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ABSTRACT

Four densities of the Huber oil trap; 15, 20, 25 and 30 traps/
ha, were evaluated for 2 years in cotton fields at Marana, Arizona.
Catch/trap did not differ significantly among these densities for either
year.

In 1978, catch/ha increased significantly from 15-20 traps/ha.

Catch/ha did not differ significantly among the 3 higher densities.

In

1979, there were significant differences in catch/ha at the 10% confi
dence level for densities differing by 10 and 15 traps/ha.

Since catch/

ha did not differ between the two higher densities for both years, 25
traps/ha is probably the more favorable choice, due to the lower cost
involved.

viii

CHAPTER 1

INTRODUCTION

The pink bollworm, Pectinophora gossypiella (Saunders), is a
major pest of cotton in the southwestern United States and many other
areas of the world.

The identification of gossyplure, the true female

sex pheromone, has been followed by intensive research efforts to sup
press pink bollworm populations using this male attractant.

Pheromones

are attractive as pest management tools because they are speciesspecific and environmentally safe.
Two major uses of pheromones in agricultural systems are. the
stimulation of an insect to enter a trap or target location and per-,
meation of the environment with pheromone so that the insect becomes
overwhelmed and cannot find a mate.

However, the latter technique has

had varying success.
Smith, Flint, and Forey (1978) found that male pink bollworms
are able to locate females in a pheromone-permeated atmosphere.

They

suggested that removal of males from the population by mass trapping
might be a more effective suppression technique than mating disruption.
In a high density population, females compete more intensively
with pheromone-baited traps for males.

It is therefore best to use

traps early in the season when populations are low.
Trap performance is the most important consideration in a mass
trapping program.

Huber and Hoffman (1979) developed an oil trap with

a catch capacity of 2500 moths.

This trap proved much more efficient

than the stickem-coated traps used in previous studies, and it did not
interfere.with normal grower practices.
Once an efficient trap is developed, it is important to deter
mine the trap density at which the maximum number of moths is caught.
Theoretically, the total moth catch/ha should increase as trap density
increases until a point is reached where the length of the pheromone
plume exceeds the distance between traps.

Farkas, Shorey, and Gaston

(1974) reported that male pink bollworms decrease flight speed and
alight on vertical objects when in the presence of a high concentration
of pheromone.

Also, sensory adaptation or central nervous system habit

uation in a pheromone-permeated atmosphere may result in failure of a
male moth's ability to locate a trap when the trap density is too high.
A density above the optimum may cause the moths to land before reaching
a trap, thus increasing the moth's chance of locating a mate at random.
Hoffmann (1978) compared six densities of the Huber oil trap
ranging from 2.5 to 15 traps/ha, and found that the total moth catch
was still increasing at 15 traps/ha.

The purpose of this research was

to compare four densities of the Huber oil trap from 15 to 30 traps/ha,
and to determine if the optimum density was within this range.

CHAPTER 2

LITERATURE REVIEW

The Pink Bollworm
The pink bollworm was first described in 1843 from specimens
collected in India, its native country (Pearson, 1958; Noble, 1969).
It now occurs worldwide as a serious cotton pest.
Cotton seed imported from Egypt carried the pink bollworm to
Mexico in 1911.

Six years later, the discovery of a small infestation

in Hearne, Texas prompted eradication efforts.

Despite these efforts,

small infestations persisted and eventually spread throughout southern
Texas and west along the Rio Grande Valley (Noble, 1969).
In the winter of 1926-27, the pink bollworm was found in Cochise,
Greenlee, and Graham counties of Arizona (Wene, Carruth, and Telford,
1965).

Some heavy losses due to this pest have occurred in scattered

areas of Arizona since 1940 (Anon., 1965).

Severe outbreaks in the Gila

and Salt River Valleys in 1958 impelled growers to a full-scale coopera
tive eradication campaign (Anon., 1965; Wene et al., 1965; Spears, 1967).
The pink bollworm is now the major cotton pest in the southwestern United
States (Vail et al., 1977).

Life History
Adult.

The adult is a small, mottled, greyish-brown moth with a

15-20 mm wing span (Noble, 1969).

The forewings are slender and fringed

along the posterior margin (Wene et al., 1965).
3

Adults are rarely seen
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in the field because they .are nocturnal, hiding under debris during the
day (Noble, 1969).
Moths from overwintering larvae begin emerging in March, when
air temperatures exceed 10°C, and continue through August (Wene et al.,
1965; Gutierrez et al., 1977).

Several authors have demonstrated the

accuracy of using heat units to predict pink bollworm emergence and popu
lation cycles (Larson and Huber, 1975; Gutierrez et al., 1977; Sevacherian et al., 1977; Toscano et al., 1979).

With this method, accumu

lated heat units obtained from daily average temperatures minus the
insectvs lower developmental threshold, can be correlated to the develop
mental rate of this insect, which is a cold-blooded animal.
Most of the moths emerge before squares are available and die
without contributing to the first summer generation.

This is termed

"suicidal" or "ineffective" emergence (Chapman et al., 1960; Bariola,
1978).

Slosser and Watson (1972) determined that 20 to 30% of the spring

emergence occurs after first square in Mesa, Arizona.

Huber, Moore", ,

and Hoffmann (1979) found a much higher value of 40 to 60% in Safford,
Arizona.
Adults live for up to 2 weeks in midsummer and longer during
cooler weather (Noble, 1969).

The pink bollworm completes five genera

tions from June to September in Arizona (Slosser and Watson, 1972).
Adult pink bollworms have two peak activity periods during the
night.

The first, from 7:30 to 11:30 PM, involves feeding by both sexes

and ovipositional activity of the females (Graham, Click, and Martin,
1964; Van Steenwyk, Ballmer, and Reynolds, 1978).

The moths feed on

the nectar from floral and extrafloral nectaries of the cotton plant
(Butler, et al., 1972).

The second peak) from midnight to 3;30 AM,

Involves"only males searching in response to the female sex
pheromone (Graham et al., 1964; Van Steenwyk, Ballmer, and Reynolds,
1978).

Mating activity usually occurs at this time, requiring a light

intensity below 3 ft. candles for at least 7 hours (Lukefar and Griffin,
1957).
Moths do not mate until the day after emergence (Ouye et al.,
1964).

Both sexes may mate more than once in their lifetimes, although

most females mate only once (Lukefar and Griffin, 1957; Ouye et al.,
1964).
Egg.

A female moth may lay 50 to 300 eggs over an 8 day period

(Adkisson, Wilkes, and Johnson, 1958).
during the larval stage.

Fecundity depends upon nutrition

Females from the overwintering generation have

lower fecundities than those that have developed during the summer (Noble
1969).
Before bolls are available, females lay their eggs on the squares
stems and terminals of the cotton plant (Brazzel and Martin, 1957; Noble,
1969).

The preferred oviposition site is between the calyx and the boll

carpel (Brazzel and Martin, 1957; Lukefar and Griffin, 1957; Adkisson et
al.9 1958; Noble, 1969).

High temperatures are detrimental to egg sur

vival, especially when humidity is low (Fye and Surber, 1971; Adkisson,
1959).
Larva.

The young larvae are cream colored, acquiring a deeper

shade of pink with each succeeding instar.

