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Chapter 8
Pest Management

Grapes are subject to attack by many different pests, including nematodes, fungal, bacterial, and viral
pathogens, insects, and wildlife, such as deer and birds. Weeds, which compete with the vines for soil moisture
and nutrients, may also be included in this list. Recognizing and understanding the nature of these pests is
essential to minimizing crop losses. This chapter briefly describes the major pests that routinely threaten bunch
grapes in North Carolina and discusses control measures.

Many pest and disease problems can be managed by adjusting cultural practices to make conditions unfavorable for pests or pathogens. Despite
use of cultural controls, however, chemical pesticides are usually required for effective control of many of the fungal diseases and some of the
insects that attack many of the popular grape varieties. Pesticide recommendations change often because of changes in registrations, product
manufacture, and product efficacy. Current information on chemical control measures for grapes can be obtained through your county Cooperative
Extension center; however, understanding the biology of the pests helps greatly in using chemical control measures effectively. Some chemicals
have very specific modes of action; they are therefore effective on some pests but useless against others. More detailed and comprehensive
information on disease and insect identification may be found in the publications listed at the end of this chapter.

Diseases

Numerous diseases caused by fungi, bacteria, nematodes, and virus and virus-like organisms affect bunch grapes in North Carolina. While many
of these diseases occur in other grape growing regions of the world, summer bunch rot diseases are more severe in North Carolina than in most
other growing regions because of the state’s warm and wet climate. Some vineyards have suffered losses of 50 percent or more due to bitter rot
and ripe rot. Good sanitation, diligent canopy management to facilitate drying, and a rigorous, well-timed spray program are necessary to
successfully manage fruit and foliar diseases of bunch grapes in North Carolina vineyards. Treatment options for bunch grape disease
management can be found at http://www.smallfruits.org/SmallFruitsRegGuide/Guides/BunchGrapeSprayGuide.pdf.

Fungal Diseases
Anthracnose, Bird’'s-Eye Rot
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Downy Mildew

Downy mildew affects most varieties of grapes in North Carolina. It is most important early in the spring and as temperatures cool in the late
summer and fall.

The disease is characterized by yellowish-green lesions (oil spots) that form on the upper surfaces of leaves and turn reddish-brown, necrotic, or
mottled, as they expand. A cottony mass of fungal mycelium develops on the underside of leaves (as seen in the photograph in Figure 8-7) and
gives the lesions a downy white appearance that is also characteristic of the disease. All green parts of the vine that have mature, functioning
stomata, including fruit, leaves, and young shoots, can become infected and covered with a white, downy, sporulating mass of mycelium.
Infections of young berries can be mistaken for powdery mildew. When cluster infections occur late in the season, grapes do not soften and
appear mottled and light green to red in color. Severely infected leaves often fall prematurely. The fungus that causes the disease, Plasmopara
viticola, overwinters as oospores in leaf debris on the vineyard floor and as mycelium in buds and leaves. At about 10-inches shoot growth, the
fungus becomes active during rainy periods, producing zoospores that splash to the undersides of leaves, encyst, and form germ tubes that
invade the stomata when temperatures reach 5 degrees F. Seven to 10 days after infection, yellowish-green lesions form on the upper leaf
surfaces. During the evening, when humidity is greater than 95 percent, sporulating structures produce sporangia that are disseminated by wind
and rain to susceptible tissue. The sporangia liberate zoospores that can initiate secondary infections. Epidemics develop through secondary
spread of the fungus, which is most severe during periods when warm humid nights are followed by rain the next day.

Management Options












Sour rot is a common disease of ripe grapes in North Carolina. The disease can be very destructive if rainy periods occur just prior to harvest.
Affected fruit become soft and watery, and fruit of light-skinned varieties usually turn tan to light brown (as shown in the photo in Figure 8.15).
Masses of black, brown, or green spores may cover the surface of the fruit. Clusters with sour rot often have a pungent vinegar-like odor. The
exact cause of sour rot is often impossible to determine. As harvest time approaches, many different microorganisms, including species of fungi,
bacteria, and yeasts, may attack grapes. Fungi associated with sour rot include Aspergillus, Alternaria, Penicillium, and Rhizopus. These fungi are
naturally present on plant surfaces and soil debris, and are spread by wind, rain, or insects to ripening fruit. Ripening fruit begin rotting as soon as
they are injured. Any type of crack in the skin can allow entry of the sour rot organisms, whether caused by birds, insects, hail, powdery mildew
infections, or cracking due to fruit swell following heavy rains. Tight clustered varieties are particularly susceptible to sour rot. The vinegar-like
smell is caused by the production of acetic acid by Acetobacter bacteria, which are carried by fruit flies and beetles to the clusters.

