
The Influence of Pheromone Dispenser Release Rates, Trap 

Height and Pheromone Dispenser Height on Captures of 

Leafrollers in Virginia Apple Orchards 

by 

Sean M. Malone 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

IN 

ENTOMOLOGY 

APPROVED: 

Douglas G. Pfeiffer, Chair 

Bsns J, Lipo th 

  

Joella C. Killian Robert L. Pienkowski 

| EZ VEL a 
C/ A 

May 1996 
Blacksburg, Virginia 

Keywords: pheromone, apple, mating disruption, leafroller, release rate, trap height



(a 

 



THE INFLUENCE OF PHEROMONE DISPENSER RELEASE 

RATES, TRAP HEIGHT AND PHEROMONE DISPENSER 

HEIGHT ON CAPTURES OF LEAFROLLERS IN VIRGINIA 

APPLE ORCHARDS 

by 
Sean M. Malone 

Dr. Douglas G. Pfeiffer, Chairperson 

Entomology 

(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: 

Concer 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 et 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-\1-tetradeceny] 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 
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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 et 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 et 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 et 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. Riedl (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 et 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 #11-14:Ac 

(£1 1-tetradecenyl acetate) and £11-14:0H (£11-tetradecenol) is best for capturing this 

moth (Bode et al. 1973, Hill et al. 1977). Although £11-14:OH 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 F11-14:OH. It alone attracts TBM males. £11- 

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 et 

al. (1974) found that adding 10-20% Z11-14:OH 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 5.0ul 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 

11



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.



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. 
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CHAPTER ONE 

Release Rates of Codling Moth and Leafroller Pheromone Dispensers 

Introduction: 

Mating disruption in apple orchards has been shown to be effective in controlling 

codling moth (CM), Cydia pomonella (L.) and leafrollers such as the variegated leafroller 

(VLR), Platynota flavedana Clemens, tufted apple bud moth (TBM), P. idaeusalis 

(Walker), and the redbanded leafroller (RBL), Argyrotaenia velutinana (Walker) (Pfeiffer 

et al. 1993a,b). For successful mating disruption, pheromone dispensers must contain 

proper blends of pheromone components and must release adequate amounts of these 

components throughout all generations of the pest. 

Several studies have examined the effect of pheromone blends on the attractancy of 

lures (Bode et al. 1973, Hill et al. 1974, Hill et al. 1977, Smart 1989, Charmillot 1990). 

The pheromone blend in a lure must contain exact percentages and isomeric ratios of its 

components for maximum attractancy (Charmillot 1990). For dispensers used in mating 

disruption programs it may not be necessary to include the exact percentages found in 

natural moth extracts. Research on generic blends focuses on controlling several species of 

related pests with one type of dispenser, and has had promising results (Pfeiffer et al. 

1993b). 

For a dispenser to release its components effectively throughout all generations of a 

pest the dispenser must contain sufficient pheromone, otherwise the dispensers must be 

reapplied later in the season. Reapplication involves extra time, labor, and money, which 

is a drawback to mating disruption programs (Kirsch 1988). Therefore, pheromone 

companies are interested in producing long-lived dispensers which can last an entire 

season. 

Several studies have examined the release rates of certain pheromone dispensers 

(Beroza et al. 1975, Gillespie 1994, Knight et al. 1995); these involved gas 

chromatographic analyses of the pheromone components. This helps to follow blend ratio 

changes throughout the season and in determining emission rates, but does not necessarily 

characterize dispenser longevity (Gronning 1995). Brown et al. (1992) stated that most 
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pheromone dispensers suffer from a short lifespan and inconsistent release rates under field 

conditions. 

Several different types of pheromone dispensers are now available for use in the 

field, including those made by Agrisense, Consep, Ecogen, Hercon, and Shin-Etsu 

(marketed by its subsidiary, Pacific Biocontrol). Before dispenser brands are 

recommended to growers, release rates should be studied so that a grower will know how 

long and how well a dispenser will protect his or her crop. 

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. Rothschild (1979) stated that empirical weight 

loss data may be adequate for comparisons between dispenser designs, and found that 

water uptake by pheromone dispensers was insignificant. Measuring weight loss is a quick 

way to estimate dispenser longevity; however, these data should be coupled with analytical 

methods such as gas chromatography to determine how pheromone dispenser contents 

change qualitatively over a season, and also with trap catch data and percent fruit injury to 

determine dispenser efficacy in the field. Trap catch data is used to measure the success of 

mating disruption, the goal being total trap shutdown (elimination of moth captures relative 

to a control), where no moths are able to orient towards a trap. 

The objectives of this experiment were to determine the release rates, longevities, 

and efficacies of several designs of leafroller and CM pheromone dispensers. A limitation 

of this study was that since gas chromatographic analysis was not used, the ratios of 

components emitted from the pheromone dispensers could not be determined. 

Materials and Methods: 

In 1994 three pheromone dispenser designs were studied--two for leafrollers (one 

dispenser design containing either a VLR, TBM, Generic 2, or Generic 3 blend, and a 

second design containing a Generic 2 blend) and one for CM (one clear and one red-brown 

colored dispenser) (Figure 1). Four of the leafroller dispensers were the spiral design 

(Ecogen, Inc.; Langhorne, PA), and were loaded with 50 mg AI. The second Generic 2 

dispenser was a 2.5 x 5.0 cm rectangular laminate (Hercon Environmental Co.; Emigsville, 

PA), and was loaded with 160 mg AI. The Generic 2 blend consisted of £11-14:Ac (F£11- 

tetradecenyl acetate) (30%), Z11-14:Ac (40%), and £11-14:0H (£11-tetradecenol) (30%), 

while the Generic 3 blend consisted of £11-14:Ac (40%), Z11-14:Ac (20%), and E11- 
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14:0H (40%). The VLR blend consisted of £11-14:0H (90%) and Z11-14:0H (10%), 

and the TBM blend consisted of £11-14:Ac (50%) and E11-14:0H (50%). The CM 

dispensers (Pacific Biocontrol, Ltd.; Davis, CA) were 20 cm polyethylene tubes sealed at 

each end, also known as the “rope” design; this design contained an aluminum wire along 

the length so that dispensers could be twisted around a tree limb. The clear CM dispenser 

was loaded with 172 mg AI, and the red dispenser contained 165 mg AI. Components of 

the clear dispenser were: E,E-8,10-dodecadien-1-ol (63.0%), dodecanol (31.0%), and 

tetradecanol (6.0%). Components of the red dispenser were: E,E-8,10-dodecadien-1-ol 

(52.9%), dodecanol (29.7%), tetradecanol (6.0%), and proprietary inert ingredients 

(11.4%). The difference between these two pheromone dispensers was that the red 

dispenser had colored opaque polyethylene and additional stabilizers to prevent 

photodegradation and oxidation. 

