Care of Established Vineyards

Vineyard Pest Management
The control of diseases, insects and problem wildlife (“pests” is an inclusive term that includes diseases, insects and
problem wildlife) that attack the grapevine foliage, fruit or both is important if you want to produce sustained yields of
quality fruit. If not controlled, these pests significantly reduce yields or render the crop unmarketable. To effectively
control these pests you need to:
1. Learn to identify the various pests that attack grapes or their injury symptoms.
2. Undertake cultural practice that will reduce the chances of infection or damage caused by the pest.
3. Select pesticides that will effectively and sustainably control the various pests.
4. Properly and safely apply the pesticides with minimal adverse effects on the environment.
This section will provide an introduction to some of the important grape pests found in Minnesota and the upper
Midwest. Additional information on the pests covered and other pests of grapes, and their control can be found in
several publications:
• Midwest Small Fruit and Grape Spray Guide
• Midwest Small Fruit Pest Management Handbook
• Midwest Grape Production Guide
• Wine Grape Production Guide for Eastern North America
• Grape IPM Guide for Minnesota Producers
• Pocket Guide for Grape IPM Scouting in the North Central and Eastern U.S.
• FruitEdge Fruit IPM Resources for new and emerging pests of the Midwest.

Applying Pesticides
The Sprayer: Depending upon the size of the vineyard, pesticides can be applied with simple hand-held devices such
as a compression sprayer (one that you pump air into to discharge the spray) to sophisticated tractor driven air blast
(mist blower) sprayers. Regardless of the size of the sprayer, they can be divided into those that deliver the pesticide
mixture under pressure that forms droplets as it is discharged from an orifice and delivered it to the target (hydraulic
sprayers), and those that disperse the pesticide mixture into an airstream that delivers it to the target (air blast/mist
blower sprayers). Both systems are available as small systems that you can carry to large tractor driven systems that
are capable to covering several acres. Regardless of size, hydraulic systems are less expensive, but they are restricted
to high-volume dilute applications of the pesticides which is about 200 gallons of liquid per acre for a vineyard that
has developed a full canopy. Air blast systems are more expensive, but can be used for concentrate application where
the concentration of pesticide is increased in the spray tank and fewer gallons of liquid applied per acre. This can be
taken one step further by calibrating the sprayer for row-volume spraying which allows you to adjust the volume of
spray applied per acre based on the size and density of grape canopy. Sprayer calibration and row-volume spraying
are covered in the Midwest Small Fruit and Grape Spray Guide.
Applying Pesticides Safely and Effectively
Pesticides used improperly can be injurious to man, animals, plants, and the environment. Inhalation or skin contact
with many pesticides can have immediate short-term toxic effects on humans ranging from minor skin and throat
irritation to headaches, dizziness, and nausea. The long-term effects of repeated exposure to various pesticides are only
beginning to be understood, but are even greater cause for concern. Pesticides that are improperly mixed and applied
can cause damage to vines, to soil microorganisms, and, over the long term, to our lakes and streams. Growers should
keep in mind some basic principles of pesticide application safety:
1.

Read pesticide labels. The label is the law. Understand the toxicity of the material you are applying and
the proper rates of application for grapes.
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2.
3.
4.

5.

6.

7.
8.
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Know your sprayer. Understand how to mix pesticides in your sprayer and calibrate it to produce the
desired rate of pesticide delivery.
Be aware of weather conditions. Spray at times that minimize drift. Be aware of temperature and moisture
conditions that tend to enhance the activity of certain pesticides and increase their phytotoxicity.
Know the pH of your spray water, and adjust it if necessary. Many pesticides are pH sensitive and break
down rapidly in alkaline water. Check the pH of the spray mixture and add a commercial buffering agent
(Buffercide, Buffer-X, Unifilm, LI 700) or granular food grade citric acid if the pH is above 7.0.
Observe the re-entry period (REI). Do not allow people access to your vineyard for the time period
specified on the pesticide label without personal protective equipment (PPE) as specified by the
pesticide label.
Observe harvest restrictions (pre-harvest interval, PHI) . . . know how close to harvest you can safely apply
each pesticide. This period from spray application to harvest can range from 0 days for sulfur and fixed
copper materials to 66 days for mancozeb. Also, do not use an extender type spreader-sticker (such as NuFilm 17®) in late season sprays. These materials will likely extend the activity of the pesticide well into
harvest and leave harmful residues on the fruit. Clearly, good planning is of the utmost importance in late
season sprays.
Store pesticides safely. Pesticides should be stored in their original container, out of the reach of
children, and under lock and key, if necessary, to deny access.
Protect yourself when handling and applying pesticides. Wear the PPE specified by the pesticide label.
Typically this includes un-lined rubber gloves and rubber boots, a respirator approved for pesticide usage,
and eye protection. When spraying without an enclosed cab, a waterproof rain suit, or Tyvek® suit with a
hood is good protective outerwear. When you are done spraying, wash the contaminated clothing by itself
in a standard detergent. Then run a wash cycle through with the machine empty to remove any residues
from the machine.

When in doubt about rates of application toxicity, or sprayer calibration, ASK QUESTIONS before you proceed.
Also, excellent publications are available from your university extension office to help you apply pesticides safely.
Handling Pesticides: (from: Midwest Small Fruit and Grape Spray Guide)
1.
Know the pesticide toxicity and act accordingly.
2.
When mixing pesticides do not breathe the dust, powder, or vapor. Always mix outdoors.
3.
Do not smoke, eat, or drink when handling or applying pesticides.
4.
Stay out of drift from spray or dust.
5.
Rinse liquid containers with water at least three times and pour rinsate into spray tank as it is being filled.
Punch holes in metal and plastic containers and crush. Dispose of these and all other pesticide containers
where there will be no contamination of crops or water supply. Do not re-use pesticide containers.
6.
Have a “buddy” around when using acutely toxic organophosphates, just in case.
7.
For maximum safety, get an appropriate blood test before the season starts and periodically during the
season.
8.
Consult a doctor immediately if unusual symptoms develop during or after spraying.
9.
Symptoms such as blurred vision, nausea, headaches, chest pains, weakness, diarrhea, or cramps indicate
possible pesticide poisoning.
10.
Wash hands thoroughly before eating or smoking.
11.
Bathe and change clothes daily, and wash contaminated clothing separate from other laundry. Always store
a pesticide in its original container, never in an unmarked container.
12.
Never trust your memory.
13.
Always store pesticides under lock and key and keep them away from children. Always use an anti-siphon
device when filling the spray tank from a domestic water source.

