added so that the cartons remained 1/4 full. When the seedlings

Asian vegetables have drawn ever-increasing attention due to
a rapid increase in Asian population, health consciousness, and
the desire for exotic and diversified vegetables. With high temperature and intense solar radiation in late summer and early fall
in west Texas, suitable varieties should be identified for winter
vegetable production. A field trial was conducted in El Paso
to evaluate 12 Asian vegetables [Brassica rapa var. chinensis
‘Black Summer’, ‘Green Pac’, ‘Joi Choi’, ‘Li Ren Choi’, ‘Mei
Qing Choi’, ‘Red Pac’, ‘Rosie’, ‘Shiro’, ‘Toy Choi’, ‘Win-Win
Choi’ (pac choi); Brassica rapa ‘Autumn Torch’ (cabbage),
Brassica rapa var. narinosa ‘Tatsoi’ (mustard). On 2 Sept. 2016,
seeds were sown in Metro-mix 360 RSI Professional Growing
Mix, and seedlings were grown in a greenhouse. On 26 Sept.,
all plants were transplanted into raised beds incorporated with
110 g·m–2 Osmocote® 18–6–12. All vegetables performed well.
Seven weeks after transplanting (i.e. 14 Nov.), fresh weight
reached to 418 ± 138 g per plant, while ‘Autumn Torch’ cabbage,
‘Shiro’, and ‘Toy Choi’ plants all flowered. Ten weeks later (23
Jan. 2017), fresh weight reached to 682 ± 277 g per plant. The
percent of plants bloomed was 100%, 94%, 92%, 77%, 75%,
41%, 41%, 16%, and 0% for ‘Li Ren Choi’, ‘Rosie’, ‘Red Pac’,
tatsoi mustard, ‘Green Pac’, ‘Black Summer’, ‘Mei Qing Choi’,
‘Win-Win Choi’, and ‘Joi Choi’, respectively. Brix values of the
vegetables were 2.8% and 6.6%, respectively, for both harvests.
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In summary, all vegetables are suitable for winter vegetable
production in far west Texas and can be harvested as soon as the
plant has reached a desirable size for fresh vegetable consumption to prevent bolting. ‘Autumn Torch’ cabbage, ‘Shiro’ and
‘Toy Choi’ plants bolted earlier than other cultivars. More field
trials are needed to determine the proper transplanting or sowing
dates for multiple cycles of production in the fall and spring.
Specified Source(s) of Funding: USDA National Institute of
Food and Agriculture Hatch Project TEX090450, and Texas
A&M AgriLife Research

Viticulture and Small Fruits 2
Planning to Increase the Productivity and
Competitiveness of Sustainable Strawberry
Systems
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A planning grant led by the National Strawberry Sustainability
Initiative at the University of Arkansas drew on the expertise
of a multi-disciplinary and multi-state group of researchers,
extension specialists, growers, consultants, and industry representatives to develop a strategic plan and subsequent nationally
competitive grant to address the critical needs for research,
outreach, and education to support the sustainability of the
strawberry production system. Key activities informed the
planning process. An advisory board of growers and industry
representatives was established for project consulting, survey
testing and project oversight. A national strawberry industry
needs assessment survey was launched to identify barriers to
sustainability of strawberry growers, managers, nurserymen,
extension educators and consultants. CoPIs engaged in monthly
conference calls. A two-day planning workshop was conducted
with co-PIs and advisory board members to discuss survey results,
identify priorities and discuss a project based on this information. As a result and outcome of these efforts, the critical needs
for research, outreach and education, and sustainability, were
identified to improve the US strawberry system sustainability
and competitiveness. The information generated in this project
informs the development of a USDA Specialty Crop Research
Initiative Project.
Specified Source(s) of Funding: USDA–SCRI

A National Strawberry Production System
Needs Assessment Survey
(Poster Board #362)
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A national strawberry needs assessment was launched as part of
a USDA Specialty Crop planning grant to collaborators in the
multi-institutional National Strawberry Sustainability Initiative,
based at the University of Arkansas. A survey of strawberry
growers, managers, nurserymen, extension educators and consultants, and others in the production system was conducted
to identify barriers to sustainability of the U.S. strawberry
production systems. Surveys were delivered online and in
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paper, and promoted across the country at strawberry grower
association meetings, professional conferences, newsletters and
through email lists. The primary objective of the survey was
to identify actionable research and outreach/educational needs
of producers to enhance sustainable strawberry production. A
series of questions were asked focusing on limitations or barriers to sustainable production, specific information needs, and
preferred information/knowledge delivery modes. The survey
was available from 1 Dec. 2016 to 28 Feb. 2017. The survey
had 181 completed responses with 362 attempts and incomplete
responses. A comparison of the demographics of respondents
completing the surveys and those with incomplete attempts did
not reveal substantive differences. The majority of completed
surveys were farm owners/managers with 30% of respondents
being extension specialists or consultants. Over half were aged
45-65, the sample was predominantly white and male and respondents came from 32 different states. Seventy-seven percent
of the respondents have a bachelor’s degree or higher and nearly
half (48%) had been farming for 15 years or more. Forty-one
percent of respondents have been producing strawberries for 5
or less years. Preliminary survey data analyses yielded several
important insights. Pests, labor, weather, and alternatives to
fumigation were the highest ranked limitations to sustainability. Unexpectedly, no difference occurred in the top-ranked
limitations or challenges to sustainable strawberry production
among differentiating demographics such as production system,
markets, farm acreage or years of production. Issues associated
with soil nutrition and fertilizer, nutrient need diagnosis, and
lack of knowledge, were a concern. Top knowledge and information needs included soil health and management, alternative
production systems, production practices and nutrient management. Diagnostic tools, predictive models and remote sensing
were identified as missing and needed technologies. Preferred
modalities of information delivery were online but workshops
or conferences were of equal interest, followed by extension
agents and peer farmers. The poster will include details of these
and additional results along with prioritized recommendations.
Specified Source(s) of Funding: USDA SCRI

conservation, and improved crop quality), but the disposal process can be financially and environmentally costly. Biodegradable plastic mulches, which ideally provide similar agronomic
benefits, may be an appealing alternative. Biodegradable plastic
mulches can be tilled into the soil or composted at the end of
the growing season, reducing the labor and environmental costs
associated with plastic removal and disposal. Although available since the 1980s, biodegradable plastic mulches have not
been used widely by specialty crop growers in the United States
(U.S.). Because of the prevalence of raised bed plasticulture
for strawberries, we hypothesized that certain segments of the
U.S. strawberry grower population might be ‘early adopters’ of
biodegradable plastic mulches. The purpose of our study was
to explore strawberry growers’ experiences with and opinions
about biodegradable plastic mulches in three U.S. regions:
California, Mid-Atlantic (New York, Pennsylvania), and Pacific Northwest (Oregon, Washington). A mail/web survey of
strawberry growers was conducted in Feb.–Apr. 2016. Two
hundred and nineteen (219) growers completed the survey (21%
response rate). This poster presents regional comparisons for
the following variables: 1) farm characteristics, 2) strawberry
production and marketing practices, 3) growers’ familiarity
and experience with biodegradable plastic mulches, 4) growers’ opinions about biodegradable plastic mulches, and 5)
growers’ likelihood of using biodegradable plastic mulches in
future strawberry production. We found statistically significant
differences across the three regions for nearly all variables, suggesting that U.S. strawberry growers are not a homogeneous
group with regards to experiences with and opinions about
biodegradable plastic mulches. Regional differences in farm
characteristics and strawberry production practices likely influence growers’ interest (or lack of interest) in and subsequent
adoption (or rejection) of biodegradable plastic mulches. As
more biodegradable plastic mulch products enter the market in
the coming years, we recommend site-specific education and
outreach approaches that target different segments of the U.S.
strawberry grower population.

