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(Abstract)

Gravimetric analysis was used to determine the release rates and longevities of
several designs of pheromone dispensers for mating disruption of leafrollers and codling
moth, Cydia pomonella (Linneaus). Release rates were described by linear equations for at
least four months, but by the end of the season release rates tended to become erratic.
Biocontrol’s red-brown codling moth dispenser lasted for up to four months, and one
application of the dispenser in early May should control codling moth for the entire season
in Virginia apple orchards. Ecogen and Hercon leafroller dispensers lasted for a shorter
time than the codling moth dispensers and would require two applications per season to
provide the best control of their target pests.

In a commercial northern Virginia apple orchard, the effects of pheromone trap
height and pheromone dispenser height on captures of the tufted apple bud moth, Platynota
idaeusalis (Walker), were studied. Low traps (2.0 m) were more sensitive than high traps
(4.5 m) for monitoring tufted apple bud moth. The number of moths caught in 1994 and
1995 in a two-hectare mating disruption plot with pheromone dispensers placed in the
upper third of the tree was not significantly different from the number caught in a plot with
pheromone dispensers placed at head height. Fruit damage was very high in both
pheromone plots in 1994, but by 1995 it appeared that mating disruption was able to reduce

fruit damage due to leafroller larvae.
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INTRODUCTION AND LITERATURE REVIEW

The Influence of Pheromone Dispenser Release Rates, Trap
Height and Pheromone Dispenser Height on Captures of

Leafrollers in Virginia Apple Orchards

Introduction:

Members of the family Tortricidae are some of the most important pests of apple
(Chapman & Lienk 1971, Chapman 1973). There are over 5000 tortricid species world-
wide (Roelofs & Brown 1982). In New York, thirty tortricid species were classified as
using apple as a primary host (Chapman & Lienk 1971). Brooks (1980) estimated that
annual losses in the United States due to codling moth (CM), Cydia pomonella (L.), injury
totaled thirty-nine million dollars. In Virginia, the most serious leafroller pests of apple are
the tufted apple bud moth (TBM), Platynota idaeusalis (Walker), (Hull & Rajotte 1988,
Hull et al. 1995) and the variegated leafroller (VLR), Platynota flavedana Clemens (Bobb
1972, Hull et al. 1995). The challenge to produce large yields of undamaged fruit while
avoiding environmental hazards has led to the investigation of mating disruption as a part of
integrated pest management (IPM). Mating disruption works; Pfeiffer et al. (1993a,
1993b) investigated it for CM and leafrollers in central Virginia. But there are difficulties in
convincing growers to implement mating disruption.

A major drawback to mating disruption is the cost. It may cost up to 130 dollars
per acre to protect an orchard from one tortricid pest, while a pesticide application will kill
many pests for a lower price. Brunner (1991) estimated that the cost of mating disruption
of CM, including application costs, was greater than 150 dollars per acre, while three
conventional pesticide sprays and application costs would only be about 100 dollars per
acre, and would control more pests. Costs further increase if more than one application of
pheromone dispensers is needed per season. Another drawback to mating disruption is the
time it takes to apply the dispensers to the trees.

Since mating disruption is species-specific and there are many tortricid species in
the Mid-Atlantic region of the United States, it appears that mating disruption would be

uneconomical. However, many tortricids use the same pheromone components, only in
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different percentages, and it may be possible to control several species with one type of
dispenser, thus keeping costs down (Deland et al. 1994). The use of several generic
blends has been successful in Virginia mating disruption programs (Pfeiffer et al. 1994,
1995). Mating disruption offers an additional benefit over pesticides by allowing
populations of natural enemies to increase over time, which can help control key and
secondary pests. Also, mating disruption typically requires dispensers to be applied just
once or twice per season, while pesticide sprays have to go on every two weeks or so and
are influenced by weather conditions. Mating disruption programs, where low amounts of
naturally-occurring compounds are released, minimize the risk of pesticide exposure and do
not require restricted-entry intervals. Mating disruption is safer than spraying pesticides
and gives agriculture a better reputation.

Growers need to know about dispenser efficacies. Brunner (1991) stated that
“careful research is required on each type of dispenser system to determine how effective
each is in a mating disruption program.” Growers need to know if the dispenser will last
the entire season or if it will need to be reapplied later in the season so that they can budget
adequate time and money for mating disruption. They need to know if the dispensers will
release enough pheromone to stop the pests from mating, so that they will not need to apply
pesticides. Also, they need to know if the pheromone plume will cover the entire tree so
that all fruit is protected from injury, and they can be assured a high grade of fruit.

Pheromone traps are used to monitor the success of mating disruption.
Theoretically, when no male moths are able to find the traps, no male moths should be able
to orient to virgin female moths. Having traps sensitive enough to detect successful
orientation by males in the moth population is a way to give growers peace of mind.