Management Tips for Safety: (from: Midwest Small Fruit and Grape Spray Guide)
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1. Maintain accurate spray records – application rates, pesticides used, total gallonage, area treated, stage of vine
development, and weather data.
2. Be prepared to show records to the EPA or state regulatory agency.
3. Do not contaminate forage crops or pastures.
4. Do not allow animals to graze.
5. Prevent excess drift.
6. Maintain equipment in top condition.
7. Protect children, pets, livestock, and the environment from pesticide contamination.
8. Follow all label instructions on re-entry times for pesticides.
9. Inform all worker of re-entry restrictions and information of safe pesticide use and/or training to meet OSHA
requirements.
10. Comply with the Right-To-Know law. Have complete product labels readily available for workers to see. Have
Materials Safety Data Sheet (MSDS) for each product you use available for workers to see for rescue or fire for
personnel to use in case of emergency. Sample pesticide product labels and MSDS sheets are available at
CDMS Pesticide Label Database http://www.cdms.net/Label-Database.
11. Provide pesticide safety training for pesticide handlers and other workers to comply with Worker Protection
Standard (WPS).
12. Regularly inspect and maintain personal protective equipment used when applying pesticides.
Additional information on spray schedules for grape pest control can be found in Midwest Small Fruit and Grape
Spray Guide (Bordelon, B., R. Foster and N. Gautier, editors). The spray guide is an annual publication that is available
from most Extension Publication Distribution Centers in the North Central Region. A pdf version is posted at:
https://ag.purdue.edu/hla/Hort/Documents/ID-169.pdf
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Vineyard Best Management Practices – Vineyard Pest Management
Rate your vineyard pest management practices:
Management Area:
Applying pesticides

Pesticide label

Worker protection
and safe handling
of pesticides

Pesticide sprayer

Pesticide safety

Pesticide storage

Record keeping

Best Practices
Thoroughly read the
pesticide label for first
aid, hazard to humans
& domestic animals,
personal protective
equipment,
environmental hazards,
directions for use,
agricultural use
requirements, storage &
disposal, application
procedures, restriction
on use, & application
rates.
Train workers on the
proper safe handling of
pesticides, & comply
with Worker Protection
Standard and Right-toKnow law. Have
pesticide labels and
MSDS sheets on file.
Calibrate the sprayer
annually, and maintain
in top working
condition.
Wear the proper
personal protective
equipment when mixing
& applying pesticides,
and know the symptoms
of pesticide poisoning.
Store pesticides in their
original containers, out
of reach of children &
under lock & key.
Maintain detailed
records of pesticide
applications made
during the season,
including weather
conditions at the time of
application.

Minor Adjustments
Needed
Read the pesticide label
for first aid, personal
protective equipment,
environmental hazards,
directions for use,
agricultural use
requirements, storage &
disposal, application
procedures, restriction
on use, & application
rates.

Concern Exists:
Examine Practice
Read the pesticide label
for personal protective
equipment, directions
for use, agricultural use
requirements, storage &
disposal, application
procedures, restriction
on use, & application
rates.

Comply with Worker
Protection Standard and
Right-to-Know law.
Have pesticide labels
and MSDS sheet on
file.

Calibrate the sprayer
every 2nd year, and
maintain in good
working condition.
Wear the proper
personal protective
equipment when
mixing & applying
pesticides.

Maintain detailed
records of pesticides
applications made
during the season.

50

Calibrate the sprayer
every 3rd year, and
maintain in fair
working condition.

Needs Improvements:
Prioritize Changes
Here
Read the pesticide label
for directions for use,
agricultural use
requirements,
application procedures,
restriction on use, &
application rates.

Do not train workers
on the proper safe
handling of pesticides,
or comply with
Worker Protection
Standard and Right-toKnow law. No
pesticide labels and
MSDS sheets on file.
Sprayer has not been
calibrated since it was
purchased.
Do not wear the
proper personal
protective equipment
when mixing &
applying pesticides.
Do not store pesticides
out of reach of
children & under lock
& key.
Lax on maintaining
records of pesticide
applications made
during the season.
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Grape Diseases
Fungal diseases can be a major problem in Minnesota and the upper Midwest. Black Rot, Bunch Rot, Downy Mildew,
and Powdery Mildew are native to this area and attack many cultivars. Susceptible cultivars can usually be grown only
through the use of frequent, regular, and well timed fungicide sprays. Alternatively, growers who prefer to minimize
fungicide spraying should select from those cultivars that exhibit low susceptibility to these diseases (See Table 22 in
the section on Grape Cultivars for Minnesota).
A first step for every grower is to learn to recognize the symptoms of these grape diseases. In addition, knowledge of
disease life cycles is essential for proper planning of spray applications and cultural manipulations that reduce disease
potential. This chapter provides an introduction to some of the important grape diseases found in Minnesota and the
upper Midwest.