Effects of Low Tunnel Plastic Type on Organic
Production of Day-neutral Strawberries in the
Upper Midwest

Biodegradable Plastic Mulches for Strawberry
Production: Experiences and Opinions of
Growers in Three Regions of the United States

(Poster Board #364)
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Lisa DeVetter

Washington State University, Mount Vernon, WA, USA

Katherine E. Dentzman

Washington State University, Pullman, WA, USA

Polyethylene plastic mulches provide specialty crop growers
with many agronomic benefits (e.g., weed management, water

Demand for local, organic strawberries (Fragaria xananassa)
can be difficult to meet in the Upper Midwest, where short growing seasons limit production. Historically, strawberry growers
in this region have been restricted to the hardiest June-bearing
cultivars, which only produce fruit for a few weeks in the early
season. However, recent research on day-neutral strawberries
has shown that these cultivars can be successfully grown as
annuals in the Upper Midwest by using a low tunnel protected
culture system. Low tunnel structures create a microclimate
more favorable to strawberry production, protecting plants
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from rainfall. Specialty plastic types available for use as low
tunnel coverings offer a variety of options for influencing the
quality and intensity of light reaching plants under the tunnels.
In particular, some plastic types are formulated to block or
transmit different amounts of light in the ultraviolet (UV) A
and B ranges. The objectives of this study were to evaluate how
variance in light intensity and quality, as modified by characteristics of different plastic coverings, affect the microclimate,
fruit yield and quality, and insect pest presence in an organic
strawberry production system. In this study, twelve strawberry
plots were maintained with one of three main treatments applied:
low tunnel with UV-blocking plastic covering, low tunnel with
UV-transmitting plastic covering, or no low tunnel covering.
Microclimate characteristics did not vary significantly among
main treatments in terms of average temperature, humidity and
dew point levels, but there was variation in daily highs. Light
intensity in the Photosynthetically Active Radiation (PAR) range
was highest in the open plots, but not significantly different
between plots covered by UV-transmitting plastic versus by
UV-blocking plastic, whereas light intensity in the UV range was
significantly different among all main treatments, as expected.
For the most part, insect pest presence was not affected by the
type of covering over the tunnels. Though yield did not vary
significantly among main treatment types, fruit quality did, with
the highest percentage of marketable fruit seen in plots covered
by UV-transmitting plastic, followed by UV-blocking plastic,
followed by uncovered. These findings will help growers make
decisions about what plastics to use to optimize low-tunnel
strawberry production in cold climate states. We conclude
that a plastic covering transmitting some amount of UV light
is preferable both to a plastic covering blocking all UV light
and to no plastic covering at all.
Specified Source(s) of Funding: USDA

Evaluating the Role of Root- and Foliar-applied
Nutrients in Annual Plasticulture Strawberry
Production
(Poster Board #365)

Jayesh Samtani*
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Virginia Tech. University, Virginia Beach, USA

An open-field study was conducted at the Hampton Roads
Agricultural Research and Extension Center in Virginia Beach,
VA. Objective of this study was to evaluate the effect of root
and foliar applied nutrients in annual plasticulture strawberry
production in addition to standard pre-plant and post-plant
fertigation practices. Study involved three treatments replicated
four times in a randomized complete block design. Treatments
were i) root applied Nutriplant® SD (0-0-0, a micronutrient mix)
+ foliar applied Nutriplant® AG 6-4-3, and ii) foliar applied
Nutriplant® AG 6–4–3 only and iii) an untreated control. Soil
type was a Tetotum loam with a pH of 6.2. Preplant fertilizer
(10–0–20) was added at time of bed preparation to meet 61.6

kg nitrogen/hectare. Each block was a bed of dimension 0.7
m wide on top, 0.15 m high with each treatment plot of 3.7 m
bed length. ‘Chandler’ strawberry was transplanted on 30 Sept.
2015 at spacing of 0.36 m between plants. Strawberry plug
plants in the SD + foliar treatment were lightly dusted with SD
powder prior to transplanting on 30 Sept. 2015. Floating row
cover was used for winter and spring frost protection. Liquid
fertilizer applications began March 2016, alternating weekly
with calcium nitrate and potassium nitrate to meet 0.84 kg of
nitrogen/ha/day as per standard production recommendations.
For the first two treatments, an application of Nutriplant® AG
6–4–3 was made at 30% bloom in spring at 585 mL/ha and
starting 26 Apr., as frequent harvesting began, weekly sprays
were made. Data were collected on marketable and total yields,
total soluble solids (TSS), and fruit size. There were no significant differences among treatments for yield, fruit size or TSS.
Foliar nutrients in addition to standard fertigation practices had
no added benefits on fruit yield and quality. Growers should
instead base their fertility practices on recommendations from
routine plant tissue sampling in spring for improved berry
yield and quality.
Specified Source(s) of Funding: Amway Distributors

The Phenomenal ‘Phenomenal’: The Cultivar
Developed in Queensland over a Hundred Years
Ago Used in Disease Resistance Research Today
(Poster Board #366)

Anita J. Barnes*

Inflorescence Investigations, Nambour, Australia

Apollo Gomez

Department of Agriculture and Fisheries, Nambour, Australia

Jodi Neal

Department of Agriculture and Fisheries, Nambour, Australia

Mark E. Herrington

Department of Agriculture and Fisheries, Nambour, Australia

‘Phenomenal’ was a significant cultivar in subtropical
Queensland during mid last century. Here we report some
aspects of its origins, history and current use. As early as the
1890’s it was suggested that ‘strawberries with flavour to tempt
the Englishman’s palate’ could not be grown in subtropical
Queensland, Australia. Yet, in 1906–07, in the small town
of Gympie, (26°11’S, 152°39’E), Queensland, situated 170
kilometres north of Brisbane, the ‘Phenomenal’ variety of
strawberry was developed by Charles A Flay after seven years
in experimental trials. At the time, ‘Phenomenal’ was noted
for its superb flavour, good colouring and the ‘fruit being more
numerous than the leaves’. The Department of Agriculture found
that the ‘Phenomenal’ variety was superior to other varieties
derived from seed imported from America for breeding work at
Nambour, prior to World War II. According to Mr. N. Morgan,
the Senior Advisor in Horticulture, ‘Phenomenal’ “was [at that
time] the basis of the strawberry industry of Queensland and
[was] still the leading variety of the state.” Just over a century
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later, this historically significant strawberry has stood the test
of time and is still being used in research today. Recently it
was found, when compared to ‘Camarosa’ to have high levels
of resistance to Colletotrichum gloeosporioides and Macrophomina phaseolina.