By the fourth and final

instar5 the bright pink larvae are 11-13 mm long and 2-5 mm in diameter
(Noble, 1969).
Mortality of newly hatched larvae is very high; 90% die before
feeding (Wene et al., 1965).

Those that are able to enter a fruiting

structure feed for 10 days, then during the summer months, drop to the
ground to pupate (Noble, 1969).
In September and October, the full-grown larvae enter a state
of developmental arrest called diapause.

The most important factors

influencing the initiation of diapause are fluctuating temperatures and
a decreasing photophase (Adkisson, 1961a;

Lukefar, Noble, and Martin,

1964; Butler, Hamilton, and Gutierrez, 1978).

Increased oil content of

mature bolls has a secondary effect on diapause induction (Squire, 1940;
Crowder, Watson, and Langston, 1975; Abdul Nasr, Awadallah, and Mabady
Omar, 1977).

Diapausing larvae may spend the winter in bolls or in

cocoons in the soil (Wene et al., 1965).
Gutierrez et al. (1977) estimated that only 4% of the diapausing
larvae survive the winter.

Using field emergence cages, Huber et al.

(1979) found 1.6% and 2.9% survival for 2 different years.

Overwinter

survival is influenced by temperature, soil moisture, and cultural prac
tices such as fall plowing (Wene et al., 1965).
Pupa.

The non-diapause larva drops out of the boll to pupate

in a loose-fitting cocoon in the soil.
long (Noble, 1969).
1958).

Pupae are dark brown and 6-8 mm

The pupal stage lasts 8-10 days (Adkisson et al,,
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Host Range
The pink bollworm attacks 70 species of plants, most of these
in the family Malvacae (Noble, 1969).

Although the pink bollworm is

known primarily as a cotton pest, it will also attack the cultivated
crop's okra, kenaf, jute, roselle, muskmallow, and castorbeam (Loftin,
McKinney, and Hanson, 1921; Noble, 1969).

Damage to Cotton
Leaf Damage.

Larvae may feed slightly on the leaves while search

ing for a fruiting structure.

This feeding results in small surface

abrasions or holes in the leaf, but this damage does not result in
economic loss.

Larvae that do not reach squares or bolls soon die from

exposure, predation, or starvation (Loftin et al., 1921).
Square Damage.

Early and late in the cotton-growing season,

when susceptible bolls are scarce, pink bollworms infest squares and
flowers, consuming the pollen and fleshy parts of the embryonic flower
(Loftin et al., 1921).
Squares play a significant role in establishing pink bollworm
populations early in the season (Slosser and Watson, 1972).

Late in the

season, when bolls are no longer susceptible to attack, squares again
become an important food source for larvae of the overwintering genera
tion (Slosser and Watson, 1972).
Square infestation does not necessarily prevent boll formation.
Butler and Heneberry (1976) found a 40% decrease in boll set of infested
versus noninfested squares. However, once bolls are set, fruit

development is independent of previous square infestation (Butler and
Heneberry, 1976).
Reports on square shed as a result of pink bollworm infestations
are conflicting.

Noble (1969) states that squares less than 10 days old

will shed if infested.

However9 Gutierrez et al. (1977) found that

squares and bolls shed at the same rate whether or not they are infested,
primarily due to carbohydrate stress on the cotton plant.
Blooms that develop from infested squares are often malformed
or "rosetted" due to webbing together of the corolla tips by pink boll
worm larvae.

This webbing prevents the bloom from opening properly and

protects the larva from dessication and natural enemies (Loftin et al.,
1921) .
Boll Damage.

Newly hatched larvae bore into the boll carpel

and feed on the seeds and lint inside the boll.

This feeding reduces

the quantity and quality of the lint, and germanability of the seeds.
Since lint grows from the cotton seed, infested seeds produce fibers
that are short and weak.

Frass from the larvae discolors the lint,

further reducing marketability.

Severely damaged bolls do not open and

the lint is not harvestable (Loftin et al., 1921; Wene et al., 1965;
Adkisson et al., 1958; and Noble, 1969).
Exit holes from emerged pink bollworm larvae predisposes the
bolls to boll rot organisms, especially in areas of high rainfall
(Noble, 1969).

The most dread of these, Aspergillus flavus Link,

produces aflotoxins that are known carcinogens (Ashworth et al., 1971).
Seeds containing aflotoxin cannot be sold as animal feed.
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Bolls that are 14-21 days old are most susceptible to pink bollworm attack (Van Steenwyk

et al„ «, 1976) .

The high water content of

young bolls drowns the larvae, and the carpel wall of older bolls is too
hard for the larvae to penetrate.

Older bolls are able to sustain more

damage because less seeds are consumed per larva, and less larvae exit
the older bolls to pupate (Lukefar and Martin, 1963; Noble, 1969).
Equal pink bollworm populations inflict greater damage on Pima cotton
than on Deltapine, because Pima has smaller bolls with less seeds per
boll (Fry, Kittock, and Heneberry, 1978),
There has been a great deal of discrepancy in the assessment of
losses due to pink bollworm infestations.

Brazzel and Gaines (1957)

found that most loss results from lowered lint quality and actual yield
loss does not occur until infestation reach 100% with more than 10 lar
vae per boll.

However, based on a 60% infestation, Lukefar and Martin

(1963) gave a more conservative estimate of 34% value reduction due to
both yield and quality losses.

Watson and Fullerton (1969) determined

that control measures are unwarranted until infestations of bolls reach
a 20% economic threshold.

The current infestation level used for spray

initiation in Arizona is 15%, lowered to 5% in boll rot areas (Moore et
al., 1978).

Dispersal
Long Range.

Man has accidentally transported the pink bollworm

across continents in infested seed or lint and in vehicles carrying cot
ton freight (Click, 1967; Noble, 1969; Bariola et al., 1973).

Pink boll

worm moths cannot regulate their flight at wind velocities greater than

10
5 km/h and wind currents may carry them miles from infested cotton
fields (Click and Hollingsworth, 1956).

Moths have been collected 900 m

above ground level and new infestations discovered up to 100 km from
fields known to harbor this pest (McDonald and Loftin, 1935; Noble, 1969;
Bariola et al., 1973).
Local.

Moths emerging in spring disperse randomly in search of

suitable habitats (Noble, 1969; Kaae et al., 1977; Manley, 1978; Van
Steenwyk et al., 1978; Stern, 1979).

The desert at this time is hot and

dry and the cotton plants either have not yet emerged, or are too small
to offer adequate protection from the harsh environment.

Flint et al.

(1976) reported that emerged males congregate in cotton fields regardless
of where they emerge.

Kaae et al. (1977) found males evenly distributed

in cotton fields, fallow fields, and fields planted to other crops.
Manley reports a 1-2 wk time lag from the time moths are detected in
fields previously planted to cotton and their subsequent detection in
traps outside the cotton-growing area.

Manley (1978) also found that

moths favor other crops over fallow fields or the open desert when suit
able cotton is not available.
Within-field Movement.
are trapped

From July through September, more males

inside the cotton fields than in other areas (Kaae et al.,

1977; Manley, 1978; Van Steenwyk et al., 1978).

At this time, the cot

ton is fruiting and the plants can supply the moths with moisture (from
irrigation, transpiration), nectar and a dense foliage cover.

