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Research Posters—Student Contest

Quiality 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.

Asthe microbrewery continues to experience steady growth, there
is increased interest and demand for locally sourced ingredients
particularly hops. Hops (Humulus lupulus), acritical component
of beer, are primarily grown in Oregon and Washington where
producers ensure they consistently meet certain quality stan-
dards 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 Pacifc 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 Pacifc 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 profle which has become
increasingly of interest to New Jersey breweries.

First-year Plant Survival in Bioswales Along
Philadelphia’s 1-95 Corridor

A. Mery*, J. Caplan, and S.W. Eisenman
Temple University, Philadelphia, PA

Animportant performance metric for green infrastructure instal-
lations 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 run-
off from the elevated 1-95 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 xacutifora 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 dif-
fering 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
1-95 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 Flbert blight (EFB) has prevented commercial hazelnut
production inthe 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 diffculties. 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 collec-
tion 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 col-
lected 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 identifed signifcant variation across all
traits examined, specifcally: (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
hazelnutspeciesand 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 benefts but
also they have some commercial aspects in cosmetics industries.
Nowadays, molecular markers are becoming popular for straw-
berry breeding. The majority of markers are used for cultivar
identifcation, 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 polymor-
phism identifcation. 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 fve
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, favor, disease resistance etc.,
which are needed for any plant breeder to develop superior
strawberry varieties. After PCR analysis, we will perform as-
sociation mapping with the above traits, which can be utilized
by strawberry breeding programs during cultivar development
and authentic genotype identifcation.

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 benefts are due
to polyphenols, vitamins, carotenoids and fber. These cultivars
were developed through soma clonal variation and tissue cul-
ture; they are not genetically modifed (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—Inthe 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

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, growthand color were considerably better witha
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 com-
parison, 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 inboth RSL cultivars aswell as
standard lettuce cultivars was a frequent problem in both south
and central New Jersey, especially in the fall. This growth ap-
peared 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 con-
sistentand promising. Germination at Kube-Pak (conventional)
and Beyond Organics (aeroponics) were 98% or more compared
to Feld 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 sys-
tems was more promising for RSL cultivars compared to more
variable feld 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 scientifc 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 dam-
age to vines. Rutgers New Jersey Center for Wine Research and
Education (NJCWRE) conducted a survey of New Jersey vine-
yards in spring of 2016 to assess the degree of winter damage.
Google Formswas used as the electronic survey tool. Atotal 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 vine-
yards 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 flbert blight (EFB), caused by Aniso-
gramma 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 signifcant number of EFB resistant accessions. At
Rutgers University, we identifed 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 Feld inoculationsand natural disease
spread. The main concern of this update is that the trees were
deemed resistant following only 5 years of feld exposure to the
pathogen. Since little is known about the longevity/durability of
resistance genes from C. avellana, areassessment 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 feld
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 identifed as resistant (rating = 0) were now rated
as 3’s, indicating the presence of only a moderate level of toler-
ance 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 fve 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 spe-
cies retaining large portions of their canopies can be controlled
using foliar herbicide application far later than it is typically
attempted. We frst 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 photo-
synthesis) 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 concen-
trations of aminocyclopyrachlor plus metsulfuron methyl. We
found that treatments Killed (72%) or severely injured (14%)
of plants, but identifed no statistically-signifcant 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
changesin color correspond with declining photosynthetic rates.
A single regression equation was appropriate for all species,
indicating that assessments of yellowing can determine when
leavesare 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 increas-
ingly 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 confrmed the presence of this insect in 13 coun-
ties in the southeast part of the state. Crop losses to unsprayed
spring onions and garlic were signifcant in some locations in
the region in 2016 while antidotal reports of losses of allium
crops in previous seasons were received. Allium leafminer feed-
ing 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-NIFAgrantfunded project currently underway at Rutgers
University. This project seeks to teach new and beginning farm-
ers 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 frst
two sessions. Crops have been selected through the work of a
grower advisory council, and sessions on strawberry and cut
Tfowers 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 feld 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 specifc 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
specifcdiffculties acrop may pose. And those diffculties could
beinvariety 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, fimed and in real time.

Manage My Woods? The Rutgers Woodland
Stewards Program

N. Polanin*
Rutgers NJAES Cooperative Extension, Bridgewater, NJ

While approximately 2.0 millionacres 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
signifcant areas. But what of the remaining 1.3 million acres

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 an-
nually, 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 ar-
dent 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 benefts. 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 Profles
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 diffcult to
achieve with pure European (Corylus avellana) pollenizers in
the northeastern United States, due the susceptibility of their
staminate Fowers (catkins) to winter damage. In contrast, hybrids
with American hazelnut (C. americana), while generally having
much poorer commercial nut characteristics, have more cold-
tolerant 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
coldstorage. Our previous work showed that average fruitsetand
physical aspects of the kernels were generally similar between
pollen sources. For this study, we examined oil characteristics.
Thetotal 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 profles
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 main-
taining 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 insti-
tution. Objective collections planning is a benefcial exercise
to prepare for garden renovations, long-range institutional
planning, propagation decisions, reviews of the living collec-
tion, or allocation of resources in routine or disaster situations.
Potential prioritization criterion includes historic importance,
cultural signifcance, educational value, conservation value (ir-
replaceable 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 identifcation of core collections beneft public garden
institutions? Ultimately, this research advances the topic of
living collections managementand provides examples of public
garden institutions who have successfully completed the col-
lections 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.) Ffeld
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 sud-
den wilt is unknown, a soil-borne pathogen is implicated. One

promising solution is grafting melons to interspecifc 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 compat-
ibility 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 Wood-
man 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 signifcantly 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 signifcantly 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
Tve 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 com-
post 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 “Earli-
glow’, ‘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 res-
piration 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 feld
study assessed soil fertility and biological health in three organic
highbush blueberry blocks (Vaccinium corymbosumL.) in New
Jersey. Carbon dioxide production from the rhizosphere was
measured with the Solvita® CO, aerobic respiration test. Aver-
age annual CO, values from 2013-15 for all six replicates 36.7
CO, 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 CO, 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 as-
sess and compare an important indicator of soil health when
changing farming practices over time.

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
oftenfallsshortineating 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
Hampshireamajor research thrusthas been cultivarimprovement
through breeding, butinaddition, we have evaluated pruning and
grafting acorn to interspecifc 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 F, hy-
brids, 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 fruitand eating qual-
ity. Pruning fruit numbers to three per plant markedly increased
% dry matter and thus starch content in several experimental
hybrids and cultivars. Interspecifc 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
signifcantly higher in grafted versus non-grafted acorn cultivars,
and in one cultivar, both fesh DM and SSC were higher in fruit
from grafted plants. Missing plants in the non-grafted treat-
ment due to squash bug feeding prevented adequate evaluation
of kabocha cultivars, but showed that interspecifc 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 pro-
cessing. This includes over 25,000 acres of lima beans, peas,
sweet corn, and pickling cucumbers. Other vegetables includ-
ing 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. Inthe 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 frst 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 Uni-
versity 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

Alima bean (Phaseolus lunatus) breeding program was begun
at the University of Delaware in 2004, with the goal of devel-
oping 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
agroup 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 Depart-
ment 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 plumseedling 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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Part 1: Workshops/Special Sessions

—Workshops—

Tuesday, September 19, 2017

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

Coordinator: Donald R. Hodel
University of California Cooperative Extension, Alhambra, CA, USA

Moderator: Donald R. Hodel
University of California Cooperative Extension, Alhambra, CA, USA

Obijectives: The workshop objectives are to introduce the audi-
ence 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 situa-
tion. 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 beneft 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 desertsto rain forests, means
that there is a species of Ficus for nearly every landscape situa-
tion. 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 beneft from timely, applied information about
selection of appropriate species, propagation, and landscape
management (especially new, emerging pests and diseases).

1:00 PM - 1:15PM

Propagation of Ficus

Richard Criley*
University of Hawaii, Honolulu, HI, United States

Many species of Ficus are used in interiorscaping and landscap-
ing. 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. Ficusare 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.

1:15PM -1:30 PM

Australian Ficus of Exceptional Landscape
Merit

Seth Menser*
City of Portland, Portland, OR, USA

The Australian continent is an incredible place, flled with fora
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 fats of the Nullarbor Plain. In
This presentation we will take a journey Down Under and
discover the rich diversity of the native Ficus that fourish 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 concen-
trated in the northeastern rainforests of Queensland. However, a
handful of lesser known species can be found growing as rock
Tgs and scrubby fre-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 fre 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
fnd 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. podocar-
pifolia Corner, F. subpuberula Corner, Ficus coronulata Mig.,
and F. platypoda A. Cunn. ex Migq., 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 - 1:45PM

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 adevastating new scale pest from Asia causing severe
damage on crape myrtles and potentially other signifcant hor-
ticultural crops, including the edible and ornamental landscape
Tg, 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 confrmed 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 fgs, and even native ecosystems. This presen-
tation 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
Zhigiang 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), frst
detected on Oahuin 2012, attacks F. benjamina. Damage includes
twigand branch dieback, foliage thinning, sooty mold, and death
ofthe entire plantwhen infestation is severe. Lobate lac scale, and
two gall wasp species, the leaf gall wasp (Josephiellamicrocarpae
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,
itis 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 effcacy and persistence of two
systemic insecticides, imidacloprid and emamectin benzoate,
with or without phosphorous acidamendment, 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 benefts for F. microcarpa to mitigate wasp
infestations. For lobate lac scale, we evaluated the effcacy
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 afeasible 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 - 2:15PM

Ficus Branch Dieback

A. James Downer*
University of California Cooperative Extension, Ventura, CA, USA

Indian Laurel-leaf fg (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 identifed the following species of Botryosphaerales class
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fungi to be causing canker disease in this fg: 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 an-
other 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 conidiaand
the teleomorphic Botryosphaeria stage is not observed where it
occurs. Adequate control of these diseases in Ficus is unknown;
however, itis 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.

Improving the Quality and Alleviating
the Threats to the World’s Coffee

Supply
Coordinator/Moderator: Leonardo Lombardini
Center for Coffee Research & Education, College Station, TX, USA

Objectives: Update ASHS attendees about recent progress on
coffee science and provide interaction and networking oppor-
tunities 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 agricul-
tural commodities. Hawaii produces some of the fnest gourmet
coffees in the world, mainly due to the tropical environment and
the rich volcanic soil, which provide an ideal location for cof-
fee to grow. Yet, despite coffee’s tremendous signifcance, 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) isamajor pestin
most coffee-growing regions around the world and was recently
found on Hawaiian coffee farms. These serious threats cause

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 favor, making
it possible to link sensory attributes to specifc qualities traits
and feld 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 opportuni-
ties 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

3:15PM - 3:30 PM

The Coffee Breeding Program in Hawaii
Chifumi Nagai*
Hawaii Agriculture Research Center, Kunia, HI, USA

3:30 PM - 3:45 PM

Genetic Diversity of Arabica Coffee Accessions
from the Catie Collection in Costa Rica

Patricia Klein*
Texas A&M University, College Station, TX, USA

3:45 PM - 4:00 PM

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 isa very complex mixture composed
mainly of triacylglycerols, diacylglycerols, free fatty acids and
phospholipids. In contrast to other vegetable oils, coffee oil has
alsoaremarkably high content of unsaponifable fraction, which
consists mainly by terpenes and sterols. Although the lipid frac-
tion 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 prop-
erties 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 asarapid
and reliable tool for the quantitative analysis and the evaluation
of the non-polar part of Coffea arabica. A number of gradient-
selected two-dimensional NMR techniques were applied for a
systematic two-dimensional analysis of the various components
in coffee oil. Quantifcation 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 (*H, *3C, *'P) 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 infuence 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 Hawalii

Andrea Kawabata*
University of Hawaii at Manoa, Honolulu, HI, USA

4:15PM - 4:30 PM

Prevention and Rapid Response of the Coffee
Berry Borer in Papua New Guinea

Craig Bateman*
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 con-
trol 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 identifcation lab for
coffee pests and pathogens. Within six months of operation,
the lab positively identifed 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

Obijectives: The objective of this workshop is to explore issues
related to changes occurring in consumer horticulture and pro-
duction 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 con-
sumers graduate and enter the workforce, they are becoming
the future of the horticulture industry with a collective buying

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 infuencing demand for products, but they are infuencing
production methods and sustainability initiatives as well. This
workshop explores various components related to young consum-
ers in the horticulture industry from the consumer perspective
and from the farmer’s perspective. An overview of marketing
tactics toreach Millennial consumerswill 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.

3:00 PM - 3:20 PM

Marketing Tactics to Increase Millennial Floral
Purchases

Chengyan Yue*
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 frst generation to be connected to the internet their entire
lives and they resist traditional marketing efforts. As a result,
marketers mustidentify and utilize new technologies to commu-
nicate 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 foral purchases.
Results indicate that Millennials have different perceptions of
fowers than previous generations and often overlook fowers 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 Foral 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

Withrising concernsthat plant sales are notas robustamong Gen
Xand 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.

3:40 PM - 4:00 PM

Acceptance of Sustainable Landscape Attributes
Among Young Consumers
Hayk Khachatryan*

University of Florida, Apopka, FL, USA
Alicia Rihn

University of Florida, Apopka, FL, USA
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 at-
tributes. Consumers had distinct preferences for turfgrass to
non-turfgrass landscape designs. Sustainable landscape fea-
tures such as smart irrigation, low maintenance and pollinator
attractive habitat were positively correlated with preferences.
Additionally, fnancial incentives were among statistically sig-
nifcantattributestoimprove 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*

University of Florida, Apopka, FL, USA

Hayk Khachatryan
University of Florida, Apopka, FL, USA

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 consum-
ers 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.

Wednesday, September 20, 2017

The National Initiative for Consumer
Horticulture: Examining Research
on the Social, Environmental, and
Economic Benefts of Consumer
Horticulture

Coordinators: Lucy Bradley
North Carolina State University, Raleigh, NC, USA

Sheri Dorn
University of Georgia, Griffn, GA, USA

Gail Langellotto
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 benefts of consumer
horticulture. Representatives of each of the three committees
will present the results of their research, the gaps identifed,
and the research needed to move strategically forward with the
goal of increasing awareness and educating people about the
value of consumer horticulture.

9:45AM -10:15 AM

Economic Benefts of Consumer Horticulture

Bridget Behe
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 produc-
tion economy. The Economic Committee is helping to shape
a unifed 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 benefts of the industry
in the same way. In order to convey the economic benefts of
consumer horticulture to industry and external stakeholders,
multidisciplinary research fndings have been aggregated into
an infographic that identifes 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 con-
cept 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 offces 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-proft staff and private industry manage-
ment 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 fowers,
foliage and Fowering potted plants, perennials, nursery crops,
urban agriculture, indoor intensive agriculture and local foods.
The committee works virtually, meeting monthly by confer-
ence call.

10:15 AM - 10:45 AM

Environmental Benefts of Consumer
Horticulture

Julie Weisenhorn*
University of Minnesota, St. Paul, MN, USA

A gap analysis was performed to evaluate the available re-
search regarding the environmental benefts 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 publica-
tions, 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 da-
tabase, which the renowned AGRICOLA, ESPM, and EIS
databases and provides full-text titles from around the world,
including scholarly journals, trade and industry journals, maga-
zines, 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 au-
tomatically 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, fndings, and gaps identifed will be
presented.

10:45 AM - 11:15 AM

Social and Community Benefts of Consumer
Horticulture

Pamela Bennett*
Ohio State University Extension, Springfeld, OH, USA

In order to develop strategies to meet the goals of the NICH,
current research relating to the social and community benefts of
horticulture was identifed as well as gaps in the research. The
frst 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,
fndings, and gaps identifed will be presented.

Advances in Genomic Analyses and
Genetic Modifcation 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 modifcation to assist breeding of woody
horticultural species, and 2) discuss how genetic modifcation 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 mostwoody horticultural species remains
a major limitation for effcient cultivar improvement through
marker-assisted breeding. At the same time, genetic modifca-
tion has been an effective tool for improvement of some long-
lived 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 modifcation including
CRISPR-based gene editing will be presented as well.

1:45 PM - 2:05 PM

A Chromosomal Assembly of the Flowering
Dogwood (Cornus forida) 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 spe-
cies. The Cornales Genome Project is generating a high-quality
reference genome assembly and annotation for Cornus forida
‘Appalachian Spring’ (Flowering Dogwood). This resource
along with genome sequence and gene space assemblies for
Asian kousa dogwood and Hydrangea macrophylla, transcrip-
tome 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 identifed as a major threat affect-
ing fowering dogwoods across its natural range and within
the nursery and landscape industry. As a test case for genome-
empowered improvement of an economically important crop,
a comparative gene network approach is being employed to
identify candidate genes associated variation in mildew resis-
tance and susceptibility across fowering 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. forida, C. kousa, C.
mas, C. offcinalis, C. sericea, C. sanguinea, C. controversa,
and C. canadensis. The ornamental value is largely attributed
to the spectacular structure or color of inforescences, fruits,
stems, or leaves. Some species are highly popular garden
plants, especially C. forida. Natural populations of C. forida
is however severely threatened by fungal diseases. Through
analyses of genotyping by sequencing (GBS) and non-targeting
metabolite profling using LC-MS for populations growing
in divergent natural environments, we identifed loci under
natural selection for local adaptation as well as loci and me-
tabolites 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
inforescence architectural variation and fower 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 inforescence development, but differential expres-
sion patterns of TFL1 and AP1 among species were important
to the variation of inforescence architectures among heads,
umbels, dichasia, and elongated complex form. We also found
evidence supporting an important role of MADS-box B class
genes P1 and AP3 homologs in fower 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 transforma-
tion 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 preci-
sion and effciency—a welcome breakthrough for outcrossing
woody perennials with long generation cycles. In this talk, |
will present case studies of CRISPR genome editing in the
woody model plant Populus for targeted mutations of multi-
gene 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 dataare usually inaccessible from cur-
rent genome portals, and are not considered in popular gRNA
design programs. | will discuss genomic resources and variant-
sensitive 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, N,
USA

The American chestnut (Castanea dentata) was a keystone spe-
cies of North America, making up over a quarter of the forests
east of the Mississippi river. The arrival of Cryphonectria para-
sitica 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 hasachieved 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, superfcial canker instead of
girdling and eventually killing the tree, allowing both organ-
isms 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 test-
ing and increasing tree production are top priorities. We will
present our current fndings 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 some-
times 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 fora 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
benefts 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 defnition non-native, but many of the most eco-
nomically 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 prolifc 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 environ-
ment 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 oc-
curs 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 O to 150 Gy. The LD, 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 fowering size. In 2015, ~160 seedlings which showed no
fruit production were planted in the feld 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 prolifc seed producing landscape ornamentals into
sterile or nearly sterile forms. Oryzalinand colchicine have been
used to double chromosomes while guard cell measurements and
Tfow 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*
University of Florida Fort Lauderdale Research and Education Center,
Davie, FL, 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 acestorecreational areas, reduce carrying capacity in food
control canals, and otherwise disrupt water usage. In the presen-
tation 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

Obijectives: 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 toalter bud phenology; 4) genetic and genomic
perspectives on chilling requirement.

Description: The onset of dormancy at an appropriate time
followed by suffcient 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 insuffcient number
of chilling hours, leading to uncertainty in budbreak and fruit
cropping, especially inthe 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 develop-
mentand phenology inamanner that ensures suffcient cropping.
Many questions regarding the regulation of leaf/fower 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 stud-
ies 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*
USDA-ARS, SEFTNRL, Byron, GA, USA

Chunxian Chen
USDA-ARS, SEFTNRL, Byron, GA, USA

Long held records for (low) chill hour accumulation have re-
cently 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 signifcantly 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 accumu-
lation 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 signifcantly 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
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weakest. Peak impacton lateral bud break occurred intwo 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, asmore buds on untreated trees emerged at a slower
pace. Almost no fower 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 fower bud break or fruit set.

4:05 PM - 4:25 PM

Insuffcient Winter Chilling in Peach:
Horticultural Ramifcations 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 Fowers 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 require-
ment) cultivars with the resultbeing poor fower setand irregular
vegetative bud break. The past two Southeastern winters have not
provided suffcient cold for as much as half of the commercial
peach cultivars. With on-site weather dataand modelsto calculate
chill hours, units or portions, the amount of winter chilling can
be monitored and several horticultural practices can be imple-
mented to lessen or avoid a crop loss. Southeastern U.S. peach
growers can access from NOAA projected January—February
temperatures in EI Nino or La Nina years to determine if chilling
might be insuffcient. At this time dormancy breaking chemicals
such as hydrogen cyanimide, potassium nitrate or calcium am-
monium 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 fower bud activity, do
not prune until vegetative buds emerge to determine if suffcient
new shoots will develop for next years’ crop. Do not thin mar-
ginally 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 adapta-
tion 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, fowering, and dormancy. Several laboratory
and feld 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 signifcant 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 stressand 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 pro-
cesses. 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 neces-
sary for dormant bud break in woody plants and therefore is a
major limiting factor for growth of many temperate-zone plantsin
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 proftable
production. The quantitative traits CR, HR and BD are highly
variable in peach. Climate variations in recent years are causing
insuffcient chilling resulting in poor bud break and inconsistent
leafng and bloom. Incomplete CR fulfliment also may lead to
the higher fower-bud drop and abnormalities in fruit morphol-
ogy. 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 Fowering control gene networks across
Prunoideae. Climate resilient peach would have low CR and high
HR. Toachieve 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 feld
data is complicated by the ability of chilling temperatures to
reduce the HR for bloom in arange 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 quantita-
tive 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.

