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Introduction

Over 1,000 acres of grapes are planted in Florida
and are used for fresh fruit, U-pick, jam, juice, and
wine. Floridais the third highest wine consuming
state in the nation, with $8,000,000 in wine sales
annually. There are 13 registered wineriesin Florida,
and with the increasing popularity of visiting
vineyards for wine-tastings, many wineries have to
import grape juice from other states and countries to
keep up with the demand. In comparison with other
crops, grapes are arelatively small crop in Florida,
but have a strong potential for growth.

The primary grape grown in Floridaisthe
muscadine (Vitis rotundifolia Michx.), whichis
native to the southeastern U.S. It iswell adapted to
Florida conditions, does not succumb to many
diseases or pests, and is highly rated as a sustainable
crop. The American bunch grape (Vitislabrusca L.)
is also native to the southeastern U.S. It isvery
susceptible to Pierce's disease and other pathogens,
so disease-resistant hybrids were developed (Euvitis
spp.) which are now widely planted in Florida.
Euvitisis the second-most planted grape, and is used
mostly for traditional wines. The European bunch
grapes (Vitis vinifera), such as Pinot Noir and

Chardonnay, have not been successfully grown in
Florida, due primarily to Pierces disease.

The most important insect pest of grapesin
Floridaisthe grape root borer, Vitacea polistiformis
(Harris), asesiid moth. The grape root borer (GRB)
is native to the eastern United States, and ranges
south of aline from Vermont across to Minnesota and
east of the Mississippi River states, and occurs
throughout peninsular Florida. Grape root borer have
been damaging vineyards in the southeastern U.S. for
over 150 years. It has been declared the most
destructive insect pest of grapesin many states
including Georgia, North Carolina, and Florida.

Description

Grape root borer eggs are indented brown ovals,
smaller than the head of apin (Figure 1A). The larvae
are creamy white, and eventually reach 1 1/2 inches
long (Figure 1B). The pupal cases, which emerge
from the cocoons, are one inch long, golden-brown,
transparent cases (Figure 1C). The GRB adultisa
clearwing moth with brown scales on the forewing,
clear hind wings, and a brown abdomen with orange
or yellow bands (Figure 1D). Its size, flight behavior,
buzzing sound, and appearance resemble a paper
wasp (Polistes spp.). Most moths are nocturnal, but
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GRB fly during the day, similar to the wasps they
imitate. The males are smaller than the heavier
femal es with four orange tufts extending beyond the
abdomen (Figure 2).

Figure 1. Life stages: egg (A), larval stage (B), pupal stage
(C), and adult (D). Credits: A and D (Scott Weihman,
University of Florida), B (Peacock), C (James Soloman,
USDA Forest Service)

Figure 2. Grape root borer male (left) and female (right).
Life Cycle

Aswith other moths, the GRB has four life
stages (Figure 2): egg, larval stage, a pupal stage
(cocoon), and adult. Eggs are laid on vine trunks,
branches, and weeds at the base of vines. After about
18 days, the larva emerges and begins burrowing into
the soil in search of agrape root. It enters the root and
begins feeding, moving in the direction of the crown.
After thelarvais fully mature, it leaves the root and
burrows up to 5 cm below the soil surfaceto form its
cocoon, within which the adult moth develops
(Figure 3). After 30-45 days, the adult will emerge
from the cocoon and make its way to the soil surface,
still partly enclosed in apupal case. Asit reaches the
soil surface, the adult leaves the pupal case (Figure 3)

and usually crawls onto the grape trunk or weeds to
dry and recover. Shortly thereafter, female GRB will
begin to emit their pheromone to attract the malesin
order to mate. After mating the female will begin to
lay her eggs (roughly 350) and the cycle repeats.
Adult GRB live for roughly 7 days. They do not feed
during this time, their purpose being only to
reproduce. Grape root borer can live between 1-3
years, depending on latitude, but probably have a
mostly one-year life cyclein Florida
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Figure 3. Empty pupal cases of recently emerged adult
grape root borer.