The following objectives were proposed: (1) determine the release rates and
longevities of several types of pheromone dispensers; and (2) determine the influence of
trap height and dispenser height on captures of TBM.

Literature Review:

Concern about the environment and resistance has led researchers and growers to
search for ways to control insect pests without such heavy reliance on chemical sprays.
Chemical sprays can pollute the environment, leading to health problems for both humans
and wildlife; they can foster the development of resistant strains of pest species, kill
beneficial arthropods, and thus contribute to secondary pest outbreaks. A survey of forty-

five fruit growers in Virginia showed that the average grower used over nineteen insecticide
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or acaricide and over twenty fungicide applications per season (Pfeiffer et al. 1989). The
most widely used pesticides were azinphosmethyl (Guthion®) and methomyl (Lannate®),
both of which are highly toxic to mammals. Integrated pest management (IPM) strives to
keep pest populations below levels that cause economic injury while providing protection
against hazards to humans and the environment.

Pheromones are useful tools in IPM. Pheromones are chemical substances
produced and secreted by an organism in order to affect the behavior of other members of
the same species. Synthetic pheromones can be made and packaged into controlled-release
dispensers, which have several uses in the control of insect pests: (1) mating disruption,
where males have difficulty finding virgin female moths; (2) luring insects to an insecticide
or pathogen; (3) monitoring pest populations and determining emergence times; (4)
resistance monitoring (Knight & Hull 1990, Knight et al. 1990); and (5) mass trapping
(Kirsch 1988, Weatherston 1990). A sensitive monitoring system could reduce reliance on
calendar day-based insecticide sprays, leading to better IPM (Valles et al. 1991).

Studies of mating disruption show that the ability of male moths to locate virgin
female moths is hindered when the proper kind and amount of pheromone is released
(Charmillot 1990). The use of pheromones to cause mating disruption of CM, TBM,
VLR, and redbanded leafroller (RBL), Argyrotaenia velutinana (Walker), in apple orchards
has had promising results (Pfeiffer et al. 1993a, 1993b). Several proposed mechanisms for
mating disruption include: (1) sensory adaptation, where the continuous contact to
pheromone leads to a reduction in response by the receptor cells; (2) habituation, where the
sensory cells keep firing at a constant rate, but the brain overrides this input (it ignores the
information); (3) males follow false trails because they confuse the synthetic pheromone
with the females’ emitted pheromone; (4) camouflage of the natural pheromone trails
(plumes) by high levels of synthetic pheromone; (5) imbalance in sensory input, where
perceived ratios of the natural chemical components are distorted by synthetic chemical
components; and (6) antipheromones, which can modify an insect's response to natural
pheromones (Campion 1976, Bartell 1982, Cardé 1990). Mating disruption could be
caused by any combination of the above.

The success of mating disruption depends in large part on the release rate of
pheromone from the polymer matrix containing the active ingredient. The polymer should
allow proper diffusion and release of the active ingredient and the polymer and active
ingredient should not react with each other. The dispenser should be safe for the

environment, safe to use with food products, should not decompose until the active
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ingredient expires, and should not be too difficult or costly to produce (Brooks 1980, Zeoli
et al. 1982). The chemical formulation may be contained in microcapsules, trilaminates,
capillaries, polyethylene tubes, or liquid flowables (Weatherston 1990). For insects that
fly at night, it is better to use a dispenser that has a constant release rate at various
temperatures, instead of one that discharges the bulk of its contents during sunny
afternoons when its target insect is inactive (Bierl-Leonhardt 1982). Wind may have an
influence on how the pheromone plume is distributed, but Rothschild (1979) found no
evidence that wind has any direct influence on pheromone loss rates. The timing of
dispenser placement, initial pest population density, size of the treated plot, number of
generations of the pest, and invasion sources complicate the success of mating disruption
(Silverstein 1990, Charmillot 1992). For practical mating disruption, orchards should be at
least three hectares, have a low initial pest density, and should be isolated from infestation
sources by at least 100 m (Charmillot 1990, 1992). The best long-term protection may
result from using mating disruption season after season (Brunner 1991).

In the United States, the use of pheromones for purposes other than monitoring is
regulated by the Environmental Protection Agency (EPA). Pheromones are considered
semiochemical pesticides under the Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA), a law administered by the EPA. FIFRA defines a “pesticide” as any substance
intended for preventing, destroying, repelling, or mitigating any pest, or intended for use
as a plant regulator, defoliant, or desiccant. Pheromone manufacturers have to submit
proof of safety before their product can be marketed, which may require data for product
chemistry, residue chemistry, toxicity, and ecological effects. Jellinek and Gray (1992)
estimated that expenses could total over half a million dollars if pheromone manufacturers
must provide all the data typically required for conventional pesticide registration, but
informal EPA exemptions in data requirements and their tier-testing scheme may reduce
costs to under $140,000. In the tier-testing scheme, a product which passes all tier-one
data requirements does not have to undergo more detailed testing. Inscoe and Ridgway
(1992) suggested that the EPA eliminate the toxicological data requirements for female
lepidopteran pheromones through standardized waivers, which would hasten product
development and marketing and could encourage more research on pheromones.