Measuring Cold Hardiness in Highbush
Blueberry Grown in Two Distinct Regions of
Washington State
(Poster Board #368)

Lisa DeVetter*

Washington State University, Mount Vernon, WA, USA

Blueberry Leaf Tissue Nutrient Concentrations
As Influenced By Canopy and Branch
Position

Gwen Hoheisel

Washington State University, Regional Extension Specialist, Benton
County Director, Prosser, WA, USA

(Poster Board #367)

Todd Coffey

Joan Davenport*

Clinical Assistant Professor, Pullman, WA, USA

WSU Prosser, Prosser, WA, USA

Allyson Leonhard

Lisa DeVetter

Washington State University, Prosser, WA, USA

Washington State University, Mount Vernon, WA, USA

Sean Watkinson

Catherine A. Jones

Washington State University, Mount Vernon, WA, USA

Washington State University, Prosser, WA, USA

In Washington state, blueberry is grown in two very climatologically and geographically different regions. Western Washington
is characterized by high precipitation and mild temperatures
whereas east of the Cascade Mountains, in central Washington,
there is low precipitation (ca. 150 mm/year) and cold winters
with warm to hot summers. Soils in western Washington are
also naturally acidic, while eastern Washington soils are alkaline
and must be substantially amended to reach a suitable pH range
for blueberry production. Our ongoing research is evaluating
differences in leaf tissue nutrient concentrations in these two
regions to establish guidelines for growers to use for nutrient
management. Growers often are not certain what the best location is within the canopy or on a branch for tissue nutrient
sampling, which could impact a growers’ assessment of a nutrient management program if tissue nutrient concentrations vary
based on canopy or branch position. To answer this question,
we intensively sampled leaf tissues from ‘Draper’ blueberries
in late July/early August from three western and two central
Washington fields. Leaves were collected from the top, middle
and lower portions of the canopy using three different leaf positions at each canopy location [youngest fully mature leaf, leaf
subtending the fruiting cluster, and low branch position (old/
most mature) leaf]. These sampling positions were replicated
three times in each field. The results showed that tissue nutrient concentration differed by growing location but was not
affected by branch position. However, the concentrations of
eight nutrients (nitrogen, phosphorus, potassium, magnesium,
sulfur, copper, manganese, and zinc) differed by canopy position, where the nutrient concentrations were highest in the
lower portion of the canopy and lowest in the upper portion.
The results suggest that the middle portion of the canopy should
be consistently used for sampling and subsequent evaluation of
a nutrient management program, but that samples can be taken
from random branch positions.
Specified Source(s) of Funding: Washington State Blueberry
Research Commission

Washington State leads in both total and organic production
of highbush blueberry (Vaccinium corymbosum). Production
occurs in central and western Washington, which are geographically and climatologically distinct. Western Washington has
a maritime climate with wet and mild winters, while central
Washington has dry, colder winters with greater risks of winter injury. Growers within both regions implement protective
measures to prevent injury due to cold, particularly after bud
break and the susceptibility to cold injury increases among
emerging vegetative and floral tissues. However, growers lack
region- and cultivar-specific resources to guide them on critical
temperatures for implementing cold protective measures across
key phenological stages. Information is lacking regarding the
most reliable methods for assessing cold hardiness in blueberry.
The objectives of this project were twofold: 1) to determine an
appropriate and reliable method for assessing cold damage in
blueberries and 2) develop cold hardiness curves for blueberry
cultivars grown in central and western Washington. Methods
evaluated in 2014–15 were a programmable freezer, glycol
bath, and differential thermal analysis, with the programmable
freezer and glycol bath being most reliable for cold hardiness
determination. Following this, the programmable freezer and
glycol bath methods were used to address objective two in
central and western Washington, respectively. ‘Duke’, ‘Draper’,
‘Liberty’, and ‘Aurora’ were evaluated in central Washington,
while ‘Duke’ and ‘Draper’ were evaluated in western Washington during the 2015–16 winter. Cold hardiness was measured
from late November/early December through April and cold
hardiness curves were developed from resultant LT50 (lethal
temperature for 50% of floral buds) data. Cold hardiness curves
were similar between western and central Washington. Patterns
of acclimation and deacclimation were similar for ‘Duke’ and
‘Draper’, while ‘Liberty’ and ‘Aurora’ were more similar to
each other. This project is ongoing, but resultant data are being
shared with producers and allowing them to better target their
cold injury mitigation practices.
Specified Source(s) of Funding: Washington Blueberry Commission
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Evaluation of Selected Rabbiteye Blueberry
Cultivars Grown in High pH Soil
(Poster Board #369)

James Spiers*

Auburn University, Auburn, AL, USA

J. Raymond Kessler

Auburn University, Auburn, AL, USA

Bryan Wilkins

Auburn University, Auburn, AL, USA

Fifteen rabbiteye (Vaccinium ashei Reade) cultivars were planted
in 2009 on land previously used for row crop farming. The
objectives of this research were to evaluate the performance
of cultivars grown in marginally high-pH soil for blueberry
cultivation. The soil pH ranged from 6.0–6.4 within the site
prior to planting, and was blocked accordingly. The % organic
matter was 0.7 throughout the field. Raised beds were prepared
with a strip of milled pine bark incorporated in the row middles,
and plants were mulched with coarse pine bark after planting.
No sulfur or other amendments were incorporated to lower the
soil pH. The experimental design was a randomized complete
block with five 4-plant replications per cultivar. Soil pH, plant
growth, harvest dates, and yield data were collected annually.
The soil pH remained high for blueberry cultivation for the first
few years, but became more acidic over time. ‘Austin’, ‘Powderblue’, and ‘Premier’ were among the lowest yielding cultivars
over the five years that yield were collected. ‘Ira’, ‘Onslow’,
and ‘Montgomery’ were among the highest yielding cultivars.
Specified Source(s) of Funding: This research was supported
by the Alabama Agricultural Experiment Station and the Hatch
program of the National Institute of Food and Agriculture, U.S.
Department of Agriculture.