Anthracnose
In recent years Anthracnose caused by Elsinoe ampelina has become a serious problem in many northern vineyards.
Frontenac, Frontenac gris, La Crescent, Marquette and many of the Swenson hybrids are moderately susceptible to
this disease. In warm, humid, wet seasons it can be very destructive when left untreated.
Anthracnose will affect any green succulent part of the grapevine including stems, leaves, tendrils, berries with lesions
on shoots and berries being the most common and distinctive. Symptoms on young, succulent shoots first appear as
numerous small, circular, and reddish spots (Figure 43A). Spots then enlarge, become sunken, and produce lesions
with gray centers and round or angular edges with dark reddish-brown to violet-black margins eventually surround
the lesions (Figure 43B). Lesions may coalesce, causing a blighting or killing of the shoot. A slightly raised area may
form around the edge of the lesion. Infected areas may crack, causing shoots to become brittle. Anthracnose lesions on
shoots may be confused with hail injury; however, unlike hail damage, the edges of the wounds caused by the
anthracnose fungus are raised and black. In addition, hail damage generally appears on only one side of the shoot,
whereas anthracnose is more generally distributed. Anthracnose on petioles appears similar to that on the shoots. Leaf
spots are often numerous and develop in a similar manner to those on shoots (Figure 44). Eventually, they become
circular with gray centers and brown to black margins with round or angular edges. The necrotic center of the lesion
often drops out; creating a shot-hole appearance. Young leaves are more susceptible to infection than older leaves.
When veins are affected, especially on young leaves, the lesions prevent normal development, resulting in
malformation or complete drying or burning of the leaf. Lesions may cover the entire leaf blade or appear mainly
along the veins. Lesions on the rachis appear similar to those on the shoots (Figure 45A). On berries, small reddish
spots often grow into a rounded, gray lesion with a characteristic “birds eye” spot in the middle (Figure 45B) (this
disease is sometimes referred to as “birds eye rot”). The edges are often raised slightly with brown or black edges
(Ellis and Erincik, 2008).
The fungus overwinters in the vineyards as sclerotia (fungal survival structures) on infected shoots. In the spring,
these sclerotia germinate to produce abundant spores (conidia) when they are wet for 24 hours or more and the
temperature is above 36° F. Conidia are spread by splashing rain to new growing tissues and are not carried by wind
alone (Ellis and Erincik, 2008).
Anthracnose Control
Prune and destroy (remove from the vineyard) diseased plant parts during the dormant season. This includes
infected shoots, cluster stems, and berries. This should reduce the amount of primary inoculum for the disease in the
vineyard. It’s also important to eliminate wild grapes near the vineyard as they provide an excellent place for
the disease to develop and serve as a reservoir for the disease. Keep them as far from the vineyard as possible. The
spores are spread over relatively short distances by splashing rain and shouldn’t be able to move long distances by
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wind into the vineyard. Proper canopy management can aid in disease control by improving air circulation and by
reducing the drying time of susceptible tissue. These practices include selection of the proper training system, shoot
positioning, and leaf removal. Where the disease is established, the use of fungicides is recommended. Fungicide
recommendations for anthracnose control consist of a dormant application of Liquid Lime Sulfur in early spring,
followed by applications of foliar fungicides during the early growing season (Ellis and Erincik, 2008). Fungicides
that are effective in controlling anthracnose are listed in Table 37.

Figure 43. Anthracnose on young
(A) and older (B) shoots.

Figure 44. Anthracnose on a grape
leaf.

Figure 45. Anthracnose on young
rachis (A) and on La Crescent
berries (B).

Phomopsis Cane and Leaf Spot
The incidence Phomopsis cane and leaf spot, once known as “dead arm”, appears to be increasing in Eastern and
Midwestern vineyards. It is an early season fungal disease caused by Phomopsis vitcola that can affect most parts of
the grapevine, including canes, leaves, rachises (cluster stem), flowers, tendrils, and berries. It can cause vineyard
losses by: 1) Weakening canes, making them more susceptible to winter injury; 2) Damaging leaves, which reduces
photosynthesis; 3) Infections of the rachis result in poor fruit development and premature fruit drop; and 4) Infected
berries can develop fruit rot at harvest (Anco, Erincik and Ellis, 2011).
Common symptoms of the disease are spots or lesions developing on the shoots and leaves. Small, black spots develop
on the internodes at the base of developing shoots. Usually, these spots occur on the first three to four internodes, and
often develop into elliptical lesions that may grow together to form irregular, black, crusty areas (Figure 46). Under
severe conditions, the infected shoots may crack open. Surface lesions appear result in little damage to the vines, but
serve as the primary source of overwintering inoculum for infections the next growing season. Leaf infections first
appear as small, light-green spots with irregular star-shaped margins (Figure 47). Usually only the first one to four
leaves on a shoot are affected. In time the spots become larger, turn black, and develop a yellow margin (Figure 48).
Leaves become distorted and die if large numbers of lesions develop. Infections on leaf petioles may cause leave to
turn yellow and drop off. All parts of the grape cluster are susceptible to infection throughout the growing season, but
most infections occur early in the season. Rachis infections may cause the clusters to prematurely wither. Infected
clusters that survive often produce infected or poor-quality fruit. Berry infections begin to appear close to harvest as
the berries develop a light-brown color. Black spore-producing structures of the fungus (pycnidia) break through the
berry skin, and the berry soon shrivels (Figure 49). Phomopsis can be mistaken for black rot, but black rot affects
green berries while Phomopsis appears on ripening berries (Anco, Erincik and Ellis, 2011).
Phomopsis overwinters in lesions or spots on old canes and rachises infected during the previous growing season,
and requires cool wet weather for spore release and infection. Spores are released early in the spring and are
spread by splashing raindrops to developing shoots, leaves and clusters. Practices for controlling Phomopsis
include: 1) Cultural practices to increase air circulation and light penetration in the vineyard to reduce wetting
periods. 2) Cutting out and destroying any infected or dead canes while dormant pruning. Removing and
destroying all rachises left on the vines. 3) Proper timing of early-season fungicide sprays (Anco, Erincik and
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Ellis, 2011). Fungicides that are effective in controlling Phomopsis are listed in Table 37.