Ten dispensers of each design were attached to 3.0 cm galvanized staples on 1.5 m 

by 0.75 m plywood boards. Each board had 15 mm holes drilled above and below each 

staple to enhance air flow. The boards were suspended from a mature apple tree in 

Montgomery County, Virginia. At weekly intervals, individual pheromone dispensers 

were removed, weighed on a Mettler AE 100 balance, and returned to the plywood boards. 

The study was done from late May 1994 through mid-October 1994 (147 days) to simulate 

an entire apple growing season. 

In 1995 three pheromone dispenser designs were studied--the red CM dispenser, 

the Ecogen Generic 2 dispenser, and the Ecogen TBM dispenser, whose components were 

the same as in 1994, and a Hercon Generic 2 dispenser that had a plastic laminate attached 

to a piece of plastic that could be clipped onto a branch (Figure 2). The Hercon Generic 2 

pheromone dispenser was loaded with 75 mg AI, consisting of the same chemical 

components as in 1994. Techniques and data collection were performed as in 1994. Data 

was collected weekly for 154 days. 

The maximum recommended time of use in the field for the TBM dispenser is 70 

days, and no estimates of Ecogen generic dispenser longevities were available (J. Jenkins, 

personal communication). Therefore, 70 days were chosen as the first time interval for all 

the leafroller dispensers. The CM dispensers were designed to last for three months, and 

91 days was chosen as the first time interval for these dispensers. The second time interval 

(day 70-126 for leafrollers, day 91-126 for CM) was chosen to determine whether or not 

dispensers would last for four months in the field, and the third time interval (day 126 
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through the end of the study) was chosen to determine if dispensers would last between 

four and five months. 

Daily high and low temperatures were obtained from the Kentland Research Farm 

located at Whitethorn in Montgomery County. This farm was approximately six kilometers 

from the location of the release rate study. Percent trap shutdown (elimination of trap 

catches relative to a control) was determined from weekly trap captures of moths in Virginia 

apple orchards treated with similar dispensers. Percent trap shutdown was determined by 

subtracting the cumulative number of moths caught in a mating disruption block from the 

cumulative number of moths caught in the control block for that interval, dividing by the 

cumulative number of moths caught in the control block for that interval, and multiplying 

by 100. Time intervals used for determining percent trap shutdown started with day 0 as 

the day that pheromone dispensers were placed in the field. 

Statistical Analyses. The amount of pheromone released from each dispenser for the 

three time intervals was determined to see how long a dispenser could maintain a uniform 

release rate (slope). Linear equations (y= mx + b) were applied to each time interval for 

each dispenser, where m=slope of the pheromone release rate and b=the y-intercept. Mean 

r’ values describing the curve fit for the equation (y= mx + b) were determined for each 

time interval. Slopes of the release rates from each dispenser during the three time intervals 

were analyzed using PROC GLM (SAS Institute 1985). Separation of the means for the 

mean slope during the three time intervals for each dispenser design was determined by the 

Ryan-Einot-Gabriel-Welsh multiple comparison test (SAS Institute 1985). 

Results and Discussion: 

Codling moth dispensers: 

Red Dispenser 

There was a statistically significant difference (a=0.05) between the weight lost 

during each of the three time intervals for the red CM dispenser in both 1994 and 1995 

(Table 1). In 1994 the greatest amount of pheromone was released during the first interval, 

day 0-91, followed by a slowing of release rate in each of the two subsequent intervals. In 

1995 the greatest amount of pheromone was released during day 91-126. In 1995 this 

dispenser may have been able to provide adequate mating disruption for up to four months, 

which is important if only one application of dispensers is made. For a farmer, one 
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application of pheromone dispensers is costly enough; two becomes uneconomical. The 

release of more pheromone during the second time interval in 1995 may have been due to 

weather conditions. 

Figures 3 and 4 show high, low, and mean temperatures for 1994 and 1995. Mean 

temperatures for the first interval in 1994 tended to be slightly higher than in 1995, while 

mean temperatures for the second interval in 1994 were slightly less than in 1995. A trend 

which seemed to apply to CM dispensers in 1994 was that the first interval had a large 

release rate, followed by declines in the two subsequent intervals; the release of a large 

amount of pheromone in the first interval was most likely due to high temperatures, leaving 

less pheromone to be released during the second and third intervals. In 1995 the study 

began approximately two weeks earlier than the previous year, which may explain why the 

first interval temperatures were lower in 1995 than in 1994. 

Clear Dispenser 

In 1994 there was a statistically significant difference (a=0.05) between the weight 

lost during each of the three time intervals for this dispenser (Table 2). Most pheromone 

was released during day 0-91. When red and clear dispenser mean release rates in 1994 

were compared using confidence intervals with a=0.05, there was no statistically 

significant difference between dispenser types for day 0-91, where the red dispenser 

released 0.0513 mg/dispenser/fhour and the clear dispenser released 0.0497 

mg/dispenser/hour. However, there was a statistically significant difference for days 91- 

126 (red and clear dispensers released 0.0230 and 0.0160 me/dispenser/hour, 

respectively), and also for days 126-147 (red and clear dispensers released 0.0139 and 

0.0092 mg/dispenser/hour, respectively). This showed that the red dispenser was superior 

to the clear dispenser after the initial three months of field use. 

Leafroller dispensers: 

Ecogen Generic 2 Dispenser 

This dispenser had a statistically significant difference (a=0.05) between the mean 

slopes for each of the three time intervals for 1994, with most pheromone being released 

during day 0-70, followed by a slowing of release rate in each of the two subsequent 

intervals (Table 3). In 1995, there was no statistically significant difference between day 0- 

70 and day 70-126, suggesting that weather or other conditions favored the release of 
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pheromone for up to four months. Low mean 1’ values (Table 3) for day 126 through the 

end of the study in 1994 and 1995 indicate poor curve fits during these time intervals, and 

were caused by slight increases in dispenser weight towards the end of the studies. In a 

study using gravimetric analysis to determine release rates of pheromone dispensers, 

Nation et al. (1993) found that mean weights of pheromone dispensers may fluctuate 

between sampling dates; the cause of this fluctuation is unknown. In 1995 one application 

of this dispenser in late May should have disrupted the ability of male moths to orient to 

virgin female moths for nearly an entire apple-growing season. It is important for generic 

dispensers to release adequate pheromone for all generations of its target pests; for the 

TBM, VLR, and RBL complexes in Virginia apple orchards, this means that the 

pheromone dispenser must last from May through early September. 