bark amended and non-amended soils. Results for the first three
years following planting have been reported previously. This
report provides information from the mature plantings during
years 4 and 5. ‘Meadowlark’ and ‘Farthing’ southern highbush
blueberry were grown in pine bark amended and non-amended
soils as own-rooted plants, or plants grafted on Vaccinium arboreum. Plantings were established in 2011 at the University
of Florida Plant Research and Education Unit in Citra, and at
Straughn Blueberry Farm in Archer, both located in north-central
Florida. In 2015 and 2016, canopy volume of grafted ‘Farthing’
on non-amended soil was not different from canopy volume
of own-rooted ‘Farthing’ on pine bark amended soil. Similar
results were found for ‘Meadowlark’ canopy volume. However,
canopy volume of ‘Meadowlark’ tended to be larger for grafted
than for own-rooted plants when grown in non-amended soil.
Total berry yield of ‘Farthing’ was similar for grafted plants
grown in non-amended soil compared with own-rooted plants
grown in amended soil. Total yield of grafted ‘Meadowlark’ in
non-amended soil was similar to (2015, Citra) or greater than
(2016, Citra) own-rooted plants grown in amended soil. Mean
berry weight of ‘Meadowlark’ tended to be greater for grafted
plants than for own-rooted plants. Grafted ‘Meadowlark’ plants
were less affected by blueberry leaf scorch than were ownrooted plants during the first five years after planting. Use of
V. arboreum as a rootstock for southern highbush blueberry
may allow for broader soil adaptation and reduced inputs such
as pine bark or other sources of organic matter. However, additional research is needed to determine long-term effects on
yield, fruit quality, and plant health and field survival, as well
as possible cultivar effects.
Specified Source(s) of Funding: Florida Department of Agriculture and Consumer Services

Performance of Grafted and Own-rooted
Southern Highbush Blueberry in Pine Barkamended and Non-amended Soils

Evaluation of Preemergent Herbicides on
Nonbearing, Container-Grown Photinia
Melanocarpa (Aronia)

Jeffrey Williamson*

Kenneth G. McCabe*

Rebecca Darnell

Diana Cochran

Bruno Casamali

Bryn Takle

Southern highbush blueberry (Vaccinium corymbosum interspecific hybrid) has very specific soil requirements which include
low soil pH and high soil organic matter. Pine bark is commonly
used in the southeast United States to make low-organic matter soils suitable for commercial blueberry production and is
a major cost of planting establishment and maintenance. Vaccinium arboreum is known to tolerate a broader range of soil pH
and lower soil organic matter content than southern highbush
blueberry. This study was conducted to evaluate Vaccinium arboreum as a rootstock for southern highbush blueberry in pine

Aronia (Photinia melanocarpa) is a deciduous, cold-hardy
shrub that has gained popularity due to high concentrations of
polyphenols in the fruit and its adaptability in the landscape withstanding harsh Midwestern climates (zones 3–8). Since aronia
is fairly new to the market, there is limited research evaluating
herbicide use on plant establishment. Therefore, the objective
of this experiment was to evaluate the effect of preemergent
herbicides applied to newly potted container grown aronia
plants. Bareroot liners were transplanted on 25 May 2016, into
1-gallon containers (3.785 L) filled with Fafard Mix 52 amended

(Poster Board #370)

University of Florida, Gainesville, FL, USA
University of Florida, Gainesville, FL, USA
University of Georgia, Griffin, GA, USA

(Poster Board #371)

Iowa State University, Ames, IA, USA
Iowa State University, Ames, IA, USA
Iowa State University, Ames, IA, USA
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with 19N–1.7P–6.7K, 5 to 6-month control release fertilizer
(Harell’s). Three herbicides were applied one day after potting
(26 May 2016) and six weeks after initial application (13 July
2016): 0.5 lb ai (1x), 1.0 lb ai (2x), and 2.0 lb ai dithiopyr; 0.98
lb ai (1x), 1.97 lb ai (2x), and 3.94 lb ai (4x) dimethenamid-p;
1.0 lb ai (1x), 2.0 lb ai (2x), and 4.0 lb ai (4x) isoxaben. Plants
were evaluated at 1, 2, and 4 weeks after treatment (WAT) for
phytotoxicity symptoms on a 0–10 scale (0 representing no injury
and 10 representing complete kill) and at the end of the experiment
final growth indices {FGI = [(height + width + perpendicular
width) ÷ 3]} was recorded. Application of dithiopyr (all rates)
caused slight leaf curling initially, but dissipated overtime with
no visible symptoms at the end of the experiment. Plants treated
with dimethenamid-p exhibited leaf curling and tip burn with
symptoms more pronounced following the second application
of dimethenamid-p at the 4x rate. At the end of the experiment,
plants treated with dimethenamid-p at 2x and 4x were smaller
than 1x and nontreated plants. Phytotoxicity ratings were greater
following all isoxaben applications 1 week after initial and second application. Plants receiving isoxaben at the 4x rate had the
greatest injury at the termination of the experiment compared
with all other treatments. However, isoxaben application did
not affect overall growth (FGI) of aronia. In general, phytotoxicity ratings were apparent after initial herbicide applications,
but symptoms diminished over time and only dimethenamid-p
negatively affected aronia growth compared with nontreated
plants. These results will help determine impacts of herbicides
for producers of container-grown aronia and allow for more
informed management decisions related to herbicide treatments.
Specified Source(s) of Funding: IR-4 Program

chemicals called polyphenols has increased in the recent years
because of their potential to benefit human health. Wild and
cultivated aronia fruit contains very high concentrations of total
polyphenols, including flavonoids and anthocyanins, compared
to other fruit like currants and blueberries. However, polyphenol
content can vary within the cultivated variety of A. mitchurinii,
and these differences may be due to cultural management like
nitrogen fertility or other factors. Our objectives of this research
were to determine the effects of nitrogen fertility, both organic
and conventional, on 1) yield, 2) fruit °Brix and 3) polyphenol
content including total polyphenols, flavonoids and anthocyanins.
To aronia test plots, we applied 3 or 14 grams of nitrogen (N)
per plant in either certified organic or conventional form. Fruit
were harvested and parameters measured in August 2013 after
two growing seasons of treatment. Yield measurements of each
plant indicated that aronia responded better to higher N-rate
treatments, but °Brix and polyphenol content in fruit juice were
not affected by either N rate or source. This research improves
our understanding of appropriate methods of fertility to maintain
aronia fruit quality and grower profitability.
Specified Source(s) of Funding: University of Maryland Agricultural Experiment Station grant

Water Utilization and Management
Macadamia Nut Oil Derivative Reduces
Irrigation Needs of Several Crops
(Poster Board #043)

Jaime Barros

The Influence of Fertility Management on Yield
and Phytochemical Content of Aronia

University of California, Riverside, CA, USA

Chris Jordan

JRX Biotechnology, Inc., Newport Beach, CA, USA

(Poster Board #372)

Blessing Aroh

Milton McGiffen*

Tina Ndam

JRX’s Biostimulant is derived from macadamia nut oil and has
been used in the cosmetics industry as a superfatting agent. We
conducted a series of greenhouse experiments with field, nursery
crops and turf to determine if JRX’s Biostimulant application
would reduce crop water requirements. Initial experiments with
cowpea, sudangrass, and alfalfa found a curvilinear response
between drought tolerance and JRX Biostimulant application
rate, with increasing drought tolerance at lower rates but reduced
plant productivity at high rates of JRX Biostimulant. Subsequent
experiments with pansy, tall fescue, and petunia found that a
1% dose of JRX Biostimulant reduced water requirement by
over 40%.

