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ABSTRACT

A 71-acre cotton field in El Mirage (Maricopa County)9 Arizona? 

was subdivided into five sectors<, Virelure baited Cone 75-50 pheromone 

traps were placed in the middle of each sector e Tobacco budworm trap 

counts and egg? larval and damage surveys were made daily for a total 

of 28 days. A Pearson Correlation was used to analyze the relationships 

between trap catches and egg? larval and damage levels. Negative cor

relations occurred between male trap catches and the other population 

counts in the lusher sectors and total field? while positive corre

lations occurred in the stressed sectors.

These data indicated that an inverse relationship existed 

between pheromone trap catches and the other measured population 

parameters. The result was an inability to use pheromone trap catches 

to predict subsequent egg? larval and damage levels of tobacco budworm.



INTRODUCTION

To more effectively manage the tobacco budworm Heliothis 

virescens (P.) in cotton, a greater knowledge of adult population dis

persal would be useful. Blacklight traps have been used to survey 

H. virescens moth populations for a number of years? however, their 

effectiveness has been questionable.

With the recent commercial synthesis of virelure (a sex 

attractant pheromone), adult dispersal and population levels can be more 

easily and accurately monitored using pheromone traps than blacklight 

traps since pheromone traps are species specific and do not require a 

source of electricity for operation.

The objective of this research was to measure adult male popu

lation levels in cotton using virelure baited traps, and to determine 

to what extent these trap catch data were related to subsequent tobacco 

budworm egg, larval and damage levels in cotton.

1



LITERATURE REVIEW

Life History

Egg

In cotton/ Heliothis virescens and H=_ zea are predominantly 

laid singly on terminal growth and on bracts of young fruiting bodies 

(Brazzel et ale 1953? Werner et alo 1979)• The eggs of the two species 

are similar in appearance upon an initial view? however, they can be 

distinguished readily, based on a few basic characters* Neunzig (1964) 

presented a detailed description of the H*_ virescens egg* The egg has 

an overall spherical shape with a flattened base having a width of 

*51-,60 mm and height of *50-*.61 mm* Freshly laid eggs have a trans

lucent white to yellowish-white appearance and develop a reddish band 

near the top, accompanied with an overall darkening of the egg as the 

incubation period progresses* The chorion of H*. virescens possess 

eight to twelve primary raised ridges* Ridges on the chorion have 

proved to be a valuable tool for separating H*_ virescens and EL_ zea* 

Phillips (1978) found that the H*_ virescens egg ridges terminate before 

reaching the micropyle, yielding definite knobs near the top and a more 

obvious depression toward the micropyle, whereas the zea egg has 

twelve to fifteen primary ridges which usually fuse with the micropyle*

Larvae

H* virescens and KL zea larvae are very similar in appearance 

and are virtually indistinguishable until the third instar (Brazzel



et ale 1953) » First instars are 1*4-4.1 iran*, with a translucent 

yellowish-white to light yellowish-green background color with 

yellowish-orange longitudinal lines occasionally present« The head is 

light to dark brown with the thoracic shield? anal shield and legs 

being light brown. Second instar larvae range from 3.1-7*2 mm and are 

usually yellowish-green with white and orange longitudinal lines.

Third instar larvae begin to develop the accurate diagnostic 

characters used in identification... In studies by Brazzel et al. (1953) 8 

two major characters were established for identifying virescens. 

Setigerous tubercles, in particular the dorsal pair on abdominal seg

ments one and two, are covered by small spinules* The, other major 

character is the basal process which exists on the oral face of the 

mandible, being small in the third instar and becoming more tooth-like 

in instars four through six. Using the presence of the process on the 

mandible has been shown to-be 98 percent reliable in identifying 

H. virescens from zea in field samples (Boyer, Burleigh and Wall 

1974). Lengths for the third through sixth instars are: 1) 7.5-14.75

mm, 2) 12.0-25.6 mm, 3) 19.55-35*62 mm, 4) 25.46-36.00 nun (Neunzig 

1969). Color is an extremely variable character in the later instars? 

however, it has some value in field identifications. In general, there 

are two basic color forms, reddish or greenish background color,

Neunzig (1969) described typical third through sixth instars as having 

a brown head, greenish body with numerous dorasal and lateral whitish 

longitudinal lines. The longitudinal lines may be narrow and incom

plete, giving a mottled appearance. A broad and complete subspiracular



white or yellowish band is present along with a pair of dark longi

tudinal bands (bordering the mid-dorsum) and a pair of dark supra- 

spiracular bands. Randall and May (1980) reported the green color form 

was the most prevalent on Arizona cotton» The green color may result 

with larvae exposed to light reflected from yellow or green substrates 

at high temperatures (Cashatt 1964)? a situation present.in cotton 

fields.