Hercon Generic 2 Dispenser 

In 1994 significantly more pheromone was released during the first interval than in 

the second and third intervals (Table 4). There was no statistically significant difference 

(a=0.05) between the mean slopes of day 70-126 and 126-140, but the amount of 

pheromone remaining in the dispensers decreased with time (Table 4). In 1995 there was 

no statistically significant difference (a=0.05) between the mean slopes of day 0-70 and 

70-126, but again the amount of pheromone decreased with time. During day 126-154 the 

dispensers actually gained weight, suggesting that they could have taken up water or other 

materials; this accounts for the low mean r’ value for day 126-154. A gas chromatographic 

analysis would help determine what occurred inside these dispensers. MacLean (1996) 

used gas chromatographic analysis to determine dispenser release rates and found that 

Hercon Generic 2 dispensers may last for over 100 days under Virginia field conditions. It 

is worth noting that the 1994-style dispenser loaded with 160 mg AI had a greater first 

interval release rate than the 1995-style dispenser loaded with 75 mg AI, but the 1994-style 

dispenser had a lower release rate during the second interval (Table 4). It appears that 

loading a dispenser with twice as much pheromone may boost initial release rates, but may 

not greatly affect the life-span of the dispenser. Both high release rates and long-lived 

dispensers are desirable in mating disruption programs. To really see what difference 

loading rate makes, the dispensers would have to be studied simultaneously. 
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Ecogen Generic 3 Dispenser 

This dispenser had a statistically significant difference (a=0.05) between the mean 

slopes of each time interval in 1994 (Table 5), with most pheromone released during day 0- 

70. The release rate decreased with time, indicating that the dispensers were becoming 

depleted. Fluctuations in dispenser weights towards the end of the study led to decreasing 

r’ values. 

Ecogen TBM Dispenser 

This dispenser had a statistically significant difference (a=0.05) between the mean 

slopes of each time interval in 1994 and 1995 (Table 6), with most pheromone released 

during day 0-70 in both years. In 1995 the low mean r’ value for day 126-154 was caused 

by a slight increase in dispenser weight towards the end of the study. The higher mean 

release rates for 1995 indicate that this dispenser should have remained effective longer in 

1995 than in 1994 for the first four months, but by the third interval the amount of 

pheromone released was much lower than previous intervals. 

Ecogen VLR Dispenser 

This dispenser had a statistically significant difference (xa=0.05) between the mean 

slopes of each time interval in 1994 (Table 7), with most pheromone released during day 0- 

70. The amount of pheromone remaining in dispensers declined significantly in each 

subsequent interval. 

The Ecogen Generic 2, Generic 3, and TBM dispensers had similar release rates for 

each time interval in 1994 (Tables 3, 5, and 6) while the similar Ecogen VLR dispenser had 

higher release rates (Table 7). This suggests that since Ecogen TBM dispensers are 

recommended for a maximum of 70 days in the field, the Ecogen Generic 2 and 3 

dispensers are also useful for this amount of time, and the VLR dispensers may last slightly 

longer, or due to its higher release rate, may provide slightly better control of its target 

pests for the first 70 days. The Hercon Generic 2 dispensers had the highest release rates 

of all the leafroller dispensers in 1994 and 1995 (Table 4). A trend in all leafroller 

dispensers was that the first interval had the highest release rate, followed by a decline in 

the two subsequent intervals; this is due to the depletion of pheromone with time, but 

release rates may be influenced by temperature or other weather conditions. The 
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application rate is just as important in determining the success of a dispenser in mating 

disruption programs as how much the dispenser releases; if the release rate is low but 

consistent, a higher application rate may make the dispenser as effective as fewer 

dispensers that are capable of releasing a lot of pheromone. It can be argued that the more 

pheromone dispensers applied to an orchard, the better; this creates more “‘point sources,” 

which provides better pheromone plume coverage than fewer dispensers. The need to 

purchase extra dispensers and the time involved in placing the dispensers would be 

drawbacks to using many point sources, but it may be worth the cost: Warner (1996) 

reported that less CM injury occurred to fruit when more dispensers were used, regardless 

of the amount of pheromone released by the dispensers. 

It is helpful in determining which dispenser brands are most effective in controlling 

leafroller and CM pests to evaluate the results of field trials. The efficacies of these 

dispensers in mating disruption programs throughout Virginia in 1994 and 1995 had 

variable results; sometimes the dispensers caused high trap shutdown for the moths, and 

sometimes the dispensers worked only moderately well against these pests. The following 

information relates percent trap shutdown of moths to the release rate of the dispenser used 

in the mating disruption program. For more detailed results of mating disruption field 

trials, refer to Pfeiffer et al. (1994, 1995). 

Percent trap shutdown of Tortricids: 

Codling moth 

Table 8 shows the percent trap shutdown for CM in mating disruption programs 

throughout Virginia. Only the red dispensers were used in both 1994 and 1995. Percent 

trap shutdown was determined for three time intervals, beginning when dispensers were 

placed in the field, so that corresponding intervals for release rates and percent trap 

shutdown could be examined. All orchards studied in 1994 had 100% trap shutdown for 

all three time intervals, indicating that the release rates for all the intervals were likely 

sufficient to control CM. Similar results occurred in 1995 for three orchards, but a 

reduction in trap shutdown in the Fincastle orchard indicated that the dispenser was not 

releasing enough pheromone during day 0-91; this is supported by results of the 1995 

release rate study, where the amount of pheromone lost from the red CM dispensers during 

day 0-91 was significantly less than day 91-126 (Table 1). A single CM capture is 

important, for in mating disruption it shows that males are able to orient to point sources of 

pheromone, possibly more so to natural sources (females) than to traps. 
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Leafrollers 

Table 9 shows the percent trap shutdown of leafrollers in Virginia mating disruption 

programs. 

Ecogen TBM: In 1994 the amount of pheromone lost from the Ecogen TBM dispensers 

was greatest during day 0-70 and decreased significantly with subsequent time intervals 

(Table 6); percent trap shutdown data for VLR and RBL in the Glaize orchard correspond 

to this trend. Captures of the target pest of the dispenser, TBM, were not adequately shut 

down at Glaize; this was probably due to a large population of first generation TBM in the 

orchard. In 1995 Ecogen TBM dispensers at Glaize had the best percent trap shutdown of 

moths during day 0-70, corresponding to the greatest release rate during day 0-70 (Table 

6). Ecogen TBM dispensers in the Tyro orchard in 1994 worked well in reducing RBL 

captures. Because of the decrease in the amount of pheromone released with increase in 

time (Table 6), it is surprising that this dispenser worked poorly against VLR and TBM 

during day 70-126, but well against these species during day 126-147, but it is hard to 

evaluate the influence of very low numbers of moths caught in the control during day 70- 

126. In 1995 in the Tyro orchard the Ecogen TBM dispensers shut down all moth captures 

during day 0-70, and shut down TBM captures season-long. Trap shutdown of VLR and 

RBL was found to decrease in subsequent time intervals, as is expected due to a decline in 

the release rate of pheromone as time increases (Table 6). VLR may have been more 

difficult to control because of an increase in population size in the second generation. 