Figure 47. Initial Phomopsis spots on
a leaf.

Figure 46. Phomopsis lesions on a shoot.

Figure 48. Older Phomopsis spots on a leaf.

Figure 49. Phomopsis on berries.

Black Rot
Black Rot is caused by the fungus Guidnardia bidwellii. It overwinters in mummified berries on the vine, in old
lesions on leaves, canes and tendrils or on the ground. In the spring, when sufficient heat and moisture are present,
this over wintering fungus material releases new ascospores and conidia into the vineyard. These are either splashed
by rainfall onto the young grape leaves and shoots or are carried to infection sites in the air. This springtime release of
conidia into the vineyard produces the initial lesions on leaves and shoots. If allowed to mature, these initial lesions
also produce black rot inoculum. During the warm summer months, this inoculum is released following periods of
rainfall, compounding the initial infection. Ascospores may be present in mummified fruit that over winter on the
vines. When discharged into the air, these spores are capable of traveling far, and may be a source of initial spring time
infections (Ellis, 2008e).
Black rot first appears as reddish-brown circular spots on leaves during the months of June and July (Figure 50). It
moves to young shoots where it is visible as oblong purple-black patches and eventually appears on the fruit when the
berries are about half grown. Initially, infected berries develop small tan spots. In the later stages of the infection,
the disease causes the entire berry to blacken, shrivel and mummify (Figure 51). Fruit tends to be attacked one berry
at a time, rather than as a cluster. By the time the fruit has ripened to a 6-8% sugar content, no additional new
infections occur (Ellis, 2008e).
Control of black rot requires a combination of good vineyard sanitation practices and a well-timed spray program.
Sanitation is very important. Destroy mummies, remove diseased tendrils from wires and only select fruiting canes
without lesions. It is very important not to leave mummies attached to the vine. Research has shown that mummies on
the ground release most or all of their ascospores before the end of bloom. Mummies left up in the trellis can produce
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ascospores and conidia throughout the growing season, thus making control of this disease much more difficult. If
only a few leaf lesions appear in the spring, remove these infected leaves (Ellis, 2008e).
Grapes should be planted in sunny, open areas which allow good air movement. Proper row orientation to
prevailing winds and good weed control beneath the vines also enable plants to dry more quickly during wet
weather. A good fungicide spray program is extremely important. Early season control (bud break through bloom)
must be emphasized. If controlled early, the need for late season (post bloom) applications of fungicide is greatly
reduced (Ellis, 2008e). Fungicides that are effective in controlling black rot are listed in Table 37.

Figure 50. Black Rot lesions on a leaf.

Figure 51. Black rot on berries (A), and a
mummified cluster (B).

Downy mildew
Downy mildew is a major disease of grapes throughout the eastern United States. The fungus causes direct yield
losses by rotting inflorescences, clusters and shoots. Downy mildew is most prevalent in wet, humid years. The
disease appears first as yellow spots on the top of the leaves, then a downy white growth appears on the undersides of
the leaves (Figure 52). The infection can spread to eventually cover the leaf completely, causing it to turn brown and
fall off prematurely. This premature defoliation is a serious problem because it predisposes the vine to winter injury.
Such a severe infection can weaken the vine late in the growing season and make it more susceptible to winter
damage. It may take a vineyard several years to fully recover after severe winter injury. Young shoots and tendrils
(Figure 53), rachises and cluster parts (Figures 54, 55) also can be attacked by downy mildew, particularly during
the months of June and July (Ellis, 2008).
Downy mildew is caused by the fungus Plasmopora viticola, which over winters on old dead leaves on the vineyard
floor and possibly in diseased shoots. During rainy periods in late spring and early summer, fungus spores are released
into the vineyard, carried to vine tissues in the air or in water splashed up from the ground onto the vine. If sufficient
moisture is present on the leaves, the spores germinate and the infection begins. The lesions caused by this initial
infection mature and then produce mildew spores themselves. Under conditions of high humidity (such as heavy dew
on the leaves) and optimal temperatures of 50-60o F, this secondary batch of spores is released to infect other vines
(Ellis, 2008).
Both cultural and chemical means contribute to successful control of downy mildew. First, the only cause of initial
downy mildew infection is overwintering fungus present on dead leaves. Dead leaves and berries should be removed
from vines and the ground after leaf drop. A spring cultivation of the vineyard that tills in the dead leaves, berries and
other debris will also greatly reduce the potential of over wintering spores to reach the developing vines in the spring.
When pruning, select only strong, healthy, well-colored canes of the previous year’s growth. Secondly, downy mildew
on vines can propagate itself into a secondary infection only if a film of moisture is present on the leaf surface.
Cultural methods which promote good air circulation and rapid leaf drying will combat these secondary infections.
Such methods include selecting a vineyard site with good airflow, controlling weeds and tall grasses in the vineyard
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and surrounding areas. Spacing, canopy management practices such as shoot positioning and lateral shoot and leaf
removal will help open the canopy for improved air circulation and spray coverage and avoiding overcrowding. (Ellis,
2008). Fungicides that are effective in controlling downy mildew are listed in Table 37.

Figure 52. Downy mildew on the bottom and
top side of leaves.

Figure 53. Downy mildew on young shoot and
tendrils.

Figure 54. Downy mildew on a young cluster.

Figure 55. Downy mildew on berries.