Popula

tions shift in the field throughout the season in the direction of the
prevailing wind (Manley, 1978).

Lingren et al. (1978) observed moths
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during the night with night vision goggles, and found that major moth
movement early evening was downwind.

From 30 minutes to 1 hour before

mating, males switched to a crosswind flight pattern in search of females
releasing sex pheromone.

Male flight activity in the cotton field is

much greater than that of females, indicative of a stationary calling
behavior on the females! part and an active searching behavior on the
males’ part (Smith et al., 1978; Van Steenwyk et al., 1978).
From September through November when the cotton plants are
senescing, moths again disperse out of the cotton fields (Noble, 1969;
Kaae et al., 1977;

Manley, 1978;Van Steenwyk et al., 1978; Stern, 1979).

Van Steenwyk et al.(1978) theorized that the

migratory tendencies of

adult males late in the season might be due to the physiological state
of the cotton plant at the time they fed as larvae.

Even though the

sex ratio of moths

emerging from field-picked bolls was 1 :1 , light traps

from 0.4 to 1.6 km

from the test field picked up 3 males : 1 female

(Van Steenwyk et al., 1978), indicating that females do not disperse as
far as males, or that males are more highly attracted to the light traps.
These authors also found that females disperse from senescing
cotton 2-3 wk before males.

Since females avoid multiple attacks on

bolls until infestation levels reach 80% (Gutierrez et al., 1977), fe
males may be departing earlier due to overcrowding or a lack of suitable
oviposition sites.

The Pink Bollworm Sex Pheromone
Pheromones are ’’substances which are secreted to the outside by
an individual and received by a second individual of the same species
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in which they release a specific reaction, for example, a definite
behavior or developmental process11(Karlson and Luscher, 1959) .

The

response of male pink bollworms to females releasing pheromone was de
scribed as "a state of excitation with rapid wing vibrations and an
intermittent upcurving of the abdomen" (Ouye and Butt, 1962).

Males

responded in this manner to homogenized methylene chloride extracts of
i

whole mating pairs.

This behavior was always specific to males.

Male

moths entered traps baited with the extract, indicating the potential
this attractant held as a survey or control tool.
The pheromone is limited to the terminal 2-3 abdominal segments
of female moths (Berger et al., 1964).

Attractiveness peaks in 4-5 day

old females, with no difference in potency between mated and virgin fe
males .
Jones, Jacobson, and Martin (1966) reported successful isolation
of the pure pheromone, which they called propylure (10-propyl-trans
5 ,9-tridecadienyl acetate). However, this compound was found inactive
in the field (Jones and Jacobson, 1968; Neumark, Jacobson, and Teich,
1974).

Activity was slightly improved in the presence of "deet"

(N,N - diethyl-m-toluamide), itself a moderate attractant to pink bollworm males (Beroza and Green, 1963; Jones and Jacobson, 1968).
Soon afterwards, Green, Jacobson, and Keller (1969) discovered
/

through empirical screening that hexalure (cis-7-hexadecenyl acetate)
is highly attractive to pink bollworm males.

This compound is not pro

duced by the female moths, but is very similar in structure to the
actual pheromone.
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Hummel et al. (1973) proved that neither deet, propylure nor
hexalure was the natural female sex pheromone.

They identified the

true peromone, a mixture of ZZ and ZE isomers of 7,11-hexadecadienyl
acetates and proposed the name "gossyplure" for this compound.
The optimum ratio of isomers ranges from 50% to 60% ZZ in dif
ferent areas of the world (Bierl et al., 1974; Flint et al., 1979;
Marks, 1976)9 but a 1:1 ratio of isomers is used in commercial prepara
tions.

The pink bollworm is more specific in its response during the

spring and fall than it is during mid-season (Flint et al., 1978).

The Pheromone Plume
Transmission of a chemical signal in air depends on the rate of
diffusion of the chemical and the directional flow of the medium (Farkas
and Shorey, 1974).

In a static environment, molecules become distributed

in a concentration gradient radiating out from the source.

Air movement

carries the chemical downwind, forming an elongate aerial trail or plume
(Bossert and Wilson, 1963; Butler, 1970; Farkas and Shorey, 1972, 1974).
Wright (1958) described the aerial trail as a cloud in which the
odor is concentrated in separate filaments which would "writhe and twist
as they moved downwind from the source".

The insect would perceive this

cloud as a series of pulses of high and low intensity, whose frequency
would indicate the proximity of the source.
The amount of disruption of the trail depends on the degree of
atmospheric disturbance.

The diameter of the trail increases and the

density of molecules decreases with increasing distance from the source
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(Farkas and Shorey, 1974).

Bossert and Wilson (1963) coined the term

"active space" for "that zone downwind from the odor trail that contains
a density of molecules at or above the behavioral threshold concentra
tion" .

Mating Behavior

Female Calling Behavior
Gossyplure is contained <in a dorsal gland between the eighth and
ninth abdominal segments of the female moth (Jefferson, Sower, and Rubin,
1971).

Several environmental and physiological factors influence pher-

omone release (Shorey, 1974).
Leppla (1972) has distinguised two postures of the female pink
bollworm during pheromone release as "initial" and "overt" calling.
During initial calling, the female extends, elevates and separates her
wings, resting her antennae on the anterior wing margins.

She projects

the ovipositor and the pheromone gland, curling the ovipositor downward
and manipulating it against the substrate in short, circular motions.
This behavior serves to mark the substrate and increase the surface area
for pheromone evaporation (Colwell et al., 1978a).

During overt calling

she elevates her wings 45° and holds her antennae perpendicular to the
body.

She then bends her head forward while moving the ovipositor in a

rhythmic, circular motion 2 cm above the substrate.
When a male contacts a female, she retracts her pheromone gland,
lowers her abdomen and folds her wings to a resting position (Colwell
et al., 1978b).
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Kaae and Shorey (1973) found more mating pairs at the top of
the cotton canopy on calm nights (0-3 m/sec) and more below the canopy
on windy nights (8-12 m/sec).

They speculated that the females choose

optimum conditions for pheromone communication by adjusting their eleva
tion in the foliage according to wind velocity.

Male Orientation to the
Pheromone Source
The sensilla trichoidea is the antennal sensilla most likely
accountable for sex pheromone perception in male pink bollworms (Cook,
Smith, and Flint, 1980).

When the male perceives the pheromone, he moves

his antennae from a posterior to an anterolateral position and vibrates
them (Colwell et al., 1978b).

He then/begins to fly upwind in the direc

tion of the source in a characteristic zig-zag manner (Farkas and Shorey,
1972; Farkas, Shorey, and Gaston, 1974).

Farkas and Shorey (1972) specu

lated that this zig-zag flight results from a turning response effected
when the male moth reaches the lateral border of the plume and detects a
lower frequency of molecules.

By turning, the moth is able to maintain

its flight in the direction of the source.
Several mechanisms of orientation to an odor-source have been
reviewed by Shorey (1973).

Anemotaxis (positive orientation to air

currents) was once accepted as the orientation mechanism of the pink
bollworm.

However, Farkas and Shorey (1972) found that male pink boll

worms orient to a pheromone source equally well whether the plume is in
still or moving air.