Ecogen VLR: Table 7 shows that in 1994 Ecogen VLR dispensers released the greatest 

amount of pheromone during day 0-70, with significant decreases in subsequent time 

intervals. Ecogen VLR dispensers in the Tyro orchard in 1994 caused good trap shutdown 

for VLR and TBM, but caused RBL captures to increase for day 0-70 and 70-126. 

Research has shown that the VLR blend fails to control RBL (Gronning & Pfeiffer 1992, 

Pfeiffer et al. 1993b, Pfeiffer et al. 1994); this may be due to improved orientation of RBL 

to pheromone traps, immigration of RBL into the orchard, or low numbers of RBL 

captured in the control plot, causing percent trap shutdown to be deceptively low for the 

mating disruption plot. At Tyro, the worst RBL trap shutdown occurred during the time 

when most pheromone was being released. 
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Ecogen Generic 2: In the Tyro orchard in 1994, Ecogen Generic 2 dispensers caused 

season-long total trap shutdown for RBL, caused total trap shutdown for VLR during day 

0-70, and caused total trap shutdown for TBM after day 70. Table 3 shows that in 1994, 

Ecogen Generic 2 release rates were greatest during day 0-70, with significant decreases in 

subsequent time intervals. Ecogen Generic 2 dispensers were used in the Fincastle orchard 

in 1995; Table 3 shows that there was no significant difference between the release rates 

during the first two time intervals in 1995, but field trials showed that the effectiveness of 

the Ecogen Generic 2 dispenser decreased with time. At the Glaize orchard in 1995, 

Ecogen Generic 2 dispensers caused the highest percent trap shutdown of moths during 

day 0-70; however, it was expected that the percent trap shutdown during day 70-126 

would have been higher, since Table 3 shows that the amount of pheromone lost was 

statistically the same for days 0-70 and 70-126. In the Solenberger orchard in 1995, 

Ecogen Generic 2 dispensers caused very high or total trap shutdown of RBL for all time 

intervals, and caused total trap shutdown of VLR for day 0-70. The Ecogen Generic 2 

dispenser was not successful in reducing TBM captures for any of the time intervals in the 

Solenberger orchard. However, the 350% increase in TBM captures during day 126-154 

may be misleading; it was caused by very few moths captured in the control. 

Hercon Generic 2: In the Fincastle orchard in 1994 VLR and RBL captures were 

completely shut down during day 0-70 using Hercon Generic 2 dispensers; this 

corresponds with the greatest amount of pheromone being released during day 0-70 (Table 

4). A decrease in percent trap shutdown occurred in subsequent time intervals. Captures 

of TBM were greatly reduced except during day 70-126, when low TBM captures in the 

control caused a negative percent trap shutdown. This demonstrates the importance of 

examining the number of moths caught when interpreting percent trap shutdown data. The 

Hercon Generic 2 dispenser was applied twice in the Solenberger orchard in 1995; once at 

the beginning of the season at full rate, and once mid-way through the season at full rate. 

The second application of dispensers probably caused the increase in trap shutdown 

between the second and third intervals for VLR and RBL, but it did not seem to help reduce 

TBM captures. Table 4 shows that the release rate of pheromone from the Hercon Generic 

2 dispenser in 1995 was statistically the same for days 0-70 and 70-126, but it can not 

predict the actual amount of pheromone in the Solenberger orchard after the second 

application of dispensers was made. In 1995 two applications of Hercon Generic 2 

dispensers (the first at full rate and the second at half rate) at Tyro caused total or very high 
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trap shutdown for leafrollers during all time intervals; the 50% trap shutdown of TBM 

during day 0-70 is a result of very low TBM captured in the control. High percent trap 

shutdown at Tyro may be partly due to the Hercon Generic 2 dispenser releasing the same 

amount of pheromone for days 0-70 and 70-126 in 1995 (Table 4). Like the Solenberger 

orchard, the actual amount of pheromone in the Tyro orchard after the second application of 

dispensers was made can not be predicted by information contained in Table 4. 

Conclusions: 

Release rates of pheromone from CM and leafroller dispensers can be described by 

linear equations for at least four months. At the end of the season, r* values for the slope 

of weight lost with time tend to decrease, which means that dispenser release rates become 

erratic. This could have an effect on the success of mating disruption programs, 

particularly when only one application of dispensers is made per season. A trend in all 

dispensers that were studied for two years was for the second interval release rate to be 

greater in 1995 than in 1994; this was probably due to a greater amount of pheromone 

being left over in the dispensers after the cool temperatures in the first interval in 1995, and 

the following high temperatures which facilitated the release of pheromone during the 

second interval. Therefore, weather probably affects release rates. From the success of 

CM red dispensers in mating disruption programs and due to their ability to last for up to 

four months, one application of the dispenser in May should control CM in apple orchards 

for the entire season under Virginia conditions. Leafroller dispensers as currently 

manufactured, even though they may have an adequate release rate for up to four months 

(such as the Ecogen Generic 2 and Hercon Generic 2 dispensers in 1995), need to be re- 

applied later in the season to control second generation moths. It may not be necessary to 

apply dispensers at the full recommended rate for control of the second generation moths 

since the first application of dispensers still contributes to the pheromone concentration. 
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Table 1. Mean slopes of codling moth red dispenser weight loss and mean release rates. 
  

  

Year Time Interval Mean Slope (+/- SE)* Mean r° Mean ReleaseRate 
_(4/- SD) (mg/disp/hr)(CI)? 

1994 Day 0-91 -0.001276 (0.000009) a 0.99 (.001) 0.0513 (.0008) 
Day 91-126  -0.000533 (0.000011) b 0.99 (.003) 0.0230 (.0010) 
Day 126-147 -0.000323 (0.000008) c 0.98 (.007) 0.0139 (.0007) 

1995 Day 0-91 -0.001006 (0.000019) b 0.99 (.002) 0.0435 (.0016) 
Day 91-126  -0.001316 (0.000040) a 0.99 (.002) 0.0537 (.0030) 
Day 126-154 -0.000562 (0.000020) c 0.98 (.007) _ 0.0238 (.0015) 

“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

robability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with a=0.05. 
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Table 2. Mean slopes of codling moth clear dispenser weight loss and mean release rates. 
  

  

Year Time Interval Mean Slope (+/- SE)* Mean r’ Mean Release Rate 
(+/-SD) __(mg/disp/hour) (CI) 

1994 Day 0-91 -0.001180 (0.000008) a 0.97 (.008) 0.0497 (.0011) 
Day 91-126 -0.000347 (0.000009) b 0.93 (.024) 0.0160 (.0009) 
Day 126-147 -0.000220 (0.000014) c 0.98 (.020) _ 0.0092 (.0012) 

“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

probability (Ryan-Einot-Gabriel-Welsch multiple comparison test), 

Using confidence intervals with «=0.05. 
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Table 3. Mean slopes of Ecogen Generic 2 dispenser weight loss and mean release rates. 
  