Powdery Mildew
In Minnesota and the upper Midwest, powdery mildew can be a problem almost every year on susceptible cultivars.
The disease first appears on the upper surfaces of leaves as indistinct white patches, which later develop a powdery
appearance (Figure 56). These can enlarge so that the entire leaf takes on a powdery appearance. In severe cases, the
entire leaf may turn brown and curl upward by late season (or expanding infected leaves may become distorted and
stunted) (Figure 57) and drop prematurely, resulting in poor wood maturity and a reduction in vine hardiness. If
blossom clusters are affected, the flowers may wither and drop without setting fruit. Infections on cluster stems often
go unnoticed, but can be very damaging. Infected rachises may wither and dry up, resulting in berry drop (shelling).
Affected berries may have spots on the surface similar to those on the leaves, or the entire berry may be covered with
the white, powdery growth (Figure 59). Infected berries often are misshapen or have rusty spots on the surface.
Severely affected fruit often split open. When berries of purple or red cultivars are infected as they begin to ripen, they
fail to color properly and have a blotchy appearance at harvest. Berries are susceptible to infection until their sugar
content [oBrix, or soluble solids (SS)] reaches about 8%. Infected clusters are of no use in winemaking because the
characteristic musty odor of powdery mildew persists in the wine (Ellis, 2008f).
Powdery mildew is caused by the fungus Uncinula necator. It was previously thought that the powdery mildew
fungus over wintered inside dormant buds of the grapevine. Recent research in New York has shown that almost all
overwintering inoculum in Northeastern U.S. comes from cleistothecia, which are fungal fruiting bodies that
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overwinter primarily in bark crevices on the grapevine. In the spring, airborne spores (ascospores) released from the
cleistothecia are the primary inoculum for powdery mildew infections. Ascospore discharge is initiated by if 0.1 inch
of rain occurs with an average temperature of 50o F. Most mature ascospores are discharged within 4-8 hours.
Ascospores are carried by wind. They germinate on any green surface on the developing vine, and enter the plant
resulting in primary infections. The fungus produces another type of spore (conidia) over the infected area after 6-8
days. The conidia and fungus mycelia on which they are formed give the powdery or dusty appearance to infected
plant parts. On young shoots, infections are more likely to be limited, and they appear as dark-brown to black patches
that remain as dark patches on the surface of dormant canes (Figure 59). These are the sexual fruiting bodies
(cleistothecia) of the fungus. Cleistothecia are formed on the surface of infected plant parts in late fall. Many of them
are washed into bark crevices on the vine trunk where they overwinter to initiate primary infections during the next
growing season (Ellis, 2008f).
The conidia serve as “secondary inoculum” for powdery mildew infection throughout the remainder of the growing
season. It is important to note that a primary infection caused by one ascospore can result in the production of
hundreds of thousands of conidia, each of which is capable of causing secondary infections that spread the disease
(Ellis, 2008).
Powdery Mildew Control
Temperatures of 68-77o F are optimal for infection and disease development, although infection can occur from 5990o F. Temperatures above 95o F inhibit germination of conidia and above 104o F they are killed. It is important to
remember that powdery mildew can be a serious problem in drier growing seasons when it is too dry for other
diseases such as black rot or downy mildew to develop. Select an open planting site with direct sunlight. Plant rows in
the direction of the prevailing wind in order to promote good air circulation and faster drying of foliage and fruit.
Prune and train vines properly in such a way as to reduce shading and increase air circulation (Ellis, 2008f).
Fungicides that are effective in controlling powdery mildew are listed in Table 37.

Figure 56. Powdery mildew on leaves.

Figure 57. Severe powdery mildew on older
leaves.
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Figure 58. Powdery mildew on berries.

Figure 59. Powdery mildew on a shoot and
cane.