The adults can emerge over a six-month period in
Florida, compared with 2-3 months in northern states.
The adults begin emerging from their cocoonsin
early summer and continue emerging until the
weather beginsto cool, sometimein the fall. Flight
activity peaks during the time of muscadine grape
harvest in Florida (Figure 4).

Damage

Serious infestations can cause loss of vigor in
grapes, decreases in yields, and high vine mortality.
Entire vineyards have been destroyed in Missouri,
Arkansas, Virginia, South Carolina, and Florida. The
grape root borer is often overlooked or ignored by
Florida grape farmers. The damaging life stage
(larval stage) of the GRB occurs underground, and
the adult goes unnoticed because of its resemblance
to the common paper wasp. Farmers often attribute
reduced yields to weather conditions or pathogens.
The exposed roots of infested vines have tunnels
filled with reddish sawdust-like excrement and trunk
girdling. Damage to avine may not be apparent for
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Grape Root Borer Emergence Patterns for 10 Florida Counties
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Figure 4. Grape root borere seasonal distribution curves for 10 Florida counties in 2003 indicating beginning of emergence in
early summer, end of season, and peak times of emergence.

several years, and extensive damage may be done
before symptoms appear. Symptoms include
yellowing of leaves, smaller leaves and berries,
reduced shoot growth, dieback of portions of the
vine, and reduced yields. These symptoms occur

gradually. It is difficult to diagnose GRB infestation
from these symptoms since they also occur as the
result of pathogens and other problems. The
traditional method of detecting GRB activity, besides
digging up the vines and inspecting for larvae, isto
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count the pupal casings under the vines (Figure 3).
The majority of these will occur within a one-foot
radius of the trunk.

Monitoring

It isimportant to monitor the GRB populations
in vineyardsin order to be aware of infestation levels.
In our studies, we found GRB in all of the 19
vineyards we monitored. They invade vineyards from
native wild grapes, which are pervasive throughout
the state. As already discussed, one way to monitor
GRB isto count the pupal casings (Figure 4) found at
the base of vines. An economic injury level (EIL)
that was established in the 1980s indicates that 29
pupal cases per acre were sufficient to cause
economic damage. This EIL was set in Georgia and
may not be accurate for Florida, with itslonger GRB
flight season.

For Florida, it may be more advisable (and less
time-consuming) to monitor GRB populations with
pheromone-baited bucket traps (Figure 5). A lureis
placed in the central cage of the trap (Figure 5) which
contains a synthetic version of the female GRB
pheromone. A pesticide strip (Hercon vaportape) is
attached to the inner bucket. Thisis how it works: the
maleislured to the trap, lands on the dlippery surface
and then didesinto the inner bucket and is

Figure 5. Universal Moth Trap (bucket trap) hung on the
trellis wire and baited with the GRB pheromone (right).
GRB male attracted to the pheromone lure in a cage at the
center of the trap.

Thistrap will catch only males. As of this
printing, no economic injury levels have been set for
monitoring with bucket traps. They can, however,
give you an indication of the severity of infestation,
and whether growers need to implement control

measures. One to two traps per acre may be sufficient
for monitoring purposes. Traps, vaportapes, and GRB
pheromones can be obtained from Great Lakes |PM
(www.gresatl akesipm.com or 1-800-235-0285).

Management

Many strategies for GRB control have been
investigated, including mounding, covering the base
of vines with ground cloth, and chemical control with
Lorsban 4E®. Mounding is atechnique by which a
layer of soil isridged over the base of the grape plant
and under the trellis to prevent the adults from
emerging. Mounding has been an effective control in
other states, but is probably not practical in Florida. It
would likely have to be done several times a season,
resulting in heavy root disturbance.

Applying ground cloth under the base of vinesis
another strategy used to prevent GRB from emerging
from the soil, as well as entering the root zone.
However, it isinitialy expensive and
time-consuming to install, and the cloth is vulnerable
to damage from machines and workers.