  

Year Time Interval Mean Slope (+/- SE)’ Mean r Mean Release Rate 
(+/- SD) (mg/disp/hour) (CI) 

1994 Day 0-70 -0.000095 (0.000003) a 0.97 (.006) 0.0039 (.0002) 
Day 70-126 -0.000072 (0.000002) b 0.96 (.013) 0.0028 (.0002) 
Day 126-147 -0.000029 (0.000003) c 0.32 (.164) 0.0011 (.0003) 

1995 Day 0-70 -0.000101 (0.000002) a 0.93 (.016) 0.0046 (.0001) 
Day 70-126  -0.000098 (0.000002) a 0.94 (.015) 0.0042 (.0002) 
Day 126-154 -0.000012 (0.000005) b 0.15 (.165) 0.0010 (.0004) 

“Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

probability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with o=0.05. 
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Table 4. Mean slopes of Hercon Generic 2 dispenser weight loss and mean release rates. 
  

Year Time Interval Mean Slope (+/- SE)* Mean r° Mean Release Rate 
(+/- SD) (mg/disp/hour) (CI) 

1994 Day 0-70 -0.0003 14 (0.000007) a 0.97 (.006) 0.0121 (.0005) 
Day 70-126 -0.000090 (0.000002) b 0.81 (.027) 0.0036 (.0002) 
Day 126-140 -0.000079 (0.000004) b 0.85 (.080) 0.0033 (.0003) 

1995 Day 0-70 -0.000204 (0.000003) a 0.93 (.020) 0.0094 (.0003) 
Day 70-126 -0.000188 (0.000007) a 0.88 (.030) 0.0078 (.0006) 
Day 126-154 +0.000011 (0.000008) b 0.03 (.044) 0.0005 (.0006) 

“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

probability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with a=0.05. 
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Table 5. Mean slopes of Ecogen Generic 3 dispenser weight loss and mean release rates. 
  

Year Time Interval Mean Slope (+/- SE)* Mean r Mean Release Rate 
(+/- SD) (mg/disp/hour) (CI) 

1994 Day 0-70 -0.000103 (0.000003) a 0.98 (.007) 0.0045 (.0002) 
Day 70-126 -0.000067 (0.000002) b 0.94 (.017) 0.0026 (.0002) 
Day 126-147 -0.000031 (0.000003) c 0.64 (.184) 0.0012 (.0002) 

*“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

probability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with a=0.05. 
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Table 6. Mean slopes of Ecogen tufted apple bud moth dispenser weight loss and mean 
release rates. 
  

  

Year Time Interval Mean Slope (+/- SE)’ Mean r Mean Release Rate 
(+/- SD) (mg/disp/hour) (CI)? 

1994 Day 0-70 -0.000113 (0.000004) a 0.98 (.013) 0.0047 (.0003) 
Day 70-126 -0.000067 (0.000002) b 0.96 (.020) 0.0026 (.0002) 
Day 126-147 -0.000025 (0.000002) c 0.53 (108) 0.0008 (.0001) 

1995 Day 0-70 -0.000120 (0.000001) a 0.91 (.011) 0.0052 (.0001) 
Day 70-126  -0.000100 (0.000002) b 0.95 (.016) 0.0043 (.0001) 
Day 126-154 -0.000008 (0.000004) c 0.08 (.090) 0.0010 (.0003) 

“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

robability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with a=0.05. 
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Table 7. Mean slopes of Ecogen variegated leafroller dispenser weight loss and mean 
release rates. 
  

Year Time Interval Mean Slope (4/- SE)’ Mean r° Mean Release Rate 
(+/- SD) (mg/disp/hour) (CI) 

1994 Day 0-70 -0.000195 (0.000003) a 0.99 (.002) 0.0079 (.0002) 
Day 70-126 -0.000079 (0.000002) b 0.95 (.011) 0.0031 (.0001) 
Day 126-147 -0.000052 (0.000004) c 0.90 (091) 0.0020 (,0003) 

“ Numbers in a column with a letter in common are not significantly different for that year at the 0.05 level of 

probability (Ryan-Einot-Gabriel-Welsch multiple comparison test). 

Using confidence intervals with a=0.05. 
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Table 8. Percent trap shutdown of codling moth in Virginia apple orchards using 
Biocontrol red-brown codling moth dispensers. 
  

  

Year Orchard Interval Percent Trap Shutdown of CM 
1994 Fincastle Day 0-91 100 

Day 91-126 100 
Day 126-147 100 

Glaize Day 0-91 100 
Day 91-126 100 
Day 126-147 n/a* 

Tyro Day 0-91 100 
Day 91-126 100 
Day 126-147 100 

1995 Fincastle Day 0-91 97 
Day 91-126 100 
Day 126-154 n/a* 

Glaize Day 0-91 100 
Day 91-126 100 
Day 126-154 100 

Tyro Day 0-91 100 
Day 91-126 100 
Day 126-154 100 

Solenberger Day 0-91 100 
Day 91-126 100 
Day 126-154 100 
  

* Dispensers were not placed early enough to accrue sufficient post-placement days. 
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Table 9. Percent trap shutdown of variegated leafroller, tufted apple bud moth, and red- 
banded leafroller in Virginia apple orchards. 
  

  

  

Year Dispenser Orchard Interval % Trap Shutdown 
VLR TBM _ RBL 

1994 Ecogen TBM Glaize Day 0-70 97 40 86 
Day 70-126 57 58 58 
Day 126-147 n/a n/a n/a* 

Tyro Day 0-70 100 96 94 
Day 70-126 56 23 100 
Day 126-147 86 100 =100 

Ecogen VLR Tyro Day 0-70 100 96 -18 
Day 70-126 97 100-17 
Day 126-147 89 100 =. 33 

Ecogen Generic 2 Tyro Day 0-70 100 92 100 
Day 70-126 58 100 = 100 
Day 126-147 40 100 =: 100 

Hercon Generic 2 Fincastle Day 0-70 100-99 100 
Day 70-126 93 -100 86 
Day 126-147 90 100 66 

1995 Ecogen TBM Glaize Day 0-70 95 99 100 
Day 70-126 90 84 88 
Day 126-154 77 90 100 

Tyro Day 0-70 100 100 = 100 
Day 70-126 86 100 91 
Day 126-154 71 100 63 

Ecogen Generic 2 Fincastle Day 0-70 98 100 99 
Day 70-126 76 90 = 88 
Day 126-154 n/a* n/a n/a 

Glaize Day 0-70 100 93 100 
Day 70-126 77 = 42 88 
Day 126-154 58 = 63 100 

Solenberger Day 0-70 100 34 99 
Day 70-126 67 2 96 
Day 126-154 89 = -350—s: 100 

Hercon Generic 2** Solenberger Day 0-70 100 90 100 
Day 70-126 83 81 98 
Day 126-154 95 71 100 

Tyro Day 0-70 100 50. ~—s- 100 
Day 70-126 97 95 100 
Day 126-154 97 100 _100 

  

* Dispensers were not placed early enough to accrue sufficient post-placement days. ** Two applications/season. 
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Figure 1. Pheromone dispensers evaluated in 1994. 
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Figure 2. Pheromone dispensers evaluated in 1995. 
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Figure 3. High, low, and mean daily temperatures from days 0-147 in 1994. 
25 C was entered for four consecutive missing dates in July.
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Figure 4. High, low, and mean daily temperatures from days 0-154 in 1995. 