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

Coordinator: Kelly Morgan
University of Florida, Immokalee, FL, USA

Objectives: 1) Presentation of the latest feld scale dataon 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 nutrientand irrigation practices incommercial 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 signifcant concerns about
the economic viability of these citrus industries. Leaf chlorosis
develops as a result of infection with Candidatus liberibacter

asiaticus (Clas) including interveinal chlorosis of young leaves,
similar in symptomology to manganese (Mn) and zinc (Zn)
defciencies that develop early in the growing season, followed
by amorphous mottling of older leaves which develop later in
the growing season. Nutrient defciency-like symptoms develop
in HLB-affected trees, including potassium (K), phosphorus
(P), magnesium (Mg), calcium (Ca), Mn, Zn, and iron (Fe).
HLB causes fhrous 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 defciency 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. Effcacy 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

4:15PM - 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

4:30 PM - 4:45 PM

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

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 south-
ern Texas are particularly vulnerable to drought because of
periodic droughts and shallow feeder root systems adapted to
the predominantly used food irrigation method. This traditional
food irrigation method allows for large amounts of water to be
lost through evaporation or infltration past the effective feeder
root zone that leads to non-optimal tree water use effciency.
Furthermore, water conservation practices have been diffcultto
implement in south Texas because water is inexpensive and the
cost of switching to water-saving irrigation methods such as drip
ormicrojetsprinkler irrigation systemsis prohibitive. This led to
the development of a new orchard planting design using raised
beds adapted to a food 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 profle, 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,
fbrous root length density, fne roots, coarse roots, and root
diameter were analyzed at the 0-15cm depth and 15-45¢cm depth
to determine if distribution further down in the soil profle was
promoted by groundcovers and raised beds. Results have shown
that trees grown onraised beds with the groundcover have higher
root area, and fbrous 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 grovesis critical for devising appropri-
ate 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 recom-
mended by IFAS (Intermediate); and 2) determine water use
patterns of ‘Hamlin’ and “Valencia’ orange trees infected with
CLas. Inthe feld study, water use patternwas largely of the order
Daily > IFAS > Intermediate. Moisture contents were similar
among irrigation schedules varying between 5to 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 signifcant reduction in water
use by citrus trees affected by HLB. These fndings should help
in refning 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 thisworkshop is to provide the pre-
mier interdisciplinary and multidisciplinary forum for research-
ers, 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 Pacifc 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 com-
mercial 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 Poly-
nesians 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 bioassay-
guided fractionation of the organic extract of fNE. Noni fruit at
the frm, 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. Aseries 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 rhodola-
touside B demonstrated strong inducing effects. These results
suggest that these juices display both antioxidant capacity and
induction of phase Il 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 Pacifc Island communities for medicinal, social
and ceremonial purposes. Traditional methods of kava prepara-
tion 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), alkaloidsand chalcones (favokawains). Notably,
Tfavokawains A and B (FKA, FKB) possess anticancer activity
in mammalian cell culture and in preclinical models of breast,

bladder and prostate cancers. However, favokawains 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 signifcant toxicity to hepatocytes
at low-mid nM concentrations, but that FKA is minimally toxic
over a much wider concentration range. In addition to cell tox-
icity, we also studied how favokawains affect cell signaling
and gene expression in hepatocytes. Both compounds cause a
marked enhancement in the heat shock and antioxidantsignaling
pathways. These pathways mediate the expression of genes that
protect against protein damage, oxidative stress, and cell death.
Accordingly, we fnd that a brief exposure of hepatocytes to
Tavokawains 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 FKAand 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 signifcance 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 benefts 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, fnding approaches that deliver
more phytoactive compounds in every serving is essential. Using
the blueberry and its wild relatives as a model for investiga-
tion, 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 Vac-
cinium fruits that are well known for their cardioprotective,
neuroprotective, and anti-diabetic properties. A model of the
human gastrointestinal tract (T1M-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
favonoids generated in vitro from berry and grape cell cultures
were administered to in vivo (rodent) models, allowing mea-
surement 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
favonoid metabolitesinto brain tissues. Finally, semi/untargeted
metabolite profling in human fuids (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 unprec-
edented markers of intake/exposure to active phytochemicals,
and suggest methods for high throughput phenotyping to select
fruits with exceptional bioavailability in humans.

High Tunnel Temperature and
Nutrient Management

Coordinator/Moderator: Lewis Jett
West Virginia University, Morgantown, WV, USA

Objectives: The objective of thisworkshop 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 manage-
ment practices specifc to successful high tunnel crop produc-
tion include optimum temperature and nutrient management.
Growers using passively heated and vented high tunnels
must maintain an optimal microenvironment for crop produc-
tion. In addition, nutrient management of diverse high tunnel
crops has not been extensively researched with many recom-
mendations being extrapolated from feld-based fertilization
programs. This workshop brings together information from
diverse geographical regions and seasons of high tunnel pro-
duction 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 feld 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

development in response to the conditions. We have collected
environmental data in structures on farms and at a research sta-
tion 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

4:15 PM - 4:30 PM

High Tunnel Temperatures—Characteristics
and Management Strategies
Sanjun Gu*

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

High tunnels are proven proftable season extension tools for
specialty crop farmers. This low-tech, low-cost structure with
one layer of polyplastic fIm 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 ap-
plied for frost protection. The number of frost free days was
extended by at least six weeks, when compared to that in the
open feld. 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.

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
frst 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 veg-
etables 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 heat-
ing. 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 Ogal-
lala 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 in-
terested in high tunnels to mitigate potential weather risks and
increase production and quality of their produce. High tunnel
purchases have increased signifcantly over the past seven years;
however, not without signifcantissuesincluding 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 benefts, 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 percent-
age 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 benefts 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 benefts 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 atthe 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 veg-
etable cropping systems. Studies have been focused on organic
tomato and spinach production. Microclimate conditions were
monitored and compared between high tunnel and open feld
systems to further understand the seasonal and environmental
factorsinrelationto nutrient managementand 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 defne 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
andregulatory hurdles. There are several differentapproachesto
precision breeding and achieving the desired goalsinan 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 identifed 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 conse-
quence 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 modifed in-
dividuals. Compared to any other method of plantimprovement,
only PB provides precise transfer and selection of specifc 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 manipula-
tion 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 signifcantly more benign than any other method

of plant genetic improvement because it specifcally 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. Con-
founding that situation is the fact that resources such as water
are becoming limited. Further, global climate change is creat-
ing new forms of biotic and abiotic stresses that threaten food
production. There isan urgent need to develop and deploy crops
that can be resilient and remain productive with reduced inputs.
Traditional approaches of developing new crops is ineffcient
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 effcient approaches in
perennial crop improvement. In this workshop, method and
approaches to improve perennial horticultural crops via Fast-
Track 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 identifed these
as the most potentially proftable 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 signifcant 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.

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

HortScience 52(9) Supplement—2017 ASHS Annual Conference

S97



Workshops

Maintaining Healthy Landscapes
Under Drought and/or Permanent
Water Restrictions

Coordinator/Moderator: Janet S. Hartin
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 in-
stitutional properties on a permanent basis, as well as banking
a minimum of a three-year water supply. The proposed work-
shop will provide a forum for researchers/educators from fve
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 fol-
lowing the presentations.

Description: Five speakers from fve separate universities
with extensive knowledge and expertise in their specifc 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.

4:15 PM - 4:35 PM

Landscape Irrigation Research in California
Janet S. Hartin*

University of California Cooperative Extension, Davis, CA,
USA

4:35 PM - 4:50 PM

Landscape Tree Responses to Defcit 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

5:20 PM - 5:35 PM

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

Raul Cabrera*
Rutgers Agricultural Research and Extension Center, Rutgers
University, Bridgeton, NJ, USA

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
Tower cultivation.

Description: This is the frst year of existence for the Orchid
Working Group (OWG) and it is Fftting that an orchid work-
shop 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 fowering 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 fowering
plant sales), up 5% from 2014.

10:00 AM - 10:15 AM

History and Signifcance of Orchids in Hawaii

Kenneth Leonhardt*
University of Hawaii at Manoa, Honolulu, HI, USA

The frstorchids made their way to Hawaii around the mid-1800s
viaAsia, 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, commer-
cial 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 signifcance 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 regard-
ing 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 fowering 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 defcient (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
signifcant 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 defcient N treatments during the reproductive
stage of the two cultivars, indicating that stored N was utilized
for inforescences development when N supply was limited.
All plants spiked and fowered but differed slightly in time and
quality of fowering. High N delayed the spiking of the small,
purple-fowered Phalaenopsis (Phal. Sogo Lotte ‘F2510°) by
8.9 days but did not affect the large, white-fowered Phalaenop-
sis (Phal. Sogo Yukidian “V3’). Plants in low N and defcient
N treatments spiked only 1-2 days earlier than the normal N
treatment in both cultivars. Nitrogen levels did not affect fower
count of the large-fowered “V3’ but number of fowers in the
small-fowered ‘F2510° was reduced by two and three in the
low N and defcient N treatments, respectively. The longevities
of the Frst fower and whole inforescence were not affected by
N levels in both cultivars. It is concluded that effects of short-
term N application on spiking and fowering of Phalaenopsis
mainly depend on the size of stored N pool, such that fowering
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, fow-
ers with the form of S. tomentosa, the size of S. kimballiana,
the arrangement of S. affnis 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 Fowering plants. In order to accomplish these objec-
tives, 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 fowering 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 Fu-
sarium has increased tremendously. There are over 10 species
that have been associated with different orchid genera. Eight
have been confrmed 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; fower 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.
Intergenericsare 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 infec-
tion. 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 Fowers.

11:00 AM - 11:15 AM

Use of Growth Regulators to Induce Out-
of-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 fower dendrobi-
ums the new pseudobulbs begin growth in March to June with
inforescences Fowering from the top 3—-4 nodes in September
to December. The pseudobulb remains dormant until March
to June, when new inforescences develop from the next 3-4
nodes down from the top, and fower in June to August. New
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pseudobulbs also begin growth March to June with fowering
from September to December. Each pseudobulb usually produces
at least 3 years of inforescences with the last year producing
shorter inforescences on leafess 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 fower 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. A450 ppm BA
spray appliedto the upper leaves of mature pseudobulbs of potted
dendrobiums produced more sprays per pseudobulb (1.2 versus
0.7 for control), more Fowers/spray (15.5 versus 9.5) and more
total Fowers 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 TCAto the tip of immature pseudobulbs
resulted in 9 of 9 Fowering 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 Fowers per spray versus 11.00.

11:15AM - 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 fower in Hawaii, given their combined uses for cut
Tfower, 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 devel-
opment 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

Obijectives: To introduce how the use of cover crops, reduced
tillage techniques, and insectary fowering 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 seri-
ous 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 fowering strips play a key role in organic vegetable
production because they protect and feed the soil, improve tilth,
promote nutrientavailability and balance, reduce weed pressure,
and provide habitat for benefcial insects. Additionally, organic
exudates from living cover crop roots sustain benefcial root-
zone 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*

lowa State University, Ames, 1A, USA

Kristine M. Neu
lowa State University, Ames, 1A, 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 benefts 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 (Fowering) stage
for successful termination. This presentation will highlight the
effect of planting date and performance of fve cereal rye culti-
vars (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 signifcantly different among cultivars. One exception
was ‘Aroostook’, which produced approximately 1906 kg-ha*
more biomassthan ‘Prima’. No signifcant difference inbiomass
was found between the September and October planting dates.
Signifcant 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 fve
days with ‘Aroostook’ fowering on May 17, 2016 and ‘Prima’
and ‘Wheeler’ fowering 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

Acomprehensive 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, nutri-
ent 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 convention-
ally 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 avail-
ability 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 fail mowing
and retained on soil surface, fail then removal of aboveground
biomass, or failing 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, fnal weed biomass
and crop quality and yield. Vetch planted without rye provided
less than half the above ground biomass, but signifcantly higher
total N contribution (125 Ib/acre) compared to vetch with rye
(100 Ib/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

Conservationagriculture practices such asreducedtillage, 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 feld
experiment was initiated in 2009 comparing full width con-
ventional 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 managementwere 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, signifcantly 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 applica-
tion resulted in equivalent or higher broccoli and bean yields,
but equivalent or lower sweet corn yields (along with apparent
nutrient defciency symptoms). Potential soil organic matter
benefts from ST were tempered by in-season reductions in soil
inorganic N availability in some years. While cover crop resi-
dues in ST provided weed suppression, high residue conditions
also presented occasional challenges for managing problematic
summer annuals later in the season. Use of fnger weeders in the
crop row, and rolling cultivators between-row were tested and
found useful for improving weed management where residue
was present. Long-terminvestigations of the cumulative impacts
of conservation practices within typical organic vegetable crop
rotations are important for gaining amore complete understand-
ing 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 Cu-
curbitaceae family across the United States and North America.
They cause economic damage by direct feeding on plant roots,
stems, Fowers, leaves and fruits and indirectly through the
transmission of bacterial wilt (Erwinia tracheiphila), which can
result in up to 80% yield loss. Providing benefcial 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 vyield,
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 manage-
ment on crop yield, soil and weed management, and the use of
insectary fowering strips to attract benefcial 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 felds 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 benefcial in tilled felds 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 pro-
duction statesinclude North Carolina, Oregon, and Washington.
Smaller-scale production occurs throughoutthe U.S. for local and
regional markets. Approximately 10 to 12% of the U.S. supply
of strawberriesisimported. U.S. consumption has increased dur-
ing 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, increas-
ing 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 under-
standing the challenges, needs, and opportunities for each region
in the United States is pivotal to enable development of general
and regional specifc educational tools. Speakers invited to talk
at the workshop have extensive experience working with this
crop intheir 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. Op-
portunities for improving and expanding strawberry production
in the United States will be discussed.
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2:05PM -2:15PM

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 felds 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
740acres 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 fnd 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 Floridaand 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 mechani-
cal 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 felds
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 felds.
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.

2:15PM - 2:25 PM

Northwest Strawberries—Perennially Proud of
Processing Quality

Chad E. Finn*
USDA-ARS, Corvallis, OR, USA

The Pacifc Northwest (PNW) region of North America, includ-
ing 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 al-
ways 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 favor with high sugars and,
as critical, high acids level, which stabilizes anthocyanins. Of-
fcially 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 increas-
ingly 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.

2:25PM -2:35PM

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 Mid-
west 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 fower
induction periods; buds are initialized in autumn before the
plants go dormant, followed by fower 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—38500 Ib/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 straw-
berries for the frst 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 man-
aged as annuals in a raised bed, white-on-black plastic system
with low tunnel coverings, scaled yields ranged from 20,000 to
38,000 Ib/acre/year. Itis 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 wildfowers on pollination
effciency and fruit weight, and performance of biodegradable
Flms as a replacement for white-on-black plastic mulch. Chal-
lenges still remain for adoption of this technique, including fears
about spotted wing drosophila, tarnished plant bug, and how the
extended season will confict with farm plans that divert labor
to other crops after the June-bearing season ends.

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 Fve 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 signifcantly.
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 Felds, 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’,

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, com-
post 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 hightemperatures 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

Moststrawberry growers inthe 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 produc-
tion 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 favorful, are
small and low yielding. The more recent development of large-
fruited and favorful 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 aspring 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 infuence soil health.
Spotted-winged drosophila and tarnished plant bug have been a
challenge insome locations, butnotall. Northeastern strawberry
growers are on the cusp of growing strawberries in acompletely
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 Caro-
lina (NC), South Carolina (SC), Virginia (VA), Georgia (GA),
and Alabama (AL) contribute signifcantly 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 des-
tined for Pick-Your-Own (PYO), retail, and wholesale markets,
making these states the third most signifcant 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. Afew 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.
Inthe 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 fve
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.

3:05PM -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,
Floridaisthe leading producer of winter strawberriesinthe 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 en-
hancing early yields. Technology that increases the effciency
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
agrant 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-proft career. Whether you are new to grant
writing or frustrated with the process, this workshop will pro-
vide 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!
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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 SupportProject 10. Specifc
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)aswell asvariousinformatic 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.

2:00 PM - 2:10 PM

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

Dorrie Main*
Washington State University, Pullman, WA, USA

2:10 PM - 2:25 PM

NRSP10 Resources for Translational Tree Fruit
Research

Cameron Peace*
Washington State University, Pullman, WA, USA

Stijn Vanderzande
Washington State University, Pullman, WA, USA

Amy lezzoni
Michigan State University, East Lansing, MI, USA

Sook Jung
Washington State University, Pullman, WA, USA

Dorrie Main
Washington State University, Pullman, WA, USA

USDANIFA’s National Research Support Project 10 (NRSP10)
houses and develops tools for translational research break-
throughs 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 develop-
ment, linkage map construction, trait locus discovery, causal
gene identifcation, and locus-specifc marker development
are outcomes commonly targeted and achieved by Citrus and

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 identifcation for
fruit size in sweet cherry using Genome Database for Rosaceae
resources. Such discoveriesare 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

NRSP10 Resources for Small Fruit Research

Nahla Bassil*
USDA-ARS, NCGR, Corvallis, OR, USA

2:55 PM - 3:10 PM

Using Gensas for Specialty Crop Commmunity
Genome Annotation

Jodi Humann*
Washington State University, Pullman, WA, USA

3:10 PM - 3:25 PM

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

Trevor Rife*
Kansas State University, Manhattan, KS, USA

3:25PM - 3:40 PM

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

Obijectives: To describe advanced tools in remote data collec-
tion including: crop area estimation; canopy measurements;
crop yield estimation; stress measurements; and phytochemical
content estimation.

Description: Remote sensors, on planes, drones, or space plat-
forms, 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 informa-
tion, 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 success-
fully 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 effciency. | will describe afford-
able and reliable remote sensing technologies to monitor crop
input use. Specifcally, 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 fnancial backing that could be
utilized to defray signifcant 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 fnd 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 Griffs*

Florida Gulf Coast University, Ft Myers, FL, USA

Although horticulture researchersare often interested in projects
and programs with international components, they frequently
fnd that funding to support these projects can be diffcult to
secure. Some of the traditional sources that do fund interna-
tional 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 fnancial support for international engagement. Such
engagement may include scientifc exchange, studying abroad,
hosting visiting scholars, advising or co-advising graduate
students, and sabbatical. | have been to two scientifc exchange
trips, led three study abroad trips, hosted six visiting scholars,
and co-advised two graduate students. These activities proved to
be mutually benefcial to hosts and guests. For example, crape-
myrtle bark scale (Acanthococcus lagerstroemiae) is an exotic
pest that has spread to many southeastern U.S. states in recently
yearsand caused severe damage to landscape aesthetics, and thus
reduce nursery sales of crapemyrtles. Scientifc 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.

5:00 PM -5:20 PM

Global Horticultural Linkages

L. George Wilson*
North Carolina State University, Raleigh, NC, USA

The identifcation 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.

Technology Update for Agricultural
Plastic Use

Coordinator/Moderator: Josh Freeman
University of Florida, Quincy, FL, USA

Obijectives: The objectives of this workshop are to present mem-
berswith updates on new technology that has been introduced into
agricultural plastics. Topicsto be included are plasticulture fims,
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. Thetechnology incorporated into agricultural plastics
has changed, bringing numerous beneftsto end users. The use of
these plastic materials has improved productivity and effciency
for growers, reduced postharvest loss for retailers, and improved
shelf life for consumers. Though agricultural plastics are impor-
tant 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

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

4:45 PM - 5:00 PM

New Technology in Postharvest Plastics
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

5:15PM -5:30 PM

Update from the International Committee of
Plastics in Agriculture

Bernard Le Moine*
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

Obijectives: 1. Provide an overview of advances in the under-
standing 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 rhi-
zosphere 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 meth-
odological. The study of root systems and rhizosphere dynamics
has always been tedious, and the accuracy of measurements has
beeninconsistent. Asaconsequence, 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
modifcations 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.

4:15PM - 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 infuence on yield, fruit
quality and proftability 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
effcient 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 fne root trait which may be associated with nu-
trient uptake, hormone (cytokinin) production, water uptake,
etc. However, this trait is very diffcult to observe in vivo
and measurement of roots dug out from soil is very diffcult
and prone to error due to variable soil properties. Timing and
length of growth is another example of a diffcult 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 Feld of view has prevented high throughput phe-
notyping of root systems, requiring major investment in time
to analyze thousands of pictures each capturing an area smaller
than 3 cm? within clear viewing tubes which have 2500 cm? in
total viewing surface. This task has been drastically simpli-
fed by the adoption of larger format (425 cm?) root scanning
equipment (C1-602, CID Bio-Science) and the building of high
density rhizotron containers featuring banks of 18 clear tubes
ftted 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 simplifed 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 diffcult 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
Profling

Rachel Leisso*
USDA-ARS, Wenatchee, WA, USA

Mark Mazzola
USDA-ARS, Wenatchee, WA, USA

Microbial dynamics and plant-microbe interactions inthe rhizo-
sphere have long been topics of interest in horticulture, due to
their infuence on plant disease and role in nutrient acquisition.
Information regarding plant rhizodeposits that impact rhizobi-
ome and chemistry is limited to date and typically focuses on
a few particular pathways. Metabolic profling 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-chromatography-
mass spectrometry, or nuclear magnetic resonance spectroscopy.
Metabolic profling hasalmost limitless potential with regard to
improved understanding of horticulturally regulated aspects of
therhizosphere, including precision phenotyping of soil environ-
ments, 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 profling 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 profling of rhizodepos-
its, will be discussed. Second, the merits and challenges of
both “targeted” versus “untargeted” metabolic profling, and
the metabolic profling of axenic plant rhizodeposition versus
the “holobiont”, along with the implications for interpretation
in each with be examined. Options for performing metabolic
profling 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

Ithas 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 thisknowledge
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 bac-
terial 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 diffculties
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in accounting for sample heterogeneity, and the computational
stepswill be examined. Correlating sequence data, bothNGSand
shotgun metagenomics, with horticultural data has the potential
to dramatically increase our understanding of rhizosphere and
plant interactions.

5:15PM -5:35PM

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

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 scientifc and practi-
cal 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 investi-
gated 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’, respec-
tively. However, there was a cultivar-specifc variation in RL
in the presence of P when the compacted layer was absent.
This response suggests a possible genotype-specifc variation
in P requirement. These results demonstrate the importance of
translating relevant root architecture fndings 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.

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

Obijectives: 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 research-
ers, 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.

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 artifcially
induce mutation and further improve existing germplasm
to combat serious obstacles such as virus infection. Despite
signifcant 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
fruitsthatare currently neglected or underutilized. Thisworkshop
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.) isadrought 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 demon-
strated 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
southernand eastern Asia, they have acrid pulp and large, broadly
winged petioles, and include such species as C. micrantha, the
seed parentofthetrue lime; C. hystrix (kaffr 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 relation-
ships, 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.