Pheromones which are used in food crops that are sold in interstate commerce are
regulated by the Federal Food, Drug, and Cosmetic Act (FFDCA), which states that active
ingredients in the pheromone must either be exempted from residue restrictions on the food

crop or must be kept below a set tolerance level. FFDCA also requires tolerance or
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exemption for inert ingredients. A study using equipment capable of detecting residues of
less than five parts per billion found no detectable pheromone residues on apples, grapes,
or peaches harvested from mating disruption plots (Spittler et al. 1992). According to
Brunner (1991), the EPA has waived the requirement for tolerance on food on all
pheromones registered to date.

FIFRA prohibits the shipment of unregistered pesticides to test sites, unless: (1) the
user is determining the uses of the pesticide, its toxicity, or other properties, and does not
expect to benefit from its use in pest control, or (2) an experimental use permit (EUP) is
granted by the EPA (Jellinek & Gray 1992). Experimental use permits are usually issued
for one year and require detailed information on the testing program. An EUP is not
required if the substance is tested on less than ten acres. The EPA rules out in advance
issuing an EUP for testing in food crops unless (1) the FFDCA has already given tolerance
or exemption for the product on the crop, or (2) the food crop is destroyed after the
experiment is conducted.

Pheromone Dispenser Release Rates

It is important to determine how well a dispenser works in the field so that the best
designs can be recommended to growers; even a very progressive farmer would be
discouraged from mating disruption if through the use of an inadequate dispenser his or her
crop was ruined. Different designs of dispensers that contain exactly the same ingredients
may not provide the same amount of pheromone plume coverage in an orchard (Brunner
1991). Few data are available concerning dispenser release rates and longevities, central to
determining efficacies of dispensers. Kydonieus (1980) defined controlled release as “a
technique in which active chemicals are made available to a specified target at a rate and
duration designed to accomplish an intended effect.” Ideally, a dispenser should release the
active ingredients at an adequate rate for all generations of the pest and the pheromone
should not degrade too rapidly. Knight e al. (1995) found that a blend ratio change
occurred inside some pheromone dispensers over the growing season, which could affect
dispenser efficacy. Charmillot (1990) found that dispensers containing a crude mixture of
70% codlemone were just as effective in disrupting mating of CM as 99% pure codlemone
dispensers; therefore, chemical purity is not necessarily needed in mating disruption
programs.

Several methods have been used to determine how much pheromone remains in a

dispenser. Lewis and Macaulay (1976) measured how much pheromone remained in
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micro-capsules by microscopy. Bierl-Leonhardt (1982) stated that measuring weight loss
is one of the easiest ways to determine release rates, but warned against complicating
factors such as water absorbance and pheromone decomposition. Bierl-Leonhardt (1982)
stated that it is important to study release rates at temperatures similar to those experienced
in the field. Rothschild (1979) measured weight changes at different temperatures and
found that higher temperatures caused more rapid pheromone loss. In an experiment using

Hercon brand laminated dispensers, Rothschild (1979) dried dispensers at 40°C to

evaporate all the pheromone, and then placed the dispensers in a humid environment for
seven days. He found that water uptake was insignificant, and that empirical weight loss
data may be adequate for comparisons between dispenser designs.  Contrary to
Rothschild’s findings, Beroza et al. (1975) stated that gas chromatographic analysis is
preferable to empirical measurements in determining how much pheromone remains in a
dispenser, and that the loss of pheromone may be through routes other than volatilization,
such as pheromone decomposition. Charmillot (1990) found that gas chromatographic and
gravimetric analysis showed almost identical amounts of pheromone remaining in a
dispenser.