49



CHAPTER TWO 

Comparison of Tufted Apple Bud Moth 

Mating Disruption Pheromone Dispenser and 

Trap Heights in a Northern Virginia Apple Orchard 

Introduction: 

The tufted apple bud moth (TBM), Platynota idaeusalis (Walker), is an important 

pest of apple throughout the Shenandoah Valley, Pennsylvania, and North Carolina. 

Mating disruption can effectively control this pest when it is at low to moderate densities 

(Pfeiffer et al. 1993). Application of pheromone dispensers in an apple orchard to achieve 

mating disruption is usually done by hand-placing the pheromone dispensers on branches 

at about head-height. While this is usually effective in reducing damage to acceptable levels 

for processing apples, it may not provide the best protection for the apples in the tops of the 

trees. This is very important for fresh market growers, where fruit appearance has to be 

excellent. Some researchers prefer to place dispensers for mating disruption in the upper 

third of the canopy (Barnes et al. 1992, Howell et al. 1992, Deland et al. 1994), but there 

needs to be evidence that applying dispensers at this height is worth the effort. It could be 

that different moth species inhabit different regions of the tree, or that flight patterns change 

throughout the growing season (Ranga Rao et al. 1991). Warner (1996) stated that some 

Pandemis leafrollers tended to be concentrated in the tree tops, while the obliquebanded 

leafroller, Choristoneura rosaceana (Harris), was more evenly distributed throughout the 

tree. One way to determine where the moth population is located vertically is to use 

pheromone traps at different levels in the trees. This experiment was designed to determine 

the effect of pheromone dispenser height on the success of mating disruption of TBM, and 

to determine if pheromone traps in the upper third of the canopy are better than traps at 

head-height for monitoring purposes. 
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Materials and Methods: 

In 1994, a two-hectare plot in an experimental apple orchard in Winchester, 

Virginia, was placed under a mating disruption program with TBM pheromone dispensers 

(Ecogen, Inc.; Langhorne, PA) placed at standard height (approximately 2 m). An adjacent 

two-hectare plot had TBM pheromone dispensers placed in the upper third of the canopy 

(approximately 4.5 m) by means of a grabbing tool (Figure 1). Dispensers contained F11- 

14:Ac (£11-tetradecenyl acetate) and £11-14:OH (£11-tetradecenol) in a 1:1 ratio and were 

applied at the rate of 1000 per hectare. Trees were ‘York’ and ‘Golden Delicious’ varieties, 

about 5-6 m tall. To monitor mating disruption, pheromone traps were placed at both 2.0 

and 4.5 m on wooden poles, which were tied to a branch in the middle of the canopy. 

There were three such trapping locations in each pheromone plot and in a nearby 

conventionally managed control plot. TBM lures (Trécé, Inc.; Salinas, CA) were used in 

the pheromone traps. Dispensers and traps were placed on 30 May, and traps were 

monitored weekly from 6 June through 2 September. In 1995 the experiment was repeated 

in the same orchard using the same plots; TBM dispensers were placed on 8 and 10 May. 

Instead of using the grabbing tool, young limbs were pulled down so that pheromone 

dispensers could be attached to them; this was accomplished using 30 cm lengths of rebar 

bent into a “shepard’s crook” shape attached to 2 m poles (Figure 2). Pheromone traps 

were placed on 8 May, and were monitored weekly from 22 May through 5 October. This 

orchard had a history of severe TBM injury. 

Statistical Analyses: This experiment was a split-split plot design, with pheromone 

dispenser placement (low, high, or none) as the main plots. Subplots were trap height 

(low or high), and sub-subplots were date. The 1994 and 1995 seasons were divided into 

three time intervals corresponding to peaks and lulls in the moth population, and analyses 

were run separately for each interval. Intervals in 1994 were 6-27 June, 5-18 July, and 25 

July-2 September. Intervals in 1995 were 30 May-5 July, 12 July-2 August, and 9 

August-5 October. Pheromone dispenser placement height, trap height, date, and 

interaction effects were examined using PROC GLM (SAS Institute 1985). Significant 

results were followed by the Least Squares Means multiple comparison procedure 

(a=0.05) to separate the means (SAS Institute 1985). A limitation of this study was that 

there was no replication in other orchards, thus making generalizations about the effects of 

the main plot difficult. 
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Results: 

In 1994 and 1995 all statistically significant differences in the main effects were due 

to the inclusion of the control in the data sets. When only populations subjected to mating 

disruption are considered, there were no statistically significant differences (a=0.05) 

between the main plots (pheromone dispenser placement height) or subplots (trap height), 

although a few of the sub-subplots (date) were significant (Table 1). Date is expected to be 

significant since there are two peak emergence times for TBM over the season. From these 

results, there is no evidence that traps placed at 4.5 m are better than 2.0 m traps for 

monitoring TBM populations in mating disruption programs; this supports findings by 

David and Horsburgh (1989), where traps placed at 2.1 and 3.0 m caught significantly 

more TBM than 3.9 m traps in Virginia apple orchards. Also, there is no evidence that 

pheromone dispensers placed in the upper third of the orchard canopy achieve better control 

of TBM than pheromone dispensers placed at approximately 2 m. A problem with using 

two traps on the same pole is that there may be a plume interference effect, where moths 

could seek the center of the combined plume created by the two lures instead of orienting 

directly towards one of the traps (Ranga Rao eft al. 1991). In the remainder of this paper, 

all analyses will include the control plot with the two pheromone plots (Table 2). 

Application of dispensers was faster using the shepard’s crook rather than the 

grabbing tool. It took about twenty seconds to apply a single dispenser to the tree tops 

using the grabbing tool, while using the shepard’s crook only took about ten seconds. 

Also, the grabbing tool was made specifically for spiral dispensers, while the shepard’s 

crook would work for any dispenser design. 