In this case, air movement serves only to create

the shape of the plume.
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Farkas et al. (1974) report that the air speed of responding
males decreases as the pheromone concentration increases, or as they
get closer to the source.
mechanism orthokinesis.

Fraenkel and Gunn (1961) called this type of
Males also showed a tendency to increase lateral

oscillations and alight more frequently when exposed to increasing amounts
of pheromone (Farkas et al., 1974).
The male lands several centimeters from the female and walks
toward her while fluttering his wings and extending his hair pencils
(Colwell et al.9 1978b).

He then moves parallel to her and quickly bends

the tip of his abdomen toward her and tries to engage her genetalia with
his claspers.

If coupling is successful, he turns around to an end-to-

end position with the female.

Mating Disruption
Beroza (1960) first discussed the potential of permeating the
atmosphere with female sex pheromone to confuse males and prevent them
from finding mates.

Although there may be direct competition between a

synthetic pheromone source and females in the field, failure to locate
females in a pheromone-permeated atmosphere might also result from
habituation of the central nervous system or sensory adaptation of the
olfactory neurons (Shorey, 1975).

Therefore, Shorey, Gaston, and Saario

(1967) suggested that mating inhibition might be a better

term than

"confusion" to describe the loss of ability to locate a pheromone source
in a pheromone-permeated atmosphere.

Mating inhibition is most likely

to succeed at low population densities when other mate-finding mechanisms,
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such as response to visual cues, are not likely to be effective (Beroza
and Knipling, 1972; Cameron, 1973; Shorey, 1970).

Tests with Hexalure
McLaughlin et al. (1972) reported successful mating disruption
of the pink bollworm with hexalure.

Using different combinations of

release rates and evaporator spacings, they found 90% mating disruption
with combinations resulting in release of more than 10 mg hexalure/ha/
night.

Percent disruption was calculated by comparing numbers of males

caught in female-baited traps in the hexalure treated vs the control
fields.

They concluded that the release rate over a given area, and not

the spacing of evaporators, determines the success of disruption.
In another experiment (McLaughlin et al., 1972), weekly placement
of 10 yl of hexalure on the cotton foliage at 2 m spacings prevented
males from locating caged females.

However, males mated at least once,

as evidenced by equal larval infestations in the treated and untreated
fields.
Shorey, Kaae, and Gaston (1974) reported an 84% reduction in num
bers of larvae per boll in a field treated with hexalure at the release
rate of 750 mg/ha/night.

However, they felt that this release rate was

much too high to be practical.

The following year, they compared "high"

(200 mg/ha/night) and "low" (20 mg/ha/hight) release rates which resulted
in 93% and 83% reductions in larval numbers respectively, compared with
untreated fields.

Percent reductions were slightly lower if evaluated

in terms of infested bolls vs number of larvae.

Tests with Gossyplure
According to Shorey (1970), 99% of the males in a population
would have to be prevented from finding females for behavioral control
to be successful.

Shorey, Gaston, and Kaae (1976) felt that h.exalure

had little potential for behavioral control because it did not achieve
the high level of disruption necessary.

Researchers were optimistic for

better results with gossyplure.
In a large-scale experiment involving the entire Coachella Valley
of California, gossyplure evaporators were spaced 40m apart in cotton
fields for a release rate of 5mg/ha/night for 16 wk (Shorey, Gaston, and
Kaae, 1976).

Infestations were comparable to those of the 3 previous

years of conventional pest-control treatments.
Gaston et al. (1977) reported successful disruption using gossy
plure formulated in thermoplastic fibers.

A season's total of 33g/ha

released in each field resulted in a 98% reduction in gossyplure-baited
trap catches and a ninefold reduction of insecticide used in the treated
fields.
Smith et al. (1978) found that moths in gossyplure-permeated con
tainers mated as frequently as those in untreated containers. More
matings at higher densities indicated that encounter frequency determined
mating frequency.

Males were able to locate females in total darkness,

but could not find them if their antennae were removed.

These authors

concluded that males could locate females in a pheromone-permeated
atmosphere with a combination of random encounters and close-range of
factory cues.

Therefore, populations would have to be extremely low for

disruption to operate.
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Mass Trapping
Another method of insect control using pheromones is mass trap
ping.

The principal of mass trapping is to remove enough individuals

from the population to significantly reduce the number of matings and
thus suppress the population and delay the buildup of subsequent genera
tions (Graham et al., 1966; Huber et al., 1979).

An obvious advantage

of mass trapping over mating disruption is that individuals are removed
permanently from the population.
It is generally accepted that mass trapping can work most effec
tively on low-level populations (Campion, 1974; Huber et al., 1979;
Knipling and McGuire, 1966; Shorey, 1977; Sputhwood, 1966).

This is

because the traps,must compete with females (or males) in the field re
leasing pheromones.

Hardee et al. (1969) found that boll weevil wing-

type traps worked better during low weevil populations when fewer males
were present to compete with the traps.

Hardee (1972) found a decreased

efficiency of Legget traps during the fruiting of cotton plants, due to
the presence of large numbers of male weevils, Anthonomous grandis
Boheman, in the cotton fields.
Howell (1974) reported reduced catches of male codling moths,
Laspeyresia pomonella (L.), in female-baited traps in the presence of
free-flying females.

He speculated that the number of males caught

would decrease logarithmically with an increase in population unless
the release rate of pheromone per trap or the number of traps was in
creased.
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Trap performance is of primary importance in a mass trapping
program (Wolf, Kishaba, and Toba, 1971).

Many factors influence the

ability of a trap to compete effectively with native females.

Traps

used in high quantity should be inexpensive«, durable, and attractive
to the target insect for a long period of time.

In addition, traps that

are placed in the crop area should not interfere with the cultural prac
tices involved in crop production (Huber and Hoffmann, 1979).

Once a

practical, efficient trap is developed, it is necessary to determine
the number of traps required to capture the optimum number of insects.

Trap Densities
In their disruption studies with hexalure, McLaughlin et al.
(1972) contended that there was an upper limit to the distance between
evaporators beyond which the area would not be uniformly permeated.

In

contrast, there is an optimum density for pheromone traps above which
the pheromone plumes may overlap, preventing males from orienting to the
source (Shorey, 1977).

At higher trap densities, catch/trap may de

crease because of overlap of effective trapping radii or because there
are more traps to divide up the total catch (Wolf et al., 1971).

Embody

(1971) used the term "effective range" to describe the distance between
traps where they no longer affect each other.

The effective range may

be influenced by such environmental factors as temperature, humidity,
wind velocity, and wind diffusion patterns.

Wind diffusion patterns

within the field will change with the height and density of the plants.
Sower, Gaston, and Shorey (1971) reported that pheromone com
munication of the cabbage looper, Trichoplusia ni (Hubner), is limited
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by the distance the pheromone can be carried before the female ceases
emission5 and by the amount of time it takes the male to reach her.
Artificial pheromone sources that release continuously should be able
to attract more males over time than a female that only releases pher
omone periodically.
Earstack et al. (1971), McClendon et al. (1976), and Wolf et al.
(1971) have devised mathematical models to predict optimum trap densities
to suppress insect population.
A great deal of research has been devoted to boll weevil suppres
sion with pheromone traps.