5:15PM - 5:45 PM

Development of Genetically Modifed Papaya
and Its Impact
J.Y. Suzuki*

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

Development of genetically engineered (GE) papaya ringspot
virus (PRSV)-resistant ‘Rainbow’ papaya resulted from a col-
laboration 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 de-
mands 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 fve most traded tropical fruit, U.S. papaya exports ranks
among countries with far greater production volume. Canada is
anincreasingly importantexport 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,

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 identifcation, 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
lowa State University, N/A, 1A, USA

Moderator: Dean A. Kopsell
The University of Tennessee, Knoxville, TN, USA

Objectives: The objective of thisworkshop 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 effciency of specialty crop production and maximize product
quality. What is lacking is research support for these industries.
This technology allows for specifc control of light quality to
eliminate spectra outside the photosynthetic action spectrum to
maximizing photosynthetic effciency. Reducing abiotic light
stress may have dramatic impacts on plant growth and develop-
ment, physiology, and energy fuxes 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.
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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. Around-
table 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

Nick Klase*
Co-founder & CEO, Fluence Bioengineering, Austin, TX

The objective of this workshop is to discuss the most recent
technology and applications of LEDs in research and com-
mercial 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 effciency of specialty crop productionand maximize product
quality. What is lacking is research support for these industries.
This technology allows for specifc control of light quality to
eliminate spectra outside the photosynthetic action spectrum to
maximizing photosynthetic effciency. Reducing abiotic light
stress may have dramatic impacts on plant growth and develop-
ment, physiology, and energy fuxeswithin 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
todiscuss 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 membersto share their experiences with LED lightingand
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.

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 learn-
ing. 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

our teaching methods with others. To address this, an ignite
format workshop utilizing a fast, fun, and informative pre-
sentation 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.

8:00 AM - 8:05 AM

A Quiz Each Week?

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

Developmentand 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 in-
teractive reinforcement quizzes were created and presented at
the end of each lecture using Articulate Quizmaker® software
in two separate courses. Although simple in their implementa-
tion, reinforcement quizzes have been positively received by
students with most agreeing that they encouraged interaction
with lesson topics and helped identify key concepts.

8:05AM - 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 infor-
mation and ideas. An immersive international trip of 25 Exten-
sion 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. Al-
though 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 diffcult for graduate stu-
dents 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, | will briefy discuss ways to be a more
effective mentor and how to translate these skills into more
formalized teaching styles.

8:15AM - 8:20 AM

Teaching on the Edge of Forever

Kent Kobayashi*
University of Hawaii at Manoa, Honolulu, HI, USA

Formy TPSS 300 Tropical Production Systems course, the gradu-
ate teaching assistant (TA) and | collaborate as “co-instructors”
in planning the course. We go over the specifc 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
feld trip assignment in which they select a farm or nursery,
interview the owner or manager, take pictures, write a report,
and give aPowerPoint presentation about the farming enterprise.
Students can work individually or in pairs on this assignment,
which promotes student cooperation and collaboration. | 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 fulfll 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 asyn-
chronous 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
frst-year students, are offered each year. For fve years, the
Freshman Seminar HORT 1901, 10 Plants that Changed Min-
nesota: Growing Solutions to How the World Lives Today has
been offered. Using guest lectures, feld trips to historic sites,
readings and individual projects, students learn an apprecia-
tion 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 al-
lowing 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 win-
ners: 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 Minnesotamiddle and high school academic
graduation standards. Teacher training at 12 sitesin greater Min-
nesota 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, ap-
preciation, 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 itwiththeir 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 | 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.

8:35AM - 8:40 AM

March Madness Meets Plant Identifcation

Braden Hoch*
Kansas State University, Manhattan, KS, USA

Let’s be honest. March Madness often distracts students mid-
semester. So, instead of ignoring it, why not incorporate it?!
Based off the industry model, Shrub Madness, we launched
Plant Madness in our Landscape Plants Il course. The students
have similar experiences as the “Big Dance,” such as flling out
brackets, “Selection Sunday,” and then competing. The objec-
tive of the activity is to introduce specifc 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

Russell Plowman*
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 stu-
dents 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

Karen Panter*
University of Wyoming, Laramie, WY, USA

Horticultural Science (PLNT 2025), our introductory, 3-credit-
hour 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.

I will [very] briefy discuss the 10 possible Home Labs and
what their basic requirements are along with the grading rubric.
Students can present their fndings 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 technologi-
cal advances. Given different student learning styles, students
may request teaching materials be provided in a format they
specifcally 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; po-
tentially 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 identifed
during Gateways-ND (Ffve-year National Science Foundation-
funded faculty and staff instructional development program)
workshops. Examples will demonstrate the use of small group
discussions, scaffolding, hands onactivities, group projects, and
student inquiry to drive learning instead of extensive lecturing.

9:00 AM - 9:05 AM

Individual Test-group Test

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 al-
lowed 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.

9:05AM - 9:10 AM

Engaging Learners through Relevancy

Kauahi Perez*
University of Hawaii at Manoa, Honolulu, HI, USA

Relevancy can be defned as the condition of being connected
with the matter at hand. In an educational context, relevancy
refersto learning experiencesthatare either directly applicable to
the students or that have connections to real-world issues, prob-
lems, 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.

9:10AM - 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
proftability 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, feld labs have included
laying plastic and drip irrigation, transplanting plants they have
grown from seed with a water wheel transplanter, setting up
sprinkler irrigation, cuttingand 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 beneft 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 Benefts 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. Pacifc 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 feed-
back 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 vi-
ability 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 WateR?® (R® = 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-farmand
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
addressindividual 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 criti-
cal component of project success; we will discuss the approach
taken for the Clean WateR3team and how we have (re)organized
project fow to best utilize team expertise to accomplish goals.
Successful outreach is the foundational component of the proj-
ect 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

Identifcation and Development of Disease-
resistant Walnut Rootstocks

Daniel Kluepfel*
USDA ARS, Davis, USA

In2015, Californiaproduced 603,000 tons of walnuts on 315,000
acres with a farm-gate revenue of almost $1 billion. Californiais
the world’s largest exporter of walnuts with over 60% of domestic
production shipped abroad, largely to Europe and the Pacifc
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 lossworth
$241 million to the industry. The central goal of our project is
to identify, characterize and ultimately deploy disease resistant
walnutrootstocks. Toachieve this goal we are using an integrated
approach thatencompasses disease resistance -screening, invitro
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),
Armillariamellea (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, Californiawhichisthe largestassemblage of wild Juglans
spp in North America. In this collection we identifed 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 interspecifc
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 em-
ployed 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
identifed one major QTL for A. tumefaciens resistance on

chromosome 11. To date we have identifed 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 feld-testing at fve 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*
Citrus Research and Development Foundation, Inc, Lake Alfred, USA

For the past fve 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 frst nationally coordinated
program grant from the National Institutes of Food and Agri-
culture 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-effcient 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 manage-
ment intervention using these strategies will be identifed 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 speciesalso attack almond and pistachio. Withagrant 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-specifc studies
(genome sequences, genetic transformation protocols, host bio-
chemical and transcriptomic responses to infection) established
a foundation for unifying experiments on mixed infections that

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

S116

HortScience 52(9) Supplement—2017 ASHS Annual Conference



Special Sessions

typically occur in the feld. 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 long-
term disease-managementapproach. 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 infuence
disease management.

3:45PM - 4:10 PM

Development of Genetic Tools for Pecan

Jennifer Randall*
New Mexico State University, Las Cruces, NM, USA

Caryadillinoinensis is a large deciduous nut tree native to North
Americaand grown extensively throughout diverse environmen-
tal areas in the United States and recently introduced to other
continents. Domestication of the pecan tree is rather recent
with commercial orchards frst 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
identifcation of the genetic elements controlling specifc 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. Specifc mapping popu-
lations are being generated and linkage maps and SNP markers
will be evaluated. Genetic markers are being developed for key
traitssuch astreearchitecture, effcient nutrient uptake/transport,
scab disease resistance, salinity tolerance, drought tolerance,
and nut quality. Progeny from select crosses are currently be-
ing 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 web-
site 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 ulti-
mately allow growers and other portions of the pecan industry
to realize economic benefts. Also, understanding the regional
adaptation of these pecan trees will ultimately alter the current
management systems that may result in environmental benefts
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 Award-
winning Directors Larry Foley and
Dale Carpenter—Viewing and Q&A
Session

Moderator: Curt Rom
University of Arkansas, Fayetteville, AR, USA

Obijectives: This fIm is an outcome and product of the National
Strawberry Sustainability Initiative. The fIm is about an hour
in length and will be followed by a Q&A session. It is an enjoy-
able documentary with history, lore, science, and fun. It is a
“consumer level” PBS quality fIm that would be enjoyable for
ASHS members as well as their attending family. The flm 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.

10:15AM -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

Obijectives: To provide a workshop where society members can
explore career options through interactions with individuals
employed in and/or represent careers in: private industry, Ex-
tension, 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 attendeeswill 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

Joseph Albano*
USDA-ARS, Fort Pierce, FL, USA

10:30 AM - 10:45 AM

Extension Agent Career Representative

Liz Felter*
University of Florida, Orlando, FL, United States

10:45 AM - 11:00 AM

Industry Representative

Holly Little*
Acadian SeaPlants, Sacramento, CA, United States

11:00 AM - 11:15 AM

Public and Private Garden Career
Representative

Brian Trader*
Longwood Gardens, Kennett Square, PA, USA

11:15 AM - 11:30 AM

Early Academia Career Representative

Margaret Worthington*
University of Arkansas, Fayetteville, AR, USA

Seed Your Future—An Update

on the Movement to Encourage
More People to Pursue Careers in
Horticulture

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, Long-
wood 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-

age of more than 22,000 jobs in Horticulture and Agriculture
per year within fve years of the study. More jobs are becoming
available yet less people know about, and are pursuing careers
in these respective felds.

Food and Nutritional Security in the
Developing World: Challenges and
Opportunities

Coordinator/Moderators: Elizabeth Mitcham
University of California, Davis, CA, USA

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

Moderator: Roland Ebel
Universidad Auténoma del Estado de México, Toluca, Mexico

Obijectives: To have dialogue about global food and nutrition
security issues and asses the impact of horticulture is certain
countries using case studies

12:00 PM - 12:10 PM
Introductory Remarks

12:10 PM - 12:35 PM

The Nexus of Food Security & Nutritional
Security, Sustainability and Hunger:
Multidisciplinary Educational and Research
Opportunities and Challenges

Bhimanagouda Patil*
Texas A&M University, College Station, TX, USA

G.K. Jayaprakasha
Texas A&M University, College Station, TX, USA

Neil Knobloch
Purdue University, West Lafayette, USA

Inthe lastdecade, 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 health-
promoting phytochemicals. It is clear that these crops have the
potential toimprove health and reduce food insecurity. However,
the current system of agriculture has many remaining critical
challenges, including a heavy dependence on discipline-specifc
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 sustain-
ability. 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
feld crops. In addition to systems-wide research approaches,
addressing food insecurity will require outreach and formal
education about conservation, sustainability, and climate resil-
ience, as well as understanding the role of locally grown crops
to address food and nutritional security issues. We have devel-
oped 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

John Bowman*
USAID, Washington D.C, USA

Richard Brettell
ACIAR, Canberra, Australia

The frst fve 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 trendsat USAID was discussed at length by USAID staff,
and contractors, NGOsand horticulture researchers supported by
USAID. This talk encompasses some of the group’s vision and
recommendations that were captured in a “white paper” focus-
ing 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 briefy summarizes
the contributions of horticulture in the frst 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-

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 produc-
tion, harvesting, sales and marketing are often dominated by
women, offering great potential for interventions to empower
them. During the frst phase of Feed the Future, challenges were
encountered in linking horticulture research and development
activities, as well as in scaling and commercializing new tech-
nologies and delivering them to farmers. Lessons learned from
USAID horticulture development projects should feed back to
the USAID research projects, in order to refne 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

Mohd Rezaul Islam
University of California, Davis, CA, USA

Michael Reid
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 signifcant 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 ac-
cess to sunny land areas to grow horticultural crops due to the
prevalence of ponds and other fooded 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; asmall-scale CoolBot®cold room,aUC-Davis Chimney
Solar Dryer, and Floating Gardens. Cooling is the most effcient
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 stor-
age 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 airfow and reduces drying times while
improving the quality of the dried products. The foating garden
was developed for use in certain regions of the country where
seasonal fooding and aquaculture reduce the land available
for cultivation of horticultural crops. The foating garden is
placed in sunny spots of household Fshponds and can produce
adequate amounts of fresh fruits and vegetables for a family.
Theimplementation, operationand 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 post-
harvest 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 Proftable 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
intropical areas leads to increased yields (with a higher percent-
age of marketable produce), while signifcantly reducing the
use of synthetic insecticides or eliminating their application
altogether. As such, the use of netting technology has generated
signifcant 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 adop-
tion. Given the promise that this technology holds to improve
crop yields and quality, and thus farmer profts, our team (in
concertwith 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 felds,
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 addi-
tion, 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 proftably grown under the nets; and (iii) the
cost-effectiveness of combining proven biological control agents
with net technology.

2:15PM - 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 irrigationamong 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 inthe region. Particular examplesinclude
on-farm water storage, improved conveyance systems, drip
irrigation, moveable sprinklers, managed infltration/drainage,
and irrigation strategies/schedules. An output is a framework
for local public and private sector organizations to create, ex-
pand, and disseminate different irrigation innovations. We are
evaluating agronomic, economic, market, and gender impacts
andimplications of the differentinnovations and exploring scale-
out options for the most promising technologies. Identifcation
of promising innovations in dry season vegetable production,
combined with tools to assess their benefts 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
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 (AlVs) are recognized for their
ability to generate income for smallholder farmers and alleviate

nutrient defciencies as part of a diversifed and balanced diet.
This project is focused on developing and identifying the most
effective agricultural intervention methods toward improved ac-
cess, affordability, availability, and adoption of AlVs. The core
AIlV species studied in this project include, but not limited to,
Amaranthus sp., Brassica carinata, Cleome gynandra, Hibis-
cus sabdariffa, Moringa oleifera, Solanum scabrum and Vigna
unguiculata. Two basic interventions commonly employed by
development organizations are being quantitatively evaluated
foreffecton AV consumption, namely, improving AV nutrition
education of consumers and improving productivity of growers.
Evaluation of nutrient content in AlIVs has been conducted to
identify whether each AIV can be considered as nutrient dense,
with nutritional content being confrmed through feld 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 defcient 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 pestsand
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 defcient in one or more micronutrients. Surveys in
Zambiaand Kenyaof 600 AlV producersand 150 intermediaries
identifed 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 AlVs 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). Consumptionand 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 AlVs.

Exhibitors’ Workshop I: New
Innovations

Obijectives: ASHS Exhibitors presentations on new technolo-
gies and/or products.

2:00 PM - 2:20 PM

The L1-6800: Advancements in Gas Exchange
and Fluorescence Measurements, Presented by
LI-COR Biosciences

Eric Price*
LI-COR Biosciences, Lincoln, NE, USA
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Special Sessions

2:20 PM - 2:40 PM

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

2:40 PM - 3:00 PM
The Latest Innovations from Apogee
Instruments

Schuyler Smith*
Apogee Instruments, Logan, UT, USA

Thursday, September 21, 2017

International Horticultural News
and Opportunities—What’s in it for
You?

Coordinator: John Griffs
Florida Gulf Coast University, Ft Myers, FL, USA

Obijectives: 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 Bjérkman
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

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, Repre-
sentative Colleen Hanabusa, U.S. Congress).

10:15 AM - 12:15 PM

County of Hawaii—Agricultural Grants

Glenn Sako*
County of Hawaii’s Department of Research & Development

10:15 AM - 12:15 PM
Joy

Joy San Buenaventura*
State Representative, Puna District

10:15AM - 12:15 PM
Lobbying Congress

Mike Formby*
Chief of Staff, Representative Colleen Hanabusa, U.S. Congress

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 Mak-
ers use science, sense, and imagination to create pure berry
joy. Strawberries that are frm, but not too crunchy. Raspber-
ries that are sweet and juicy, but not mushy. Blackberries that
are huge, beautiful, and burst in your mouth with juicy favor.
And blueberries that are favorful, 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 pro-
cesses such as hand cross-pollination (Driscoll’s Berries are
not genetically modifed) 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 technolo-
gies 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, 1L, USA

Resume Review Session Il

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. exten-
sion publications, 3) discuss collection and management of
data with the goal of transforming of data into information, and
information into knowledge, 4) provide agreater understanding
of statistical analyses and the best ways to effectively present
data and statistics for publication, and 5) provide a brief over-
view 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, set-
ting writing goals, and writing accountability to dramatically
improve writing productivity. We will also discuss writing to
refect a split appointment (research and extension) in scientifc
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 lersel*
University of Georgia, Athens, GA, USA

Data collection is a crucial part of the scientifc 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 fexibility: 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 col-
lection is Fnished, careful interpretation of the collected data is
also crucial: this is the part of the scientifc process where data
is converted into information. And presenting this information
in a larger, scientifc context helps to produce new knowledge,
which is in many cases the ultimately goal of the scientifc
process. When presenting your data, it is important to do so in
acontext that addresses your hypotheses. And if your study took
anunexpected turn, itis perfectly OK to change your hypotheses
halfway through or even after data collection has been fnished.
That Fexibility 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. Inmany papers, data interpretation and presenta-
tion 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 ob-
served 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

How to Properly Present Data and Create
Publication Quality Tables and Figures

James Altland*
USDA Technology Application Unit, Wooster, OH, USA

Tables and Fgures 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 Fgures, and vice versa. It will provide tips for
presenting tables and fgures to effectively convey information
without appearing cluttered. We will also discuss some of the
most common mistakes made with tables and fgures in journal
article submissions. And fnally, we will discuss some of the
most common misunderstood aspects of statistical annotation
in tables and fgures.

1:15PM -1:40 PM

Panel Discussion
James Altland
USDA-ARS, MWA ATRU, Wooster, OH, USA

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 lersel
University of Georgia, Athens, GA, USA
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Oral Presentations

different from hydroponically-grown ones. Crop productivity
may be enhanced by increasing nutrition availability during
early-production phase in aquaponics.

2:00 PM - 2:15PM

A Low-input Alternative Healing System for
Grafted Tomato Transplants
Kristine M. Neu*
lowa State University, Ames, 1A, USA
Ajay Nair
lowa State University, Ames, 1A, 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 creat-
ing 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
sacrifce valuable bench space needed for the healing chamber.
Thisresearch investigated alow-input healing method for grafted
tomato transplants with specifc focus on light and root-zone
temperature during the healing process. We hypothesized that
lightexclusion 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 treat-
ments 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 forescence, plant survival percentage, scion stem
diameter, and plant dry weight. Plant health indicators such as
SPAD and chlorophyll forescence improved in the heated root
zone treatment. Transplants that received six days of light exclu-
sion 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.

2:15PM - 2:30 PM

Using Chlorophyll Fluorescence Data to Model
Effcient Lighting Strategies for Lettuce
Geoffrey Weaver*

University of Georgia, Athens, GA, USA

Marc van lersel
University of Georgia, Athens, GA, USA

Real-time dynamic control over the light output from LEDs has
the potential to improve the effciency of supplemental lighting
in greenhouses. Most current methods for supplemental light-
ing control are based on incident photosynthetic photon fux
(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 effciency
of supplemental lighting. We developed a model for the photo-
synthetic response of lettuce (Lactuca sativa ‘Green Towers’)
based on 35 days of diurnal chlorophyll fuorescence monitor-
ing to measure the quantum yield of photosystem Il (PPSII, a
measure of how effciently leaves use absorbed light). Electron
transport rate (ETR) was described as function of PPF with an
asymptote at ETR = 126 pumol-m2s7, Integrated over entire
days, the daily electron transport rate reached an asymptote
of ~3 mol-m~2.d-L. The instantaneous light response curve was
used to model different lighting approaches to reach a daily
ETR of 3 mol-m=2.d-. Daily light use effciency (LUED) was
defned as the ratio of total daily ETR to DLI. Supplemental
lighting use effciency (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-m2.d, and a daily ETR of 2.0
mol-m-2d- (LUED = 0.236). Thus, supplemental lighting had
to provide enough PPF for an additional ETR of 1.0 mol-m=2.d-L.
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. Supple-
mental lighting was most effciently provided using a dynamic
strategy to maintain a minimum PPF of 102 pmol-m=2-s over
a 20-hour photoperiod. Providing light in this way resulted
in a LUES of 0.276 and increased the overall LUED (include
value) comparedto sunlightalone. Inthe least effcient scenario,
light was provided at a constant PPF of 140 umol-m-2s for
12 hours during the natural photoperiod, resulting in a lower
LUED (0.209) than sunlight and a much lower LUESs than the
dynamic control (0.171). Our model predicts that greater energy
effciency 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 Infuenced by Supplemental and
Photoperiodic Light Intensity, Quality, and
Duration
Allison A Hurt*

Michigan State University, East Lansing, MI, USA

Roberto G. Lopez
Michigan State University, East Lansing, MI, USA

In northern latitudes, it is not uncommon for the photosynthetic
daily lightintegral (DLI) to be <5mol-m-2d- necessitating the use
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of supplemental lighting (SL) to reduce plug productiontime 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 productiontime 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 providingalightratio (%) of 9:6:85blue:green:red (B:G:R)
or high-pressure sodium (HPS) lamps providing a PPFD of 70
pmol-m=2-s7t (on continuously for 16 hours) or HPS lamps or
R:G:B LEDs providing a PPFD of 90 umol-m-2-s based on
an instantaneous threshold (on when outdoor PPFD was < 300
pmol-m2st). Photoperiodic lighting treatments consisted of low
intensity LEDs providing 2 pmol-m-2s 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 fnished 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 signifcantly 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 LEDscangivethe 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 fowered 9
days earlier than those under PL or SL without FR while height
and branch number at frst Fower were notsignifcantly different.

2:45 PM - 3:00 PM

Far-red Radiation Promotes Lettuce Seedling
Growth Under Low and High Light
Qingwu Meng*

Michigan State University, East Lansing, MI, USA

Erik Runkle
Michigan State University, East Lansing, MI, USA

By defnition, far-red radiation (FR, 700-800 nm) is outside the
photosynthetically active waveband, but it has a signifcant 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.

Plants received FR (peak wavelength = 732 nm) at 0, 30, or 75
pmol-m=2.s7 in addition to equal amounts of blue (peak wave-
length = 447 nm) and red (peak wavelength = 661 nm) light,
each at 90 (low light) or 180 (high light) umol-m-2s. 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 fol-
lowing 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
intensifed under high light. Plants that received the same two
light treatments exhibited similar growth patternsirrespective 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.