1994; Interval one (6-27 June) included most first generation TBM adult male trap 

catches. All factors and interactions listed in Table 2 for interval one were significantly 

different (a=0.05). Interactions are partly explained by the variation in trap catches; also, 

the trap height which caught the most moths varied from week to week and from plot to 

plot (Figures 3-5). For the second interval (5-18 July) there were no statistically significant 

differences (a=0.05) for the factors and interactions listed in Table 2. This may be due to 

interval two covering a time when very few moths were caught, since it was during the lull 

between adult TBM population peaks. For the third interval (25 July-2 September) which 

included the second generation adult TBM population peak, there was a statistically 
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significant difference (x=0.05) between date, pheromone dispenser placement, and the 

interaction between date and pheromone dispenser placement (Table 2). The significance 

of date is expected since this interval is during the second generation population peak and a 

significant value means that the number of moths caught changed as the sampling date 

changed. The interaction can be explained by a flip-flop in the number of moths caught in 

the low and high pheromone dispenser main plots. A Least Squares Means test (SAS 

Institute 1985) showed that in intervals one and three the control plot was significantly 

different from the two pheromone plots, accounting for the significant effect of pheromone 

dispenser placement (Table 3). Significantly more moths were caught in low traps (17.0 

TBM/s/trap/week) than in high traps (11.3 TBM/trap/week) during the first interval 

(P=0.0076) (Table 2); differences between high and low trap height catches in the 

pheromone plots and in the control plot can be seen in Figures 3-5. No other intervals had 

significant differences between trap heights. 

Pre-harvest damage counts indicated that fruit injury levels were very high in both 

pheromone plots but not in the control plot (Table 4). Injury levels were considered 

unacceptable in both pheromone plots. Failure to control TBM the previous year due to 

insecticide resistance contributed to a large overwintering moth population in this orchard, 

which may have led to such high amounts of larval feeding damage. Immigration of moths 

from nearby woods and adjacent orchards is often responsible for damage in mating 

disruption plots, especially along the edge (Silverstein 1990), but apparently this was not 

the case in this orchard; Table 4 shows that not much of an edge effect occurred in 1994 or 

1995. 

1995: The season was again divided into time intervals representing the first generation 

population peak (30 May-5 July), the lull between peaks (12 July-2 August), and the 

second generation peak (9 August-5 October). In all three intervals, there were significant 

(a=0.05) date effects, pheromone dispenser placement effects, and interactions between 

pheromone dispenser placement and date (Table 2). The date effect is explained by 

changes in the TBM population throughout the season. The pheromone dispenser 

placement effect in all three intervals is explained by the control plot catching significantly 

more moths than the two pheromone plots (Table 3). The pheromone dispenser placement 

and date interaction is partly explained by the fluctuations in the number of moths caught in 

the two pheromone sections. Figures 6-8 show that there was much variation in the 
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number of moths caught per trap throughout the season, except when traps were 

shutdown. 

Pre-harvest damage counts indicated that high apples received slightly less larval 

feeding damage than low apples in both pheromone plots (Table 4). Damage in the 

pheromone plots this year was less than in 1994, a sign that mating disruption may become 

more effective when used for consecutive seasons (Brunner 1991). Damage in the control 

plot was kept at or below five percent (Table 4). 

Discussion: 

Table 2 shows the main plot, subplot and sub-subplot effects, and the interactions 

between them, when the control is included in the data set. The control caused significant 

main plot effects (pheromone dispenser placement height) (a=0.05) for two of the three 

groups in 1994 and all groups in 1995; however, since there was no replication in other 

orchards, it is difficult to generalize about main plot effects. Significant subplot effects 

(trap height) (a=0.05) occurred for one of the three intervals in 1994 but did not occur in 

1995. In 1994 significant sub-subplot effects (date) (a=0.05) occurred for two of the three 

intervals, while in 1995 they occurred in all three intervals. Also, in 1994 the addition of 

the control caused significant interactions (xa=0.05) for at least one interval between: (1) 

placement and date; (2) trap and date; (3) placement and trap; and (4) placement, trap, and 

date. In 1995 there were significant interactions (a=0.05) between placement and date for 

all three intervals. The interactions can be partly explained by the variation in moth catches 

among the three traps at each height in each main plot (Figures 3-8). 

In mating disruption programs the number of moths captured is important because it 

gives an indication of how well mating disruption is working, but maximum catch numbers 

are not necessary if one only uses pheromone traps to monitor pest emergence times for 

timing spray schedules (Howell et al. 1990). Both 2.0 and 4.5 m trap heights showed 

TBM population peaks at similar times throughout the season. It appears that low traps 

may be more sensitive to TBM populations than high traps for the first generation; similar 

results were reported by David and Horsburgh (1989), where traps at 0.3 to 3.0 m 

captured significantly more first generation TBM than traps at 3.9 m. In the middle and late 

1994 season and for all of the 1995 season there were no significant differences (a=0.05) 

in the numbers of moths caught in 2.0 and 4.5 m traps. Borchert and Walgenbach (1994) 
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found different results in North Carolina mating disruption plots; they found that high traps 

were more sensitive than low traps to first generation moths, and that high traps caught 

more second generation moths. It appears that at least in Virginia, apple growers should 

continue to place pheromone traps at approximately 2.0 m for monitoring TBM to time 

spray schedules and also for monitoring the success of mating disruption. 

This experiment showed that pheromone dispenser placement height did not cause a 

significant difference (xa=0.05) in the number of male TBM captured in the pheromone 

plots, but it did show that the number of moths caught in the control plot was almost 

always significantly more (a=0.05) than in the pheromone plots. The very high TBM 

population encountered in this orchard may have over-ridden the effects of mating 

disruption; the chance of a male following a virgin female’s pheromone trail and the 

probability of finding a mate through chance encounters increases as the number of moths 

increases. A problem with catching so many moths in the traps is that trap saturation can 

occur, and moths may escape from the trap without being counted (Brown 1984). If 

effects of mating disruption were over-ridden it would be difficult to determine the effect of 

trap height and dispenser height in the pheromone plots. Since there was not a large 

difference in fruit injury levels between mating disruption plots with high and low 

pheromone dispenser placement, and due to the extra time and labor involved in placing 

dispensers in the tree tops, it is recommended that for mating disruption of TBM the spiral 

design pheromone dispensers should be placed as high as one can reach from the ground. 
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Table 1. ANOVA of tufted apple bud moth trap catch data for two pheromone plots in 
1994 and 1995. 
  