University of Maryland Eastern Shore, Princess Anne, MD, USA

University of California, Riverside, CA, USA

University of Maryland Eastern Shore, Princess Anne, MD, USA

Heather Goldsborough

University of Maryland Eastern Shore, Princess Anne, MD, USA

Sudeep Mathew

Syngenta, Basel, Switzerland

Byungrok Min

University of Maryland Eastern Shore, Princess Anne, MD, USA

Victoria V. Volkis

University of Maryland Eastern Shore, Princess Anne, MD, USA

Andrew G. Ristvey*

University of Maryland, WyeREC, Queenstown, MD, USA

Aronia mitchurinii (A.K.Skvortsov & Maitul.) is a fruit bearing
bush in the Rose family (Rosaceae) and in the apple subtribe
of Pyrinae. This cultivated variety of aronia is being grown
throughout the United States and is gaining popularity as an
alternative specialty crop. Interest in certain classes of phyto-

Evaluation of Products to Alleviate Salinity
Stress in Bermudagrass Turf
(Poster Board #044)

Marco Schiavon*

University of California Riverside, Riverside, CA, USA
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University of California, Riverside, Riverside, CA, USA

Increasing salinity issues caused by insufficient precipitation,
drought, and increasing use of alternative non-potable sources of
irrigation water are a major concern for turf management in the
southwestern United States. Modification of soil physicochemical
properties that result from salinity is one means of alleviating
plant salinity stress. However, turf managers are inundated with
a plethora of salinity alleviation products, many of which have
not been tested under non-biased, replicated experiments on
turf. The objective of this study was to evaluate six commercial
products or programs for alleviating soil salinity and stress on
‘Tifway II’ hybrid bermudagrass [Cynodon dactylon (L.) Pers.
x Cynodon transvaalensis Burtt-Davy] irrigated with saline
water (electrical conductivity = EC ≈ 4.4 dS/m). The study was
conducted in 2013 and 2014 at the University of California,
Riverside turfgrass research facility in Riverside. Six commercial
programs included: [CrossOver (Numerator Technologies, Sarasota, FL) (calcium silicate, magnesium silicate, and Monosilicic
acid); Revert (polyalkylene glycole); SUNBurst Cal Plus 8%
(Westbridge Agricultural Products, Vista, CA) (calcium carbonate and calcium nitrate); a combination of DeSal (carboxylic
acid), and Stress Rx (potassium nitrate, potassium acetate, and
calcium nitrate) and XP Micro (Ocean Organics, Ann Arbor, MI)
(urea, magnesium nitrate, manganese nitrate, manganese sulfate,
ferrous sulfate, iron EDTA, kelp extract); and Turfcare Natural
Plant Nutrient (Gantec Incorporation, Midland, MI) (Meliaceae
spp. extracts)]. Every two weeks and in between treatment
applications, plots were evaluated for visual turf quality, and
dark green color index and percent green cover using Digital
Image Analysis. Leachate was also collected and analyzed for
electrical conductivity on the same day. Replicate soil samples
were collected and analyzed for salinity and nutrients at the
end of each growing season. Higher evapotranspiration (ET)
rates in 2014 exacerbated the effect of salt stress, but no turf
loss occurred throughout the study. DeSal in combination with
Stress Rx, and XP Micro was the only treatment that resulted in
acceptable turf quality and decreased Sodium Adsorption Ratio
and sodium content in the rootzone.

Influence of Growing Degree Days on the Crop
Water Use of Processing Tomato
(Poster Board #045)

Florence Cassel S.*

California State University–Fresno, Fresno, CA, USA

Touyee Thao

California State University–Fresno, Fresno, CA, USA

Dave Goorahoo

California State University–Fresno, Fresno, CA, USA

The state of California accounts for over 90% of the processing
tomatoes grown in the United States. The production is mostly
concentrated in the Central Valley where irrigation provides
the primary and often the only water supply. Given the extent
of tomato production in the state and its heavy reliance on ir-

rigation, it is essential to accurately determine the water use of
the crop to optimize water applications and improve water use
efficiency. Crop water use (CWU) is most accurately determined
through measurements of crop evapotranspiration (ETc) using
weighing lysimeters. ETc generated by lysimeters can then be
utilized to derive crop coefficients (Kc) that are needed for developing irrigation schedules. Studies have suggested that Kc
can be influenced by crop varieties and that expressing Kc as
a function of growing degree days (GDD) can account for the
climatic conditions of a specific growing season (heat units).
Therefore, the objectives of this study were to: a) determine
the seasonal differences in ETc and Kc for processing tomato
(Solanum lycopersicum L.) grown over a three-year period;
and b) develop ETc and Kc curves as a function of both time
and GDD. The research study was conducted at the University
of California Westside Research and Extension Center in Five
Points, CA. Results indicated that seasonal ETc ranged from 407
to 598 mm and that midseason Kc reached 0.8–1.2. Daily GDD
accumulation varied from 73 to 136 heat units among years.
Maximum canopy cover was achieved at 84–118 DAT during
the three-year study, which represented 1206–1638 GDD units.
Specified Source(s) of Funding: California State University
Agricultural Research Initiative

Assessing Evapotranspiration Crop Coefficients
Based on Growing Degree Days and Days after
Planting Models for Tomatoes
(Poster Board #046)

Luke Miller*

The University of Georgia, Athens, GA, USA

Timothy Coolong

The University of Georgia, Tifton, GA, USA

George Vellidis

The University of Georgia, Tifton, GA, USA

Wesley Porter

The University of Georgia, Tifton, GA, USA

The Smartirrigation™ application (smartirrigationapps.org), is
a tool designed to aid farmers in conserving water and nutrients
for crops through the improvement of irrigation scheduling.
Currently this application utilizes crop coefficients based on a
days after planting (DAP) model to schedule irrigation. However,
plant growth and development is more accurately determined
by growing degree days (GDD) than by DAP. Growing degree
day models have been shown to more accurately predict the
development of plant phenology in a season as the model attributes changes in crop development stages to accumulated
heat units. Soil water tension data and water root zone deficit
values were analyzed retroactively in order to compare expected
plant water use based on the days after planting model and a
growing degree day model. This study aimed to validate crop
coefficients for tomatoes and adjust them to reflect differences
in DAP and GDD models. In 2016, ‘Red Bounty’ tomatoes were
planted into raised beds of black plastic mulch in Tifton, Georgia
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and irrigated based on historical evapotranspiration values, the
Smartirrigation application, or soil moisture sensors (tensiometers). Soil moisture levels were measured using Watermark™
sensors at depths of 15, 25, and 35 cm. Plots were arranged in
a randomized complete-block design with four replicates. An
on-site weather station was used to calculate GDD. This trial
was used to validate and adjust the crop coefficient curve used
for tomatoes by the Smartirrigation™ application, and to assess
the efficacy of using a DAP model to determine crop coefficients
of plasticulture-grown tomatoes.