Adult •

Adult BL virescens can be readily identified on the basis of 

wing patterns and color. The fore-wings are light olive to brownish- 

olive and have three oblique dark olive or brown bands with a whitish 

band adjacent to the darker bands. Hind wings are white with a grayish 

outer margin (Neunzig 1969; Brazzel et al* 1953; Randall and May 1980).

Damage

Studies by Brazzel et al. (1953) indicated that newly hatched 

Heliothis larvae tunnel through leaf buds and pinhead squares with ' 

entrance holes seen going through bracts and squares and damaged squares 

turning brown. Second and third instar larvae move down the plant, 

feeding on medium-sized squares and making larger entrance holes. The 

injured squares turn yellow and eventually drop from the plant. Fourth 

to sixth instars feed on available green bolls? creating entrance holes 

of approximately . 5 cm in diameter * The feeding behavior of Heliothis 

consists of consuming a round hole from the side of a boll or square? 

consuming the contents and traveling on to another boll or square



(Folsom 1936)„ In feeding, virescens prefers squares and can feed 

on foliage readily (Folsom 1936; Brazzel et al. 1953)„ Kincade, Lastier 

and Brazzel (1967) found that virescens damage more squares than 

blooms or bolls.

Field Sampling

Kuehl and Fye (1972) statistically demonstrated that cotton 

insects tend to be clustered through a field and that the mean levels 

change over a field. This can be attributed to gregarious behavior or 

differential plant attractiveness. In work with H. zea, Fye (1972) 

showed that populations present in the border, and more inner portions 

of a field were not significantly different. Kuehl and Fye (1970) 

demonstrated that populations in insecticide-treated fields were uni

form enough throughout.the field that samples could be taken randomly 

at any portion in the field.

One general method of field sampling Heliothis consisted of 

examining the top six inches of the main terminals of 100 plants 

throughout the field for Heliothis eggs and larvae (Fletcher and Thomas 

1943). Using terminal counts of eggs and larvae as a sole identifi

cation of. Heliothis had limitations.

There are several methods of field sampling practiced today 

which have been used to yield accurate indications of Heliothis popu

lation densities. In Arkansas, Lincoln et al. (1970). developed a 

system based entirely on square damage, using Point-Sample analysis. 

Adkiss'on, Bailey and Hana (1964) devised a survey method based on 

larvae per unit area. In Texas, Anonymous (1970), a combination of



larval and egg counts on terminals, percent damaged squares, small 

bolls, and larvae per unit area are used* Terminal.buds are examined 

for larvae and eggs on 100 plants at several points in the field and 

100 consecutive squares and bolls are checked for damage» Whole plant 

samples are’ also made and larvae per unit area is derived* In 

California, Akesson et al* (1970) recommend inspecting terminal and 

fruiting parts on the upper halves of five adjacent plants down a row 

at 12 sampling points per 20 acres and recording the number of Heliothis 

larvae. In Arizona, Anonymous (1980), has developed a survey program 

consisting of the examination of 25 terminals in four areas in the 

field. Top and side terminals plus at least one square in each terminal 

are checked for Heliothis eggs and larvae.

Within a field sampling program, quick and accurate methods 

for the identification of eggs and larvae are needed, Werner et al» 

(1979) recommended smashing the head of field sampled larvae, spreading 

the mandibles, and with a hand lens or stereoscopic scope, examining 

the basal process. To determine the proper identity of eggs in the 

field, ink can be used to stain the eggs and a hand lens used to observe 

the distinguishing number and orientation of the ridges on the chorion,

H, virescens Fheromone Research 

Research on the sex attractant pheromone of virescens was 

initiated by Gentry, Lawson and Hoffman (1964). They captured males in 

traps baited with ether or hexane extracts from the last two abdominal 

segments or whole bodies of virgin females, Gaston and Shorey (1964) 

reported that the ether extracts of female abdominal tips elicited a



positive male sexual response in the form of wing vibration» Berger, 

McGough and Martin (1965) and Shorey and Gaston (1967) passed methylene 

chloride extracts of female abdomens of vlrescens through a gas 

chromatograph and exposed males .to the gases *, The males1 reactions were 

extremely sexually positive, indicating a sex attractant being present 

in the female* In field studies conducted by Mitchell et aJL (1974), 

ether washes of female virescens mouths and and abdominal tips were 

used to bait traps, resulting in the attraction of males, rivaling that 

of virgin females* Similar ether washes also produced significant 

catches in baited traps during field-cage studies conducted by Hendricks 

and Tumlinson (1974)»