  

Year Interval Source df F P 

1994 6-27 date 3 4.65 0.0106 
June placement*date 3 0.28 0.8367 

trap*date 3 1.99 0.1417 
placement*trap*date 3 0.97 0.4250 
placement 1 1.15 0.3435 
trap l 0.00 0.9562 
placement*trap 1.11 0.3518 

5-18 date 2 2.32 0.1323 
July placement*date 2 0.78 0.4764 

trap*date 2 0.13 0.8827 
placement*trap*date 2 2.79 0.0931 
placement \ 0.18 0.6895 
trap 1 5.02 0.0886 
placement*trap l 5.02 0.0886 

25 July- date 5 1.00 0.4305 
2 Sept. placement*date 5 1.07 0.3927 

trap*date 5 1.77 0.1424 
placement*trap*date 5 0.77 0.5795 
placement 1 0.19 0.6878 
trap | 2.20 0.2118 
placement*trap 1 4.03 0.1150 

1995 30 May- date 5 8.06 0.0001 
5 July placement*date 5 0.72 0.6126 

trap*date 5 1.96 0.1062 
placement*trap*date 5 1.61 0.1800 
placement 1 1.05 0.3632 
trap 1 0.46 0.5367 
placement*trap 1 4.81 0.0933 

12 July- date 3 3.07 0.0473 
2 Aug. placement*date 3 0.44 0.7247 

trap*date 3 0.31 0.8169 
placement*trap*date 3 1.75 0.1828 
placement 1 0.64 0.4676 
trap 1 0.02 0.9001 
placement*trap 1 0.16 0.7090 

9 Aug.- date 7 15.15 0.0001 
5 Oct. placement*date 7 1.53 0.1790 

trap*date 7 3.20 0.0067 
placement*trap*date 7 1.13 0.3594 
placement 1 0.47 0.5316 
trap I 1.01 0.3724 
placement*trap ] 0.14 0.7289 
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Table 2. ANOVA of tufted apple bud moth trap catch data for two pheromone plots and 
the control plot in 1994 and 1995. 
  

  

Year Interval Source df F P 

1994 6-27 date 3 28.70 0.0001 
June placement*date 6 15.94 0.0001 

trap*date 3 3.09 0.0395 
placement*trap*date 6 5.77 0.0003 
placement 2 17.24 0.0020 
trap 1 18.65 0.0076 
placement*trap 2 17.44 0.0056 

5-18 date 2 1.59 0.2264 
July placement*date 4 1.84 0.1547 

trap*date 2 1.01 0.3805 
placement*trap*date 4 1.13 0.3679 
placement 2 1.99 0.2074 
trap 1 0.00 0.9665 
placement*trap 2 1.99 0.2311 

25 July- date 5 5.16 0.0005 
2 Sept. placement*date 10 3.39 0.0015 

trap*date 5 1.48 0.2102 
placement*trap*date 10 0.56 0.8386 
placement 2 8.02 0.0155 
trap 1 4.73 0.0818 
placement*trap 2 2.26 0.2003 

1995 30 May- date 5 10.21 0.0001 
5 July placement*date 10 7.46 0.0001 

trap*date 5 1.20 0.3187 
placement*trap*date 10 0.36 0.9574 
placement 2 688.74 0.0001 
trap 1 1.31 0.2964 
placement*trap 2 3.30 0.1080 

12 July- date 3 5.39 0.0036 
2 Aug. placement* date 6 2.91 0.0204 

trap*date 3 1.42 0.2525 
placement*trap*date 6 1.40 0.2399 
placement 2 109.33 0.0001 
trap 1 0.06 0.8085 
placement*trap 2 0.08 0.9278 

9 Aug.- date 7 9.06 0.0001 
5 Oct. placement*date 14 2.45 0.0063 

trap*date 7 0.61 0.7494 
placement*trap*date 14 0.99 0.4700 
placement 2 24.96 0.0012 
trap I 0.02 0.9024 
placement*trap 2 0.62 0.5699 
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Table 3. Least square means for three pheromone dispenser placement heights.*     

  

Year Interval Pheromone Height Mean Number of Moths/Trap(+/-SE) 

1994 6-27 Control 38.0 (6.70) a 
June Low 4.0 (1.20) b 

High 2.5 (0.73) b 

5-18 Control 2.8 (0.91) a 
July High 0.6 (0.17) a 

Low 0.4 (0.18) a 

25 July- Control 9.8 (1.29) a 
2 Sept. High 1.8 (0.50) b 

Low 1.3 (0.35) b 

1995 30 May- Control 25.6 (1.74) a 
5 July Low 2.3 (0.53) b 

High 1.4 (0.40) b 

12 July- Control 6.6 (1.26) a 
2 Aug. High 0.3 (0.18) b 

Low 0.2 (0.10) b 

9 Aug.- Control 18.7 (2.23) a 
5 Oct. High 6.2 (1.27) b 

Low 4.3 (0.73) b 
  

* Numbers in a column with a letter in common are not significantly different for that group at the 0.05 level of 

probability (Least Squares Means multiple comparison test). 
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Table 4. Percent leafroller damage in Solenberger orchard. 
  

  

  

Year Dispenser Height Apple Height* 
Edge Center 

Low High Low High 
1994** Low (2.0 m) 29.3 10.7 20.0 12.7 

High (4.5 m) 21.3 10.0 23.3 12.0 
Control 10 0.0 0.0 0.0 

1995*** Low (2.0 m) 6.0 2.7 9.3 8.7 
High (4.5 m) 11.3 3.3 10.0 4.0 
Control 5.3 3.3 0.7 4.0 
  

*Low apples were approximately 2 m from the ground; high apples were approximately 4.5 m. 

**Examined 100-200 apples on 02 September 1994. 

*** Examined 150 apples during late August 1995. 
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Figure 1. Grabbing tool attached to a 2 m pole used for placing spiral leafroller 
dispensers in tree tops. 
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Figure 2. Shepard’s crook used to pull down small limbs to attach pheromone 
dispensers. 
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Figure 3 . Tufted apple bud moth trap catches in a northern Virginia mating 
disruption plot, with pheromone dispensers placed in the tree tops--1994. Bars are 
95% confidence intervals. Thick bars with short cap lengths represent low trap 
error; thin bars with long caps represent high trap error. 
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Figure 4 . Tufted apple bud moth trap catches in a northern Virginia mating 
disruption plot, with pheromone dispensers placed at head height--1994. Bars 
are 95% confidence intervals. Thick bars with short cap lengths represent low 
trap error; thin bars with long caps represent high trap error. 
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Figure 5 . Tufted apple bud moth trap catches in a northern Virginia conventionally 
managed control plot--1994. Bars are 95% confidence intervals. Thick bars with 
short cap lengths represent low trap error; thin bars with long caps represent high 
trap error. 
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Figure 6. Tufted apple bud moth trap catches in a northern Virginia mating 
disruption plot, with pheromone dispensers placed in the tree tops--1995. Bars 
are 95% confidence intervals. Thick bars with short cap lengths represent low 
trap error; thin bars with long caps represent high trap error. 
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Figure 7. Tufted apple bud moth trap catches in a northern Virginia mating 
disruption plot, with pheromone dispensers placed at head height--1995. Bars 
are 95% confidence intervals. Thick bars with short cap lengths represent low 
trap error; thin bars with long caps represent high trap error. 
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Figure 8. Tufted apple bud moth trap catches in a northern Virginia 
conventionally managed control plot--1995. Bars are 95% confidence 
intervals. Thick bars with short cap lengths represent low trap error; thin bars 
with long caps represent high trap error. 
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