Specifed 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

Krishna Nemali
Purdue University, West Lafayette, IN, USA

Roberto G. Lopez
Michigan State University, East Lansing, MI, USA

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 seedlingsto varying light intensities, light qualities,
and CO, concentrations under SSL. Seeds of petunia (Petunia
xhybrida ‘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 pmol-m-2s, Carbon
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dioxide (CO,) treatments were conducted using two growth
chambers with set points of 450 or 900 pumol-mol-1. Morpho-
logical 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 CO, concentration (A-Ci) was measured using a portable
leaf photosynthesis system. Results indicated no differences in
seedling growth between the two CO, treatments. Regardless
of CO, concentration, seedlings grown under a light intensity
of 300pumol-m-2s7? possessed a higher total DW (TDW) and
lower specifc leaf area (SLA; LA/TDW) compared to those
grown at an intensity of 150 umol-m-2s-, 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 umol-m2s?
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
50:50displayed the highest Rubisco effciency, photosynthesis at
operating Ciconcentration (AOP), electrontransportrate (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 umol-m=2s. 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
LAand extension growth) and exhibited a higher LSP, indicating
potential increases in these desirable qualities.

3:15PM - 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 effcient use of water and fertilizer and competitiveness in
terms of cost and returns with feld 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 egg-
plant 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 conduc-
tivity 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.

Specifed Source(s) of Funding: Oklahoma Department of Ag-
riculture 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 fowering 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 in-
duce fowering. Each sequential day of covering and uncovering
crops requires extensive labor or expensive automated systems.
Proportions of red:far-red light regulate fowering in many crops,
because of the effect on phytochrome interconversions. Using
narrow bandwidth red and far-red light emitting diodes (LEDs)
to induce fowering, instead of physical darkening, could reduce
production costs and increase profts for growers. Inducing
fowering in short-day plants grown under long days has not
received much attention. We hypothesized that night interrup-
tion 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 fowering of short-day plant. By speeding up
this conversion using dark interruption with light rich in far-red,
we hoped to induce fowering 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 interrup-
tion high in far-red light increased plant height (P = 0.001),
without infuencing 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 signifcanteffect onany morphological or developmental
parameters of chrysanthemum. No fower 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 fnd
any proof that far-red light can induce fowering of short-day
plants growing under long days.

Specifed Source(s) of Funding: the ‘American Floral Endow-
ment’ and ‘Georgia Centers of Innovation’

Fruit Breeding 1

Moderator: Sujeet Verma
University of Florida, Wimauma, FL, USA

2:00 PM - 2:15 PM

Resources for Breeders in the Genome Database
for Rosaceae

Sook Jung*
Washington State University, Pullman, WA, USA

Taein Lee
Washington State University, Pullman, WA, USA

Chun-Huai Cheng

Washington State University, Pullman, WA, USA
Ping Zheng

Washington State University, Pullman, WA, USA
Jing Yu

Washington State University, Pullman, WA, USA

Jodi L. Humann
Washington State University, Pullman, WA, USA

Ksenija Gasic
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.rosa-
ceae.org) provides online resources to facilitate basic, transla-
tional and applied research for the many fruit, nutand ornamental
cropsbelonging 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

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
suchasdataimport/export, dataanalysisand adataarchive. 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 feld books, thus alleviating the
possibility of transcription errors while providing faster access
to the collected data. We report the progress on BIMS in GDR.

2:15PM - 2:30 PM

Genomic Sequencing of Japanese Plum (Prunus
salicina Lindl.) Mutants Provides a New Model
for Rosaceae Fruit Ripening Studies

Ksenija Gasic*
Clemson University, Clemson, SC, USA

Christopher Saski
Clemson University, Clemson, SC, USA

Angel Fernandez i Marti
University of California - Davis, Davis, CA, USA

George Manganaris
Cyprus University of Technology, Lemesos, Cyprus

Carlos Crisosto
University of California—Davis, Davis, CA, USA

Ourworking hypothesis is that Rosaceae fruit quality and favor
could be improved if the fruits remain on the tree longer, allow-
ing accumulation of desired sugars, antioxidants, and bioactive
compounds without excessive softening. Thus, if the climac-
teric 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 har-
vesting. 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 under-
stand 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,
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Sweet Miriam, Roysum, and Casselman, were used for isola-
tion 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 profle 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 map-
ping, 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 geno-
typed 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 identifed 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
aQTL for SSC on LG 6A, the genetic location of the SSC QTL
detected in UF germplasm is different from previous stud-
ies. Haplotyping of this locus is underway to identify QTL
alleles and individuals predicted to have high as well as low |
evels of SSC. Validation of QTL effects and identifcation of
QTL alleles will be discussed in the context of future breed-
ing 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 favor
and health benefts. Over the last two decades, several quan-
titative trait loci (QTL) analysis studies for consumer traits
were conducted using low-density genetic maps. The previous
studies utilized low-throughput genotyping methodologies. The
I1Straw90®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, breeder-
relevant 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 fowering 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, 2BIl, 3C, and 4A), two QTLs for pH (LGs
4D and 4CIl), and two QTLs for TA (LGs 2A and 7A) were
detected. In addition, a large-effect QTL for fowering 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 Fowering (SF). SNP probes identifed in the FaPFRU
region may be helpful for the development of DNA-based mark-
ers for selecting Fowering habit.
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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
UNiversity of California—Davis, Davis, CA, USA

Roeland A. Voorrips
Wageningen University & Research, Wageningen, Netherlands

Eric van de Weg
Wageningen University & Research, Wageningen, Netherlands

Amy lezzoni
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 selec-
tion. 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. Genome-
wide 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 qualifed and quantifed from sets of shared haplotypes
among individuals across extended chromosomal regions. Past
breeding processes are revealed by frequencies and distribu-
tions in germplasm of haplotypes associated with QTL alleles.
The genetic virtues and defciencies 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-

scan data for hundreds of individuals of each crop, obtained
in the RosBREED project with Illumina Infnium SNP arrays
of 8K (apple) and 6K (cherry), were subject to haploblocking
with FlexQTL ™ and PediHaplotyper software. Numerous new
genetic relationshipswere 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 specifc
sources. At QTL hotspots, haploblocking enabled dissection of
linkage relationships among adjacent favorable and unfavorable
alleles for breeding individuals. Haploblocking and its associ-
ated 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 improve-
ment from the holistic perspective of “genotype.”

Postharvest 2

Moderator: Jinhe Bai
USDA-ARS, Fort Pierce, FL, USA

2:00 PM - 2:15 PM

Changes in Postharvest Quality and Polar
Metabolites of Kiwifruit by Exogenous Ethylene
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 climac-
teric 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 ethyl-
ene at 20 and 200 pL/L using ethylene generator. The ethylene
treated kiwifruit in whole storage period was most predominant
on ripening qualities including frmness, 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 uL/L), the kiwi fruits in three storage
resumes were advanced the edible states as 13, 9, and 5 < days,
respectively. By ethylene treatment (200 pL/L), the kiwi fruit
in three storage resumes were advanced the edible states as 7,
4, and 3 days, respectively. In the fuctuation of polar metabo-
lites, 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 dif-
ference 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
favor 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.

2:15PM - 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
fve days does not cause visual symptom of chilling injury
(CI), however, such conditions often impact favor 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 abundantand/or important
volatiles: hexanal, trans-2-hexenal, 6-methyl-5-hepten-2-one,
[B-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 favor in “heating +
chilling” treated fruit than fruit that were chilled only. MeSA
alleviated the Cl-induced reduction of a number of volatile
compounds, such as trans-2-pentenal, 6-methyl-5-hepten-2-
one, 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 animportantroute 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 defcit. 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 associ-
ated with a greater loss in frmness such that fruit categorized
as having a large stem scar had a greater rate of water loss and
were less frm 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.

Specifed 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. Un-
derstanding 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 activ-
ity pertaining to walnut storage is lacking. Surveys of major
walnut processors in California showed a limited understand-
ing 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 frst 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 rancid-
ity. 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.

Specifed Source(s) of Funding: CDFA Specialty Crop Block
Grant

3:00 PM - 3:15PM

Innovative Evaporatively Cooled Solar-
Refrigerated Structures for Storage of
Perishables in India
Sangeeta Chopra*

Indian Agricultural Research Institute, New Delhi, India

Randolph Beaudry
Michigan State Univ, East Lansing, MI, USA

Norbert Mueller
Michigan State University, East Lansing, MI, USA

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

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 m®) prototype structures at the
Indian Agricultural Research Institute, Delhi. The low thermal
mass and high heat transmittance of the PC (750 W-h-°C-* and
4.12 W-m2°C, respectively) and MSF (42 W-h-°C* and 6.6
W-m2.°C*, respectively) walls permitted faster and more ex-
tensive cooling than BSB (5804 W-h-°C*and 2.01 W-m2.°C*,
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 sug-
gest 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 retroftting 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.

Specifed Source(s) of Funding: Global Center for Food System
Innovation

Organic Horticulture 2

Moderator: Eric Brennan
USDA-ARS, Salinas, CA, USA

2:00 PM - 2:15 PM

Participatory Research on Organic Farms Does
Not Support the Use of Biochar

Kevin Gibson*
Purdue University, West Lafayette, IN, USA

Tamara Benjamin
Purdue University, West Lafayette, IN, USA

Amy Thompson
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 veg-
etable 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 benefts
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 man-
aged 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 man-
agement, and their interest in participating in research generally
and in on-farm research specifcally. 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 intern-
ship, 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.

Specifed Source(s) of Funding: North Central SARE award #:
LNC14-359

2:15PM - 2:30 PM

Increasing Enrollment in Horticulture Courses
through a Novel Program and Partnership: The
Organic Farming Certifcate 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 de-
gree. 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 em-
phasis on military veterans. As a longstanding leader in organic
production methods and research, the not-for-proft Rodale
Institute was the ideal partner for DelVal to expand its tradi-
tional agricultural degree granting programs with the one-year
certifcate. The majority of the required courses in the program
are traditional DelVal horticulture courses plus additional aca-
demic 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 train-
ing 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 certifcate students comprise 12% of the entire
Plant Science department, and almost 40% of the Horticulture
majors. Courses that previously struggled to have suitable en-
rollments 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.

Specifed 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 supple-
ments, 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 va-
rieties 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 cul-
tivars and identify cultivars suitable for growing conditions in
the Midwest. Ten cultivars (seven seed and three fher varieties)
were planted on certifed organic land near Lafayette, IN, on
three dates (2, 20, and 30 June) in 2016. Data on crop yields,
biomass, and time to fowering and maturity were collected. For
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all data collected there was a planting date*cultivar interaction
withaP-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
frstand 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 Fber varieties. Height was particularly reduced by delayed
planting for the fber varieties Felina 32 and Futura 75. Most
varieties planted on 2 June or 20 June fowered within 4 weeks
but fowering 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 Frstyear suggest that planting date and cultivar selection are
likely to affect the performance of industrial hemp in Indiana.

Specifed 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 dataon
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 effciency and
sustainability of these systems.

3:00 PM -3:15PM

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 feld 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 produc-
tion 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 Mis-
sissippi. 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, fesh
thickness and pressure, cavity length and width, average fruit
weight, yield, Vitamin C, and biomass development were evalu-
ated for these Melons. Pride of Wisconsin and Charentais were
highin fruitweightand 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 pres-
sure 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.

Specifed Source(s) of Funding: USDA/NIFA
3:15PM - 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 me-
chanical barrier to wildlife such as deer, birds, and even insects.
These full enclosures could exclude certain insect pestsincluding
codling moth, Cydia pomonella, and the invasive brown mar-
morated 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 natu-
ral 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 ex-
cept 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 signifcantly 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 Fy capture rates were greatly reduced in the cages com-
pared 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.

Specifed 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, Fsh 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* N (140 kg-ha® 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 hand-
harvested. ‘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 fsh, with little
effect in ‘Liberty’. Long-term fertilization with feather meal
produced larger root biomass at all four stages compared to
Tsh; differences in root biomass ranged from 44—-67%, with the
greatest effectat 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 fsh. Feather meal increased leaf biomass at the
green fruit stage by 24% compared to fsh. Total plant biomass
was 26% and 40% greater with feather meal than fsh at green
fruitstage 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 Fsh for “‘Liberty’, but the opposite was found in ‘Duke’.
With weed mat, "Liberty’ had greater stem biomass with fsh
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.

Specifed 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 proftability.
A recipe to produce liquid organic fertilizer, with high nitrate
(NO,-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 fve crops (sweet corn, chili peppers,
tomato, kai choy, and papaya). Seeds were planted in 50 cell
trays Flled 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 signifcant (P < 0.01)
results for all measured parameters, compared to synthetic and
water only. Also, liquid synthetic fertilizer showed signifcant
(P < 0.05) results compared to water only treatment. Percent
increase in fresh and dry weight, for the fve 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 Ffeld growth, earlier
harvests, and higher yields.

Specifed Source(s) of Funding: Western SARE (SW14-026)

8:30 AM - 8:45 AM

Carbon Sources for Anaerobic Soil
Disinfestation in Southern California

Oleg Daugovish*
University of California Coop. Ext., Ventura, Ventura, CA, USA

Carol Shennan
University of California, Santa Cruz, Santa Cruz, CA, USA

Joji Muramoto
University of California, Santa Cruz, Santa Cruz, CA, USA

Anaerobic soil disinfestation (ASD) in an increasingly com-
mon 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 fruityields and suppressed pathogens such as \erticil-
lium 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 9t (dry
weight) /acre. All of these carbon sourcesare by-products of local
industries and are available within 20 miles of application sitesin

large quantities. All carbon sources provided expected anaerobic
conditions, and fresh grass clippings generated strongest anaero-
bic 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 Ibs 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
suffcient, 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 defciency 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 Pifia*

University of California, Riverside, CA, USA

Philippe Rolshausen
University of California, Riverside, CA, USA

Milton McGiffen
University of California, Riverside, CA, USA

Mango (Mangifera indica) is major fruit tree crop of the trop-
ics 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 productioninthe Coachella Valley of Southern California,
where the dry/hot desert climate and sandy soil presents a sig-
nifcant 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 specifc climate and edaphic environment.
The specifc 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)—
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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
effciency and yield as well as increase soil populations of
benefcial microorganisms. To observe these differences in soil
microbial communities, DNAwas extracted fromsoil, sequenced,
and analyzed using QIIME. Results indicate that alfalfa cover
crops and biochar work synergistically, shifting toward more
benefcial microbial communities to improve soil fertility, mango
tree health, and ultimately fruit yield in this Southern California
orchard. Mangos produced in the Coachella Valley ft 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 Crutchfeld
University of California, Riverside, CA, USA

Jonathan F. Montgomery
University of California, Riverside, Riverside, CA, USA

Michael Pifia
University of California, Riverside, CA, USA

Biochar is a form of charcoal that can enrich the soil, seques-
ter 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 specifc properties for
specifc functions, e.g. reclaiming land from heavy metal pol-
lution; but can also be variable if the production parameters are
not well controlled. We discuss our feld 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
8:00 AM -8:15 AM

Fertility Practices Affect Soil Health and
Pathogen Dynamics in High Tunnels

Lori Hoagland*
Purdue University, West Lafayette, IN, 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-feld 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 receiv-
ing 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-feld, 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, Bacil-
lales, 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.

8:15AM -8:30 AM

In Vitro Evaluation of New Oidiodendron
mainus Strains on Blueberry Growth
Xiangying Wei*

Fujian Agriculture and Forestry University, Fuzhou, China
Shiheng Lyu

Fujian Agriculture and Forestry University, Fuzhou, China
Zonghua Wang

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. Toassess their potentials forimproving plant growth, two
isolates, ZO-24 and ZT-13, along with a previously identifed
strain Om19 were evaluated for in vitro growth of Vaccinium
corymbosum ‘Sunshine Blue’. Uniform microcuttings of ‘Sun-
shine Blue’ derived from tissue culture were rooted in a sterile
peat-based substrate in Magenta vessels. The substrate was
composed of Canadian sphaghum peat and coarse sand ina2 tol
ratio by volume and moistened with a 100 mg L-1 N solution of
Peters 20-20-20 General Purpose Fertilizer (20%N-20%P205-
20%K?20). 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 treat-
ment. 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 ZO-
24 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 feld
experiments will be carried out to confrm 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 Scanner-
based Rhizotron System
Shinsuke Agehara*

University of Florida, Wimauma, FL, USA

Bhagatveer Sangha
University of Florida, Wimauma, FL, USA

Vance Whitaker
University of Florida, Wimauma, FL, USA

Diane Rowland
University of Florida, Gainesville, FL, USA

Guodong David Liu
University of Florida, Gainesville, FL, USA

Bare-root strawberry (Fragaria xananassa Duch.) transplants
initially have limited water and nutrient uptake capacity because

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 systemto char-
acterize root morphological responses of bare-root strawberry
(‘FloridaRadiance’) transplantsto nitrogen (N) fertilization rates.
The rhizotrons had 2655 cm? of soil volume with a 22.9 x 30.5
cm scannable window. Soil was collected from the strawberry
feld and packed in the rhizotrons using the feld bulk density.
After transplanting into the rhizotrons, plants were watered by
micro-sprinklers for 10 days to simulate the feld establishment.
Thereafter, N wasapplied daily by fertigationat 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.

Specifed Source(s) of Funding: Florida Strawberry Growers
Association

8:45 AM - 9:00 AM

Response to Drought Stress of Plants Colonized
by a Benefcial 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

K-Y. Yang
Chonnam National University, Gwangju, Korea, Democratic People’s
Republic of (North)

Joan E. McLean
Utah State University, Utah Water Research Laboratory, Logan, UT,
USA

David W. Britt
Utah State University, Logan, UT, USA

Nano-formulations that include CuO and ZnO are being consid-
eredasagricultural pesticides and fertilizers. Inagricultural 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 bioflms
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on the root surface upon growth from seed inoculated with a
benefcial bacterium, Pseudomonas chlororaphis O6 (PcO6).
Embedded particles within the bioflm showed signatures of
Cu or Zn only when the NPs were present in the growth ma-
trix 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, transportand stress. Genes related to heightened
tolerance to pathogens and protection against water stress also
were expressed. Growth of the wheat seedlings with NPs did
noteliminate increased drought tolerance observed in the PcO6-
colonized plants. These fndings indicate that the NPs were not
antagonistic to the beneftcial effects of root colonization by a
rhizosphere microbe.

9:00 AM - 9:15 AM

Assessing the Effect of Root Hair Growth of
Phosphorus-stressed Barley (Hordeum vulgare)
on Physiological Characteristics Using a Split-
root 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) defciency in soil is a global problem. To com-
prehensively investigate the contribution of root hairs induced
with low-P stress to plant growth and P uptake effciency, a split-
root 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 (tri-
calcium 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 effciency,
plant biomass and tissue P content were calorimetrically de-
termined for both genotypes. The WT-Pallas in a medium with
TCP developed signifcantly longer and denser root hairs than
in a solution with CNS-P. The mutant was defective in root hair
formation. Short-term P uptake effciency, root dry weight and
shoot P content in half of the root system of the WT-Pallas with
TCP were signifcantly greater than in the brb, but not different
from the CNS-P control. Additionally, there were no signifcant
genotypic or treatments differences in shoot biomass and root
P content. The differences in P uptake effciency and shoot P
content between WT-Pallas and brb genotypes were attributed
to the root hair development.

Vegetable Crops Management 2

Moderator: Barbara Liedl
West Virginia State University, Institute, WV, USA

8:00 AM -8:15AM

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)

Watermelon is a major cucurbitaceae and it is known as a repre-
sentative of fruits in summer season. These days the consumer
prefer middle and small type watermelonto large type. Itisresult
from decrease of family membersand the small type watermelon
have easy movement. But there has been no research on cultiva-
tion 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 t0 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 frst
of June respectively. On the other hand, the occurrence of rest
diseases and pests except P. xanthii, T., and thrips was low. The
experimentof control effect against powdery mildew using may-
onnaise, oleic acid, and three organic materials showed control
effcacy over 60% inthe treatment of material containing sodium
bicarbonate 80%, mayonnaise and extract of Rheum palmatum
1% + ethyl alcohol 30%. The highest control effcacy was 83%
inthe 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.

8:15AM -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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Qiong Liu
University of Illinois, Urbana, IL, USA

Sita Thapa
University of Illinois, Urbana, IL, USA

Xiaoyue Zhang
University of Illinois, Urbana, IL, USA

Salisu Sulley
University of Illinois, Urbana, IL, USA

Bacterial spot, caused by Xanthomonas cucurbitae, isanemerg-
ing 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
fruitrot. During 2011-13, feld surveyswere conductedin lllinois,
Indiana, lowa, 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 felds in 2011, 2012, and 2013, respectively,
were visited. Symptomatic fruit were observed in 95 (86%), 117
(89%), and 113 (90%) of the Felds visited, with overall 34, 23,
and 19% fruit infected, in 2011, 2012 and 2013, respectively.
In some of the Felds, more than 90% of fruits were affected.
In a Feld trial, we found that X. cucurbitae survived for more
than 24 months in infected pumpkin leaves and fruits buried at
5and 15 cm deep. There is not known cucurbit cultivar resistant
to X. cucurbitae. We have evaluated 27 chemical compounds
and biocontrol agents for their effcacy 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 Reynoutriasachalinensis (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 HCI treatment at 0.5%
concentration for 40 minutes eradicated the pathogen in both
naturally-infected and artifcially-inoculated pumpkin seeds
without any signifcant adverse effect on either seed germina-
tion or seedling vigor. Effects of crop rotations for management
of the disease is being investigated. X. cucurbitae is identifes
based on the colony characteristics on yeast dextrose agar, PCR
test using RST 2 and RST 3 primers, and pathogenicity test

Specifed 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
M. Kabir*

University of Georgia, Athens, GA, USA

Juan Diaz-Pérez
University of Georgia, Tifton, GA, USA

John W. Doyle
University of Georgia, Athens, GA, USA

Eudald Illa Berenguer
University of Georgia, Athens, GA, USA

Esther van der Knaap
University of Georgia, Athens, GA, USA

Savithri U. Nambeesan
University of Georgia, Athens, GA, USA

Blossom-end rot (BER) is a calcium (Ca,*) defciency disorder
characterized by dry, sunken, brown and/or black spots to the
distal-end of tomato fruit and can result in signifcant crop loss.
The effects of two irrigation levels [50% and 100% evapotrans-
piration (ET)] along with two levels of Ca," (0 and 100 ppm)
on BER development between a resistant (BGV7900; Sola-
num 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 ac-
cessions were also compared. The BER-resistant accession did
not display any symptoms of BER under Ca,* and irrigation
treatments. In contrast, all fruits of the susceptible accession
were affected by BER irrespective of irrigation levels. Applica-
tion of Ca,* 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 underwell 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 infuence fruit Ca," availability
and therefore BER development, requires further investigation.