Lloyd et al. (1972) found no significant

difference in the catch/trap of boll weevils in male-baited traps arranged
around a cotton field at 2.5, 5, 10 or 20 traps/ha, but did find a sig
nificantly greater catch/ha at the highest density.

Taft, Hopkins, and

Roach (1972) reported complete suppression of overwintered weevils using
an integrated control program of insecticides and grandlure-baited wing
traps at 0.4-1.6 traps/ha.

Mitchell et al. (1973) used in-field,

grandlure-baited traps at 25 traps/ha to remove 76% of the estimated
weevil population.
Bottrell and Rummel (1976) criticized reports of previous authors
as being overly optimistic due to an inadequate knowledge of how trapping
success should be measured.
caused

They felt that in some cases, the traps

increased infestations by attracting more females into trapped

fields than would otherwise be present.

Taft and Hopkins (1978) used

grandlure-baited Legget traps at 10, 20, 40 and 80 traps/ha and found
that the catch/ha increased with increasing densities, but catch/trap
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was significantly higher at 20 traps/ha than the other three densities.
However„ none of these densities significantly suppressed the weevil
infestation.
Toba et al. (1970) used screen traps baited with synthetic pheromone of the cabbage looper in groups of four at spacings of 1, 15.2,
61, 122 and 244 meters.

Catch/trap for all of these densities differed

significantly from the catch in a single isolated trap, but there was no
relationship between catch/trap of the grouped traps at the five densi
ties tested.
Finch and Skinner (1974) found that the catch/trap of cabbage
root flies, Erioischia brassicae (Bouche) was linearly related to the
square root of the trap density of water traps baited with attractant.
Traps without attractant showed no significant difference in catch/trap
at different densities.
In addition to the mass trapping experiments discussed above,
there have been encouraging results from attempts to control the grape
berry moth, Endopiza viteana Clemens, and the redbanded leafroller,
Argyrotaenia velutinana (Walker) (Taschenberg, Carde, and Roelofs, 1974),
Spodoptera frugiperda (Smith) (Tingle and Mitchell, 1979), and the
tomato pinworm, Keifera lycopersicella (Walsingham) (Wyman, 1979), with
pheromone-baited traps.

Pink Bollworm Mass Trapping

Trap Design
Graham et al. (1966) failed to suppress pink bollworm infesta
tions in artificially infested cages using metal traps baited with female
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extract at a rate of 15 traps/ha.

They attributed their failure to a

lack of field isolation and too few traps.

Shorey (1977) remarked that

inadequate trap design and an improper balance of pheromone emission
from trap versus wild females may have contributed to this failure.
Guerra and Ouye (1967) compared five trap designs using female
extracts as bait, and found baited blacklight traps superior to the
others.

Guerra, Garcia, and Leal (1969) compared a modified Frick trap

arid baited and unbaited blacklight traps in field cages, using propylure
as attractant.

Again, the baited blacklight trap was most efficient,

reducing the infestation 46% compared with a control cage.

They attrib

uted this low level of control to the likelihood that moths had mated
and females had laid eggs before entering the trap.

Blacklight traps

are large and expensive, and therefore impractical for extensive in
field use.
Sharma et al. (1973) had observed a considerable reduction in
efficiency of modified Frick traps when moths, scales and dust accumula
ted on the sticky surface.

They reasoned that increasing the surface

area of a trap should increase its efficiency.

In a comparison of a

cyanide trap, a modified Frick trap, and two sizes of Sharma omnidirec
tional traps, all baited with hexalure, they found the larger Sharma
trap most efficient.
Flint et al. (1976) found the Huber stickem trap more suitable
for field use than the modified Sharma trap.

However, they observed

that scales were readily shed in the stickem, enabling some moths to
enter and leave the Huber trap.

i
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Foster, Staten, and Miller (1977) found the capture efficiency
of stickem-coated Delta traps superior to that of modified'Sharma traps
and Huber traps, especially when the surface area was increased by
adding baffles.

They noted that Delta traps lost efficiency in a short

period of time due to overloading of moths and scales.
Huber and Hoffmann (1979) reported that overloading of Delta
and Sharma traps occurred when 75-80 moths were captured in the traps.
Lingren (1978) observed that approximately 28% of the responding moths
were caught in these two traps.

Huber et al. (1979) found that 25 moths

was the maximum catch for the Huber stickem trap.
Reed et al. (1975) found that an open-pan trap coated with liquid
paraffin, safflower oil or castor oil was much more efficient than the
stickem-coated Sharma trap.

Neumark and Teich (1973) reported pink boll-

worm catches greater than 600 moths per night in polystyrene cups filled
with an aqueous detergent solution.

Later, Teich, Neumark, and Jacob

son (1977) replaced the detergent solution with cotton seed oil because
the oil does not evaporate quickly.

Huber and Hoffmann (1979) developed

an oil trap with a catch capacity of 2500 moths.

Traps containing cotton

seed oil were sometimes destroyed by animals attempting to drink the oil,
so they used machine oil instead.

Oil traps provided a solution to the

surface area problem encountered with stickem traps.

Trapped moths

become soaked with oil and sink to the bottom, leaving the surface area
free to capture more moths.
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Pheromone Dispenser
An ideal pheromone dispenser yields maximum attractiveness for
long periods, and a continuous and fairly constant release rate.

Rub

ber sleeve stoppers are a superior substrate for gossyplure in comparison
with rubber bands, polyethylene stoppers, dental rolls and nylon rug
(Flint et al., 1974; Maitlen et al., 1976).

Doses of 50-109350 pg of

gossyplure per stopper showed no significant difference in catch/trap
per night, indicating a uniform release rate of pheromone (Flint et al.,
1974).
Marks (1976) reported that rubber stoppers impregnated with less
than 1000 yg of gossyplure lost attractiveness after 32 days.

Hoffmann

(1978) found rubber wicks superior in attractancy and longevity to
Conrel^ hollow fiber wicks.

Storage for one year at 6°C did not decrease

the attractancy of the rubber wicks to male moths.

Flint et al. (1974)

calculated that the half-life of gossyplure in rubber septa was 120 days
in the field and 159 days at 23°C.

They estimated that a release rate

of 0.2-2 yg/h, requiring 2300 yg per septum, would impart optimum attrac
tiveness to the wicks.

Lingren et al. (1978) found 1000 yg of gossyplure

in a rubber septum equal in attractiveness to 50 virgin females.

Trap Height
Cabbage looper pheromone traps were less efficient when placed
below, than above, the broccoli canopy because males did not fly below
the canopy, or because diffusion of the pheromone was impeded by the
foliage (Saario, Shorey, and Gaston, 1970).
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McLaughlin et al. (1972) found that hexalure evaporators for
mating disruption operated less effectively when placed below the cotton
canopy„

They proposed absorption of the pheromone into the foliage,

temperature inversions, and air mixing near the ground, and a failure of
pink bollworm males to respond to pheromone released below the canopy as
possible reasons for this.
Sharma et al. (1971) reported best results when hexalure-baited
Frick traps were placed at or just above the cotton canopy,

They sug

gested that males might be able to fly to the traps more easily, and
that the attractant could disperse over a larger area.