Bunch Rots:
Grapes can be infected by several late season bunch rots that cause serious crop losses if not controlled. These diseases
include Botrytis bunch rot, ripe rot, bitter rot and sour rot. It is important to be able to identify these rots because control
measures differ between them.
Botrytis bunch rot, sometimes referred to as gray mold, is caused by the fungus Botrytis cinerea. Cultivars
which tend to be tight-clustered seem the most susceptible. The infection of ripe berries can result in significant
loss of yield. In the initial stages of the disease, the infected berries (which may be one or a few within the bunch
or the entire bunch) will become soft and watery. Then berries of white cultivars become brown and shriveled, and
those of purple cultivars develop a reddish color (Figure 60A, B). Under high relative humidity and moisture,
infected berries usually become covered with a gray growth of fungus mycelium. Generally, healthy berries
touching infected berries will become infected. Rotted berries generally shrivel with time and drop to the ground
as hard mummies. The fungus also can cause a blossom blight that can result in significant crop loss early in the
season (Figure 60C) (Ellis, 2008b).
The fungus overwinters in grape mummies, dead grape tissues, and other organic debris in and around the
vineyard. It’s also on many other plant hosts, so growers always should assume that the fungus is present in the
vineyard.
During the spring, the fungus germinates from small, dark, hard resting structures known as sclerotia, and
produces spores (conidia) which spread the disease. These spores are produced throughout the growing season. As
blossoms die, the spores germinate and colonize dead flower parts. Using the dead tissue as a food base, the
fungus invades living tissue. After penetrating the berry, the fungus may remain dormant until the fruit sugar
content increases and acids decrease to a level that supports fungus growth. Symptoms then develop readily under
warm, moist conditions. Unfortunately, berries that escape bloom-time infection may become infected at or near
harvest under favorable environmental conditions. Also, any wound on the berry provides an excellent infection
site for the fungus, even in the absence of favorable environmental conditions. Birds, insects, hail, and powdery
mildew are common causes of wounds. Swelling during ripening in tightly packed clusters causes pressure that
also can rupture the berries. Wet and humid conditions around the berries and leaves greatly enhance disease
development. The longer wet conditions persist, the greater the probability of infection, even to undamaged
berries (Ellis, 2008b).
Practices for controlling Botrytis bunch rot include: 1) Cultural practices to increase air circulation and light
penetration in the vineyard to reduce wetting periods. Leaf removal around clusters on mid- and low-wire cordon
trained vines before bunch closing has been shown to reduce infections in New York and California vineyards. 2)
Preventing wounding by controlling insects, birds and other grapes diseases. 3) In commercial vineyards, effective
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fungicides applied beginning at bloom and other appropriate tines during the growing season. Fungicides that are
effective in controlling Botrytis bunch rot are listed in Table 37.
Ripe Rot occurs on ripened berries at or near harvest. It is caused by fungi in the genus Colletotrichum, and is a
disease that is more common to warm, humid grape growing regions of the U.S., but was found on Frontenac and
Frontenac gris grapes growing in Vernon County, Wisconsin in 2010 (Figure 61A) (Jordan, 2010). Ripe rot
symptoms begin as circular, reddish-brown spots on the berries. These later enlarge to cover the entire berry. Small
black fruiting bodies develop on berries (Figure 61B). Under wet, humid conditions, salmon to orange-colored,
“goo” spores will begin to develop on the surface of the fruit (Figure 61C). Once a berry begins to shed spores, the
infection can spread rapidly within the cluster and to surrounding clusters, particularly under warm, wet (including
dew and fog) conditions (Jordan, 2010).
Ripe rot overwinters as dormant mycelium in old infected berries and infected pedicels (berry stems). Controlling
ripe rot includes: 1) Good vineyard sanitation practices – proper dormant pruning and destruction of canes,
mummies and old rachises. 2) Early season fungicide spray program targeting black rot and other early season
diseases (Smith, 2013). Following veraison, spray options are Captan or strobilurin fungicides (Jordan, 2010).
Bitter Rot caused by Melanconium fuligineum is a fungal disease of grapes that is more common to warmer grape
growing regions of the United States. It gets its name from the bitter taste that develops in infected berries, and the
use of 10% infected berries can make the wine undrinkable. Bitter rot can affect young shoots, the rachis and
berries. When the rachis is infected early in the season, it is killed and the berries shrivel and remain attached. When
the rachis is infected late in the season, berries may fall from the cluster. Berry infection during maturation is most
obvious symptom. This begins as a brownish, water-soaked lesion that spreads rapidly, often forming concentric
rings (Figure 62A). The infected berries usually maintain their shape and are dull brown in color. In 2 to 3 days the
skin is ruptured by black fungal structures (Figure 62B). The infected fruit shrivel into black mummies that closely
resemble black rot which bitter rot is often confused with (black rot affects green berries before veraison, while
bitter rot affects maturing berries after veraison) (Ellis, 2008c) .
Practices for controlling bitter rot include: 1) Cultural practices to increase air circulation and light penetration in
the vineyard to reduce wetting periods. 2) Preventing wounding by controlling insects, birds and other grapes
diseases. 3) being able to distinguish between bitter rot and black rot because a spray program for black rot
generally stops as veraison, which would be disastrous if bitter rot is present. 4) a fungicide spray program that is
recommended for controlling most common grape diseases should be beneficial in controlling bitter rot. (Ellis,
2008c)
Sour Rot is caused by a disease complex that affects both grape yield and wine quality. Cultivars with tight clusters
and thin skins tend to be more susceptible to the disease. Symptoms of sour rot (Figure 63) may be mistaken for
Botrytis bunch rot since both diseases begin as a soft watery rot. However, the lack of Botrytis fungal growth on the
fruit surface and the presence of an obvious vinegar odor are indicative of sour rot. As the rot progresses, berries
leak juice and collapse as the disease spreads through the cluster. Large numbers of fruit flies are also attracted to
the infected clusters and can spread the disease (Hartman and Kaiser, 2008)
Sour rot has been associated with a number of undesirable yeasts, bacterial and decay fungi. Wounds caused by
insects, other fungal diseases, hail, birds, etc. provide an entry point for these organisms. Practices for controlling
sour rot include: 1) Planting cultivars with loose clusters. 2) Good sanitation practices, removing and destroying
any remaining mummies and rachises during dormant pruning. 3) Cultural practices to increase air circulation and
light penetration in the vineyard to reduce wetting periods. 4) Providing protection against insects and bird that
may injure the fruit. 5) There are no fungicides specific for controlling sour rot. Following a season-long fungicide
spray program for other diseases will aid in managing sour rot (Hartman and Kaiser, 2008).
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Figure 60. Botrytis bunch rot.

Figure 61. Ripe rot.

Figure 62. Bitter rot.

Figure 63. Sour rot.

Crown Gall
Crown gall is caused by the bacterium Agrobacterium tumefaciens. The bacteria will induce galls or tumors on the
roots, crowns, trunks and canes of infected plants. These galls will interfere with water and nutrient flow in the plants
causing seriously infected plants to become weakened, stunted and unproductive. Their leaves may turn yellow or red
(Figure 64). The disease first appears as small overgrowths or galls on the roots, crown, trunk or canes. Galls
usually develop on the crown or trunk of the plant near the soil line or underground on the roots. They usually form in
late spring or early summer and can be formed each season. As galls age they become dark brown to black, hard,
rough, and woody (Figure 65) (Ellis, 2008a).
The crown gall bacterium is soil-borne and persists for long periods of time in the soil in plant debris. It requires a
fresh wound in order to infect and initiate gall formation. Wounds that commonly serve as infection sites are those
made during pruning, machinery operations, freezing injury, growth cracks, soil insects and any other factor that
causes injury to plant tissues. The bacteria over winter inside the plant (systemically) in galls, or in the soil. When
they come in contact with wounded tissue of a susceptible host, they enter the plant and induce gall formation, thus
completing the disease cycle. The bacteria are most commonly introduced into a planting site on or in planting
material (Ellis, 2008a).
In the upper Midwest, crown gall symptoms most commonly appear following a stressful winter on cultivars that
are marginally adapted to the region. Therefore, planting cultivars adapted to the region is the most effective
measure for controlling crown gall.
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Figure 64. Early symptom of a vine with
crown gall.

Figure 65. Crown gall on trunks.