The conventional method of GRB control
involves the use of L orshan 4E (chlorpyrifos).
Lorshan can only be used once per season and 35 days
pre-harvest, which is well before the peak emergence
period, and after harvest. Since GRB emerge over a
long period in Florida, and Lorsban is effective for
roughly four weeks, it cannot effectively control the
majority of the GRB population (Figure 6). For best
control of GRB by Lorsban, it should be applied
post-harvest for both muscadine and bunch
grape-growers (Figure 6). However, vineyards that
harvest over extended periods of time, such as U-pick
and fresh fruit operations, may find better results
applying Lorsban pre-harvest.

There is anew formulation of chlorpyrifos,
Lorsban WG (water dispersible granule). Thisisa
safer formulation to apply, with reduced odor, and
may have a greater residual effect. The harvest
intervals are the same, which can be problematic for
growers with high populations of GRB. Lorsban 4E
is not available to the hobbiest, or the unlicensed
farmer. However, Lorsban WG is available to
licensed farmers. For these chemicals to be effective,
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Figure 6. Timing of Lorsban in muscadine grapes. Grape root borer emergence curve for the Panhandle region (purple), with
vertical bars representing period of grape harvest. Green box indicates 35 days pre-harvest application and its period of
effect. Yellow box represents post-harvest application in which more GRB can potentially be destroyed.

weeds and debris must be removed from the surface
area prior to application.

Mating Disruption

Mating disruption is atactic that uses the female
insects pheromones to confuse males and prevent
them from finding mates. In nature, when afemale
moth is ready to mate, she releases her pheromone
into the air, and a male follows the scent until he
encounters her. Under mating disruption, dispensers
with a synthetic female pheromone (usualy in the
form of twist-ties, Figure 7) are placed throughout
the crop. The air becomes inundated with pheromone
and the male is unable to track the scent to afemale.
Mating, then, does not occur, affecting the next
generation.

For our study, we used leopard moth pheromone
twist-ties, because GRB twist-ties are not being
produced. We placed 254 twist-ties (Figure 7) per
acre, which is approximately 1 twist-tie per vine,
depending on the number of vines per acre. They
were hung on the trellis wire or branches near the
wire. Twist-ties should be loosely fastened so that
they won't girdle the vines as they grow. They are
applied once per season at the beginning of the GRB
flight season (see Figure 4) and removed at the end of
the season or during pruning. We placed two

Figure 7. Pheromone twist-tie applied to grape branch.

monitoring traps with the GRB pheromone in each
plot to monitor the success of the treatment.

The success of our experiment was determined
by “trap shutdown.” The trapsin the treated plot
serve as surrogate females. If male GRB are able to
locate the trap, then they must also be able to find true
females. Soif large numbers of GRB males are
caught in the traps, this indicates that the twist-ties are
not working to disrupt mating; in turn, if small
numbers are found compared to an untreated section,
then the treatment is working (trap shutdown).

In our study, no male GRB were found in any of
the traps in the pheromone twist-tie plots at any of the
farms studied (Figure 8). This strongly suggests that
the males were unable to find the females and mate.
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Figure 8. Results of pheromone experiment for 2003 and 2004. Bars represent number of grape root borer males captured in
each of four treatments: untreated control, pheromone twist-ties, attract-and-kill, and Lorsban. Shorter bars or no bars

indicate mating disruption success.

Asof thiswriting, the cost of the twist-tiesis
$116 per acre. In our experiment we used 254
twist-ties per acre. This number may be high.
Traditionally, 100 twist-ties per acre is the number
that has been used. In order to bring the price down,
we will be investigating different rates of application
to find the smallest number of twist-ties that will still
effectively disrupt mating.

The leopard moth twist-ties are not currently
being sold in the United States. The product is called
Isonet-Z and is produced by the Shin-Etsu Chemical
Co. of Japan. Itissoldin Italy by CBC-Europe
(www.cbc-europe.it/biocontrol/). With continuing
research success with this product, and an indication
of grower interest, we may be able to market this
product in the U.S. through a pest management retail
outlet.