Contrarily,

Marks (1976), and Reed et al. (1977) obtained best results with
gossyplure-baited traps placed at mid-canopy height.
From their studies with vertical plywood traps coated with
tanglefoot, Smith et al. (1978) concluded that male moth activity is
concentrated in a narrow zone near the top of the cotton canopy. Using
night vision goggles and climbing a television tower, Lingren et al.
(1978) observed that the major movement of nocturnal cotton insect pests
occurred at canopy level up to at least 30 m.

Since female pink boll

worm moths are likely to adjust their calling position in the canopy
according to wind velocity (Kaae and Shorey, 1973), the best height for
traps would be that at which females call most of the time, that is,
at the top of the cotton canopy.

Trap Density
Embody (1971) studied the effect of hexalure-baited traps at
five densities ranging from 0.06 to 1 trap/ha, and concluded that
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catch/trap was lower at the higher densities.

He estimated that traps

baited with hexalure should not affect each other at a separation of
285 m,

Toscano et al. (1974) used one hexalure—baited Sharma trap/20 a

to predict pink hollworm population levels.

Basing the need for insec

ticide applications on a catch of 3.5-4 moths/trap/day * they were able
to maintain the same level of control with four less applications than
used in untrapped fields.
Reed et al. (1975) compared catches in gossyplure-baited Sharma
traps in groups of four at 1.5, 5, and 15 m spacings.
and total catch were reduced at closer spacings.

Both catch/trap

They ascribed the re

duction in total catch to the fact that closer spacings covered smaller
areas.

These authors found that a gossyplure trap only 1 m away from a

trap baited with a virgin female did not prevent males from locating the
female.

This finding holds implications for determining the success of

a mass trapping experiment.
Flint et al. (1976) trapped cotton fields with gossyplure-baited
Huber stickem traps at 12 traps/ha early season, increasing to 50 traps/
ha by midseason.

Although insecticide applications were still necessary,

infestations were delayed and lower in the trapped fields than over the
previous 3 years.

The optimum density of the Huber sticky trap was

found to vary with population size, leveling off at 12.5 traps/ha when
catches were greater than 25 moths/ha/wk (H. M. Flint, pers. comm.,
1980).
Huber et al. (1979) trapped 3,000 to 6,300 ha of cotton in
Arizona with both the Huber stickem trap and the Huber oil trap at 11
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traps/ha.

There was a delay in the buildup of larval infestations in

the 3 years of mass trapping as compared with the previous 3 years.
These authors estimated that 54% of the available male moths were re
moved from the population with the Huber oil

trap at this density.

Hoffmann (1978) evaluated the Huber stickem trap and the Huber
oil trap at respective densities of 7.5-15/ha and 2.5-15/ha.

Stickem

traps showed no significant difference in catch/trap with increasing
densities and appeared to reach an optimum density at 12.5 traps/ha,
above which there was no major increase in catch/ha.

With increasing

densities of the Huber oil trap, there was a decrease in catch/trap
and a general increase in total catch/ha.

The difference in catch/trap

was significant only at 2.5 traps/ha, indicating an effective radius
greater than 157 m for the Huber oil trap.

Catch/ha was still increasing

at 15 traps/ha, indicating that the optimum density for this trap might
be higher,
Lingren et al. (1978) used night vision goggles to observe pink
bollworm response to pheromone traps.

They found that in most cases

during early season, the plume appeared to extend no more than 15 m from
the source.

Later in the season, after canopy formation, the plume .

appeared to extend less than 3 m from the source; wind and relative
humidity had a great influence on the size and configuration of the plume.
They concluded that the pheromone plume is actually rather small and
that random male searching behavior, not long-range attraction to a
pheromone source, is the primary mechanism involved in mate location.

CHAPTER 3

(
METHODS AND MATERIALS

The Huber Oil Trap
The Huber oil trap (Huber and Hoffman, 1979) is a 240 ml paper
cup with four 2.5 cm holes spaced evenly around the upper one-third.
Inside is a 75 ml, plastic souffle cup which reaches the base of the
holes and contains a light-weight machine oil to trap the moths.

A pin

placed through the center of the lid suspends a wick treated with
1,000 yg of gossyplure in a 1:1 ratio of isomers (Flint et al., 1974).
Wicks are made of red gum rubber tubing (ID 6.35 mm) split lengthwise
and cut to 1.27 cm lengths.

Fall 1978
In August, 1978, four densities of the oil trap (15, 20, 25 and
30 traps/ha) were placed in a field of short staple cotton (Gossypium
hirsutum (L.)) in Marana, Arizona.

This was a preliminary study to deter

mine whether these densities would be employed on a larger scale the fol
lowing summer.
Each treatment contained four rows of traps with eight traps per
row.

Within-row trap spacing was 38, 33.5, 29 and 27.4 m for 15, 20,

25 and 30 traps/ha, respectively.

Distances between trapped rows were

19.2, 16.4, 15.5 and 13.4 m for the respective densities.
distances were measured with a 73 cm standardized pace.
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Within-row

Traps were

30
arranged in a checkerboard pattern so that each trap was equidistant
from those surrounding it.
Treatments were centered in the field and separated by 77m.
Two rows of border traps 21 m apart were set up on either end of the
field, 77 m from the first and last treatments.
Female pink bollworms aggregate at the top of the cotton canopy
when releasing pheromone (Sharma et al., 1971).

Therefore, the traps

were secured to 1,5 m high stakes with thumbtacks to facilitate adjust
ment of the traps to canopy level.
Since traps around the edge of each treatment could draw moths
from a wider radius than those in the center, only traps 2 through 7 of
the two middle rows in each treatment were sampled.
were serviced as needed.
of 8 wk.

All other traps

Trap counts were taken once a week for a total

Each count was treated as a replication for a total of 8 rep

lications .

Summer 1979
One 18 and two 32 ha fields of long-staple cotton, G. Barbadense (L.), were mass trapped in June, 1979 at Marana, AZ.

The fields

were split into quadrants and each quadrant was trapped with one of four
densities:

15, 20, 25 or 30 traps/ha, as used in 1978.

Traps were

arranged in a checkerboard pattern over the entire quadrant for each
treatment.

Locations of the four treatments in each field were deter

mined by randomization with compass direction.
Since this was an early season study, traps were stapled to
58 cm high stakes and hammered into the ground to a height of 38 cm.

.
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This was to prevent destruction of the traps during cultivation.

Row

spacing was adjusted so that trapped rows would not fall between the
axles of a cultivator.

Trap spacing was 38, 33.5, 30.5, and 26.8 m

within rows for 15, 20, 25 and 30 traps/ha respectively.

Row spacing

for these densities was 19.2, 16.2, 15.2 and 13.2 m.
Thirty-two center traps in each quadrant were chosen randomly
and marked with flagging tape.
times from July-November.

Moths were counted in these traps three

Other traps were serviced periodically until

layby.
Effective spring emergence was determined by recording the first
square date for each field and using the pink bollworm physiological
time scale (Huber et al., 1979) to determine the percent emergence that
occurred 10 days previous to first square.
Moth counts were taken every 2-3 days from a monitor trap placed
in an untrapped long staple field and averaged to obtain an average
catch/day.
In early November, 20 plants were removed from each trapped and
check field to determine the percentage of bolls damaged by pink bollworms throughout the season.