Improvements in pheromone dispenser design include making them: (1)
biodegradable; (2) effective against more than one species by using multi-species
pheromone blends; (3) longer lasting; and (4) less expensive. Dispensers should be
biodegradable so that they do not accumulate in the environment (Brooks 1980). Having
access to a dispenser that can control several species of pests should make application
easier and costs lower. Deventer and Blommers (1992) found that BASF’s “twin
dispensers”--dispensers with one compartment for codlemone and another compartment for
Z-11-tetradecenyl acetate--worked well against three species of leafrollers. Longer lasting
dispensers would prevent the need for a second, late-season application of dispensers in
mating disruption orchards; this would make it more economical to control the pests and
would prevent late-season injury to the crop. However, McDonough et al. (1992) have
shown that if a minimum evaporation rate of pheromone is to be maintained, two or three
applications of pheromone dispensers is more efficient than one application. Barnes et al.
(1992) achieved successful control of CM for an entire season with one application of
dispensers in a California pear orchard in 1989 and 1990. Campion (1976) named several
chemicals which can extend the life of dispensers, such as BHT and tri-octanoin, but Kehat
et al. (1994) stated that the addition of anti-oxidants and ultraviolet agents could not prevent

rapid degradation of CM pheromone. Kirsch (1988) stated that mating disruption has been
6



limited by the high cost of synthetic active ingredients. If the cost of protecting a crop
using mating disruption was similar to that of conventional methods, it is likely that more
growers would switch to mating disruption.

Research on lures used for monitoring purposes found that age and loading rate of
the lure may affect the ability of moths to orient to traps. McNally and Barnes (1980)
found that CM rubber septa, aged in a weather shelter, had no loss in efficacy for at least
sixteen weeks. Comparing 0.0001, 0.001, 0.01, 0.1, 1, and 10 mg/septum, they found
that the optimum loads after one week were 0.1 and 1 mg. They also found that placement
in the trap adhesive had no inhibitory effect on the lure’s attractiveness over a nine week
period. However, a study by Kehat er al. (1994) suggested that CM lures should be
replaced after two weeks in the field due to their rapid loss of attractancy. Warner (1996)
reported that 10 mg lures were better than 1 mg lures for monitoring CM in mating
disruption programs, but the 1 mg lures were better for monitoring CM in conventional
spray programs. Warner (1996) also recommended that CM lures be changed every three

weeks during first generation moth activity and every two weeks for the second generation.

The Influence of Trap Height on Moth Captures

The placement of pheromone traps in the canopy is important in monitoring moth
populations (Riedl et al. 1979, McNally & Barnes 1981, Madsen & Madsen 1982,
AliNiazee 1983, Thwaite & Madsen 1983, David & Horsburgh 1989, Howell et al. 1990,
Bhardwaj & Chander 1992). It is believed that traps placed at the level where the
population is most concentrated will give the most reliable information about the
population. Woodside (1944) reported that CM is most concentrated in the tops of apple
trees. He found that in sprayed orchards there were up to twenty-seven times more larvae
in the fruit at twenty-four feet than at six feet, and in unsprayed orchards there were almost
three times as many larvae at twenty-four feet than at six feet. Howell ez al. (1990) used
traps baited with one-half of a septum, positioned at 1.5 and 3.5 m along wooden poles, to
find the maximum response height of CM in apple trees 4 to 4.5 m tall. They found that
traps at 3.5 m, placed inside the canopy, caught significantly more CM than traps placed at
1.5 m outside the canopy, but there was no significant difference between traps inside the
canopy. McNally and Barnes (1981) found that when CM traps were placed at 2, 3, and
4.3 m, most moths were captured in the tops of the 5-6 m tall apple trees. Riedl et al.
(1979) suspended CM traps from a pole adjacent to the center of a 4 m pear tree, and

positioned traps at 0.5, 1.4, 2.3, 3.2, and 4.1 m. They found that there was little response
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to traps placed above or below the canopy, with optimal catches in the upper half of the
canopy. Thwaite and Madsen (1983) found that CM traps in the upper third of the canopy
caught more moths than those traps at head-height when both traps were in the same tree;
however, when high traps were removed, the low ones caught nearly as many moths as
both high and low traps combined. Warner (1996) reported that high traps are more
sensitive than low traps for monitoring CM. One study which monitored the filbertworm,
Melissopus latiferreanus (Walsingham), with sex attractant in hazelnut trees about 4.7 m
tall found that traps on the ground caught no moths, while traps in the upper third of the
canopy caught 37%, and traps just above the canopy caught 46% of the moths (AliNiazee
1983). Bhardwaj and Chander (1992) found that traps in the upper half of the canopy,
near the periphery, captured significantly more Archips pomivora (Meyrick) in North
Indian apple orchards. Madsen and Madsen (1982) found that the fruittree leafroller,
Archips argyrospila (Walker), was captured much more often in the upper third of the
canopy than at head-height, but the threelined leafroller, Pandemis limitata (Robinson),
was captured more often at head-height than in the upper third of the tree. Sato et al.
(1987) found that the optimum height for capturing the Asiatic leafroller, Archips
breviplicana (Walsingham), was 2.4 m in apple and pear orchards. Lewis and Macaulay
(1976) found that pea moth, Cydia nigricana (Fabricius), captures were greater in low traps
when wind speed was greater than 2 m/s, yet was greater in high traps when wind speed
was less than 2 m/s. In their study, high traps were those traps at crop height or at twice
the crop height. They said that the best height compromise for monitoring purposes was
three-fourths the crop height. McVay er al. (1995) found that traps at 9.1 m caught
significantly more fifth generation hickory shuckworm, Cydia caryana (Fitch), in Alabama
pecan orchards than traps at 4.6 m. David and Horsburgh (1989) found that traps from
0.3-3.0 m in the same tree caught significantly more first generation VLR than traps at 3.9
m, while traps at 2.1 and 3.0 m caught the most second generation moths. They also
found that for TBM, there were significantly more first and second generation moths
captured in traps at 1.2-3.0 m than at higher trap heights.