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

Bodh Paudel
University of Florida, Gainesville, USA

Xin Zhao
University of Florida, Gainesville, FL, USA
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Jason Hong
USDA-ARS, Fort Pierce, FL, USA

Erin N. Rosskopf
USDA-ARS, Fort Pierce, FL, USA

Methyl bromide and other soil fumigants have been heavily
relied uponto control soilborne plant pathogens, nematodes, and
weeds in polyethylene-mulched vegetable productionin 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 produc-
tion 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 disinfesta-
tion (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 ef-
fects 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 feld
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 m%ha) ASD0.5], modifed ASD
with composted yard trimming waste (YTW) at the rate of 26.9
(YTW1+M) or 13.5 Mg/ha (YTWO0.5+M), the Soil Symphony
program (SSA, Terra Feed, LLC, Plant City, FL), composted
YTW (26.9 Mg/ha) only (YTW1), and the combined applica-
tion 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 Refex 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 ASDO0.5 and the lowest in the UTC. Extra-large
fruityields resulting from all of the amendment treatments were
equivalentto CSFand greater than the UTC. Total season market-
ableyieldsof CSF (78 Mg-ha),ASDO0.5 (82 Mg-ha™?), YTW1+M
(79 Mg-ha), YTWO0.5+M (75 Mg-ha™), and YTW1+SSA (76
Mg-ha?), were greater than that of UTC (52 Mg-ha™). Color
and titratable acidity were the only fruit quality parameters
infuenced by soil treatments. Anaerobic soil disinfestation ap-
plied using alternative composted amendments and molasses
can be a sustainable alternative to CSF producing comparable
plant growth, marketable yield, and fruit quality.

9:00 AM -9:15AM

Trialing Glucose Esters with the Biocontrol
Generalist Predator, Green Lacewing,
Chrysoperla ruflabris

Barbara Liedl*
West Virginia State Univ, Institute, WV, USA

Daniel Payne
West Virginia State University, Institute, WV, USA

Hannah M. Payne
West Virginia State University, Institute, WV, USA

Tomatoes (Solanum lycopersicum) are susceptible to awide ar-
ray 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: whitefies, aphids, thrips and spider mites. One
of these, whitefies, is diffcult to eliminate with chemical or
biological methods, thus emphasizing the importance of incor-
porating pest resistance into tomato varieties. Glucose esters
exuded fromtype IV glandular trichomes mediate the resistance
of Solanum pennellii to several pest species including aphids
and whiteFies. 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 bio-
logical 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 ruflabris. For the triple exposure
assay, three routes of exposure were assessed: oral, direct, and
ingestion. This assay utilized Malathion at recommended rates
asa positive control, water, as the negative control, and glucose
estersatbiologically relevant concentrations of 60 ug/cm?. Lar-
vae 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 signifcant 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,
abehavioral 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 forambulatory 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 repelledall
larvae. Thus, glucose esters do not have any negative effects on
C. ruflabris using both robust multiple route exposure assays
and a behavioral assay.

Specifed Source(s) of Funding: USDA NIFA Evans-Allen
project #1008504 and WVSU PEER supported by Title 111
Funds from US Dept of Education
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Water Utilization and Management 2

Moderator: Craig Ramsey
USDA-APHIS, Fort Collins, CO, USA

8:00 AM - 8:15 AM

Floating Treatment Wetlands As a Remediation
and Production Tool for Growers

Lauren M. Garcia Chance*
Clemson University, Clemson, SC, USA

Sarah White
Clemson University, Clemson, SC, USA

Greenhouse and nursery effuent often contains elevated levels of
nitrogen and phosphorus which can limit potential for recycling
water on site for production or cause problems in the environ-
ment. Floating treatment wetlands (FTWs) are comprised of a
buoyant mat planted with macrophytes that absorb and flter
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 effcacy of common land-
scape 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 Rub-
bermaid water troughs. The water troughs were flled with water
spiked with 12 ppm nitrogen fertilizer. Plants were placed in
biodegradable aerator cups and inserted into precut holes with
the foating mats. Four troughs were treated as an open water
control while the remaining 28 troughs were planted with ei-
ther a monoculture or mixture of fve 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 effcacy 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 Flled 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 onapond’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

in FTWs to remediate nutrients followed by harvest and resale
as a container crop.

Specifed 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.

8:15 AM - 8:30 AM

Evaluation of Ozonated Water and Ultraviolet
Light for Sanitizing Recycled Greenhouse
Irrigation Water

Craig Ramsey*
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) frst water treatment — ozonated wa-
ter 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. Ozon-
ated water was generated on-site with a custom-made ozone
machine, and the UV-C lamp dosage was 23 pw-s/cm? for one
9-watt lamp. Oxidation Reduction Potential (ORP) of ozon-
ated 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 effcacy was UV-C light for
both frst (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 effcacy results. Future studies are
planned to evaluate commercial water treatment systems that
generate a water solution with hydroxyl radicals and ozone
which should increase effcacy. In addition, higher intensity
UV-C lamps (55 watts) will be also be tested for enhancing
water sanitation effcacy.

Specifed Source(s) of Funding: USDA-AQI grant
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8:30 AM - 8:45 AM

Remediating Agrichemicals from Irrigation
Water Using Granular Activated Carbon

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 recap-
tured 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 remedi-
ating 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 (Furprimidol,
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 flled with 0.50-4.75 mm
particle size (8 x 30 mesh) bituminous coal GAC at 6 L/min-
ute, and fresh carbon was used for each chemical. Solutions
were exposed to three contact times (0 (no fltration), 12, or
64 seconds), which corresponded to 0, 1.9, or 10.1 L of empty
flter housing volume (excluding the carbon). For each chemi-
cal 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 (GC-
MS) or colorimetric testing (hydrogen peroxide only) found
that concentrations for acephate, furprimidol, 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 fltration was least effective at removing bifenthrin after
64 seconds GAC, with 71% reduction. Chemical concentra-
tions for acephate, furprimidol, 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 Fltration has the potential
to remediate these 11 commonly applied agrichemicals from
water with the short contact times tested.

Specifed Source(s) of Funding: CleanWateR3, FNGLA

8:45 AM - 9:00 AM

Collaborative Efforts to Reduce Pesticide
Concentrations in the Walla Walla Watershed—
What Have We Learned?

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 Qual-
ity 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 investiga-
tions 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 signifcantly.
OSU Extension Service helped growers adopt best manage-
ment practices that would help reduce contamination of the
waterways, including: - spray calibration workshops, timing
of sprays, wind speeds notifcations, sprayer training to spray
trees adjacent to the ditches on one side only and ensuring that
nozzleswere pointing away from the open waterways. Between
2005-09, the acute water quality standard (wqs) for chlorpyrifos
(0.083 pg/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 pg/L). Since 2009, carbaryl has
always been detected at levels of less than half the lowest EPA
aquatic life benchmark (0.5 pg/L). In 2010/2011, diuron was
detected at multiple monitoring sites at levels above EPAaquatic
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 tra-
versing 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 fags 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 fve 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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9:00AM - 9:15 AM

Effciency of Bioreactor Nutrient Remediation
in the Presence of the Organophosphate
Chlorpyrifos

Damon Abdi*
Michigan State University, East Lansing, MI, USA

Rodney Fernandez
Michigan State University, East Lansing, MI, United States

Bert Cregg
Michigan State University, East Lansing, MI, USA

Jim Owen
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 wood-
chips followed by calcined mineral substrates were used as two-
stage 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 effuent. Microbe mediated processes and adsorp-
tive processes govern the rate and effcacy 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 NO,, 4 ppm PO,—derived from
potassium nitrate and monopotassium phospate) or a nutrient
and organophosphate (Chlorpyrifos—Lorsban 4E at a 1 mg a.i.
/L rate) enriched infuent at a rate of 4 gallons/day for a 3—4 day
hydraulic retention time. The remediation potential for phos-
phorus, 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 meqg/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 effuentsamples
contained higher phosphorus levels than the haydite counterpart,
despite the same infuent P loads. Furthermore, due to particle
size, the calcined clay was prone to wash out with the effuent,
while the haydite was not. The effects of the bioreactors on
nutrientand chlorpyrifos effuent remediation will be presented.

Specifed Source(s) of Funding: Project GREEEN ; MDARD

9:15AM -9:30 AM

Drivers and Barriers to Producers’ Voluntary
Adoption of Practices That Protect Water

Quality
Kelly Foley
Enviroissues, Seattle, WA, USA

Clinton Shock*
Oregon State University, Ontario, OR, USA

Mary Santelmann
Oregon State University, Corvallis, OR, USA

Over twenty alternative agricultural practices have been intro-
duced to producers in Malheur County, OR, over the last thirty
years to protect water quality. Research and outreach were de-
signedto provide technological options for producers. This study
sought to better understand the voluntary adoption by producers
of practices improving water quality. The Reasoned Action Ap-
proach/Theory of Planned Behavior was used as a theoretical
framework to identify barriers and incentives to adoption. Study
Tndings suggestthat producers primarily consider practical char-
acteristics of practices when making adoption decisions. Some
of these concerns include the relative advantage of the practice
(derived from the anticipated fnancial gain or loss, conserva-
tion and water quality benefts from adopting a practice), the
compatibility of a practice with existing farm operations, the
ease or diffculty 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.

9:30 AM - 9:45 AM

Bioflm 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

Bioflm, bacteria enclosed in a polysaccharide matrix, accumu-
lates on the inner surface of irrigation pipes resulting in clogged
emitters. The objective of this project was to measure if bioflm
buildup differed whenanutrient solution was applied at different
irrigation frequenciesand 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 fow. 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

An asterisk (*) following a name indicates the presenting author.

S222

HortScience 52(9) Supplement—2017 ASHS Annual Conference



Oral Presentations

was conducted for four weeks and was repeated twice. The ex-
perimental design was a full factorial completely randomized
design with six replicates per treatment and the experiment.
BiofIm 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 at-
tached 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 beneft by using
polyethylene tubing.

Specifed Source(s) of Funding: This material is based upon work
thatissupported by NIFAU.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

8:15AM -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
ASHS, Alexandria, USA

Jean Shaw
FleishmanHilliard, St Louis, USA

Seed Your Future — the national movement to promote horti-
culture 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 coun-
selors (200) were surveyed to determine their knowledge of
horticulture, careers in horticulture and how they determined
or infuenced students in career choices. A majority of students
planon obtaining abachelor’sdegree or higher; nearly 70% have

already thoughtabout 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 look-
ing for Fexibility 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
intoschool 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 defned 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 lvy
North Carolina State University, Raleigh, NC, USA

Elisabeth Meyer
North Carolina State University, Raleigh, NC, USA

North Carolina
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 feld. 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 op-
portunity to build positive attitudes toward agriculture in a
caring, mentoring environment can grow youth self-effcacy,
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 Sci-
ences (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 refectionand processing of experiences
that facilitate deep understanding and awareness. In program-
matic 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 horticul-
ture 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.

Specifed Source(s) of Funding: Ag Foundation Inc.
8:45 AM - 9:00 AM

Cultivating Group Effcacy and Positive Science
Attitudes in Middle School Horticulture
Programs

Sarah Dinger*
North Carolina State University, Raleigh, NC, USA

Elizabeth Driscoll
North Carolina State University, Raleigh, NC, USA

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 sus-
tained interest in a STEM focus area are more likely to pursue
the Feld both in school course selection and as a possible career.
Recent focus on increasing student interest levels in horticulture
and STEM felds has renewed an emphasis on project-based
learning and place-based curriculum. Science attitudes are
often infuenced by parents, family members, social media,

guidance counselors and mostly, peers (Lindner 2012.) Middle
school attitudes toward science were found to be additionally
infuenced 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 effcacy in science. Strong social support
and group dynamics can positively infuence student sense of
belonging, which then builds positive group effcacy. When
students gain a sense of belonging in a group, and a sense of self
confdence in science, they rate a higher willingness to take on
new projects and pursuits within STEM felds. 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 Arbore-
tum. Students from ten different middle schools across Wake
County participated in the weekly after-school meetings which
highlighted horticulture and agriculture activities, exploration
time, refection opportunities, and group-bonding activities. At
the end of the year-long program, participants demonstrated at-
titude shifts in horticulture and agriculture, as well as increased
conceptual understanding. Throughout refective 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 effcacy and interest
forhorticultural science and other STEM felds moving forward.

Specifed Source(s) of Funding: Burroughs Wellcome Fund
9:00 AM -9:15 AM

Greenscaping & Growing It Green Readies
Youth for Green Industry Employment

Michelle Atkinson*
University of Florida, Palmetto, FL, USA

Martha Glenn
University of Florida/IFAS Extension, Palmetto, FL, 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 em-
ployer. In order to make young, inexperienced workers more
valuable to this industry and help overcome this lack of basic
knowledge, aprogramtitled 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-
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tices to landscape maintenance and nursery production. Three
audiences; FFA students, career prep high school students at-
tending technical schools, and at-risk youth, are targeted. The
participants learn scouting techniques, pest identifcation, and
principles of Integrated Pest Management (IPM) focusing on
biological, mechanical and cultural practices such as; appro-
priate 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, edu-
cational 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 qualifed 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.

9:15AM -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 psycho-
logical benefts. These benefts 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 benefts. Understanding
how these landscapes are maintained can provide useful infor-
mation for their improvement. In regards to campus grounds
maintenance, select peer institutions of the University of Ten-
nessee 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
proposedto 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 identifed 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
signifcant 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, W1, USA
Joe Nunez

University of California Cooperative Extension, Farm and Home,
Bakersfeld, CA, USA

William Matthews
University of California, Riverside, CA, USA

Philip Roberts
University of California, Riverside, CA, USA

Root knot nematodes (Meloidogyne spp.) are amajor pest attack-
ing carrots (Daucus carota) worldwide. Root knot nematodes
cause galling and forking of the carrot root, rendering an infected
carrot unft 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 fve non-overlapping QTLs for M.
incognita resistance. Resistance was high in the original genetic
backgrounds in which it was discovered and in mapping popu-
lations, but introgression of resistance genes into carrots with
horticultural quality suitable for U.S. commercial production has
not yet been reported. In recent feld 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.

Specifed Source(s) of Funding: USDA-NIFA-SCRI Award

Number 2008-51180-04896 USDA-NIFA-OREI Award Num-
bers 2011-51300-30903 & 2016-51300-25721
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8:45 AM - 9:00 AM

Effcacy of Whitefy 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 whitefy (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, whitefies vector many viruses,
including the highly damaging Tomato yellow leaf curl virus
(TYLCV). Whitefy resistance has been identifed in the wild
tomato species S. habrochaitesand S. pennellii, which may serve
as useful sources of insect resistance genes for backcrossing
into cultivated tomatoes. The development of whitefy-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 whitefy resistance
under laboratory and greenhouse conditions, little work has
verifed the durability of this trait under feld conditions over
time. Whitefy resistance in S. habrochaites accession LA1777
was evaluated over two feld seasons in Balm, Florida. Repli-
cated experiments included two susceptible controls, ‘Florida
47’ and the inbred line, Fla. 8059; and two advanced lines with
whitefy-resistance derived from S. pennellii. Tomatoes were
transplanted to the Feld three times at two-week intervals to
compare resistance among different plant ages. Data was col-
lected at three, fve, and seven weeks after transplanting, and
included counts of whitefy eggs, nymphs, and adults. Incidence
of TYLCV infection was assessed to determine if whitefy
resistance reduces virus transmission. Egg and nymph counts
among LA1777 tended to decrease throughout the season, sug-
gesting that whitefy resistance is stable over time. Lines with
fewer eggs and nymphs also tended to have lower incidence
of TYLCV infection, implying that whitefy resistance can be
used for management of the vectored viruses. Results suggest
that whitefy resistance in LA1777 is suitable for developing
resistant cultivars.

9:00AM - 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. lycop-
ersici, (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-specifc resistance genes. There are three
races of Fol. Resistance to the third race (Fol3) is conferred
by the 1-3 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 1-3 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, back-
grounds. 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 single-
plant 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 phyloge-
netic 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.

9:15AM - 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 Croshy
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 patho-
gen of peppers (Capsicum spp.) and several other species in-
cluding 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
fromawildaccession 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 interspecifc crossing cycles. Extensive screen-
ing has confrmed 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 con-
ferred 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 introgres-
sion (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 fve
commercial checks with known modes of resistance to specifc
strains of TEV, as well as 10 each of six different selections of
the original recurrent parent with the introgression; to confrm
100% susceptibility. Available results support the evidence that
there is only one original source of the resistance in our intro-
gression, 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 ad-
ditional segregation studies in response to TEV. The fnal goal
is to utilize genotyping-by-sequencing of a select F, family to
discover SNPs linked to the dominant TEV resistance locus.

Specifed Source(s) of Funding: Texas A&M University Depart-
ment 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

Priorto 2014, whenan outbreak of Listeriamonocytogenes found
on Gala and Granny Smith apples packed by a California sup-
plier 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 insuffcient cleaning and
sanitation of direct contact surfaces, resulting in the develop-
ment of niches and harborage areas for L. monocytogenes. As
an immediate response, the Pacifc Northwest tree fruit industry
demanded specialized training on the proper cleaning and sanita-
tion 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 managersand 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 incommercial apple, pear and cherry packing lines. The
classroom presentationsincluded anoverview of Listeriariskand
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 ¢) how to sanitize different
parts of industry-specifc 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 effcacy 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 communica-
tion between competing organizations (facilities opened doors
to direct competitors to share their processes and expertise),
active collaboration between industry members (coffee/discus-
sion 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-specifc 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
University of Florida, Gainesville, FL, USA

Xin Zhao
University of Florida, Gainesville, FL, USA

Zack Black
University of Florida, Gainesville, FL, USA

Dustin Huff
University of Florida, Gainesville, FL, USA

Kim M. Cordasco
University of Florida, Gainesville, FL, USA

Florida’s subtropical climate of mild winters, with high tem-
perature 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 feld
and high tunnel production systems and grafting on fruit qual-
ity. 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 signifcantly 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 signifcantly longer shelf life than
open feld fruit for both “Tribute’ (128%) and ‘Garden Gem’
(15%) due to reduced decay. Shelf life for fruit harvested red
was only signifcantly different for “Tribute’, with high tunnel
fruit lasting 78% longer. Fruit quality analyses showed that vi-
tamin 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 signifcantly
lower in fruit from high tunnels compared with open Feld, while
grafting had no effect. Lycopene was not signifcantly affected
by the production system in either cultivar for fruit harvested
pink and ripened postharvest, but signifcantly increased in
high tunnel fruit harvested at the red stage. Grafting effects
were more uniform across cultivars, with no signifcant effect
on total antioxidant capacity, lycopene, beta-carotene or total
phenolics. Storage temperature had a signifcant 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 signifcantly decreased.
Overall, the results demonstrated that the potential benefts of
high tunnel production and grafting on tomato fruit quality
depend on the cultivar and harvest maturity selected.

Specifed Source(s) of Funding: AFRI

9:00 AM -9:15 AM

Survival of Generic E. coli on Fuji Apples with
the Applications of Overhead Evaporative
Cooling Water Near Harvest

Ines Hanrahan
WTFRC, Wenatchee, WA, USA

Manoella Mendoza*
WTFRC, Wenatchee, WA, USA

Meijun Zhu
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 specifes 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 wa-
ter. Overhead evaporative cooling (EC) using surface water is
frequently used in Washington to decrease sunburn in apples to
prevent economic losses, but it’s infuence on food safety risk is
uncertain. This study examined the infuence 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 us-
ing 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 fnal concentration at 154h
Plwas 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 Tnal 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.

Specifed Source(s) of Funding: Washington Tree Fruit Research
Commission

9:15AM - 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 Uni-
versity of Maryland Eastern Shore (UMES) in collaboration with
USDA-ARS, US-FDA, MD, Maryland Department of Environ-
ment, and many collaborating universities focuses onaddressing
avenues leading to fresh produce and seafood contamination
with pathogenic microorganisms such as E. coli 0157:H7, Sal-
monella, 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 asamarker in bioaerosol
studies. Our rain simulation studies, where soils were amended
with poultry litter, poultry compost, and dairy and swine ma-
nure, showed that poultry manure enhanced growth of bacteria
more than any other manure. Similar ¥ndings were found in
our Feld 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
feld-grown tomatoes were inoculated 10 days before harvest
with bovine manure examined the persistence of generic E. coli
and total coliforms; bacterial populations fuctuated 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 feld production of
fresh produce.

Specifed 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-fesh cultivar ‘Bayou
Belle’ (9.8 %) and lowest in the purple-fesh breeding line "13-
164’ (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-fesh cultivars ‘Covington’
and ‘Evangeline’ contained the lowest amounts of monosaccha-
rides. Malic acid was the principal organic acid in all cultivars
except the purple-fesh types, in which citric acid dominated.
Total carotenoid content was highest in the orange-fesh culti-
vars ‘Burgundy’ and Evangeline’ and lowest in the cream-fesh
cultivars ‘Bonita’ and ‘Murasaki’. Potassium was the principal
macronutrientinall cultivars, followed by phosphorus. Iron and
manganese were the principal micronutrients in all cultivars,
followed by zinc, copper, and boron. Signifcant differences in
chemical composition and nutritional attributes existed between
cultivars.

Genetics and Germplasm 2

Moderator: James Nienhuis
University of Wisconsin—-Madison, Madison, W1, 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, W1, 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 favor content among a sample of dry bean and green pod-
type 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 mar-
ket 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 Pl accessions.
Accessions were grown in replicated trials at the West Madison
Agriculture Experiment Station, Madison, WI, and fve pods
sampled from each plot when the pods were sieve size 4 (8.33-
9.52 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 concentra-
tion had a mean of 19.96 mg-g™* dry weight, and ranged from
near zero to over 40 mg-g~* dry weight. P.l 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* dry weight, and ranged from near zero to over 50 mg-g*
dry weight.

Specifed Source(s) of Funding: USDA-
9:45 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
germplasmaccessionsin our collection in Pullman, Washington,
there is a rare, unique historic variety with crimson colored
fowers. It is documented that this variety frst appeared in
literature in 1778 in the United Kingdom and the seeds cur-
rently available can be traced back to a few seeds donated to
a Heritage Seed Library in 1978. Although the fower 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 fower genotype with
an ltalian vegetable type faba bean variety ‘Superaguadulce
Morocco’, with the latter being the female parent. In summer
2014, we selected one plantwith 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 fowers. Comparing with the crimson fower
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 directhuman 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 nutri-
tional qualities, such as high protein, high amounts of starch,
dietary fber, minerals, and an array of healthy phytochemicals
associated with health benefts such as reduced cardiovascular
disease, prevention of diabetes, and even the prevention of cancer.
One important class of phytochemicals includes polyphenolic
compoundswhich impart color, Favor, and anti-oxidant activity.
Growing consumer awareness regarding the health benefts 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 favors 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.