Cultivar Sensitivity to Fungicides
Some fungicides can be phytotoxic to grapevine foliage either because of cultivar sensitivity or the environmental
conditions at the time of application. Therefore, it is important to read the pesticide label before applying any fungicide.
Sulfur is an inexpensive fungicide that is very effective for controlling powdery mildew and is also approved for use
in organic vineyards (Table 37). However, some cultivars are very sensitive to sulfur and on those cultivars, it can
cause significant injury to the foliage and possible defoliation (Figure 66A). Even on non-sensitive cultivars, sulfur
sprays can cause some foliar injury if applied when temperatures are above 85o F (Figure 66B).
Copper sprays (copper sulfate, Bordeaux mixture, fixed coppers) are some of the oldest fungicides for controlling
grape diseases and is very effective for controlling downy mildew (Table 37). It is also approved for use in organic
vineyards. However, some cultivars are sensitive to copper sprays (Figure 67A). During the early stages of shoot
development, injury can occur even on non-sensitive cultivars when copper is applied under conditions of prolonged
cool, cloudy, wet conditions that are promote slow drying and greater absorption of the copper into the leaves
(Figure 67B). Therefore, it is best to avoid using sprays containing copper early in the growing season. The Midwest
Small Fruit and Grape Spray Guide (Bordelon, et al. annual publ) lists additional safety measures when using
copper sprays.
Strobilurin fungicides are a relatively new class of fungicides that provide control a broad spectrum of common
grape diseases (Table 37). However, Flint and Pristine will cause severe injury when applied on Concord grapevines
and other related cultivars (Figure 68). For grape growers that also grow apples, Abound is very phytotoxic to
McIntosh and related cultivars to the extent that separate sprayers should be used on the two crops.
Under specific conditions, various grape cultivars can exhibit some sensitivity to other fungicides, so it is important
to fully read the product labels when using fungicides.
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Figure 66. Sulfur injury on a sulfursenstive grapevine (A), and injury on a
non-sensitive grapevine when applied
when temperatures were above 85o F
(B).

Figure 67. Copper injury on a coppersenstive grapevine (A), and injury on a
non-sensitive grapevine when applied
when early spring under cool, wet,
cloudy conditions (B).

Figure 68. Strobiluin injury on
a Concord grape leaf.

Scouting and monitoring grape diseases
A good disease management program includes learning to recognize the various diseases of grapes and this knowledge
should be put to use by scouting the vineyard on a regular basis to determine if a problem exists. A Pocket Guide for
Grape IPM Scouting in North Central and Easter U.S. (Isaacs, et al., 2003) is a very useful tool to aid in identifying
the various diseases. Another approach to scouting is the use of weather-based electronic monitoring systems that are
now commercially available. These systems that monitor temperature, rainfall, humidity and drying time and input the
data into a modelling program. Programs are available for black rot, downy mildew, powdery mildew, Phomopsis cane
and leaf spot, and Botrytis bunch rot.

Fungicide Resistance Management
Plant diseases have been known to develop resistance to fungicides after repeated exposures. This is particularly true
for those fungicides that exhibit inhibitor properties. To reduce the risk of a disease developing resistance to a
fungicide, the Fungicide Resistance Action Committee (FRAC) developed a code to identify the various fungicide
modes-of-action groups (Table 36). When using fungicides, avoid successive applications of fungicide or fungicides
having the same FRAC mode-of-action code, follow recommendations on combining fungicides, and any restrictions
on the number of applications or total material that can be applied during a growing season (Table 37).
Table 36. Fungicide Resistance Action Committee (FRAC©) mode-of-action code for grape
fungicides.z
FRAC Code
Mode-of-Action
Multi-site contact activity (Protectant fungicides, not considered
M
at risk for resistance development)
1, 43
Inhibits mitosis and cell division
1, 12, 13
Inhibits signal transduction
3, 17
Inhibits sterol biosynthesis in membranes
4
Inhibits nucleic acid synthesis
7, 11, 21, 45
Inhibits respiration (Strobilurin fungicides)
9
Inhibits amino acid and protein synthesis
40
Inhibits cell wall biosynthesis
33, U6, U8
Unknown mode-of-action
NC
Not classified
z

From: FRAC Code List© 2015 (www.frac.info)
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Additional information on spray schedules for grape disease control can be found in Midwest Small Fruit and Grape
Spray Guide (Bordelon, et al. annual publ). The spray guide is an annual publication that is available from most State
Cooperative Extension Publication Distribution Centers in the North Central Region. A pdf version is posted at:
https://ag.purdue.edu/hla/Hort/Documents/ID-169.pdf
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Table 37. Characteristics of fungicides registered for use on grapes.
Restrictions x