Evaluation of a Tri-daily Water Use Irrigation
Schedule and Cyclic Irrigation on Plant Growth
and Water Use of Cornus florida and Cornus
kousa var. Chinensis Dogwoods
(Poster Board #048)

Jeff McHugh*

University of Tennessee, Knoxville, USA

Wesley Wright

University of Tennessee, Knoxville, USA

Specified Source(s) of Funding: USDA Specialty Crop Block
Grant

Quinn Cypher

Performance of Cool-season Turfgrasses
Irrigated with Varying Evapotranspiration
Replacement Rates

Amy Fulcher

University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA

Iain Hiscock

Commercial Nursery, Decherd, USA

(Poster Board #047)

Elena Sevostianova*

New Mexico State University, Las Cruces, NM, USA

Bernd Leinauer

New Mexico State University, Las Cruces, NM, USA

Matteo Serena

New Mexico State University, Las Cruces, NM, USA

In arid and semi-arid environments the practice of deficit irrigation can be used for water conservation purposes. However, the
ability of turfgrass species and cultivars to cope with drought
stress can vary greatly. A field experiment was conducted at New
Mexico State University’s Turfgrass Salinity Research Center
in Las Cruces (arid, 1265 m elevation; USDA Plant Hardiness
Zone 8) from 2013 to 2015 to investigate the effects of different
irrigation amounts on performance of cool-season grass species Kentucky bluegrass (Poa pratensis L.) (eight varieties),
tall fescue (Festuca arundinacea Schreb.) (10 varieties), and
perennial ryegrass (Lolium perenne L.) (7 varieties). Irrigation
treatments included: 115%; 100%; 85%; 70%; 55% of reference
evapotranspiration for short grass (ETos) applied every day.
The soil at the site consisted of a sandy skeletal mixed thermic
Typic Torriorthent. The experimental design was a randomized complete block with irrigation amount as whole block
and varieties as subplot treatment. All treatment factors were
replicated four times. Turfgrass quality was assessed visually
on a scale of 1 (worst) to 9 (best), digital image analysis was
conducted to determine percent green cover (Cover). Normalized Difference Vegetation Indices (NDVI) were determined
with a GreenSeeker Hand HeldTM Optical Sensor Unit Model
505. Data for quality, percent cover, and NDVI) were collected
monthly and averaged for spring, summer, and fall. Based on all
data collected for the lowest (55% ETos) or second lowest (70%
ETos) irrigation levels, tall fescue BarRobusto and Kentucky
bluegrass Barserati were among the best performing varieties
across all measured parameters. BAR Lp 10972 performed best
among perennial ryegrasses

Cyclic irrigation is an established basis for nursery crops irrigation scheduling that can improve efficiency and reduce water
use and leachate volume, while increasing plant growth. Daily
water use is a newer scheduling basis that replaces the volume of
water used in evapotranspiration in the previous 24 hours. The
objectives of this experiment were to develop a tri-daily water
use (TDWU) schedule and evaluate the differences between
the TDWU system and a nursery’s cyclic irrigation program on
C. kousa var. chinensis ‘Milky Way’ and C. florida ‘Cherokee
Princess’ trees. The sensor-based, TDWU irrigation schedule
compares the current moisture level to container capacity three
times per day, each time irrigating with the volume needed to
return the container to container capacity. The TDWU zone for
‘Milky Way’ was programmed to compare VWC and irrigate
accordingly at 1:15 am, 10:00 am, and 2:05 pm. The TDWU
zone for ‘Cherokee Princess’ was programmed to compare and
irrigate at 1:45 am, 10:30 am, and 2:25 pm. The cyclic zones
for ‘Milky Way’ and ‘Cherokee Princess’ were irrigated approximately 1 hour after the nursery’s overall program, which
begins operating at 2:10 am, 11:00 am, and 5:45 pm. Container
volumetric water content (VWC), daily and cumulative water
use, and plant height, caliper, and quality were measured on
‘Milky Way’ and ‘Cherokee Princess’ dogwood trees produced in
zones to which either the experimental TDWU or the nursery’s
standard cyclic irrigation (3 cycles/day) were applied. On 16
Sept. 2016, ‘Milky Way’ height was 148.1 cm and 128.4 cm
for the TDWU and cyclic, respectively and 91.2 cm and 114.5
cm for ‘Cherokee Princess’ in TDWU and cyclic, respectively.
‘Milky Way’ caliper was 13.6 mm and 13.0 mm, respectively,
and 10.4 mm and 14.4 mm for ‘Cherokee Princess’ in TDWU
and cyclic, respectively. From 1–29 Aug. 2016 the ‘Milky Way’
and ‘Cherokee Princess’ cyclic irrigation zones used 14,274
gallons while the TDWU ‘Milky Way’ zone used 11,065 gallons, 23% less and were of a comparable quality. ‘Cherokee
Princess’ TDWU zone used 7510 gallons, 47% reduction in
water use, but trees were not of an acceptable quality. Daily
minimum VWC for ‘Milky Way’ was 27% and 24% for TDWU
and cyclic, respectively, and for ‘Cherokee Princess’ was 29%
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and 27% for TDWU and cyclic, respectively. Later potting date,
extreme and prolonged summer heat, and a brief period of low
VWC while establishing the system may have contributed to
reduced growth and quality of ‘Cherokee Princess’.
Specified Source(s) of Funding: USDA NIFA grant 201451130-22493

Evaluation of Substrate Moisture Based On
On-demand Nursery Irrigation Scheduling for
‘Kwansan’ Cherry (Prunus serrulata)
(Poster Board #049)

and conventional, respectively, and increase in caliper was 1.7
mm and 2.8 mm for on-demand and conventional, respectively.
Throughout the experiment, the on-demand system maintained
a higher and more consistent substrate moisture level than the
nursery’s conventional irrigation system.
Specified Source(s) of Funding: USDA NIFA grant 201451130-22493

Irrigating Juniper with an Automated Leaching
Fraction-based Irrigation Schedule
(Poster Board #050)