Analysis
The catch/trap from each sample was averaged and multiplied by
the trap density to derive the catch/acre.
catch/ha for scientific conformity.

Catch/acre was converted to

For the 1979 data, the averages

of catch/trap from each of the three samples were added together to
obtain a cumulative average for each density in each field.

Since these

numbers were large9 the square roots were used to lower the variance
and facilitate analysis.
each year’s data.
occurred.

A one-way analysis of variance was used for

An LSD test was used where significant differences

CHAPTER 4

RESULTS

1978 Mass Trapping
Figures 1 and 2 present results of the 1978 preliminary study.
Catch/trap was greatest at 20 traps/ha.

However, the difference in

catch/trap was not significant between any two densities (Table 1).
Catch/ha was significantly lower at 15 traps/ha.
It appeared from these data that 20 or 25 traps/ha was the opti
mum density.

Therefore, these densities were employed on a larger scale

for more extensive study in 19/9.

1979 Mass Trapping
There was considerable variation in the trap catches among the
three fields (Fig. 3).

However, when the data are combined (Fig. 4),

there is a trend towards decreased catch/trap with increasing densities,
although this decrease is not significant between any two densities
(Table 2).

There was a significant field effect between Field 1 and

the other two fields (Table 3).

This difference between replications

is highly significant on a catch/^a basis.

Fields 1 and 2 both show

increased catches/ha with higher densities, but Field 1 shows no con
sistent pattern (Fig. 5).

The average of the data from these three

fields (Fig. 6) shows that catch/ha is still increasing at 30 traps/ha.
Differences in catch/ha were not significant between densities in
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Fig. 1.

Mean male pink bollworm moth catch/trap at four
oil trap densities, Marana, AZ, 1978.
Counts were taken weekly for 8 weeks.
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Mean male pink bollworm moth catch/ha at four
oil trap densities, Marana, A Z , 1978.
Counts were taken weekly for 8 weeks.

36

900

FIELD 1
FIELD 2
FIELD 3

CATCH/TRAP

600

CUMULATIVE

700

AVERAGE

800

\

\
\
\
\
\

\
\

500

\x /

Z\
z
z \
z
zz

\
\
\

400

\
\

300

15

20

25

30

TRAPS/HA
Fig. 3.

Cumulative mean moth catch/trap at four oil trap densities in
three fields of long-staple cotton, Marana, AZ, 1979.
Three counts were taken from July-November, 1979.

37

-

750

CUMULATIVE

MEAN

MOTH

CATCH/TRAP

8 0 0

700

650

60 0

-

15

20

25

30

TRAPS/HA

Fig. 4.

Combined cumulative average male pink bollworm
catch/trap at four oil trap densities in three
fields of long-staple cotton, Marana, A Z , 1979.
Three counts were taken from July-November, 1979.
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Cumulative mean male pink bollworm moth catch/ha
at four oil trap densities in three fields of
long-staple cotton, Marana, A Z , 1979.
Three counts were taken from July-November, 1979.
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Combined cumulative average male pink bollworm
moth catch/ha at four oil trap densities in three
fields of long-staple cotton, Marana, AZ, 1979.
Three counts were taken from July-November, 1979.

Table 1.

Average male pink bollworm moth catch/oil trap/wk and/ha/wk over an 8 wk period
at densities of 15 to 30 traps/ha5 Marana9 A Z ? 1978.

Traps/ha

Catch/ trap/wk3 ’*3

Catch/ha/wka,k

15

40.8 a

623 a

20

49.9 a

998 b

25

46.5 a

1138 b

30

36.9 a

1089 b

^Means followed by the same letter do not differ significantly at the 5%
confidence level.
^Data based on counts from 14 traps at each reading.
September and November, 1978.

Readings were made between

Table 2.

Cumulative average pink bollworm male moth catches/oil trap and/ha at
densities of 15 to 30 oil traps/ha, Marana, AZ, 1979.
Traps/ha

Catch/ trap3 ’*3,C

Catch/haa,k ,C

15

791 a

11946 a

20

658 a

12431 ah

25

563 a

16273 be

30

620 a

18489 c

^Means followed by the same letter do not differ significantly at the 10%
confidence level.
^To facilitate analysis, all numbers were transformed to square roots.
CData based on counts from 32 traps/density at each of three readings
from July-November, 1979.

Table 3.

Cumulative average pink bollworm male moth catches/trap and/ha in
three fields of long-staple cotton, Marana, AZ , 1979.
Field

Catch/trapa 5C

Catch/ha^5 C

Field 1

489.4 a

3838.6 a

Field 2

788.6 b

7078.6 b

Field 3

763.0 b

6824.1 b

^Means followed by the same letter do not differ significantly at the 5%
confidence level.
^Means followed by the same letter do not differ significantly at the 1%
confidence level.
CData based on counts from 128 traps/field at each of three readings from
July-November, 1979.
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sequence,"but were significant at the 10% confidence level between den
sities differing by 10 or 15 traps/ha (Table 2).

Average catch/trap

for each sampling date are given in Appendix A.
Table 4 lists the trapping dates9 first square dates, and the
percent of effective emergence that occurred prior to trapping each
field.

Figure 7 shows the daily average monitor trap catch from an

untrapped, long-staple cotton field.

Catches were very low for the

first six weeks of mass trapping.
Infestations were not suppressed in mass trapped fields as com
pared with three check fields.

Table 5 shows the percent boll damage

in trapped versus check fields and the number of insecticide applications
each field received throughout the season.

Table 4.

Dates of mass trapping, first square and percent pink bollworm emergence
occurring before trapping, Marana, Arizona, 1979.

Field

Date trapped

Date of first square

Percent spring emergence
completed 10 days before
first square_______

Field 1

June 8

June 4

20

Field 2

June 19

June 11

35

Field 3

June 12

June 18

84

Table

Percent pink bollworm boll infestations and number of insecticide applications
for three check fields and three fields trapped with the Huber oil trap,
Marana, Arizona, 1979.
Field

Percent damaged bolls

Field 1

25.2

3

Check 1

21.3

3

Field 2

37.6

4

Check 2

29.2

4

Field 3

27.5

4

Check 3

26.0

4

# insecticide sprays

80

CATCH/DAY

60

40

20

5/1

Fig. 7.

5/15

6/1

6/15

7/1

7/15

8/1

Daily average monitor trap catch in an untrapped long-staple cotton field.
Marana, AZ, 1979.
Arrows indicate dates that trapping was completed for each field as
indicated by field number.

8/15

CHAPTER 5

DISCUSSION

The failure of moth catch/trap to decrease at higher trap den
sities during 1978 and 1979 can be attributed to one of two possible
reasons.

Either the effective radius of the trap is actually less than

the closest trap spacing of 19 m, or males were only responding to the
traps from close range.
Hoffmann (1978) conducted an evaluation of six densities of the
Humber oil trap from October-December at Marana9 Arizona.

In his studies

the traps were placed in short-staple cotton fields at canopy height.
He found that increased catch/trap at lower trap densities was signifi
cant only at the lowest density, 2.5 traps/ha.

Since trap spacing at

this density was 157 m, he suggested that the effective range of the
Huber oil trap was at least this distance.

However, Lingren et al.