Orientation of traps in the Northern, Southern, Eastern, or Western quadrants of a
tree may be important. Some studies suggest that there is no significant difference in the
number of males trapped in each quadrant (AliNiazee 1983), while other studies suggest
that quadrant orientation is important (Riedl et al. 1979). David and Horsburgh (1989)
found that the Western quadrant caught more first and second-generation VLR, but there

was no significant difference in TBM captures in any of the quadrants. Riedl et al. (1979)
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found that male CM respond 30% less to traps in the Northern quadrant, but there is little
difference between the other quadrants; they suggested that this may be due to wind, light
intensity, and temperature. They suggested placing traps in the Southern or Eastern
quadrants, in the upper third of the canopy, 0.3-0.6 m within the edge of the foliage for
best results. McNally and Barnes (1981) suggested that a vane attached to CM traps could
help improve catches, for it would keep traps oriented parallel to wind direction, where
most of the male moths are caught.

Traps that are closest to the trees are usually the ones with the highest catches.
AliNiazee (1983) randomly placed traps 0, 10, 20, 30, and 50 m away from hazelnut trees,
and found that traps at 0 m caught significantly more filbertworms than the other traps,
with no moths captured in traps at 50 m. Traps outside the orchard, however, may be
important in reducing immigration and can identify the source of invading moths (Thwaite
& Madsen 1983). Yonce et al. (1979), however, found that pheromone trap captures of
the peachtree borer, Synanthedon exitiosa (Say), were essentially the same regardless of
where the traps were placed, and they suggested putting traps for this species in a
convenient location rather than in a peach orchard. This may reflect abundance of wild
hosts such as wild cherry trees outside peach orchards, and may also indicate a different
type of male search behavior.

The number and time at which pheromone traps are placed in an orchard plays an
important role in determining how to interpret trap captures. Traps placed in the orchard
after moths have already begun to emerge will give high initial captures, and this should be
accounted for when considering spray dates (Alford et al. 1979). Codling moth catches per
trap decrease as the traps per tree density increases. If the trap-density is doubled, the
number of CM caught per trap will be reduced by one-third (McNally & Barnes 1981). Up
to one trap per hectare is sufficient for monitoring moths (Madsen & Madsen 1982;
Thwaite & Madsen 1983). Howell (1983) reported that the average drawing range of a
calling female CM is 40-61 m. Ried! (1980) suggested that CM trap catches reach a plateau
when trap density falls below one trap per seven hectares, due to the limited drawing range
of the lure and male dispersal characteristics.

In a mass-trapping experiment, thirty-five traps per hectare in a 2 ha orchard in
California reduced amounts of CM-injured fruit from 45% in a no-spray year to 24% the
following year (McNally & Barnes 1981). Even though traps captured 1400 male CM, the
infestation rate would be considered unacceptable by most growers. McNally and Barnes



(1981) stated that mass trapping is not a practical means of controlling CM in orchards with
high populations of this pest.

The Influence of Pheromone Dispenser Height on Leafroller Captures

Dispenser height is important in controlling apple pests. Physical characteristics of
the crop can have an effect on pheromone plumes and it is important to place the dispensers
so that the pheromone gets maximum dispersion throughout the canopy (Kirsch 1988).
Application of pheromone dispensers in an apple orchard undergoing mating disruption is
usually done by hand-placing the dispensers at about 2 m. This may result in a zone of
coverage that protects the fruit in the lower parts of the tree from larval feeding damage, but
leaves the upper reaches of the tree less protected. In an experiment where dispensers were
placed on the ground, orientation to pheromone traps was reduced, but important damage
to the fruit occurred (Charmillot 1990). Therefore, low dispensers may not provide
adequate pheromone plume coverage in the tree tops. Warner (1996) reported that CM
dispensers should be placed within two feet of the tree tops. Several researchers have
placed pheromone dispensers in the tree tops and achieved good control of several tortricid
pests (Barnes ef al. 1992, Howell et al. 1992, Deland et al. 1994). If a pest is known to
inhabit a particular zone in a crop (such as the top of a tree), then that zone should be
treated with the dispensers.