Wesley Wright

Amy Fulcher*

Jeff McHugh*

Jeff McHugh

Amy Fulcher

Wesley Wright

Quinn Cypher

Quinn Cypher

Danny Pirtle

Kim Holden

Making irrigation decisions in a commercial nursery can be
difficult given the range of species and growth stages and
changing environmental conditions across a season. To simplify,
growers often make the same irrigation application throughout
the nursery. A one-size-fits-all approach can cause some plants
to be over-watered and some to be under-watered. Substrate
moisture sensors connected to a data logger that is programmed
to control solenoid valves provide an opportunity to actuate
irrigation in real-time in response to plant and environmental
demand. The objective of this experiment was to develop and
evaluate an on-demand irrigation system and compare it to a
conventional two-hour daily irrigation system using ‘Kwansan’
cherry (Prunus serrulata) trees potted in 14.3 L containers.
The treatments were (1) Conventional Irrigation – Irrigate
from 8:00 am to 10:00 am and again for 75–90 minutes in the
afternoon if the temperatures equaled or exceeded 85F and (2)
On-demand, substrate moisture sensor-based – Irrigate anytime
two conditions were met: the substrate dried to the set point
and it was between 8:00 am to 5:00 pm daily. The set point that
triggered irrigation was 25% volumetric water content (VWC).
Plants were irrigated the amount of time calculated to return
VWC to container capacity based on a known irrigation flow
rate and established container capacity (29% VWC). Cumulative and daily water use was measured using water meters on
the lateral line to each zone. To monitor zone plant growth, 10
plants/zone were selected and tagged and height and caliper
were measured periodically during the experiment. From 31
Aug. to 23 Sept. 2015, the on-demand system used 1628 gallons per day, 30% less than the 2321 gallons per day used in
the conventional treatment and had 51% less leachate volume
than the conventional treatment. During the experiment, increase in plant height was 4.2 cm and 1.4 cm for on-demand

Sun Xiaocun

University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA
Pirtle Nursery, Smithville, USA

University of Tennessee, Knoxville, USA

University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA
University of Tennessee, Knoxville, USA
Holden Nursery, Mascot, USA
University of Tennessee, Knoxville, USA

Nursery producers are faced with many water management
and labor challenges. Irrigation may occur for several hours
a day or for 24 hours per day in order to irrigate the entire
nursery and require extensive monitoring and labor, especially
when operated manually. Leaching volume is easy to measure
manually and leaching fraction (LF) [(volume leached)/(volume
applied)*100] is a simple calculation to make that can become
the basis for refining irrigation. Our objective was to develop
an irrigation/leachate volume sensor and a data logger program
that could calculate LF in order to automatically irrigate based
on maintaining a predetermined LF. Four leachate sensors and
an irrigation sensor were deployed in each zone. The program
calculated the LF each day and compared it to the previous day’s
LF to determine the amount of irrigation needed to maintain a
15% LF. The adjustment in irrigation run time was scaled so
that the farther the LF was from 15%, the greater the increase
or decrease in run time. The LF-based system was compared to
a commercial nursery’s standard irrigation regime of irrigating
two hours every other day. Volumetric water content (VWC),
LF, plant growth and cumulative water use were investigated
on Juniperus conferta ‘Blue Pacific’ in 2015 and 2016 and J.
horizontalis‘Blue Rug’ in 2015. Only ‘Blue Rug’ junipers were
instrumented. In 2015, the LF-based junipers used 67% less
water than the control zone and in 2016, they used 61% less
water. In 2015, the average daily VWC was 32 and 33% for the
juniper LF-based and control irrigation treatments, respectively.
In 2016, the average daily VWC was 28 and 31% for juniper
LF-based and control treatments, respectively. From 7 July to
29 °Ct., the growth index increase in the LF-based and standard
irrigation for ‘Blue Rug’ was 13.1 and 10.5, respectively, and
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for ‘Blue Pacific’ was 23.5 and 19.1, respectively (P = 0.9400).
From 3Aug. to 12 °Ct. 2016, the average growth index increase
for ‘Blue Pacific’ in the LF-based and control irrigation was 8.7
and 8.2, respectively (P = 0.0506). From 20 Aug. = to 25 Sept.
2015 the average LF for junipers in the LF-based and control
irrigation was 38% and 57% respectively, a 33% reduction in
LF. From 24 Aug. to 11 °Ct. 2016, the average LF for junipers
in the LF-based and control irrigation was 20% and 32%, respectively, a 38% reduction in LF.
Specified Source(s) of Funding: USDA NIFA grant 2014-5113022493

Pesticide Retention By Soilless Media
Components and Aluminum-Water Treatment
Residuals (Al-WTRs)
(Poster Board #051)

Specified Source(s) of Funding: USDA–ARS Cooperative
Agreement 58-6034-6-029

Jorge Leiva
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Sensitivity of Impatiens walleriana to Chlorine
in Irrigation Water

P. Chris Wilson*

University of Florida/IFAS, Gainesville, FL, USA

Peter Nkedi-Kizza

(Poster Board #052)

University of Florida/IFAS, Gainesville, FL, USA

Rosa Raudales*

George A. O’Connor
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of the applied acephate. Imidacloprid showed similar retention percentages with Al-WTRs, peat, pine bark, and coir (84
± 7%); and lower retention in the inorganic SGM components
(9% in both sand and perlite; 43% in vermiculite). Sorption
isotherm data for imidacloprid (concentration range from 1 to
40 µg·mL-1) showed Freundlich characteristics in the Al-WTRs
(Kf = 1038 mL·g-1, N = 0.55) and linear sorption on peat (KD
= 237 mL·g-1). Both pesticides showed different retention
values in the SGM. The differences are related to the unique
interactions between the organic molecule and SGM sorption
surfaces. Managers should pay special attention when applying
pesticides to SGM with low sorption capacity (low Kf -KD) since
leaching and pollution of soil and water resources can occur.
Al-WTRs show promise as an amendment or filter to avoid
leaching of pesticides from SGM in ornamentals production
settings.

University of Connecticut, Storrs, CT, USA

University of Florida/IFAS, Gainesville, FL, USA

Joseph Albano

USDA–ARS, Fort Pierce, FL, USA

The ornamental and greenhouse plant production industries
rely on soilless growing media (SGM) as a substrate. These
substrates are generally lightweight and have high porosity. Little
is known about the retention capacity (or sorption) of pesticides
to SGM. The objectives of this study were to determine the
sorption capacity of selected pesticides by SGM components
based on the recommended application rates for ornamentals,
and to investigate the use of Al-water treatment residuals (AlWTRs) as an amendment to reduce potential leaching from
pots or containers. SGM components were obtained from
SUNGRO, Orlando. Al-WTRs were provided by a water treatment plant in Bradenton. SGM components were extracted with
2.5 mM CaCl2 using a mass:solution ratio of 1:5 (v/v). pH
and electrical conductivity (EC) were kept within the recommended values for ornamental plant production (pH 5.5–6.5,
EC 0.8–1.6 dS·m-1). The extracts were used for calibration and
validation of analytical methods using a Waters/Quattro-Ultima
HPLC-MS system. Two insecticides, imidacloprid (neonicotinoid) and acephate (organophosphate) were selected for batch
sorption equilibria experiments (24-h) that were conducted
in the same mass to solution ratio with the following SGM
components: peat, pine bark, coir, sand, perlite, and vermiculite. The initial solution concentration of the pesticides was 4
µg·mL-1. Acephate sorption was relatively low with most SGM
components (26 ± 4%, average ± st.dev.). Six percent of the
acephate was sorbed to sand (control). Al-WTRs sorbed 63%