(1978) concluded from nocturnal observations of pink bollworm moths that
males usually did not orient to an upwind pheromone source at distances
greater than 15 m when the cotton canopy was open or 3 m when the canopy
was closed.
Two factors influencing the size and shape of a pheromone plume
are the wind velocity and wind diffusion patterns near the source.

These

in turn are influenced by the height and density of the vegetation.
Experiments revealed decreased efficiencies of pheromone traps and evap
orators when these were placed below the cotton canopy (McLaughlin et al.
47
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1972; Saario et al. , 1970; Sharma et al., 1971).

McLaughlin et al.

(1972) attributed this to temperature inversions and air mixing near
the ground restricting the diffusion of pheromone.
Although traps were kept at canopy height in 1978, the cotton
was very tall and dense throughout the study.

Diffusion of the pheromone

at this time was presumably very different than early in the season when
the cotton is short.

Populations during the first six weeks of mass

trapping in 1979 were too low to allow comparisons between trap densities
(Appendix A ) .
Moth counts from the first sample date (July 27) were too low to
allow comparisons between trap densities.

Monitor trap catches in Fig. 7

show very low catches during the period from mass trapping date until
the first date trap counts were taken in mass trapped fields.

By the

time moderate populations began to appear in August, the cotton canopy
had already developed and enveloped the traps.
Hoffmann (1978) postulated that the significant decrease in lateseason catch/trap at densities higher than 2 .5/ha was an indication that
trapping areas overlapped at these densities.

Such an overlap and/or

high numbers of females late in the season could result in saturation of
the atmosphere with pheromone.

This in turn could alter male searching

behavior.
Doane (1976) reported that male gypsy moths do not utilize long
distance orientation in pheromone-permeated atmospheres.

Rather, they

adopt a surface-searching technique and orient visually to tree trunks
where females are likely to be found.

Male pink bollworms generally
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restrict their flight to a narrow zone above the cotton canopy to search
for females "calling" at canopy height (Kaae and Shorey, 1973; Lingren
et al., 1978, Smith et al., 1978).

Pink bollworm males can locate females

in pheromone-permeated atmospheres with a combination of random encounters
and close-range olfactory cues (Smith et al., 1978).

If males used only

close-range cues to locate traps, the catch/trap should not differ sig
nificantly over a wide range of trap densities.

This is in fact what

happened for both years of this study (Tables 1 and 2).

Apparently, moths

were only orienting to the traps from a relatively close range.
In a late-season study, Hoffmann (1978) found significant differ
ences in catch/trap among five trap densities ranging from 5-15 traps/ha.
These traps were just above the cotton canopy.

Another replication set

up after the cotton was picked showed no significant differences in catch
among the same densities.

Although the traps in the second replication

were 25 cm below plant height, the plants had been defoliated, and it is
unlikely that wind diffusion was dramatically reduced.

The difference

between the two replications was probably due to behavioral differences
of the moths in the two environments.

Since a defoliated field offers

little cover, the moths in this field would show a stronger tendency to
disperse5 which would interfere with the normal response to pheromone.
The relationship between catch/ha and trap density differs for
the 2y of this study (Figs. 2 and 6).

In 1978 there was no significant

increase in catch/ha for densities greater than 20 traps/ha.

This sug

gests that 20 traps/ha is optimum and that the use of a higher density
would not result in an increase in total moth catch.

In 1979, however.
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there was a significant increase at the 10% confidence level when trap
densities were increased from 20-30 traps/ha.

Although not significant,

catch/ha was still increasing at 30 traps/ha.
Several conditions might have influenced the results for each
year.

In 1978, traps were placed in a short staple field at canopy

height, 1.5 m, for 8 wk.

In 1979, traps were placed in a long-staple

field at 38 cm above the ground for most of the growing season.

Long-

staple cotton takes longer to develop than short-staple, and therefore
attracts pink bollworms after the short-staple cotton has cut out.
There is a considerable difference in the total numbers of moths caught
for the duration of each study.
The same factors affecting catch/trap apply to catch/ha.

A high

density of females can compete with the traps for males or create a
natural atmospheric permeation.
the traps is reduced.

Either way, the capture efficiency of

Also, since the traps in 1979 were beneath the

cotton canopy, diffusion of the pheromone would be diminished as compared
with traps at canopy height.

If the effective radius of each trap is

actually very small, the catch/ha should continue to increase until the
traps are very close together,
Huber et al. (1979) reported success in delaying the buildup of
pink bollworm infestations for 3y, using the Huber oil trap at 11 traps/
ha.

Infestations in the three fields mass trapped during 1979 were not

reduced compared with three check fields (Table 3).
Ideally, traps should be placed in the fields 2 wk

before the

first square develops on the cotton plants (R. T. Huber, pers. comm.,

1980)•

Since 93.8% of all eggs produced by a female pink bollworm are

laid during the first 2 wk of adult life (Adkisson, 1961b), the reason
ing behind the recommended trap date is to prevent males from fertilizing
females that could survive to the first square date and establish the
first generation of larvae in the squares.

Unfortunately, trapping was

not completed in any field before effective emergence occurred in 1979
(Table 4).

CHAPTER 6

CONCLUSIONS

The effective radius of a trap is influenced by such factors
as wind speed and diffusion patterns, age, height and density of the
surrounding vegetation, relative humidity, temperature, male behavior,
and the number of females present to compete with the traps for males.
Since these factors are constantly changing, it is difficult to deter
mine the optimum density of traps over a long period of time.
The Huber oil trap is intended for early season use to suppress
pink bollworm populations.

At that time, when the cotton is still short,

wind can travel over a field without much disruption, and carry the
pheromone plume its maximum distance.

In 1978, catch/ha did not differ

significantly between 20, 25 and 30 traps/ha.

In 1979 there was signifi

cance at the 10% confidence level between 20 and 30 traps/ha, but no
significant difference between 25 and 30 traps/ha.

This suggests that

25 and 30 traps/ha are superior to the two lower densities for use in
mass trapping.

At the cost of one dollar/trap/ha (Huber et al., 1979),

30 traps/ha is not competitive with one insecticide application.

Also,

the slight drop in the curve shown in Fig. 2 at 30 traps/ha could be an
indication that this density is too high.

Therefore, 25 traps/ha appears

to be the most suitable density for the Huber oil trap.
In any population, a certain number of male moths are not caught
in the traps.

Early season populations were so low in 1979 that the few
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moths removed apparently made little difference in late-season popula
tion buildup.
Since only small areas were mass trapped in 1979, moths were
probably able to migrate in from untrapped fields, and obscure the ef
fects of trapping on each field's population.

Huber et al. (1979) had

mass trapped an extensive area in Safford, Arizona, to obtain successful
suppression of pink bollworm infestation.
Finally, to gain the full benefit of mass trapping," all traps
should be in the fields by the recommended time of 2 wk prior to first
square to reduce the establishment of first generation larvae in the
squares.

APPENDIX A

AVERAGE CATCH PER TRAP

The following is the average catch per trap for three sampling
periods of oil traps in three fields of long-staple cotton. Marana,
Arizona, 1979.

Average Catch per trap
Date
July 27
September 14
November 2

Field 1

Field 2

Field 3

2.7

1.5

3.3

19.1

50.3

65.7

467.6

711.3

747.7
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