10:15AM - 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)
identifed collectively for Capsicum annuum and Capsicum
baccatum was used to characterize population structure and
species domestication of these 2 important incompatible culti-
vated pepper species. Estimated mean nucleotide diversity (1)
and Tajima’s D across various chromosomes revealed biased
distribution toward negative values on all chromosomes (ex-
cept for chromosome 4) in cultivated C. baccatum, indicating
a population bottleneck during domestication of C. baccatum.
In contrast, C. annuum chromosomes showed positive T 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
Txation 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 signifcantly associated genome-wide SNPs.
Population structure, identity by state (IBS) and LD patterns
across the genome will be of potential use for future genome-
wide association study of economically important traits in C.
baccatum peppers.

Growth Chambers and Controlled
Environments 4

Moderator: Marc van lersel
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
University of Georgia, Athens, GA, United States

Marc van lersel*
University of Georgia, Athens, GA, USA

Improving photosynthetic effciency, which is dependent on
the light spectrum, is important in reducing lighting costs in
controlled environment agriculture. Photosynthetic effciency
decreases upon unequal excitation of photosystem 1 (PSI) and
photosystem Il (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 lightsin controlled environ-
ments, enables plants to use the provided light more effciently,
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 effciency of lettuce.
Lettuce was grown under red/blue LED light and the quantum
yield of PSII (®PSII, 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 ®PSI|I, indicating that a smaller fraction of absorbed light
was used for photochemistry, a typical response when the light
intensity isincreased. Wavelengths within the 686-731 nmregion
increased the ®PSII of lettuce, indicating that these wavelengths
excited PSI more effciently than PSII, restoring the excitation

balance between the two photosystems. More effcient excita-
tion of PSI increases photosynthetic effciency 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 ®PSII. 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 ®PSI|I,
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.

Specifed 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

Dean A. Kopsell*
The University of Tennessee, Knoxville, TN, USA

Carl Sams
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 technol-
ogy for controlled environments. Recent research is establishing
added benefts 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 ol-
eracea var acephala) microgreens. Acomparison to white LEDs
wasalsomade. ‘Toscano’kale were seeded into shallow (25.4cm
x50.8 cm) fats at 10 g per Fat. 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 Technolo-
gies, Madison, W1); 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 pmol-m2.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 Tats 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
fber (%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 fat, while
the 470 nm treatment averaged 54.9 g FM per fat. The highest
DM per fat was under the 400 nm treatment (14.8 g DM), while
the lowest DM per fat was under the 470 nm treatment (7.2 ¢
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 infuenced by light treatment; however, glucose
and fructose were not. Concentration of sucrose (47.5 mg-g*
DM ) for the 420 nm treatment were signifcantly higher than the
white light treatment (18.5 mg-g* DM). Even though the lower
blue LED wavelengths produced less FM, these two treatments
resulted insignifcantly 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 Effciency in Aquaponics and
Hydroponics
Hye-Ji Kim*

Purdue University, West Lafayette, IN, USA

Teng Yang
Purdue University, West Lafayette, IN, USA

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 agri-
cultural challenges through effcient use of resources for crop
production. It recycles more than 90% of its water, and dramati-
cally reduces discharge of nitrogen (N)-and phosphorus (P)-rich
wastewater to the environment. Improving N and P use effciency
through proper management practices is particularly important
for better performance of an aquaponics system. The objectives
of this study were to investigate nutrient use effciency of aqua-
ponics in comparison to hydroponics and examine the effects of
vegetable species on the effciency 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 hydro-
ponics controls. Water quality parameters [pH, dissolved oxygen
(DO), temperature, and electrical conductivity (EC)] including N
and P concentrations were monitored on aregular 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

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
signifcantdifferencesamong 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
effciency 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 effciency of an aquaponics system
can be further improved by selecting vegetable crops that can
produce higher biomass with limited nutrient resources.

Specifed 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

Ricardo Hernandez
North Carolina State University, Raleigh, NC, USA

The adoption of Light Emitting Diodes (LEDSs) 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
Txtures are often equipped with blue (B) and red (R) diodes;
however, new SL Fxtures 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-m2.d* 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 fux (19B:81R), and 3) an LED
treatment composed of B, white (W), and R diodes with 6% B,
5% G, and 89% R photon fux (6B:5G:89R). The SL treatments
provided an additional 5.8 mol-m2.d* DLI (100 pmol-m=2.s?
PF for 16h). Plant height, dry mass, leaf area, and plant com-
pactness (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%
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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
conditionswere solar lightalready 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.

Specifed 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 defcient 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 sea-
sonal 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, espe-
cially 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 sup-
pressing intumescence injury on tomato plants grown under
UV-B defcient 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
lightenvironmentto grow susceptible species as emitting exces-
sive 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-2s1PPFD)
supplemented with varied low doses of UV-B using UV fuores-
cent lamps (0-7.1 mmol-m~2.d- or 0-2.7 kJ-m=2.d-t achieved by
0.33 umol-m=2-s or 0.125 W-m-2 UV-B photon fux 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-t, which agreed with our previous observation of
the same rootstock seedlings grown under T12-type fuorescent

lamps (emitting 15 to 23 mmol-m=2.d-! under the conditions
previously examined). In contrast, T5-type fuorescent lamps
provided only 4.4 mmol-m-2d-*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.

Specifed 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 acomplete nutrient
solution at pH of 5.5 + 0.3 and electrical conductivity (EC) of
2.3+£0.3dS'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
umol-m=2-s-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 umol-m-2s at canopy level for 24
h continuous lighting resulting in a daily light integral (DLI) of
15.5 mmol-m~2.d-. 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 Pl 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.

Specifed 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 gener-
ated 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
environmentsincluding photosynthesis, forescence, 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

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

Trevor Rife*
Kansas State University, Manhattan, KS, USA

Jesse A. Poland
Kansas State University, Manhattan, KS, USA

Plant breeding, horticultural, and genetics research are inher-
ently 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
effciently, electronic data capture and management is essential.
Many research programs, however, continue to operate by scrib-
ing 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

consumer-grade Android phones and tablets, thereby decreasing
the cost to breeders and creating a viable solution for research
programs in developing countries. By utilizinga modern mobile
operating system, it becomes simple to receive feedback, add
requested features, and publish continuous updates. Field Book,
an app for feld and greenhouse data collection, has a simple and
intuitive interface that allows adoption without a steep learn-
ing 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 breed-
ing 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.

Specifed Source(s) of Funding: NSF BREAD 10S-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

University of Tennessee, Knoxville, TN, USA

Nathan Henry
University of Tennessee, Knoxville, TN, USA

Jill Wegrzyn
University of Connecticut, Storrs, CT, USA

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
geneticand genomic datafromecologically and phylogenetically
important angiosperm tree species. The site is built with the
Tripall software system, an open-source platform that bridges
Drupal, a popular content management system (CMS), and
Chado2, astandardized relational database for storage of biologi-
cal 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 fexibility 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 de-
veloper groups, and fnally, to build and make public our own
new extension modules for unique needs and new data types.

Specifed 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

Michael D. Cahn
University of California Cooperative Extension, Salinas, CA, USA

Oleg Daugovish
University of California Coop. Ext., Ventura, Ventura, CA, USA

In order to assist berry and vegetable growers with managing
irrigation and nitrogen (N) for the specifc growth stage of
their crops and feld 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 feld-by-feld basis. The
software estimates crop evapotranspiration from daily reference
evapotranspiration from a network of weather stations, and crop
coeffcients 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
experimentswere conducted incelery (ApiumgraveolensL.)and
one in strawberry (Fragaria xananassa) in commercial felds
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

GS for the four studies; water and N fertilizer amounts varied
according to each feld. For the celery experiments, the CM
treatment resulted in either similar or greater (although not
statistically signifcant) 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 recom-
mendations 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 notice-
ably 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 notdecrease yieldswhile substantially reducing fertilizer use
in all celery felds; strawberry yields were signifcantly 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

Jason Londo
USDA-ARS Grape Genetics Unit, Geneva, NY, USA

Kenneth D. Finkelstein
Cornell High Energy Synchrotron Source, Ithaca, NY, USA

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-contrastimag-
ing 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
7mmmonochromatic beam was used. Phase contrast is obtained
whenahighly parallel beam passes through the sample, inwhich
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 diffcult 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

An asterisk (*) following a name indicates the presenting author.

HortScience 52(9) Supplement—2017 ASHS Annual Conference

S235



Oral Presentations

quarter or third of a degree. For this, the buds were placed on
a small goniometer and then mounted on a Huber 4-circle dif-
fractometer. The maximum resolution of the 2D images was ~1
um. Image sets were used for 3D reconstruction using °Ctopus
Reconstruction (Inside Matters NV, Belgium). The 3D render-
ings were produced using OsiriX (Pixmeo, Switzerland). This
approach demonstrated to be useful to identify structures within
abud, 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.

Specifed Source(s) of Funding: CHESS is supported by the NSF
& NIH/NIGMS via NSF award DMR-1332208

Pomology 3

Moderator: Stefano Musacchi
Washington State University, Wenatchee, WA, USA

9:45 AM - 10:00 AM

Research at the Intersection of Biology and
Technology: Sweet Cherry Orchard Systems for
the Future

Matthew Whiting*
Washington State University, Prosser, WA, USA

Sweet cherry (Prunus avium L.) remains among the most labor-
intensive temperate tree fruit crops, requiring large crews of
skilled labor for harvest and pruning. Indeed, regional growers
associations in the United States have identifed labor short-
ages as their highest concern. As new sweet cherry orchards
are planted, growers must consider the system precocity and
productivity, the fundamentals of orchard proftability. Yet
equally important is orchard labor effciency and its potential
to incorporate mechanization and/or automation. The tree fruit
physiology team at Washington State University hasbeenrefning
the high effciency orchard systems that are sustainable, consis-
tently productive, and yield superlative fruit. Clearly, compact,
planar architectures will be essential where the entire canopy is
readily accessible. There ismuch 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
effciency was 72% greater in the UFO system compared with
traditional, multi-leader systems. In addition, we have demon-
strated 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 effcient (time/tree) than hand pruning. Inaddition, 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 effciencies that are 50-fold greater

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 effciency 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
effciency 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 Effciency in Malus domestica Borkh
during a Heat Stress Event

Giverson Mupambi*
Washington State University, Wenatchee, WA, USA

Desmond Layne
Washington State University, Pullman, WA, USA

Stefano Musacchi
Washington State University, Wenatchee, WA, USA

Tory Schmidt
Washington Tree Fruit Research Commission, Wenatchee, WA, USA

Sara Serra
Washington State University, Wenatchee, WA, USA

Lee Kalcsits
Washington State University, Wenatchee, WA, USA

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 inapple 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 experimentwas 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 fuoresce,
leaf gas exchange and leaf spectral refectance 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 fux 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
signifcantly higher under photoselective netting compared to
the uncovered control. Maximum photochemical effciency of
PSII (Fv/Fm) was signifcantly higher at all measurement times
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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 (11)) was signifcantly higher under blue photoselective
protective netting at 08:00 HR, 12:00 HR, and 16:00 HR com-
pared to the control. Results from leaf spectrometry showed
that photochemical refectance index (PRI) which is a light
use effciency 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.

Specifed Source(s) of Funding: Washington State Department
of Agriculture Specialty Crop Block Grant (K1771), Washington
Tree Fruit Research Commission

10:15AM - 10:30 AM

Cosmic Crisp™: 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 newapple variety released by Washington State University’s
(WSU) breeding program, named Cosmic Crisp™ (‘Enterprise’x
‘Honeycrisp’), has been characterized by an upright and spread-
ing growth habit (like ‘Granny Smith’ is a Type 1V) 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, frm and juicy with
non-browning fesh 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 benefcial to the
local fruit industry. Cosmic Crisp™ 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, fower 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 refects
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. Pacifc
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 dessertapple 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 consis-
tent, 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 fruitdiameter of the 18 apple cultivarswas 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 classifcation system of juice type, 4 of the
cultivars were classifed 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 specifc 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. Classifcation of three cultivarsin
northwest Washington, based on juice characteristics, differed
from their historical classifcation 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, butnone produced high levels of tannin; while only
cultivars Bramtot (bittersweet), Chisel Jersey (bittersweet), and
Breakwell Seedling (bittersharp) were consistentin productivity
and produced high levels of tannin.

Specifed 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 Associa-
tion, and State project WN00427—Acc.N0.1000194.

10:45 AM - 11:00 AM

Individual Sugar and Acid Composition within
Southeastern Peach Germplasm

Ralph Burrell*
Clemson University, Clemson, SC, USA

Asma Abdelghafar
Clemson University, Clemson, SC, USA

Ksenija Gasic
Clemson University, Clemson, SC, 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 favor. A complex mixture of various sugars and acids
at different ratios play a key role in determining these unique
peach favor attributes. To understand the favor profle 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
Tesh frmness and by the chlorophyll content (IAD index). A
composite Fesh sample from Fve fruits for each genotype was
analyzed using HPLC to quantify four sugars: sucrose, fructose,
glucose and sugar alcohol sorbitol, and Fve acids: malic, citric,
quinic, shikimic, and fumaric, commonly found in peach. Total
sugar accumulation (sucrose, fructose, glucose, and sorbitol) was
highly infuenced 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

signifcantly 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 signifcant cultivars.
Signifcantdifferences were discovered within the more geneti-
cally diverse breeding germplasm. These selections provide an
opportunity to introduce a more diverse set of individual sugar
and acid profles within breeding programs through selective
crossing, which could eventually lead to new favor profles
for the peach market.

Specifed 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
Confrmation and Evaluation of Fruit and Seed
Set in Two Pawpaw Varieties ‘Sunfower’ and
‘Susquehanna’ in Kentucky

Srijana Thapa Magar*
Kentucky State University, Frankfort, KY, USA

Kirk Pomper
Kentucky State University, Frankfort, KY, USA

Jeremiah Lowe
Kentucky State University, Frankfort, KY, USA

Sheri Crabtree
Kentucky State University, Frankfort, KY, USA

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 cross-
pollination 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, Sunfower, and
Susquehanna, were examined in this study at Kentucky State
University’s Research and Demonstration Farm. The fowering
branches were bagged with Tyvek-made pollination bags on 25
Mar. Unfortunately, the fowers inside pollination bags died,
so 1000 crosses, including 250 self and cross pollinations for
each variety, were carried out with open fowers in April, 2016
and were tagged with different colored fags. Since pawpaw
tends to fower at different times, the fower buds observed
after pollination were removed in May. The fruit clusters along
with fruit number were then recorded on three dates, frst 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 stratifed 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 DNAextraction. 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 ‘Sunfower’. The aver-
age seed set ranged 6-8 per fruit. Although the data were not
signifcantly 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
Washington State University, Pullman, WA, USA

Julia Piaskowski
Washington State University, Pullman, WA, USA

Sook Jung
Washington State University, Pullman, WA, USA

Chun-Huai Cheng
Washington State University, Pullman, WA, USA

Taein Lee
Washington State University, Pullman, WA, USA

Kristin Scott

Washington State University, Pullman, WA, USA
Ping Zheng

Washington State University, Pullman, WA, USA

Mirella Flores
Boyce Thompson Institute, Ithaca, NY, USA

Surya Saha
Boyce Thompson Institute, Ithaca, NY, USA

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 genet-
ics, 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

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) gener-
ated 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
dataviatheweb, or directly fromthe Field Book app, toaprivate
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, NSF-
PGRP, and USDA-SCRI.

Specifed Source(s) of Funding: USDA-NRSP10, NSF-PGRP,
and USDA-SCRI

11:15 AM - 11:30 AM

Utilizing Australian Lime Genetics for Citrus
Improvement

Manjul Dutt*
University of Florida, Lake Alfred, FL, USA

Ethan Nielsen

University of Florida, Lake Alfred, FL, USA
Qibin Yu

University of Florida, Lake Alfred, FL, USA

Fred Gmitter
University of Florida, Lake Alfred, FL, USA

Jude Grosser
University of Florida, Lake Alfred, FL, 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 feld evaluation
study recently concluded in Florida has identifed several of
these Australian limes to be resistant to Huanglongbing (HLB).
HLB is a phloem-restricted disease, vectored by the asian cit-
rus psyllid, that has had a signifcant 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 be-
tween selected monoembryonic citrus cultivars as the female

An asterisk (*) following a name indicates the presenting author.

HortScience 52(9) Supplement—2017 ASHS Annual Conference

S239



Oral Presentations

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 ac-
cidental 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
phenotypesare largely represented by a single primary genotype
with most variability resulting from mutations within each geno-
type. 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. In-
formation 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 specifc desirable
traits, broaden desirable diversity, and potentially contribute
to new market types. These “other” parents may also confer
undesirable traits necessitating unlinking desirable and unde-
sirable 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 limita-
tion and may be amenable to improvement through selected

parents or biotechnological strategies. As with almostall 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 thatallows complete, partial or tissue specifc
gene silencing. Gene targeting through the use of site-specifc
recombinases is being developed. Improved understanding
of promoter specifcity, transit peptide inclusion, and expres-
sion 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-specifc
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,
effcient 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 consid-
ered transgenic.

Specifed Source(s) of Funding: Citrus Research and Develop-
ment 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 his-
tory 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, feld 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 frst cultivars were selected
from seedling orchards following the development of grafting
technology. Archival research supported identifcation 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 cultivarsidentifed that the original introductions were
predominantly fromasmall wild population in the northernrange
of M. integrifolia, in contrast to previous reports that suggested
asouthern 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 signifcant 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.

Specifed Source(s) of Funding: Horticulture Innovation Aus-
tralia

11:30 AM - 11:45 AM

Pistachio Improvement—Future Directions

Dan Parftt*
University of California—Davis CA, USA

Craig Kallsen
University of California Coop. Extension, Bakersfeld, 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 chal-
lenges will confront the industry in the coming decades due
to a changing climate. Future cultivars will need to be able
to fower and fruit in a lower chilling environment. Some
climate models have predicted more rainfall, while others
have predicted more extended drought. More spring and sum-
mer 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 becom-
ing 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.

Specifed Source(s) of Funding: University of California Agri-
cultural 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 hetero-
zygous, and slow to mature tree native to North America. The
USDA-ARS Pecan Breeding Program worked with verifed
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 par-
entage. 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 inthe 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 Frst 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, confrmed, and refuted many pedigree-level rela-
tionships 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 fve
contigs signifcantly associated with expression of the simply
inherited trait controlling fowering type (heterodichogamy).
Finally, 6756 SNPs segregating in the mapping population
were used to develop a genetic linkage map. These resources
are intended to beneft the pecan community by improving
the ability to characterize germplasm and utilize marker data
to reduce breeding time by facilitating more informed and ef-
fcient selection.

Specifed Source(s) of Funding: USDA-ARS and Texas A&M
AgriLife Research
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12:00 PM - 12:15 PM

Using Dormant Almond Orchards for
Groundwater Recharge—Impacts on Trees

Astrid Volder*
University of California-Davis, Davis, CA, USA

David A. Doll
University of California Agriculture and Natural Resources, Merced,
CA, USA

Roger Duncan
University of California Coop. Extension, Modesto, CA, USA

Allan Fulton
University of California Agriculture and Natural Resources, Red
Bluff, CA, USA

Dani Lightle
University of California Agriculture and Natural Resources, Orland,
CA, 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 un-
known. Two central Valley and one northern Valley orchards
with mature trees were exposed to winter fooding 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.

Specifed Source(s) of Funding: Almond Board of California

Herbs, Spices, and Medicinal Plants

Moderator: Alexander G. Litvin
lowa State University, Ames, 1A, USA

11:15 AM - 11:30 AM

Hydroponic Cilantro, Dill, and Parsley Growth
and Tissue Nutrient Concentration As Affected
by Electrical Conductivity or Daily Light
Integral

Christopher J. Currey*
lowa State University, Ames, 1A, USA

Kellie J. Walters
lowa State University, Ames, MI, USA

Nicholas J. Flax
lowa State University, Ames, 1A, USA

Recirculating nutrient solutions for hydroponic production sys-
tems are frequently adjusted to maintain target pH and electrical
conductivity (EC) values. Greenhouse hydroponic crop produc-
tion occurs year-round, and the photosynthetic daily light integral
(DLI) varies throughout and across seasons and greenhouse
facilities. Crop culture, suchas nutrient solution EC, may needto
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) or high
(17.9-19.3 mol-m=2.d) DLI and an air temperature of 21.4 to
22.3°Cacross DLIsandreplications. 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. 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 concentra-
tion 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™, 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*
lowa State University, Ames, 1A, USA

Christopher J. Currey
lowa State University, Ames, 1A, USA

Light drives photosynthesis and the cumulative amount of light
over the course of the day (daily light integral; DLI) infuences
crop growth. Under low ambient DLIs, supplemental lighting is
used to increase growth. However, species-specifc responses to
DLI affect the effciency of supplemental lighting. Our objec-
tive 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 offcinalis L.), cilantro (Coriandrum sativum L.),
and thyme (Thymus vulgaris L.) were placed in nutrient fIm
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 sea-
sons from the fall through spring, resulting in DLIs from 2.1 to
15.0 mol-m~2-d* over the course of the study. Data collected
or calculated included shoot fresh (SFM) and dry mass (SDM),
growth index, and chlorophyll fuorescence throughout the day
(Fv/Fm morning, midday, evening). As DLI increased from 2.1
t0 15.0 mol-m=2.d-, 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,
suchascilantro, increased linearly withincreasing DL I (r?=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
(r? = 0.87). Chlorophyll fuorescence at the end of the day (Fv/
Fm evening) as affected by increasing DL I was species-specifc;
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 spe-
cies, our models can be used to distinguish which species would
beneft most from increasing light. The relationship for growth
(SFM, GlI) in response to DLI provides a tool to predict growth
andyields inresponse to DLI, as well as determine the economic
and physiological effciency of supplemental lighting decisions
on yield and make decisions on environmental management
of lighting. Species-specifc changes in SFM and Fv/Fm with
increasing light illustrate the relationship of the photosynthetic
effciency of PSII and growth.