TBM Biology

The range of TBM includes the mid-Atlantic region of the United States and parts of
Canada. Eggs are usually deposited on the upper leaf surface (Hogmire & Howitt 1979).
Approximately 100-125 eggs are laid in each cluster. These green clusters are covered with
a white translucent envelope. Eggs incubate for about ten to fourteen days; the cluster turns
yellow to light brown two to three days before hatching. Larvae are light brown to
grayish-tan, with a dark stripe down their back; length ranges from 13-18 mm, and they
have an anal comb. Early instars feed underneath the leaves; third instars chew the leaf
petiole so that the leaf hangs down, where it can be webbed and rolled to form a
compartment from which the larva can feed in relative safety. Surface punctures may occur
where this hanging leaf contacts an apple. More injury occurs to the calyx than to the sides
or stem (Meagher & Hull 1991). Second generation larvae cause the most severe fruit
injury (Hull & Rajotte 1988). Larvae from second generation moths overwinter in leaf

litter; they feed on apple root suckers and weeds in early spring, and begin maturing in
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middle to late May (larvae overwintering as earlier instars mature about two to four weeks
later). Pupae are about 7 mm long and are a light brown color. The pupal stage lasts about
nine to eleven days (Hogmire & Howitt 1979). Adults are 12-15 mm long, with the female
being broader than the male. First-brood adults emerge in early June; second-brood adults
emerge in late August and into September (Hull & Rajotte 1988). Adults mate and lay eggs
shortly after emergence. Smart (1989) reported that flight periods occurred at about the
same time in commercial and abandoned apple orchards. TBM have a copper-colored patch
on their forewings, a ribbed pattern at the ends, and tufted scales in the middle. Their
overall color is ash-gray.

Sex pheromones

Tortricine sex pheromones are typically 14-carbon acetates and alcohols with
unsaturated bonds at the C-11 position (Roelofs & Comeau 1971). The sex pheromone
serves as the major premating isolating mechanism for leafrollers (Roelofs & Brown
1982).

Studies of TBM sex pheromone components found that a 1:1 ratio of E11-14:Ac
(E11-tetradecenyl acetate) and E11-14:0H (E11-tetradecenol) is best for capturing this
moth (Bode et al. 1973, Hill et al. 1977). Although E11-14:0H is also found in the VLR
pheromone, the best blend for one species does not attract many males of the other species
(Hill et al. 1977). Using gas chromatographic analysis, Hill et al. (1974) found that the
main component of TBM pheromone was E11-14:0H. It alone attracts TBM males. E11-
14:Ac is a synergist which increases male catches three to six times when it is added to the
alcohol. The TBM pheromone does not seem to have any secondary components. Hill ez
al. (1974) found that adding 10-20% Z11-14:0H to a 2:1 alcohol:acetate mixture (which is
the ratio found in female extracts) caused a reduction of greater than 50% in the number of
males trapped. They also found that 10% Z11-14:Ac could be added without much effect
on trap catches, but 20% Z11-14:Ac lowered catches by one-fourth. They found that the
most effective lures were ones with 5.0pl attractant (alcohol) and 5-15ul synergist

(acetate).

Apple tree background
Apple [Malus x domestica (Borkhausen)] as we know it most likely originated in
Asia Minor when two species of crab apples cross-pollinated to form a new strain with

larger, sweeter fruit. Apple is a member of the rose family (Rosaceae). It is not known
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when apple became domesticated, but it is estimated that there were several varieties by the
time that Cato wrote De Agricultura in the second century BC, where grafting techniques
for apple were described (Chapman & Lienk 1971, Wynne 1975). Apple trees can be
grown from seeds, but it is impossible to know what kind of fruit the trees will produce
because the seeds have both maternal and paternal genes; therefore, each seed produces a
new variety of tree and fruit. The seed usually produces apples inferior to its parents. The
first orchards in the United States primarily used seeds imported from Europe. Most
colonial orchards were seedling trees that had been cultivated five or six years in a farm’s
nursery and then transplanted to another location (Hedrick 1950). Many pioneers
experimented with different seeds, trying to find the ones that could produce tasty apples--
today’s popular ‘Delicious’, ‘Golden Delicious’, and ‘Stayman’ varieties all came from
seeds. John Chapman, born in Massachusetts in 1776 and also known as Johnny
Appleseed, was famous for planting seeds throughout America. By 1850 there were more
than 500 varieties of apple cultivated in the United States (Wynne 1975) and by 1872 there
were over 1000 varieties (Carlson et al. 1970).