Chlorine, in the form of sodium hypochlorite, is applied to
irrigation water for control of plant pathogens, biofilm and
algae. The objective of this project was to identify the phytotoxicity threshold of container-grown Impatiens walleriana to
chlorinated irrigation water. Impatiens walleriana plugs were
transplanted to 6” containers. Plants were manually irrigated
directly in the growing media, avoiding contact with the foliage,
with known volume of solution containing 0, 2, 4, 8, 16, and
32 mg·L−1 of free chlorine and zero leaching for four weeks.
The experimental design was a complete randomized design
with ten replicates per treatment and the experiment was conducted twice. Leaf chlorophyll content, visual injury and plant
biomass were measured after 4 weeks. All plants treated with
8 mg·L−1 of free chlorine or more exhibited all signs of of
chlorine injury, including necrotic and chlorotic leaves, and
reduced plant weight. Plants treated with 4 mg·L−1 of free
chlorine mostly exhibited reduced plant weight, but little to no
necrosis and chlorosis. Chlorophyll content in plants treated
with 16 and 32 mg·L−1 of free chlorine was lower compared
with plants treated with lower concentrations. The results indicate that Impatiens walleriana can be safely irrigated with
water containg 2 mg·L−1 of free chlorine. Results also suggest
that phytotoxicity is not always visually noticeable and underlines the importance of defining phytotoxicity thresholds
for other crops.
Specified Source(s) of Funding: This material is based upon
work that is supported by NIFA U.S. Department of Agriculture,
Hatch Multistate accession number 1004968, project number
#CONS00944.

An asterisk (*) following a name indicates the presenting author.
S450

HortScience 52(9) Supplement—2017 ASHS Annual Conference

Poster Presentations

Exploring Ways to Encourage Nursery and
Greenhouse Growers’ Adoption of Water
Conservation Technologies
(Poster Board #053)

Alexa Lamm*
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Laura A. Warner

University of Florida, Gainesville, FL, USA

Melissa Taylor

University of Florida, Gainesville, FL, USA

Paul Fisher
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Clemson University, Clemson, SC, USA

Nursery and greenhouse growers require large volumes of water for production. As a result, they are often criticized for the
amount of water they withdraw from the natural environment.
Growers realize they need to reduce the amount of water they
consume from natural sources, yet they are often resistant to
adopting new water conservation technologies. The research
presented here examined which water conservation technologies
were most likely to be adopted by growers nationwide and the
barriers and enablers associated with growers’ adoption of new
water conservation technologies to inform the development of
adoptable technologies as well as educational programs that
could be created to assist with adoption. This research utilized a
survey that was sent to growers across the nation to understand
their knowledge of current water conservation technologies.
The study was based on the Theory of Diffusion of Innovation
which identifies the influencing factors of how a product, technology, or idea spreads through society. The water conservation
innovations examined for this study included technology-based
innovations such as drip irrigation, soil moisture sensors and rain
water capture. Researchers looked at motivations for adoption,
as well as how these new technologies could be integrated into
existing perspectives. The findings were analyzed using the
identified five attributes of an innovation that included (a) relative advantage, (b) compatibility, (c) complexity, (d) trialability,
and (e) observability. Of the technologies listed, the respondents
were most knowledgeable about drip irrigation and rain water
capture. Additionally, these were the two practices most respondents had implemented and continued to use. The results
indicated observability was the innovation trait most likely to
advance adoption of a water conservation technology. Over 50%
of the respondents said that if they could observe someone else
using the technology they would be somewhat likely or very
likely to adopt the new technology. As tools are developed it
is imperative scientists and researchers partner with extension
professionals and industry stakeholders to develop field days and
trial areas where the latest water conservation technologies can
be observed in action. In addition, an exchange program could
be established where growers are paired together to observe
one another’s water conservation practices and gain first-hand

knowledge of the pros and cons associated with adoption to
increase the likelihood they will implement the practice in their
own nursery or greenhouse.
Specified Source(s) of Funding: This research is based upon
work that is supported by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, under award
number 2014-51181-22372

Understanding How Nursery and Greenhouse
Growers Make Decisions about Adopting Water
Treatment Technologies
(Poster Board #054)

Laura A. Warner

University of Florida, Gainesville, FL, USA

Alexa J. Lamm*

University of Florida, Gainesville, FL, USA

Melissa R. Taylor

University of Florida, Gainesville, FL, USA

Sarah White

Clemson University, Clemson, SC, USA

Paul Fisher

University of Florida, Gainesville, FL, USA

Nursery and greenhouse growers rely on high quality water to
maintain the value of their products. With water becoming a
more limited natural resource, high quality water for irrigation
is becoming more difficult to obtain and increasingly more
expensive. There is a growing need for the nursery and greenhouse industry to implement water treatment technologies so
that water can be recycled and reused without impacting plant
quality. In addition, growers need to negate any negative impacts
the water leaving their operation may have on the surrounding
environment. Despite a general recognition of the importance
associated with water reuse and recycling, there is a reluctance
from growers to implement new treatment technologies. This
research used an online nationwide survey of nursery and greenhouse growers to examine their decision-making process related
to adopting specific water treatment technologies including,
but not limited to, floating wetlands, bioreactors, and activated
carbon filters. Further, the study examined how perceptions of
the five attributes of an innovation, in this case water treatment
technologies, influenced adoption. Of the technologies measured, vegetated channels and buffers for sediment removal
and chemical treatment of water for pathogen removal were the
technologies growers were most familiar and were most likely
to have previously implemented and still use. The results also
revealed most of the respondents either agreed or strongly agreed
water treatment technologies could be a solution to combating
drought. Respondents reported they had not been able to observe
others using or demonstrating treatment technologies and that
the opportunity to observe might alter their rate of adoption.
Additionally, over half of the respondents would prefer to try a
treatment technology before implementing it in their nursery or
greenhouse. Recommendations included providing opportunities
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for growers to see new technologies in action either in person
or online through YouTube videos, to develop online materials
that can assist in becoming more knowledgeable about new
treatment technologies, and to ensure new treatment technologies are easily adaptable to growers’ current production systems
and social norms.

Specified Source(s) of Funding: This research is based upon
work that is supported by the National Institute of Food and
Agriculture, U.S. Department of Agriculture, under award
number 2014-51181-22372.
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