11:45 AM - 12:00 PM

Interspecifc 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

Kamala Bhat
Alabama A&M University, Normal, AL, USA

Brian Thomas
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-infam-
matory and anti-microbial properties, and its ability to allevi-
ate 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 in-
consistencies 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 feld plots
using organic production methods and were assessed for their
yieldand 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 CI3. 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 con-
tent among these genotypes indicates the potential for variety
improvement.

Specifed Source(s) of Funding: NIFA-AFRI-Foundational
Grants Small and Medium-Sized Farm Sustainability Program

12:00 PM - 12:15 PM

Development of Non-opioid Antiinfammatory
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 infammatory basis of pain is supported by human subject
studies. Chronic pain frominjuries or stress may notonly impede
performance, but also lead to anxiety and depression. Current
pain medications (non-narcotic: acetaminophen, NSAIDs; nar-
cotics/opioids) have major drawbacks including lack of effcacy
(particularly in neuropathic pain), toxic side effects with long-
term 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 approachesto address
the physical, emotional, and economic diffculties of chronic
pain. We tested the hypothesis that ramping up specifc classes
of polyphenol compounds in broccoli (Brassica oleracea) and
licorice (Glycyrrhizaglabra,acommonly used medicinal plant)
at a specifc developmental time in the plant life cycle could
improve the harvest of value-added antiinfammatory plant
extracts. We made chemical libraries and abiotic treatment
protocols and measured changes in sinapates, HCAAs, favo-
noids, and specifc terpenoids. The polyphenols isolated from
over 100 broccoli lines and over 10 licorice cultures indicated
that stable extracts could be obtained from specifc 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.
Specifc lines reduced infammation markers in cell culture.
The polyphenol-associated chemicals of broccoli and licorice
have great potential for use in prevention of infammation 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.

12:15 PM - 12:30 PM

Study of Antibacterial Properties of Herbal
Essential Oils and Plant Extract Against Plant
Pathogenic Bacteria

Qurrat ul Ain Faroog*
University of the Punjab, Lahore, Pakistan

Misha Arshad
University of the Punjab, Lahore, Pakistan

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 de-
termined in the oil and extracts using agar well diffusion method.
The antibacterial activities of EOs (50 pL) 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 favus
(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 Tri-
anthema 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 Xantho-
bacter favus. Xanthomonas oryzae was maximally controlled
by the Xanthobacterium autotrophicus (12.66 mm).

Specifed 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 (PYQ) growers are very concerned
about the negative effects of increased seasonal temperatures.
Peak PYO season is moving earlier in the summer as consum-
ers try to avoid hotter August days. The heat and the market
window shift presents growers with new challenges. Blueber-
ries (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, frm fruit. Heat-tolerance and a
requirement of an earlier harvest time increase the diffculty in
choosing cultivars. A blueberry management trial and a black-
berry propagation trial were initiated to answer growers’ ques-
tions. Northern highbush ‘Blue Ray’and southern highbush ‘New
Hanover’ blueberries were grown in a greenhouse in different
soil compositions. Pots contained treatments of pure Feld 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 feld
growing conditions for PYO growers. Blueberry plants were
evaluated after fve 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 gypsumapplications 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’wasreleased 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 re-
lated. No plants have exhibited undesirable variations. True to
type, ‘Black Jack’ can be asexually propagated by cuttings which
allows for future Feld nursery production and research trials.

Specifed Source(s) of Funding: Maryland State Horticulture
Society Research Fund

12:30 PM - 12:45 PM

Increasing the Effciency 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 specifc 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 fac-
tor in the pipeline of producing the number of plants needed
for trait evaluation, especially for muscadine (Vitis rotundi-
folia Michx) grape. Other Vitis spp. including Euvitis (the
European), Vitis vinifera L. grapes, and the American bunch
grapes, Vitis labrusca L., are also diffcult to germinate. An
array of treatments were previously tested to improve the ef-
fciency 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 signifcantly. 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
effciency for their germination. Our objective was to determine
whether cold and/or desiccation treatment will improve the
germination and plant recovery of Vitis SEs. | 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 (mus-
cadine) 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 orwithout 6-Benzylaminopurine (BA). BAwas 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 germina-
tion 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.

Specifed 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 landflls 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 specifc 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. In2009, acomposting 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 fnd out how much
knowledge students had regarding composting practices. Then,
new signage and educational posters were placed in these areas
and atesting 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
grandifora, 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 canaid in erosion control. Because of germina-
tionand 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 fnd 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 stratifcation, 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 stratifed. Germination rate and germination percent were
recorded. Plant species included: Zinnia grandifora, Salvia
farinacea, and Berlandiera lyrata. Both the ray and disk seeds
of Zinnia grandifora were tested alongside the Salvia and
Berlandiera. Overall, various water soaks and drips increased
percentgermination. Additionally, the Zinnia ray fower seed had
a higher germination percentage than did the disc fower seed.

Specifed Source(s) of Funding: Texas Tech Center for Active
Learning and Undergraduate Engagement

1:15PM-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 foral shop provides
foral 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 fowers and foliage materials, create foral designs and
deliver Foral 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, foral and
plant marketing skillsand advanced foral designtechniquesand
principals. Participants in this program are also able to imple-
ment the design skills learned in the basic foral design class as
well as gain real world experience in the operation of a foral
studio. The unique nature of this program allows students to gain
hands-on experience in the Foral industry while simultaneously
helping to enrich the lives of the faculty, staff, and students of
the university through foral design and seasonal plants.

1:30 PM - 1:45PM

Effect of Pollen Parents on Oil Characteristics
in European Hazelnuts

David Hlubik*
Rutgers University, New Brunswick, USA

An asterisk (*) following a name indicates the presenting author.
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Megan Muehlbauer
Rutgers University, New Brunswick, NJ, USA

John Michael Capik
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 Willa-
mette Valley of Oregon. However, effortsare currently underway
to develop hazelnuts as a commercial crop in eastern North
America. Hazelnuts are wind pollinated and self-incompatible
with monecious Fowers. While the pistillate fowers are known
to be very cold hardy, the male fowers 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. avellanawere hand pollinated with pollens from
several accessionsof C.americana, C. avellana, and hybridsof 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 Sharif
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 Sharif*
Agriculture and Agri-Food Canada, Summerland, BC, Canada

John Lewis
Perennia, Kentville, NS, Canada

Sherry Fillmore
Agriculture and Agri-Food Canada, Kentville, NS, Canada

Andy Hammermeister
Dalhousie University, Truro, NS, Canada

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* Fresh Mass; Dry Matter: 48.3%) and ferti-
gation (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* SMSW compost rate (P < 0.01) and
100 than 25% fertigation rate (P = 0.055), respectively. The 2.5
Mg-hat SMSW compost and 100% fertigation rate total fruit
yield was 8% greater than the 10 Mg-ha™ 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 frst half of year-two, and then re-
duced to 75% for the remainder of the second year. The SMSW
compost should be applied at 10 Mg-ha*Fresh Mass to optimize
fruityield. The SMSW compost can synergistically supplement
soluble N fertilizers and increase fruit yields for day-neutral
strawberry plasticulture in Nova Scotia, Canada.

Specifed Source(s) of Funding: Technology program 2000,
Nova Scotia Resource Recovery Board, Dalhousie Universoty,
Agriculture and Agri-Food Canada

2:00 PM -2:15PM

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 (Vac-
cinium corymbosym L.), but little information is available on
whether there is any beneft 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’ blue-
berry. 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 Au-
gust) with potassium sulfate (K,SO,) or potassium thiosulfate
(KTS), a single application (April) of granular K.SO,, and no
K fertilizer. Each K fertilizer was applied at a total rate of 75
kg-ha™ K, O per year. Ammonium sulfate was also applied to each
treatment (by fertigation) at a total rate of 150 kg-ha N per year.

An asterisk (*) following a name indicates the presenting author.
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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 assimila-
tion 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-fowering 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 tolerantand
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 pre-
fowering drought tolerance in the face of a changing climate.

Specifed 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 under-
stood areas in terrestrial ecology. The life histories are differ-
ent between perennial and annual plants and that contributes
to diffculties 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 (sunfower), Machaeranthera (As-
ter) tanacetifolia, Chenopodium berlandieri (chenopodium),
Amaranthus retrofexus (amaranthus), Atriplex canescens
(4-wing saltbush), Aquilegia caerulea (columbine), and Gail-
lardia 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 signifcant variation among species in
most traits. In weekly biomass comparisons, A. retrofexus

showed the greatest biomass followed closely by H. annuus.
Both A. retrofexus and H. annuus are annuals whereas the
perennials Aquilegia caerulea and A. canescens had the lowest
weekly biomass. Annuals had signifcantly 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. retrofexus (annuals).
Competitive growth among species indicated that the annual, A.
retrofexus, 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 themto 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 measur-
ing BDM fragments in the soil following soil-incorporation
of mulch. Experiment 1 (carried out at Mount Vernon, WA,
and Knoxville, TN) included fve 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 Knoxuville). In
Experiments 2 and 3 (Mount \ernon 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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data were statistically analysed and means were compared with
Fisher’s protected least signifcant test at the 5% level. ‘Hass’
and ‘Fuerte’ fowers had very different volatile chemical profles.
There was also a signifcant difference between the volatile
profles of male and female fowers within each cultivar. ‘Fuerte
fowers had pungent, spicy scents while ‘Hass’ fowers had
sweeter scents. In conclusion, we found that avocado fowers
produce a large number of volatile compounds which differed
between the male and female phases of the fowers and also
between the two cultivars that were studied.

Specified Source(s) of Funding: South African Avocado Grow-
ers’ Association

Moringa oleifera Lam. Flowering and Fruiting
Under Suboptimal Conditions and Effects of

Starch Storage
(Poster Board #231)

Elsa S. du Toit*
University of Pretoria, Pretoria, South Africa

Daniel M. Manduwa
University of Pretoria, Pretoria, South Africa

Hannes Robbertse
University of Pretoria, Pretoria, South Africa

Moringa oleifera Lam. (miracle/ horseradish/ drumstick tree) is
a fast growing, drought tolerant tree with numerous beneftcial
uses, such as for nutritious food, animal forage, green manure,
water purifcation, 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 lo-
cations. Above information for subtropical regions (suboptimal
conditions) in South Africaare 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 frst trial, trends
of fowering 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 foral panicle fromten 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
Towering trees (control) which were left to fower and produce
fruitand 16 defowered trees of which the fowers were stripped
at the onset of the fowering cycle. Results from the frst trial
showed that fower numbers per panicle reached a peak during
Septemberand October (spring season) which were signifcantly
higher compared to other warmer months and then slowed down

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
signifcant differences with starch concentrations between the
fowering and defowered trees. There were also signifcant dif-
ferences in the mean starch concentrations among the different
plant parts and reproductive stages (fowering, fruit-elongation,
fruit-Flling and fruit-maturity) during development. Atimeline
chart for different phenological stages is illustrated for Moringa
treesgrowinginasubtropical region. Variation in starch reserves
between stems, leaves, shoots, fruit, seeds, and roots and how
Tfowering and fruiting affect the concentration of starch in these
plant parts, is described.

Specified Source(s) of Funding: South Africa National Research
Foundation

Improvement of Yield per Acre By Managing
Canopy Size and Close Spacing Planting of
‘Hass’ and ‘Lamb Hass’ Avocados (Persea

americana)
(Poster Board #232)

Gary S. Bender*
University of California, San Diego, CA, USA

Sonia I. Rios
University of California, Moreno Valley, CA, USA

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

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 proft. 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 plant-
ing B-Fowered 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-fowered ‘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 ffth years
after planting for “‘Hass” and on the third and fourth years for
‘Lamb Hass’. Results thus far have indicated no signifcant dif-
ference 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 Ib/
acre. In our trial from years 2014-17 yield/ac in Hass has been
480 Ib/ac, 13,246 Ib/ac, 25,104 Ib/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 Ib/ac,
8796 Ib/ac and 15,243 Ib/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: CaliforniaAvocado Commission

Mitigation of Phosphorus-induced Iron

Defciency of Macadamia in Hawalii
(Poster Board #233)

Alyssa Cho*
University of Hawaii at Manoa, Hilo, HI, USA

Randy Mochizuki
Royal Hawaiian Orchards, Pahala, HI, USA

Phosphorus (P) induced iron (Fe) chlorosis is a common prob-
lem in Hawaiian grown macadamia (Macadamia integrifolia)
orchards. Leaf Pconcentrationsinexcess of 0.15% are associated
with the development of Fe defciency symptoms. Trees with
advanced Fe chlorosis can appear weak and can have reduced
production. The current recommendation is to eliminate P ap-
plication in the orchard until the P:Fe ratios return to normal,
which can take several years. Despite following this recom-
mendation, P-induced Fe chlorosis is persistent in the Felds at
Royal Hawaiian Orchards (RHO) in Kau, Hawaii. The objective
of this study was to evaluate fve iron treatments to increase
the Fe absorption in defcient 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 treatmentapplication
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 signifcantly 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 signif-
cantly different from the Foliar treatment, and were the only

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 sub-
stantiate the most effective treatments to overcome P-induced
Fe chlorosis in macadamia in Hawaii.

Seedless Purple-fruited Pitanga (Eugenia
unifora L.)—Another Discovery from the Long-
term Pitanga Breeding Project at the Kona

Experiment Station in Hawaii
(Poster Board #234)

John Griffs*
Florida Gulf Coast University, Ft. Myers, FL, USA

Malcolm Manners
Florida Southern College, Lakeland, FL, United States

Ty G. McDonald
University of Hawaii at Manoa, Honolulu, HI, USA

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 be-
cause 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 prolifc “Zill Dark’
purple-fruited cultivar has been available for some time and is
the parent plant of the large seedling feld of pitanga planted
at the Kona Experiment Station. The planting at Kona has 137
seedlingsfroma ‘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, favor, fruit
weight, seed size and postharvest quality. From 2013 to 2015, all
individual plants were evaluated weekly for presence of fowers
and/or fruits in various stages of development. In Spring 2017,
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the seedling Feld 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
Teld. Further close inspection of ripe fruits in the feld 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
Auburn University, Auburn, AL, USA

Joseph Kemble
Auburn University, Auburn, AL, USA

J. Raymond Kessler
Auburn University, Auburn, AL, USA

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
Alabamarecently and threatens establishment of a banana niche
market. Upon feld observations, it was noted that Japanese
beetle (JB) selection of banana leaves as a food source might be
infuenced 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 feld assessment. Least square means
comparisons using Shaffer-simulated method at a = 0.05 with
cultivar as the main effect were used (SAS 9.4). Trends over
rating dates were determined using qualitative-quantitative re-
gression models in feld evaluations. In the lab choice test, leaf
thickness (um) 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 feld 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 Feld 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 signifcant in both lab choice
and feld ratings. Leaves of ‘Belle’ bananas were among those
most often consumed by JB in the feld but were among the least
often selected in the lab choice test.

Specified Source(s) of Funding: Alabama Agriculture Experi-
ment 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)

Ying Yu Chen
University of California, Riverside, Riverside, CA, USA

Haiyan Wu
Guangxi University, Riverside, CA, USA

Angelo Loffredo
University of California, Riverside, Riverside, CA, USA

Ramiro Lobo*
University of California Cooperative Extension, San Diego, CA, USA

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

J. Ole Becker
University of California, Riverside, Riverside, CA, USA

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 pro-
moted 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 fve 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 fve
plants were transplanted into pots with 1500 cm?® pasteurized
sandy soil infested with 200 M. incognita eggs/100 cm? 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.
ocamponiscv. 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 root-
knot 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
(Poster Board #237)

Abdulhakeem Baitsaid
University of Florida, Homestead, FL, USA

Bruce Schaffer*
University of Florida, Homestead, FL, USA

Ana |. Vargas
University of Florida, Homestead, FL, USA

Growth of several crops in south Florida has benefted 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 lignifed and decomposition in the soil is
slow. Thus, it may be benefcial 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 feld 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 feld. 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 treat-
ments 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 photosyn-
thesis, stomatal conductance, transpiration), plant height and
stem diameter were assessed at six-week intervals for plants in
each treatment. There was no signifcant interaction (P > 0.05)
between sunn hemp and nitrogen treatments for any other the
variables measured. There was no signifcant 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-

ment date. There were no signifcant 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)

Richard M. Manshardt*
University of Hawaii at Manoa, Honolulu, HI, USA

Gregory T. Hoover
University of Hawaii at Manoa, Honolulu, HI, USA

Working withresources obtained from the USDANational Clonal
Germplasm Repository in Hilo, we attempted intergeneric crosses
of Carica papaya L. with 10 papayawild relatives, mostly of the
genus Vasconcellea. Embryo rescue enabled fve of the hybrids
to be established in the greenhouse, and three appear robust,
including hybrids with V. goudotiana Triana & Planch. (Phy-
tophthoratolerant), 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 chro-
mosome doubling. Treatment of vegetative meristems with the
mitotic inhibitor, oryzalin, has yielded only ploidy chimeras, so
far, but fowers with altered morphology and enlarged pollen
grains were observed arising from a transient tetraploid sector of
an interspecifc Vasconcellea F1 [V. quercifolia (Saint-Hilaire)
Hieron. x V. parvifora (A.DC.) Solms-Laub.]. We are focusing
onclonally 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 Infuences on
Yield and Total Glucosinolate Concentrations
of Aquaponic-grown Pak Choi (Brassica rapa,
Chinensis Group)

(Poster Board #318)

Theodore J.K. Radovich*
University of Hawaii at Manoa, Honolulu, HI, USA

Bradley “Kai” Fox
Kuoloa Ranch, Kaneohe, HI, USA
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Jensen Uyeda
University of Hawaii at Manoa, Honolulu, HI, USA

Tiare Silvasy
University of Hawaii at Manoa, Honolulu, HI, USA

Sarah Moore
University of Hawaii at Manoa, Honolulu, USA

Archana Pant
College of Tropical Agriculture and Human Resources, Honolulu, HI,
USA

Amjad Ahmad
University of Hawaii at Manoa, Honolulu, HI, USA

In recent years, commercial, institutional and subsistence
aquaponic systems have become increasingly popular in Ha-
waii. 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.) effuent at the Waimanalo
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 transplant-
ing and evaluated for multiple traits including marketable fresh
weight and total glucosinolate concentration. Across varieties,
yield was 40% higher and glucosinolate concentrations 25%
lower inwinter- relative to summer-grown pak choi, presumably
in response to higher summer air temperatures. Differences in
Tsh density, water quality and plant nutrient status also likely
contributed to the considerable variability observed in market-
able 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 geno-
typic and environmental infuences 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)

Hardeep Singh*
Oklahoma State University, Stillwater, OK, USA

Bruce Dunn
Oklahoma State University, Stillwater, OK, USA

Future success of controlled environment agriculture will de-
mand low-cost, multiple-cropping production strategies nearer to
major population centers and allowing effcient 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 signifcantly 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 signifcantly different among three mediums, but germina-
tion 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)

Stephanie E. Schrader
University of Arizona, Tucson, AZ, USA

Ursula Schuch*
University of Arizona, Tucson, AZ, USA

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 supple-
menting the nutrient solution (2.1 dS/m) with a combination of
2:1 NaCl and CacCl. Lettuce head height, diameter, and shoot
dry mass decreased at the two highest salinity levels at the fnal
harvest. When plants were smaller, salinity had no effect on
these variables. Fresh weight decreased with increasing salinity
over 50% at fnal harvest for both cultivars. Although relative
water content decreased from lowest to highest salinity at fnal
harvest, osmotic potential of both cultivars were not affected
by salinity or substrate throughout the study. Leaf number at
fnal harvest decreased by 16% for Romaine and by 29% for
Green Leaf Lettuce. Substrate had no effect at fnal 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 concentra-
tions 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 signifcant 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 suffcient 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
(Poster Board #321)

C.B. Goodale
University of Alaska Fairbanks, Fairbanks, USA

Meriam Karlsson*
University of Alaska, Fairbanks, Fairbanks, AK, USA

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= between 6:00 AM to
10:00 PM. The plants were grown in a high-wire drip irriga-
tion system using dutch (bato) buckets (17.7 L volume) Flled
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 signifcantly higher yields in the
three-leaf pruning approach. During the production period from
June through August, the highest yield was observed for the yel-
low 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

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

Ismael Badillo
Texas A&M AgriLife Research, Weslaco, TX, USA

Samuel Zapata
Texas A&M AgriL.ife Extension, Weslaco, TX, USA

Thiago Marconi
Texas A&M AgriLife Research, Weslaco, TX, USA

The Lower Rio Grande Valley (LRGV) located in the southern-
most 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-fourishing tomato
industry to outbreaks of virus diseases especially the tomato
yellow leaf curl disease transmitted by whitefies. Protected
structures such as nethouses offer an alternative to open feld
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
TexasA&M developed hybrids were evaluated for productionin
nethouse and open feld. Average daily temperature was similar
between production systems. However, average temperature in
open Teld 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 feld. The
average tomato yield was signifcantly higher when the same
cultivars were grown under nethouse conditions (74,917 kg/
ha) as compared to open feld (47,474 kg/ha). This represents
an average of ~60% increase in yield. In addition, the average
fruit weight, uniformity and favor components (brix and acid-
ity) were higher when tomatoes were grown in high tunnels as
compared to open feld independently of the cultivar. The total
percentage of fruit with defects was similar between nethouse
and open feld. However, the type of fruit defect varied between
production systems. Fruit cracking was more frequent in nethouse
while fruit zippering in open feld grown tomatoes. Whitefy in-
cidence was signifcantly 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 feld, exclusion levels were not enough to
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prevent thrips population to reached high levels of infestation.
Finally, production cost estimations indicate that production in
protected structures is effcient, 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
diminishthe presence of soil borne diseases such as Fusarium by
planting non-host crops (such as cotton in Arizona) between wa-
termelon crop production years, potentially limiting the amount
of watermelon a grower can produce. However, watermelon is
aminor crop in Arizona and faces competition for use of arable
land with other crops, making rotation more diffcult. Grafting
of cucurbits has been considered as a solution to allow produc-
tion without rotation and Arizona melon industry recently began
testing grafted watermelon in the feld with limited rotation. In
addition to soil-borne disease resistances, many rootstocks used
for cucurbits, especially interspecifc 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 nightand 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 fower 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+3.1tons/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*
lowa State University, Ames, 1A, USA

Ajay Nair
lowa 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
andfoliar diseasesand 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 as-
sess 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 inthe 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. Benefts 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 effcientenergy usage are
growing concernsin horticultural production systems. Producing
lettuce under artifcial lighting can be asolution 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 fuorescent 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 fuorescent
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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 let-
tuce 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% SO,). Half of the seedlings were grown under
red+blue+white LEDs (110 pmol-m2-s7, 12-h photoperiod) and
halfunder T5 high output fuorescent lighting (111 pmol-m=s72,
12-h photoperiod). After 12 days, half of the plants under LEDs
were moved under fuorescent lighting, and half of the plants
under Fuorescent lighting were moved under LEDs for 16 more
days. The four treatments were LED lighting (LL), fuorescent
lighting (FF), initial LEDs followed by fuorescent (LF), and
initial fuorescent followed by LEDs (FL). At the end of the
study, differences among treatments were signifcant 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 signifcant 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
fuorescent lighting could be an alternative to only LED or
fuorescent lighting for lettuce plants.