Management Options

Cultural - The best approach to control sour rot is to prevent fruit injury by birds, insects, and diseases like powdery mildew. Fruit damage due to
growth-related causes can be prevented by cultural methods, including fruit thinning and canopy management, while closely monitoring irrigation
and fertilizer use. If a rain period is forecast, and fruit are mature or nearly mature, harvesting prior to the rain will minimize fruit losses to sour rot.

Chemical - Fungicide sprays are generally not effective in preventing sour rot.

Minor Foliar Diseases

Many foliar diseases of Vitis spp. occur periodically in North Carolina as a result of unusual weather conditions, in nonsprayed or poorly sprayed
situations, or after the season is over and fungicides are no longer applied. These diseases generally do not cause a lot of damage, but under
certain weather conditions, they may potentially cause considerable defoliation if not controlled.

Zonate Leaf Spot, Target Spot

Zonate leaf spot, caused by the fungus Cristulariella moricola, is characterized by large, circular lesions with a concentric zonate appearance (as
shown in the photo in Figure 8.16). As the leaf spots age, the central portion may disintegrate and fall out. The fungus attacks the leaves of many
woody plants in the forest, such as wild grapes, maple, sassafras, and service berry, and inoculum can spread from them into the vineyard.
Infections can occur throughout the growing season. Cultural practices that increase air circulation such as shoot positioning and thinning aid in
management of the disease. Following a standard spray program for grapes usually controls this disease.

Leaf Blight, Isariopsis Leaf Spot

Leaf blight is caused by the fungus Pseudocercospora vitis. The pathogen was named Isariopsis clavispora at one time and the disease is still
often referred to as isariopsis leaf spot. On V. vinifera, hybrids, and V. labrusca, leaf blight is characterized by large, irregular shaped spots, which
are initially dull red to brown in color but turn black and brittle with age (as shown in the photo in Figure 8-17). It is most common late in the season
on poorly sprayed grapes. Cultural practices that increase air circulation such as shoot positioning and thinning aid in management of the disease.
The disease is usually controlled when a standard spray program is followed.



Rupestris Speckle

Rupestris speckle is believed to be a physiological disorder, associated with V. rupestris and hybrids that have been derived from it (e.g.
Chambourcin). The disorder is characterized by small, circular to irregular, necrotic spots, often surrounded by a yellow halo (as shown in the
photo in Figure 8.18). Spots are more common on the older leaves. Although numerous spots may occur on leaves, little defoliation usually
results. There is no control for this disorder.

Bacterial Diseases
Pierce’s Disease

Pierce’s disease is a potentially devastating disease of grapevine, and it is the principal limiting factor in the production of V. vinifera/French
American hybrids and V. labrusca (American bunch grapes) in North Carolina. By midsummer, margins of leaves infected by the Pierce’s disease
bacterium develop a scorched appearance (as shown in the photo in Figure 8.19). Leaves may become yellow before scorching, while red
varieties may show some red discoloration. The scorched leaf blades may eventually drop, leaving petioles attached to the cane. The bark on
canes matures irregularly, leaving patches of green tissue (green islands) surrounded by mature brown tissue. Fruit clusters may ripen
prematurely and become shriveled or “raisined.” These symptoms are more extreme in hot dry weather, and some varieties are more susceptible
than others. Severely infected vines may die within 1 year of infection or, in the case of chronically infected vines, may live for 5 years or more. In
these vines bud break is delayed and new shoot growth is stunted.