When vegetative propagation became popular, people were able to make a plant that
would produce the same fruit as its single parent produced. This technique involves
inducing adventitious roots to grow from stems. It allowed growers to concentrate on
popular varieties, ones that would sell at the market. Grafting was probably done in the
early eighteenth century in America, and was reported to be most advanced in Virginia
(Hedrick 1950).

Apples were very important in the lives of our ancestors. Besides being able to eat
the apples fresh, the fruit could be made into hard cider for drinking. Hard cider could be
made into cider vinegar or brandy for use as a preservative. Apple sauce, apple butter, and
food for livestock were other uses for the apple. Today with cold storage techniques and
rapid transport systems, we can enjoy fresh apples essentially year-round.

Commercial apple production has changed many apple-growing techniques. In
colonial America people who purchased land almost always planted a certain amount in
apple trees. Now, with more people living in cities, people must depend on commercial
orchards to supply apples. Commercial orchards must produce high yields and marketable
apples. To get high yields, commercial orchards have focused on small trees that are easy
to care for and produce lots of excellent fruit; tree densities have pushed over 2500 trees per
hectare for certain varieties. This has eliminated the vast variety of apples cultivated in the

nineteenth century; Wynne (1975) estimated that there are only about 100 varieties in
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cultivation today, one-tenth of the number in 1872. Another estimate was that in 1915
there were only about 35 popular varieties sold in the United States, and by 1964 this had
dropped to 18 varieties (Carlson et al. 1970). Cold storage techniques allow large amounts
of fruit to be saved, and eliminates the need for varieties that mature at different times
throughout the year.

Fruit formation

Apples develop from apple blossoms. On large trees, there may be 50,000 to
100,000 blossoms per tree, in clusters of five or six (Wynne 1975). Most apple trees
require cross-pollination for fruit production; trees will reject their own pollen and pollen
produced by other trees of the same variety. However, some varieties such as ‘Golden
Delicious’ and ‘Rome Beauty’ can adequately bear crops without cross-pollination (Wynne
1975). Most pollination is by honey bees, which are attracted to the nectar at the base of
the flower petals. The honey bee picks up pollen as it moves from flower to flower and in
doing so some pollen is spread to the stigma. The pollen forms a germination tube which
goes through the style to the ovary, where it contacts one of the ovules. The chromosomes
from the pollen and the egg nucleus combine, and the egg is fertilized. This will grow into
an apple seed. Since there are ten ovules per blossom, ten pollen grains are needed to
completely fertilize the blossom. If all or most of the eggs are fertilized the ovary walls will
thicken to form the flesh of the apple. If many eggs remain unfertilized, the blossom will
drop from the tree, or the apple will be lopsided. If too many blossoms are fertilized, the
tree will drop some of its fruit, and there will be an excessive number of small fruit and
accompanying limb breakage.

Since the ovary walls are a part of the mother tree, the mother will determine the
fruit qualities. This is why a ‘Delicious’ tree can be pollinated by a crab apple tree and still
produce ‘Delicious’ apples. However, the seeds would be a genetic hybrid, with
characteristics of both the crab apple and ‘Delicious’ trees. Nutrients from the mother tree
enter the apple through the stem. When the apple reaches full size, cell growth blocks the
stem and isolates the apple from the rest of the tree. Now the apple will use energy stored
in its flesh by converting starch to sugar, becoming sweeter in the process. An apple that is
picked will continue to ripen until all the sugar is depleted, and then it starts to decay.
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Apple in Virginia

According to the most recent bulletin from the Virginia Agricultural Statistics
Service (Bass & Lawson 1992), Virginia ranked sixth in the United States in apple
production with 370 million pounds of apple produced in 1992. Approximately eighty-
nine million pounds were sold as fresh market apples, and 277 million pounds were sold as
processing apples. The price for apples from 1988 to 1992 averaged from 8.6 to 11.1
cents per pound.

A survey by Carbaugh (1977) showed that the number of orchards in Virginia is
decreasing; there were 2059 orchards in 1949, 1405 in 1956, and 599 in 1977. The total
number of apple trees in Virginia in 1977 was 1,592,706. The top four counties by
number of trees were: Frederick (481,000), Clarke (131,800), Rockingham (113,500),
and Nelson (106,200). Botetourt was ninth with 54,600 trees.

Bass and Lawson’s 1992 survey showed that Frederick county still had the most
trees (559,510) and also had the greatest apple acreage in the state. Clarke County had
152,963 trees, Rockingham County had 238,711, Nelson County had 176,104, and
Shenandoah County had 144,762. There is a trend to increase the number of trees per acre
through using dwarfing rootstocks and/or trellis support systems. Popular rootstocks
include the dwarf M.26 and M.9, and the semi-dwarf M.7, MM.106, and MM.111.