Specified Source(s) of Funding: Hatch

A Non-circulating Micro-hydroponic System for

Miniature Vegetables
(Poster Board #326)

Kent Kobayashi*
University of Hawaii at Manoa, Honolulu, HI, USA

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 artifcial 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 artifcial 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 magne-
sium 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 flled 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

were 2.5-5.1 cm tall or started to touch the clear lid, the lid was
removed. Cartons blocked suffcient 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 non-
circulating micro-hydroponic system is a simple hydroponic
system for growing miniature vegetables. Its advantages are
the use of recyclable material and its low profle for growing
under artifcial lighting on shelving. | 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 EI Paso, Texas A&M
University, El Paso, TX, USA

Denise Rodriguez
Texas A&M AgriL.ife Extension Service at El Paso, Texas A&M
University, El Paso, TX, USA

Joseph Masabni
Texas A&M AgriLife Research & Extension Center at Overton, Texas
A&M University, Overton, TX, USA

Asian vegetables have drawn ever-increasing attention due to
arapid increase in Asian population, health consciousness, and
the desire for exotic and diversifed vegetables. With high tem-
perature and intense solar radiation in late summer and early fall
in west Texas, suitable varieties should be identifed for winter
vegetable production. A feld 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 rapavar. 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~20Osmocote®18-6-12. All vegetables performed well.
Seven weeks after transplanting (i.e. 14 Nov.), fresh weight
reachedto 418 + 138 g per plant, while ‘Autumn Torch’ cabbage,
*Shiro’, and “Toy Choi’ plants all fowered. 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 consump-
tion to prevent bolting. ‘Autumn Torch’ cabbage, ‘Shiro’ and
“Toy Choi’ plants bolted earlier than other cultivars. More feld
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

(Poster Board #361)

Curt Rom*
University of Arkansas, Fayetteville, AR, USA

Heather Friedrich
University of Arkansas, Fayetteville, AR, USA

Carlene Chase
University of Florida, Gainesville, FL, USA

Bill Evans
Mississippi State University, Crystal Springs, USA

Gina Fernandez
North Carolina State University, Raleigh, NC, USA

Sanjun Gu
North Carolina Agricultural and Technical State University,
Greenshoro, NC, USA

Emily Hoover
University of Minnesota, St Paul, MN, USA

Chieri Kubota
The University of Arizona, Tucson, AZ, USA

John Lea-Cox
University of Maryland, College Park, MD, USA

Kim Lewers
USDA-ARS, BARC, Beltsville, MD, United States

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

Zola Moon
University of Arkansas, Fayetteville, AR, USA

Peter J. Nitzsche

Rutgers Cooperative Extension, Morristown, NJ, USA
Ruijun Qin

USDA-ARS, Parlier, CA, USA

Mary Rogers
University of Minnesota, St. Paul, MN, USA

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

Marilyn E. Swisher
University of Florida, Gainesville, FL, USA

Fumiomi Takeda
Appalachian Fruit Research Station, Kearneysville, WV, United States

Russell Wallace
Texas A&M University, Lubbock, TX, USA

Xin Zhao

University of Florida, Gainesville, FL, USA
Suping Zhou

Tennessee State University, Nashville, TN, USA

Aplanning 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 repre-
sentatives 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. CoPls engaged in monthly
conference calls. A two-day planning workshop was conducted
with co-Plsand advisory board membersto discuss survey results,
identify priorities and discuss a project based on this informa-
tion. As a result and outcome of these efforts, the critical needs
for research, outreach and education, and sustainability, were
identifed 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)

Zola Moon
University of Arkansas, Fayetteville, AR, USA

Heather Friedrich*
University of Arkansas, Fayetteville, AR, USA

Curt Rom
University of Arkansas, Fayetteville, AR, USA

Anational 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 con-
sultants, 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 bar-
riers to sustainable production, specifc 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 re-
spondents 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 sustainabil-
ity. 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 infor-
mation needs included soil health and management, alternative
production systems, production practices and nutrient manage-
ment. Diagnostic tools, predictive models and remote sensing
were identifed 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

Biodegradable Plastic Mulches for Strawberry
Production: Experiences and Opinions of
Growers in Three Regions of the United States
(Poster Board #363)

Jessica R. Goldberger*
Washington State University, Pullman, WA, USA

Courtney Lyons
University of Alaska Fairbanks, Juneau, AK, USA

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 benefts (e.g., weed management, water

conservation, and improved crop quality), but the disposal pro-
cess can be fnancially and environmentally costly. Biodegrad-
able plastic mulches, which ideally provide similar agronomic
benefts, may be anappealing 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 avail-
able 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 Pa-
cifc 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) grow-
ers’ opinions about biodegradable plastic mulches, and 5)
growers’ likelihood of using biodegradable plastic mulches in
future strawberry production. We found statistically signifcant
differences acrossthe three regions for nearly all variables, sug-
gesting 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 infu-
ence 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-specifc 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
(Poster Board #364)

Heidi Anderson*
University of Minnesota, St. Paul, MN, USA

Demand for local, organic strawberries (Fragaria xananassa)
can be diffcultto meet inthe Upper Midwest, where short grow-
ing 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 infuencing 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 modifed by charac-
teristics 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 signifcantly among
main treatments in terms of average temperature, humidity and
dew point levels, but there was variation in daily highs. Light
intensity inthe Photosynthetically Active Radiation (PAR) range
was highest in the open plots, but not signifcantly different
between plots covered by UV-transmitting plastic versus by
UV-blocking plastic, whereas light intensity in the UV range was
signifcantly 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
signifcantly among maintreatment 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 fndings 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*
Hampton Roads AREC, Virginia Tech, Virginia Beach, VA, USA

Jillian Rajevich
Virginia Tech. University, Virginia Beach, USA

An open-feld 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) rootapplied Nutriplant® SD (0-0-0, amicronutrient mix)
+ foliar applied Nutriplant® AG 6-4-3, and ii) foliar applied
Nutriplant® AG 6—4-3 only and iii) an untreated control. Sail
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 frst 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 signif-
cant differences among treatments for yield, fruit size or TSS.
Foliar nutrients in addition to standard fertigation practices had
no added benefts 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*
Inforescence 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 favour 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 Favour, good colouring and the “fruit being more
numerousthanthe 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 Il. 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 signifcant 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 Macroph-
omina phaseolina.

Blueberry Leaf Tissue Nutrient Concentrations
As Infuenced By Canopy and Branch

Position
(Poster Board #367)

Joan Davenport*
WSU Prosser, Prosser, WA, USA

Lisa DeVetter
Washington State University, Mount Vernon, WA, USA

Catherine A. Jones
Washington State University, Prosser, WA, USA

InWashington state, blueberry isgrown intwo very climatologi-
cally 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
alsonaturally acidic, while eastern Washington soilsare 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 lo-
cation is within the canopy or on a branch for tissue nutrient
sampling, which could impact a growers’ assessment of a nutri-
ent 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 felds. Leaves were collected from the top, middle
and lower portions of the canopy using three different leaf posi-
tions 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 feld. The results showed that tissue nutri-
ent 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 posi-
tion, 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

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

Gwen Hoheisel
Washington State University, Regional Extension Specialist, Benton
County Director, Prosser, WA, USA

Todd Coffey
Clinical Assistant Professor, Pullman, WA, USA

Allyson Leonhard
Wiashington State University, Prosser, WA, USA

Sean Watkinson
Washington State University, Mount Vernon, WA, USA

Washington State leads in both total and organic production
of highbush blueberry (Vaccinium corymbosum). Production
occurs in central and western Washington, which are geographi-
cally 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 win-
ter 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 foral tissues. However, growers lack
region- and cultivar-specifc 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 Washing-
ton 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 foral 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 Com-
mission
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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 Feld. 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 fve 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 frst
fewyears, butbecame more acidic over time. ‘Austin’, ‘Powder-
blue’, and ‘Premier’ were among the lowest yielding cultivars
over the fve 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.

Performance of Grafted and Own-rooted
Southern Highbush Blueberry in Pine Bark-

amended and Non-amended Soils
(Poster Board #370)

Jeffrey Williamson*
University of Florida, Gainesville, FL, USA

Rebecca Darnell
University of Florida, Gainesville, FL, USA

Bruno Casamali
University of Georgia, Griffn, GA, USA

Southern highbush blueberry (Vaccinium corymbosum interspe-
cifc hybrid) has very specifc 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 mat-
ter soils suitable for commercial blueberry production and is
a major cost of planting establishment and maintenance. Vac-
cinium 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 ar-
boreum as a rootstock for southern highbush blueberry in pine

bark amended and non-amended soils. Results for the frst 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 ar-
boreum. Plantings were established in 2011 at the University
of Florida Plant Research and Education Unit in Citra, and at
Straughn Blueberry Farmin 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 own-
rooted plants during the frst fve 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, ad-
ditional research is needed to determine long-term effects on
yield, fruit quality, and plant health and feld survival, as well
as possible cultivar effects.

Specified Source(s) of Funding: Florida Department of Agricul-
ture and Consumer Services

Evaluation of Preemergent Herbicides on
Nonbearing, Container-Grown Photinia

Melanocarpa (Aronia)
(Poster Board #371)

Kenneth G. McCabe*
lowa State University, Ames, IA, USA

Diana Cochran
lowa State University, Ames, IA, USA

Bryn Takle
lowa State University, Ames, IA, USA

Aronia (Photinia melanocarpa) is a deciduous, cold-hardy
shrub that has gained popularity due to high concentrations of
polyphenolsinthe fruitand its adaptability in the landscape with-
standing 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-galloncontainers (3.785 L) flled with Fafard Mix 52 amended
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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 Ib ai (1x), 1.0 Ib ai (2x), and 2.0 Ib ai dithiopyr; 0.98
Ib ai (1x), 1.97 Ib ai (2x), and 3.94 Ib ai (4x) dimethenamid-p;
1.0 Ib ai (1x), 2.0 Ib ai (2x), and 4.0 Ib ai (4x) isoxaben. Plants
were evaluated at 1, 2, and 4 weeks after treatment (WAT) for
phytotoxicity symptoms ona0-10scale (0 representing no injury
and 10 representing complete kill) and at the end of the experiment
fnal 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 sec-
ond 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, phytotox-
icity 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 managementdecisions related to herbicide treatments.

Specified Source(s) of Funding: IR-4 Program

The Infuence of Fertility Management on Yield

and Phytochemical Content of Aronia
(Poster Board #372)

Blessing Aroh
University of Maryland Eastern Shore, Princess Anne, MD, USA

Tina Ndam
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-

chemicals called polyphenols has increased in the recent years
because of their potential to beneft human health. Wild and
cultivated aronia fruit contains very high concentrations of total
polyphenols, including favonoids and anthocyanins, compared
toother 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
contentincluding total polyphenols, favonoids and anthocyanins.
To aronia test plots, we applied 3 or 14 grams of nitrogen (N)
per plant in either certifed 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 proftability.

Specified Source(s) of Funding: University of Maryland Agri-
cultural Experiment Station grant

Water Utilization and Management

Macadamia Nut Oil Derivative Reduces

Irrigation Needs of Several Crops
(Poster Board #043)

Jaime Barros
University of California, Riverside, CA, USA

Chris Jordan
JRX Biotechnology, Inc., Newport Beach, CA, USA

Milton McGiffen*
University of California, Riverside, CA, USA

JRX’s Biostimulant is derived from macadamia nut oil and has
been used in the cosmetics industry as a superfatting agent. We
conducted aseries of greenhouse experiments with feld, 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%.

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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James H. Baird
University of California, Riverside, Riverside, CA, USA

Increasing salinity issues caused by insuffcient 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. Modifcation 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 I1” 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
programsincluded: [CrossOver (Numerator Technologies, Sara-
sota, FL) (calcium silicate, magnesium silicate, and Monosilicic
acid); Revert (polyalkylene glycole); SUNBurst Cal Plus 8%
(Westbridge Agricultural Products, Vista, CA) (calcium carbon-
ate and calcium nitrate); a combination of DeSal (carboxylic
acid), and Stress Rx (potassium nitrate, potassium acetate, and
calcium nitrate) and XP Micro (Ocean Organics, AnnArbor, 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.

Infuence 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
effciency. Crop water use (CWU) ismostaccurately determined
through measurements of crop evapotranspiration (ET) using
weighing lysimeters. ET_generated by lysimeters can then be
utilized to derive crop coeffcients (K ) that are needed for de-
veloping irrigation schedules. Studies have suggested that K_
can be infuenced by crop varieties and that expressing K as
a function of growing degree days (GDD) can account for the
climatic conditions of a specifc growing season (heat units).
Therefore, the objectives of this study were to: a) determine
the seasonal differences in ET_and K_ for processing tomato
(Solanum lycopersicum L.) grown over a three-year period;
and b) develop ET_and K_ 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 ET_ranged from 407
to 598 mm and that midseason K_ 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 Coeffcients
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
atool designed to aid farmers in conserving water and nutrients
for crops through the improvement of irrigation scheduling.
Currently this application utilizes crop coeffcients based on a
daysafter 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 at-
tributes changes in crop development stages to accumulated
heat units. Soil water tension data and water root zone defcit
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
coeffcients for tomatoes and adjust them to refect differences
in DAPand 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 (tensiom-
eters). 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 coeffcient curve used
for tomatoes by the Smartirrigation™ application, and to assess
the effcacy of usinga DAP model to determine crop coeffcients
of plasticulture-grown tomatoes.

Specified Source(s) of Funding: USDA Specialty Crop Block
Grant

Performance of Cool-season Turfgrasses
Irrigated with Varying Evapotranspiration

Replacement Rates
(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

Inarid and semi-arid environments the practice of defcitirriga-
tion can be used for water conservation purposes. However, the
ability of turfgrass species and cultivars to cope with drought
stress canvary greatly. A feld experimentwas 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 spe-
cies Kentucky bluegrass (Poa pratensis L.) (eight varieties),
tall fescue (Festuca arundinacea Schreb.) (10 varieties), and
perennial ryegrass (Lolium perenne L.) (7 varieties). Irrigation
treatmentsincluded: 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 random-
ized 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). Normal-
ized Difference Vegetation Indices (NDVI) were determined
with a GreenSeeker Hand HeldTM Optical Sensor Unit Model
505. Data for quality, percent cover, and NDV1) 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

Evaluation of a Tri-daily Water Use Irrigation
Schedule and Cyclic Irrigation on Plant Growth
and Water Use of Cornus forida and Cornus

kousa var. Chinensis Dogwoods
(Poster Board #048)

Jeff McHugh*
University of Tennessee, Knoxville, USA

Wesley Wright
University of Tennessee, Knoxville, USA

Quinn Cypher
University of Tennessee, Knoxville, USA

Amy Fulcher
University of Tennessee, Knoxville, USA

lain Hiscock
Commercial Nursery, Decherd, USA

Cyclicirrigation is an established basis for nursery crops irriga-
tion scheduling that can improve effciency and reduce water
use and leachate volume, while increasing plant growth. Daily
water use isanewer 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. forida ‘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 ap-
proximately 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 producedin
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 gal-
lons, 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 2014-
51130-22493

Evaluation of Substrate Moisture Based On
On-demand Nursery Irrigation Scheduling for

‘Kwansan’ Cherry (Prunus serrulata)
(Poster Board #049)

Wesley Wright
University of Tennessee, Knoxville, USA

Jeff McHugh*
University of Tennessee, Knoxville, USA

Amy Fulcher
University of Tennessee, Knoxville, USA

Quinn Cypher
University of Tennessee, Knoxville, USA

Danny Pirtle
Pirtle Nursery, Smithville, USA

Making irrigation decisions in a commercial nursery can be
diffcult given the range of species and growth stages and
changing environmental conditionsacross aseason. To simplify,
growers often make the same irrigation application throughout
the nursery. A one-size-fts-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 fow
rate and established container capacity (29% VWC). Cumula-
tive 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 gal-
lons 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, in-
crease in plant height was 4.2 cm and 1.4 cm for on-demand

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 2014-
51130-22493

Irrigating Juniper with an Automated Leaching

Fraction-based Irrigation Schedule
(Poster Board #050)

Amy Fulcher*
University of Tennessee, Knoxville, USA

Jeff McHugh
University of Tennessee, Knoxville, USA

Wesley Wright
University of Tennessee, Knoxville, USA

Quinn Cypher
University of Tennessee, Knoxville, USA

Kim Holden
Holden Nursery, Mascot, USA

Sun Xiaocun
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 refning 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
acommercial 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 Pacifc’ 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 Pacifc’ was 23.5and 19.1, respectively (P = 0.9400).
From 3Aug. to 12 °Ct. 2016, the average growth index increase
for ‘Blue Pacifc’ 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%, re-
spectively, a 38% reduction in LF.

Specified Source(s) of Funding: USDANIFAgrant2014-51130-
22493

Pesticide Retention By Soilless Media
Components and Aluminum-Water Treatment

Residuals (AI-WTRs)
(Poster Board #051)

Jorge Leiva
University of Florida/IFAS, Gainesville, FL, USA

P. Chris Wilson*
University of Florida/IFAS, Gainesville, FL, USA

Peter Nkedi-Kizza
University of Florida/IFAS, Gainesville, FL, USA

George A. O’Connor
tUniversity 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 lightweightand have high porosity. Little
isknown 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 (Al-
WTRs) as an amendment to reduce potential leaching from
pots or containers. SGM components were obtained from
SUNGRO, Orlando. AI-WTRs were provided by a water treat-
mentplantin Bradenton. SGM components were extracted with
2.5 mM CaCl, using a mass:solution ratio of 1.5 (v/v). pH
and electrical conductivity (EC) were kept within the recom-
mended values for ornamental plant production (pH 5.5-6.5,
EC 0.8-1.6 dS:m™). The extracts were used for calibration and
validation of analytical methods using a Waters/Quattro-Ultima
HPLC-MS system. Two insecticides, imidacloprid (neonicoti-
noid) 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 vermicu-
lite. The initial solution concentration of the pesticides was 4
pg-mL-t. Acephate sorption was relatively low with most SGM
components (26 = 4%, average + st.dev.). Six percent of the
acephate was sorbed to sand (control). AI-WTRs sorbed 63%

of the applied acephate. Imidacloprid showed similar reten-
tion percentages with AI-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 pg-mLt) showed Freundlich characteristics in the AI-WTRs
(K, =1038 mL-g*, N = 0.55) and linear sorption on peat (K
= 237 mL-g?). 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 K -K_) since
leaching and pollution of soil and water resources can occur.
Al-WTRs show promise as an amendment or flter to avoid
leaching of pesticides from SGM in ornamentals production
settings.

Specified Source(s) of Funding: USDA-ARS Cooperative
Agreement 58-6034-6-029

Sensitivity of Impatiens walleriana to Chlorine

in Irrigation Water
(Poster Board #052)

Rosa Raudales*
University of Connecticut, Storrs, CT, USA

Chlorine, in the form of sodium hypochlorite, is applied to
irrigation water for control of plant pathogens, bioflm and
algae. The objective of this project was to identify the phyto-
toxicity threshold of container-grown Impatiens walleriana to
chlorinated irrigation water. Impatiens walleriana plugs were
transplanted to 6” containers. Plants were manually irrigated
directly inthe growing media, avoiding contact with the foliage,
with known volume of solution containing 0, 2, 4, 8, 16, and
32 mg-L* 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 con-
ducted twice. Leaf chlorophyll content, visual injury and plant
biomass were measured after 4 weeks. All plants treated with
8 mg-L™* 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™* 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™ of free chlorine was lower compared
with plants treated with lower concentrations. The results in-
dicate that Impatiens walleriana can be safely irrigated with
water containg 2 mg-L of free chlorine. Results also suggest
that phytotoxicity is not always visually noticeable and un-
derlines the importance of defning phytotoxicity thresholds
for other crops.

Specified Source(s) of Funding: This material is based upon
work thatis supported by NIFAU.S. Department of Agriculture,
Hatch Multistate accession number 1004968, project number
#CONS00944.
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Exploring Ways to Encourage Nursery and
Greenhouse Growers’ Adoption of Water

Conservation Technologies
(Poster Board #053)

Alexa Lamm*
University of Florida, Gainesville, FL, USA

Laura A. Warner
University of Florida, Gainesville, FL, USA

Melissa Taylor
University of Florida, Gainesville, FL, USA

Paul Fisher
University of Florida, Gainesville, FL, USA

Sarah White
Clemson University, Clemson, SC, USA

Nursery and greenhouse growers require large volumes of wa-
ter 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 conservationtechnologies
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 identifes the infuencing factors of how a product, tech-
nology, or idea spreads through society. The water conservation
innovations examined for this study included technology-based
innovationssuch asdripirrigation, soil moisture sensorsand rain
water capture. Researchers looked at motivations for adoption,
as well as how these new technologies could be integrated into
existing perspectives. The fndings were analyzed using the
identifed fve attributes of an innovation that included (a) rela-
tive 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 re-
spondents had implemented and continued to use. The results
indicated observability was the innovation trait most likely to
advance adoption of awater 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
professionalsand industry stakeholders to develop feld daysand
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 frst-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 diffcult to obtain and increasingly more
expensive. There is a growing need for the nursery and green-
house industry to implement water treatment technologies so
that water can be recycled and reused without impacting plant
quality. Inaddition, 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 green-
house growers to examine their decision-making process related
to adopting specifc water treatment technologies including,
but not limited to, Foating wetlands, bioreactors, and activated
carbon flters. Further, the study examined how perceptions of
the Fve attributes of an innovation, in this case water treatment
technologies, infuenced adoption. Of the technologies mea-
sured, 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 technolo-
gies 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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