Pierce’s disease is caused by Xylella fastidiosa, a gram-negative bacterium that survives and multiplies within the water conductive system
(xylem) of its plant hosts. X. fastidiosa has a diverse natural host range with over 100 herbaceous and woody plant species. Many of these plant
species are thought to be symptomless hosts, yet may serve as reservoirs of inoculum for later insect transmission. Sharpshooter leafhoppers
(Cicadellidae) and spittle-bugs (Cercopidae) acquire and transmit the bacterium as they feed in the xylem of plants. Two of the primary vectors of
the Pierce's disease bacterium in North Carolina are the sharpshooters Oncometopia ovloona and Graphocephala versuta.

Management Options

Pierce’s disease management should involve several disease management practices:

1. Site selection - The Pierce’s disease bacterium does not survive cold winter temperatures in grapevines. Consequently, the risk of the disease
is least in the mountains and increases from the piedmont to the coastal plain.

2. Variety selection — All vinifera varieties are susceptible to Pierce’s disease, yet some are more tolerant to the disease than others, and young
vines are more susceptible than mature ones. There are a number of Pierce’s disease-resistant varieties, many of which were developed for
production in Texas and Florida, but they have not been tested for suitability in much of North Carolina where the risk for Pierce’s disease is high.

3. Vegetation management - Since diseased vines are often found between 150 to 200 feet from the vector source, one management approach
reduces the reservoir of inoculum by removing nearby reservoir hosts that are breeding sites for the various vectors and/or systemic hosts of X.
fastidiosa. A large number of native plants harbor the X. fastidiosa bacterium in North Carolina, including oak, sycamore, hickory, sweet gum, wild



cherry, Bermudagrass, pokeweed, wild grape, blackberry, Virginia creeper, wild rose, and sumac. It is still unknown which strains of X. fastidiosa
infecting these native plants can also cause Pierce’s disease on grape.

4. Removal of infected vines - Infected vines should be removed as soon as they are detected, or should be flagged and removed the following
spring if bud break is delayed to reduce the possibility of vine to vine spread in the vineyard.

5. Pruning practices - When Pierce’s disease symptoms are found only at the terminal end of canes, normal dormant pruning practices may
remove infected wood. If infection is more severe, cutting the trunk off just above the graft union may generate symptom-free vines.

6. Insecticides - Before insecticides can be used effectively in a management program, studies are needed to determine the species of
leafhoppers responsible for transmitting the Pierce’s disease bacterium in North Carolina.

Crown Gall

Crown gall is a common disease in all grape-growing areas of the world, but North Carolina’s temperature fluctuations in the spring and fall have
resulted in a high incidence of crown gall. Galls are likely to be found in or along cracks created by freezing injuries. As the wine industry further
expands into areas where freezing temperatures frequently cause injuries, the incidence and severity of crown gall will dramatically increase.

Galls begin as small protuberances at the site of an injury, usually at the crown or soil line. Aerial galls can also develop at pruning injuries. Gall
surfaces become rough as they age and enlarge to several inches in diameter (as shown in the photo in Figure 8.20). Crown gall infection at
grafting and budding sites results in poor growth or death of scion shoots. Vines with galls may be weak and less productive, while younger vines
may die. Bunch grape varieties and rootstocks differ in their susceptibility to crown gall disease.

Crown gall disease of grapevine is caused by a bacterium (Agrobacterium vitis) that may survive in the soil and grape roots for several years after
vines are removed. The bacterium must enter into vines through wounds, which frequently occur as a result of frost injury. The crown gall
pathogen can enter the vine at a wound site and be translocated throughout the vine, where it may induce galling at other wound sites.

Management Options

Site selection is an important consideration for limiting the occurrence of crown gall. Vineyards established in areas that are prone to seasonal
temperature fluctuations and resulting freeze injury will be more likely to have crown gall problems. Grapevines that appear to be crown gall-free
for several years may develop the disease when conditions conducive to infection (generally freeze injury) occur.

Purchase pathogen-indexed nursery stock -- Nursery stock should be purchased from a reputable nursery. Discard vines with visible galls.
Remember, healthy-looking propagation material may already be systemically infected with the crown gall bacterium.