References Cited:

Alford, D.V., P.W. Carden, E.B. Dennis, H.J. Gould & J.D.R. Vernon. 1979.
Monitoring codling and tortrix moths in United Kingdom apple orchards using

pheromone traps. Ann. Appl. Biol. 91: 165-178.

AliNiazee, M.T. 1983. Monitoring the filbertworm, Melissopus latiferreanus
(Lepidoptera: Olethreutidae), with sex attractant traps: effect of trap design and

placement on moth catches. Environ. Entomol. 12: 141-146.
Barnes, M.M., J.G. Millar, P.A. Kirsch & D.C. Hawks. 1992. Codling moth

(Lepidoptera: Tortricidae) control by dissemination of synthetic female sex
pheromone. J. Econ. Entomol. 85: 1274-1277.

14



Bartell, R.J. 1982. Mechanisms of communication disruption by pheromone in the control

of Lepidoptera: areview. Physiol. Entomol. 7: 353-364.

Bass, R.T. & J.A. Lawson. 1992. Virginia Agricultural Statistics Bulletin. Virginia
Agricultural Statistics Service, Richmond, VA. p. 48-51.

Beroza, M., B.A. Bierl, P. James & D. DeVilbiss. 1975. Measuring emission rates of

pheromones from their formulations. J. Econ. Entomol. 68: 369-372.

Bhardwaj, S.P. & R. Chander. 1992. Design and placement of synthetic sex attractant
traps for monitoring apple leafroller, Archips pomivora (Meyrick) (Lepidoptera:
Tortricidae) in North Indian orchards. Trop. Pest Manag. 38: 61-64.

Bierl-Leonhardt, B.A. 1982. Release rates from formulation and quality control methods,
pp. 245-258. In A.F. Kydonieus & M. Beroza [eds.], Insect Suppression with
Controlled Release Pheromone Systems, Vol. 1. CRC Press, Boca Raton, FL.

Bobb, M.L. 1972. Observations on the biology and control of Platynota flavedana. J.
Econ. Entomol. 65: 1486-1487.

Bode, W.M,, D. Asquith & J.P. Tette. 1973. Sex attractants and traps for tufted apple
bud moth and redbanded leafroller males. J. Econ. Entomol. 66: 1129-1130.

Brooks, T.'W. 1980. Controlled vapor release from hollow fibers: theory and
applications with insect pheromones, pp. 166-193. In A.F. Kydonieus [ed.],
Controlled Release Technologies: Methods, Theory, and Applications, Vol. 1.
CRC Press, Boca Raton, FL.

Brunner, J.LF. 1991. Mating disruption as a control of fruit pests, pp. 89-100. In K.
Williams [ed.], New directions in tree fruit pest management. Good Fruit Grower,
Yakima, WA.

Campion, D.G. 1976. Sex pheromones for the control of lepidopterous pests using

microencapsulation and dispenser techniques. Pestic. Sci. 7: 636-641.

15



Carbaugh, S.M. 1977. Virginia apple and peach tree survey. Virginia Dept. of
Agriculture and Commerce, Richmond, VA. Bulletin No. 43. 56pp.

Cardé, R.T. 1990. Principles of mating disruption, pp.47-72. In R.L. Ridgway, R.M.
Silverstein & M.N. Inscoe [eds], Behavior-Modifying Chemicals for Insect
Management: Applications of Pheromones and other Attractants. Marcel Dekker,
N.Y.

Carlson, R.F., E.S. Degman, A.P. French, R.P. Larsen, V. Maas, J.B. Mowry, H.A.
Rollins, Jr., W.H. Upshall & E. Wilcox. 1970. North American Apples:
Varieties, Rootstocks, Outlook. East Lansing: Michigan State Univ. Press. 197

pp-

Chapman, P.J. 1973. Bionomics of the apple-feeding Tortricidae. Annu. Rev. Entomol.
18: 73-96.

Chapman, P.J. & S.E. Lienk. 1971. Tortricid fauna of apple in New York. New York
State Agric. Exp. Stn., Geneva. 122 pp.

Charmillot, P.J. 1990. Mating disruption technique to control codling moth in western
Switzerland, pp. 165-182. In R.L. Ridgway, R.M. Silverstein & M.N. Inscoe
[eds], Behavior-Modifying Chemicals for Insect Management: Applications of
Pheromones and Other Attractants. Marcel Dekker, N.Y.

Charmillot, P.J. 1992. Progress and prospects for selective means of controlling tortricid
pests of orchards. Acta Phytopathol. Entomol. Hung. 27: 165-176.

David, P.J. & R.L. Horsburgh. 1989. Effects of pheromone trap design, placement, and
pheromone dispenser and load on male Platynota flavedana and P. idaeusalis
(Lepidoptera: Tortricidae) catches in Virginia apple orchards. Environ. Entomol.
18: 145-149.

16





























































