Bitter rot

Botrytis fruit
rot

Powdery
mildew

Downy
mildew

Black rot

Phomopsis

Fungicide

Anthracnose

Effectiveness in Controlling Disease z

FRAC
Code y

REI

PHI

Max.
Product,
ai or Apl /
Season

Organic-approved fungicides:
Copper, Bordeaux mix
0
+
+
+++
++
+
+
M
24 h
0d
Liquid lime sulfur
+++
M
48 h
n/a
Sulfur
+
+
0
0
+++
0
0
M
24 h
0d
Phosphorous acid
?
0
0
+++
0
0
0
33
4h
0d
Potassium salts
?
0
0
0
++
0
0
NC
4h
1d
JMS Stylet oil
?
0
0
0
+++
+
0
NC
4h
0d
Protectant fungicides:
Captan
++
+++
+
+++
0
+
++
M
72 h
0d
12 lb ai
Ferbam
?
+
+++
+++
0
0
0
M
24 h
7d
Mancozeb
+++
+++
+++
+++
0
0
0
M
24 h
66 d
19.2 lb ai
Ziram
++
++
+++
++
0
0
0
M
48 h
10 d
28 lb
Ridomil Gold MZ
+++
+
++
+++
0
0
++
4, M
48 h
66 d
10 lb
Ridomil Gold Copper
++
+
+
+++
++
+
+
4, M
48 h
42 d
4 Apl
Broad-spectrum inhibitor fungicides: (Should be used in combination with a FRAC code M fungicide)
Topsin M
+++
++
+
0
+++
++
++
1
7d
14 d
4.2 lb ai
Bayleton
?
0
+++
0
+++(FRP)
0
0
3
12 h
14 d
18 oz
Mettle
++
0
+++
0
+++(FRP)
0
0
3
12h,7dw
14 d
Procure
?
0
++
0
+++(FRP)
0
0
3
24 h
7d
32 oz
Rally
++
0
+++
0
+++(FRP)
0
0
3
24 h
14 d
1.5 lb
Inspire Super
+++
0
+++
0
+++
?
?
3, 9
12 h
14 d
80 oz
Revus Top
++
0
++
+++
+++
0
0
3, 40
12 h
14 d
28 oz
Endura
+++
0
0
0
+++
++
0
7
12 h
14 d
3 or 5 Apl
Luna Privilege
?
?
0
0
+++
++
?
7
12 h
7d
13.7 oz
Narrow-spectrum inhibitor fungicides: (DO NOT apply more than 2 sequential sprays using one of these products or products with same FRAC code)
Quintec
0
0
0
0
+++
0
0
13
12 h
14 d 33 oz, 5 Apl
Torino
0
0
0
0
+++
0
0
U6
4h
3 d 6.8 oz, 2Apl
Vivando
0
0
0
0
+++
0
0
U8
12 h
14 d
42.6 oz
Forum
0
0
0
+++
0
0
0
40
12 h
14 d
24 oz, 4Apl
Zampro
0
0
0
+++
0
0
0
40, 45
12 h
14 d
56 oz
Presidio
0
0
0
+++
0
0
0
43
12 h
21 d
16.5oz,
Ranman
0
0
0
+++
0
0
0
21
12 h
30 d
6Apl
Revus
0
0
0
+++
0
0
0
40
4h
14 d
32 oz
Botrytis control fungicides: (DO NOT apply more than 2 sequential sprays using one of these products or products with same FRAC code)
Elevate
?
0
0
0
0
+++
0
17
12 h
0d
3 lb
Rovral
?
0
0
0
0
+++
0
2
48 h
7d
4 Apl
Scala
?
0
0
0
0
+++
0
9
12 h
7d
36 oz
Switch
0
0
0
0
0
+++
?
9, 12
12 h
7d
56 oz
Vangard
?
0
0
0
0
+++
0
9
12 h
7d
30 oz
Strobilurin fungicides: (DO NOT apply more than 2 sequential sprays using one of these products or products with same FRAC code)
Abound
+++
+
+++
+++(FRP) +++(FRP)
++
?
11
12 h
14 d
92.3 oz
Adament
?
+
+++
+
+++(FRP)
++
?
3, 11
24 h
14 d
48 oz, 6Apl
Flint
?
+
+++
+++(FRP) +++(FRP)
++
0
11
12 h
14 d
24 oz, 6Apl
Pristine
+++
++
+++
+++(FRP)
+++
++
?
7, 11
12h,5dw
14 d
69 oz, 5Apl
Quadris Top
+++
+
+++
+++
+++(FRP)
?
?
3, 11
12 h
14 d
56 oz
Sovran
+++
+
+++
+++(FRP) +++(FRP)
++
?
11
12 h
14 d 25.6oz,4Apl
z

Effectiveness: +++ = highly effective; ++ = moderately effective; + = slightly effective; 0 = not effective; ?= effectiveness unknown;
FRP= fungicide resistance possible.
y Fungicide Resistance Action Committee code.
x Restrictions: REI = re-entry interval; PHI = pre-harvest interval; Maximum units of product, active ingredient (ai) or number of applications per season.
w REI when shoot positioning or cane girdling .

* From different sections of the Midwest Small Fruit and Grape Spray Guide 2015, and pesticide labels. Registration for use
on grapes and restrictions can change from year to year.
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Vineyard Best Management Practices – Vineyard Pest Management
Rate your vineyard pest management practices:
Management Area:
Grape diseases

Identification

Cultural control

Fungicides

Fungicide resistance
management

Fungicide usage
restrictions

Best Practices
Learned to identify the
common grape
diseases, their life
cycles & when
infection can occur, and
scout weekly.
Site & cultural practices
to promote good air
circulation & fast vine
drying, and pruning out
infected canes &
mummies.
Selected fungicides or
combinations that
effectively control the
specific diseases or
disease combinations
when infections can
occur, & considered
cost effectiveness.
Avoid successive
applications of a
fungicide or fungicides
with same FRAC code;
follow
recommendations on
combining fungicides,
& any restrictions on
number of applications
or total material applied
during a season.
Follow restrictions on
re-entry interval (REI)
and pre-harvest interval
(PHI) when applying
fungicides.

Minor Adjustments
Needed
Learned to identify the
common grape diseases
& when infection can
occur, and scout
regularly.

Concern Exists:
Examine Practice
Learned to identify
some of the common
grape diseases, and
scout periodically.

Site & cultural
practices to promote
good air circulation &
fast drying.

Pruning out infected
canes & mummies.

Selected fungicides or
combinations that
effectively control the
specific diseases or
disease combinations
when infections can
occur.

Relied on someone else
to develop my disease
control program.

Follow
recommendations on
combining fungicides,
& any restrictions on
number of applications
or total material applied
during a season.

Follow any restrictions
on number of
applications or total
material applied during
a growing season.

Needs
Improvements:
Prioritize Changes
Here
Can only identify a few
common grape
diseases, and seldom
scout.

No emphasis to prune
out infected canes &
mummies or practices
to promote good air
circulation & fast vine
drying.
Use the same
fungicides throughout
the growing season.

Use the same
fungicides throughout
the growing season.

Lax on follow
restrictions on re-entry
interval (REI) and preharvest interval (PHI)
when applying
fungicides.
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