Cultural -- Cultural practices that may assist in managing crown gall are multiple trunking, which allows production to continue on gall-free trunks
after infected trunk(s) are removed, and hilling-up of soil up around the crown during the dormant period. Avoid cultural practices that may injure
the base of the vine. Good sanitation practices are essential to prevent spread of contaminated material on tools and equipment from vineyard to
vineyard. Also, contaminated irrigation sources can carry the pathogen from infested areas to noninfested areas. Removal of infected vines and
leaving soil fallow or planting a nonsusceptible crop (legumes or grasses) for 2 to 3 years may help to reduce the chance of carryover of the
pathogen, depending on the amount of grape debris that is left in the soil and its rate of decomposition.









Lesion Nematode

Lesion nematodes are widespread in many piedmont and mountain soils in North Carolina. They feed on the finer roots causing lesions, which
result in poor root development and reduced vine vigor.

Ring Nematode

The ring nematode is usually a greater problem in the sandy soils of the coastal plain than the heavier soils in the piedmont and mountains.
Above-ground symptoms are similar to those caused by the lesion nematode.

Insects and Mites

Numerous insects and several mite species can attack bunch grapes. Some, such as the grape berry moth, are chronic pests in almost all
vineyards. Many others, such as aerial phylloxera, affect a small proportion of vineyards in numbers large enough to require the use of control
measures. The insects described in this section are often found in damaging numbers in commercial Virginia and North Carolina vineyards.

Japanese Beetles

Among the most visible feeders of grape foliage are Japanese beetles, which account for the greatest number of insecticide applications in many
vineyards. Despite the insect’s intensive feeding and the resultant grower concern, vigorous grapevines can tolerate a certain amount of beetle
defoliation.

Japanese beetles overwinter as larvae in the soil, where they feed on grass roots in the autumn and spring. Following pupation, adult beetles
emerge in late spring and may be present in vineyards until September. The adult beetles are approximately %2 inch long and are green with
copper-colored wings. The beetles feed on leaves, often in large numbers, but rarely feed on fruit. Feeding is concentrated on the upper, younger
leaves of the canopy. Mating occurs and eggs are deposited in the soil, where the young larvae feed on grass roots and where they overwinter. A
certain amount of defoliation is tolerable with established, vigorous grapevines. As a rule, if vines retain at least 15 healthy leaves per shoot, no
delay of fruit maturation should occur. Occasional insecticide sprays may be necessary to keep feeding within tolerable limits. Young or weak
vines should be protected more diligently. Broad-spectrum insecticides, such as carbaryl, are effective against Japanese beetles but have the
undesirable effect of reducing beneficial insect populations. Indeed, intensive insecticide applications can increase the incidence of certain
secondary pests, such as European red mites. Thus, insecticides should be used judiciously. A bacterial insecticide is commercially available for
lawn and turf application to control Japanese beetle larvae feeding. This product (milky spore disease) may reduce injury to turf by larval feeding
but it is unlikely to have a measurable impact on the number of adult beetles that fly into a vineyard. Similarly, attractant traps are unlikely to trap
enough adults to reduce beetle levels effectively. Traps may actually attract more beetles from afar and result in greater feeding injury than if traps
were not used.

Grape Berry Moth



The grape berry moth is widely distributed east of the Rocky Mountains. It overwinters in pupal form. Adults emerge in early to mid-May in Virginia
but somewhat earlier in North Carolina. Mating occurs and the first generation eggs are deposited on flower clusters at or before bloom. Newly
hatched larvae feed on the blossoms and small berries, webbing clusters together and often destroying the entire cluster. In three to four weeks
the larvae become full grown and pupate. Second-generation moths emerge in 10 to 24 days and repeat the mating and egg deposition
processes. At least three and possibly four generations of grape berry moths have been observed in Virginia. Second and subsequent generation
larvae feed on developing berries. After véraison the infested berries may be prone to fruit-rotting organisms.

Adult moths, which do no direct damage to grapes, have a wing spread of about %2 inch and are drab brown with a gray or blue band across the
back. The larvae are greenish or gray-green and may exceed % inch in length. Some reduction in damage may be obtained through cultivation of
leaf litter under the trellis in early spring before first-generation adults emerge. Pheromone mating disruption has been found effective under
certain conditions in Virginia.