Attract-and-Kill

Attract-and-kill (A&K) isapromising new
technology that involves an attractant, such asa
pheromone, and a toxicant. Unlike mating disruption,
which functions by confusing the insect,
attract-and-kill technology attracts the insect with its
own pheromone to a poison source in the form of a
pesticide laden gel drop (Figure 9a). Themaleis
poisoned and dies, usually before mating with a
female. The theory isthat males will encounter a drop
(900 drops per acre) more often than afemale GRB.
Fewer eggs are produced, and the next generation is

smaller. The attracticide droplets contain smaller
amounts of pheromone than the twist-ties so that they
can attract male moths rather than cause mating
disruption. It has been successfully used on several
moth species including codling moth. One of the
benefits of using this technique isthat it targets the
desired insect pests and has little effect on beneficial
insects. Also, thereis no spray drift with
attract-and-kill systems and no pesticide residues are
left on the fruit. Itiseasy to apply and lesser amounts
of pesticides will be used per acre (4.05 grams/ acre)
than atraditional chemical treatment.

Recently, IPM Tech (Portland, OR) developed
an attracticide for grape root borer, called Last Call™
GRB. This had not previously been tested under field
conditions. It comesin a calibrated hand pump
(Figure 9b) that rel eases the same-sized drop with
each squeeze. The directions call for 900 drops per
acre, which is roughly equivalent to 2-4 drops per
vine depending on vine spacing. Drops are applied to
the trunks of the vines 3-5 ft. above the ground. The
first application is at the start of the GRB emergence
period (Figure 4), and is reapplied every 6 weeks
thereafter.

The results of our A&K experiment are shown in
Figure 8. In 2003, fewer GRB were trapped in the
A&K sections than in the untreated control and
L orsban sections suggesting that the males were
being killed by the pesticide. A& K shows potential
for control of GRB. However, in Florida's harsh
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summer climate, the drops may deteriorate more
quickly than in other areas of the U.S,, requiring it to
be reapplied more frequently.

LastCall-GRB costs $100 per acre and it requires
roughly one hour to treat an acre and 3-4 applications
per season. Depending on the size of the vineyard,
this could be rather labor-intensive. Future studies
will evaluate how many drops per acre would provide
effective control. Instead of 900 drops per acre,
perhaps the drops (1 drop = 0.05 g) could be
consolidated into larger amounts and applied on fewer
vines. For example, 1.5 g drops could be applied to
30 vines (= 45 g of A&K).

As of thiswriting, Last Call™ GRB isstill in the
experimental stage, and is not available commercially.

Figure 9. a) Attract-and-kill gel drop applied to grape trunk.
b) Calibrated hand pump for Last Call™ GRB.

Conclusion

Due to its hidden nature and short adult life span,
the grape root borer is adifficult pest to control. No
onetactic will be sufficient in controlling GRB. Wild
grapes occur quite extensively in Florida, and GRB
will always be immigrating into vineyards from
forested areas. An integrated pest management
program is necessary to control GRB in Florida
vineyards. Thisincludes good weed management. It
is especially important to keep the area at the base of
vines and under the trellis weed-free. Weeds provide
substrate upon which to lay eggs, and are the
preferred mating sites for the adults (Sarai, 1972).
They aso provide cover to the newly emerged adults
and create a humid environment and protection from
predators for newly emerged larvae. Another
important tactic is reduction of chemical usage, as
well as the adoption of reduced-risk pesticides. The
overuse of broad-spectrum pesticides kills off many

of the beneficial insects that help control pest species.
This often allows pest insects to build up to even
higher populations. Pesticides should not be used by
fixed schedules, but only under pest outbreak
conditions. Farmers need to monitor GRB
populations and implement control strategies when
the population is high. These strategies may include
the use of Last Call-GRB (A&K), Lorsban, and the
use of pheromone twist-ties for mating disruption.
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