Grape Phylloxera

The grape phylloxera is native to the eastern United States. The biology of this plant louse is very complicated. One form of this aphid-like insect
feeds on foliage, where it causes gall-like growths. Other forms feed on the roots of the grape. American species of grape, such as Vitis riparia, V.
labrusca, and V. rupestris, are generally tolerant of the root feeding that occurs, although their foliage may be heavily infested with aerial forms. V.
vinifera varieties are severely injured by phylloxera root feeding and for this reason must be grafted to pest-resistant rootstocks in this region.
Several commercially important hybrid grape varieties, including Seyval and Villard blanc, are highly susceptible to aerial phylloxera feeding. Six or
more generations occur per year, and galling may be severe enough to warrant an insecticide application. Feeding and galling are most severe on
young, recently emerged leaves.

Grape Root Borer

The grape root borer is the larval stage of a clearwing moth. The adults resemble a wasp. They are dark bronzed brown and yellowish orange and
measure about 1 inch in length. The larvae measure 1 inch or more in length and are generally white with brown heads. Eggs are laid on foliage in
late summer. One moth may lay as many as 400 eggs during August and September. Eggs hatch promptly; the larvae drop to the soil and bore
into the crown and larger roots, where they feed for two or three years. The extensive injury to roots results in loss of vine vigor, reduced yields,
and eventual death of the vine. Pupation and emergence usually occur in the summer of the second year. Pupation takes place in cocoons near
the soil surface. In Virginia, adults emerge from mid-July to late July, and their shed pupal cases may be observed near the base of affected vines.
Adult moths do not feed on grapes, but mating occurs and additional eggs are laid.

Control of this destructive insect is difficult. Registered insecticides for the larval stage are available, but their efficacy is uncertain. One cultural
control measure involves mounding soil beneath the vines after the larval stage has pupated in late June. In theory, the adults are then unable to
dig to the surface when they exit their cocoons. Timing of mounding is critical and varies with vineyard location: if done too early, the larvae simply
tunnel into the mounded soil before pupating; if done too late, the adults may have already emerged.

Climbing Cutworms









SCARE DEVICES. Scaring deer with noisemakers or visual objects offers, at best, a temporary solution. Scare tactics include propane cannons,
electronic acoustic recordings, pyrotechnics, and physically patrolling the vineyard with people or dogs. Noise emitters should be moved every few
days so that deer do not become accustomed to the sounds. Their disadvantage is that they often become a nuisance to vineyard owners or
neighbors. Permitting domestic dogs to roam the vineyard deters deer to a limited degree.

REPELLENTS. A wide range of taste- or odor-active repellents are available (Table 8.8). Taste repellents are usually sprayed directly onto the
plant and are formulated to be distasteful to deer. Because of the potential to leave distasteful residues, some of these products may be restricted
to use on nonbearing vines or used only during the period before fruit set. As with nonsystemic fungicides and insecticides, sprayable repellents
must be reapplied after heavy rains and as new, unprotected growth develops. Odor repellents deter deer by scent alone. Some products include
ingredients that deer associate with humans, such as aromatic constituents of soaps. Depending upon formulation, the odor repellents may be
sprayed on or around vines or mounted on the trellis. Here are some keys to using repellents effectively:

1. Apply the repellent before damage occurs. Periods when damage is likely may be predicted by past experience. Do not allow a feeding pattern
to become established.

2. Feeding pressure will be greatest when alternative food sources are scarce. Repellents may work well when other food is available but may fail
miserably if little else is available for deer. This may partially explain year-to-year variation in repellent effectiveness or mixed results among
different vineyards.

3. Monitor the effectiveness of the repellents. Reapply them or alternate with other tactics if necessary.
4. Rotate repellents or implement alternative strategies so that deer do not become accustomed to a specific odor or taste.

Table 8.8. Examples of Commercially Available Deer Repellents for Crop and Noncrop Use Product Manufacturer Mode of Action Active
Ingredients

Hot Sauce and Animal Repellant -- Miller Chemical and Fertilizer Company, unpleasant taste due to capsaicin
Hinder Deer and Rabbit Repellent -- Matson LLC, unpleasant taste and odor due to ammonia, mixed rosin and fatty acids
Havahart Deer-A-Way -- Woodstream Corporation, unpleasant taste and odor due to putrescent egg solids

Note: Products in this table may be obtained through pesticide or fertilizer supply companies. Be certain to read the entire label before purchasing
and using these or other crop protection chemicals. Some animal repellants are registered by the U.S. Environmental Protection Agency as
pesticides, and use of those products in a manner inconsistent with their labels is prohibited by law.

(end of Table 8.8)
Besides sprayable repellents, at least three other odor-active repellents have shown some measure of effectiveness in vineyards and orchards.

1. Human Hair. The odor of humans deters deer. Hair can be obtained from barbershops. Place a handful in a mesh bag and hang it from trellis
wires around the perimeter of the vineyard. Replace it yearly before the fruit ripens.



2. Animal Tankage. A mixture of blood and other animal products from slaughterhouses or poultry-processing facilities may be used as a deer
repellent. Place % to 1 cup of this mixture in mesh bags and hang them from trellis wires around the vineyard perimeter before the fruit attracts
deer. Note, however, that this material may attract dogs and other animals.

3. Soap Bars. Purchase small hotel-use soap bars by the case. Leave the wrappers on to slow weathering. Drill a hole in each bar and thread a
string through it; then hang the bars from trellis wires around the perimeter of the vineyard. Fragrant soaps are particularly alarming to deer.

FENCING. Fencing is probably the most effective means of excluding deer from vineyards. Although the initial costs may be high, the near perfect
protection afforded makes fencing economical, especially taking into account the fact that a well-constructed fence will last 20 years or more.
Fencing may be either electrified or nonelectric. Nonelectric fences are usually made of a woven mesh and may be 8 to 12 feet in height. The
advent of high-tensile-strength (HT) fence wire, coupled with high-voltage, low-impedance electric fence chargers, has made electric fencing the
preferred option for deer fences. Many designs exist, but the least complicated may be the most effective and easiest to install and maintain. The
six-wire vertical design depicted in Figure 8.18 shows an effective, modified version of the Penn State five-wire design. An optional hot (+) wire
located about 4 or 5 inches above the ground will provide good deterrence of raccoons and other small animals; however, it is essential that the
soil under the fence be kept free of weeds that can reduce the effectiveness of the fence charger if they contact the positive wires. The six-wire
fence is only about 5 feet tall, a height that deer have no difficulty in jumping. However, approaching deer will first attempt to crawl through or
under the fence before jumping. The high-energy output of the charger modifies deer behavior, training deer to avoid the fence.

Products for HT electric fencing are available from numerous sources, including those listed at the end of this chapter.* Properly charged fences
produce an extremely unpleasant but noninjurious shock. Therefore, electric fences should always be posted to alert people to avoid accidental
shock.

Electric fences must be kept charged continuously. Upon being questioned, most growers who complain about ineffective electric fence operation
confess that the fence was not constantly charged. It is best to erect the fence before the vineyard ever bears a crop; the deer are much less
tempted to investigate what is on the other side. Clear at least 10 feet of brush and trees from the outside (deer side) of the fence. This gives
uninitiated deer plenty of room to approach the fence, touch it with their moist noses, and receive a shock. Keep vegetation, including weeds, clear
of the charged wires. When vegetation touches the wires, it drains off some of the energy, resulting in rapid battery discharge and insufficient
shocking energy. A preemergence herbicide can be applied under the fence to keep weeds down.

Depending upon terrain and how much brush clearing is involved, a battery-operated, solar-recharged, six-wire electric fence can be installed
around a 5-acre vineyard for $1,500 to $2,000 in material costs.

Figure 8.21 Is a drawing showing an effective design for a six-wire electric fence to exclude deer from the vineyard. The fence is 5 feet high and
wires are spaced 10 inches apart. In normal to very dry conditions, the “hot” wires alternate with the top wire being negative (carrying no
charge). If the outside of the fence contains tall grass or if there will be high drifts of snow in the winter, all wires should be “hot.”

Weeds

Vineyard Floor Management

