To identify the specific components of the H*_ virescens sex 

pheromone, Roelofs et al* (1974) ran electroautennograms on the chromato

graphic components of female abdomen extracts, which resulted in the 

identification of two pheromone components: cis-9-tetradecenal and

cis-ll-hexadecenal* Tumlinson et al*. (1975), using spectroscopic and 

microdegradative techniques, confirmed the identification of the same 

components and found that the two components were inactive when tested 

alone and active when mixed in a 16:1 ratio respectively (the ratio 

found in female extracts)» 53 ug of the 16:1 synthesized pheromone was 

shown to be as competitive as four live females * The synthetic 16 :1 

cis-9-tetradeoenal and cis-11-hexadecenal pheromone is commonly known as 

virelure*

In the most recent studies by Klun, Plimmer and Bierl-Leonhardt 

(1979) and Klun et al* (1980), the EL virescens pheromone was given a



more detailed analysis via glass open-tubular capillary chromatography 

(GOTC) and GOTO chromatograph-mass spectrometry* The analysis of the 

heptane washes of Eh_ virescens ovipositors revealed a seven-component 

pheromone consisting of: (Z)-11-hexadecenal (77-91%)9 (Z)-7-hexadecenal

(.1-2%)f (Z)-9-hexadecenal (.3-2%)/ hexadecenal (3-19%), (Z)-ll-hexa- 

decen-l-ol (1-5%)# tetradecenal (1-3%)9 and (Z)-9-tetradecenal (1-35%)» 

When the above seven-component, pheromone was field tested it proved to 

be five to six times more attractive than virelure. Klun et al» (1980} 

discovered that virelure elicited male pr e copula tor y behavior (including 

wing fanning, scent brush extension, and abdominal curvature with 

clasping)? however, in field tests.virelure was only 20% as effective 

in trapping males as the seven-component pheromone.

H. virescens Pheromone Trapping 

The efficiency of a pheromone trap is measured by the size, 

frequency and consistency of moth captures in relation to the estimated 

numbers of available moths in wild populations (Hartstack, Witz and Buck 

1979). In studies by Sparks et al. (1979), trapping effectiveness was 

seen to be influenced by the trap design, trap stimulus, time of night 

relative to activity periods and varying responsiveness of males relative 

to the mating profile of the population. Earstack et al. (1979) deter

mined that the design effectiveness was directly dependent upon pre- 

courtship behavior and the prevailing weather conditions»



Trap Designs

Until recently, blacklight traps have served as the major survey 

tool of virescens adult populations, with major work in this area 

conducted by Hartstack et al« (1973)* When the attractiveness of 

H» virescens was further analyzed by Roach (1975) and Roach and Ray 

(1976), moths were found to. actually have a low attraction to black 

light.

With the discovery by Gentry et al. (1964) of the presence of 

an EU virescens sex attractant and the subsequent success of using 

virgin females to trap males in field-cage tests, investigation into 

tobacco budworm pheromone traps was begun. Hendricks (1968) used BL 

traps baited with virgin females and found that it increased the 

attractiveness of the trap. Goodenough and Snow (1972) eliminated the

BL source of attraction and used only virgin females in an electric grid

trapt the results showed that the grid trap was 100 times more effec

tive in trapping Hu virescens males than the BL trap.

Of the many pheromone traps designed, electric grid traps 

(Stanley et a l e  1977) baited with synthetic pheromone or live virgin 

females have proved to be the most effective traps yet developed. The 

electric grid trap is often used as the standard in the development of

other trap designs .and Hollingsworth et al„ (1978) also found it to be

the most effective trap design. Although the electric grid traps are 

highly effective, they are expensive, heavy and relatively difficult to 

use in the field? therefore, research into non-electric traps was 

initiated.
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The MCarton Trap” developed and tested by Hendricks, Hollings

worth and Hartstack (1972) was one of the first pheromone traps for 

Ho virescenso It consisted of an ice cream carton horizontally sus

pended with half of each end cut out* A pheromone lure was placed in

side the adhesive-coated container. This design was wind direction 

dependent and a shift in wind of 60° significantly reduced its effective

ness.

Hendricks et al. (1973) designed the "Saucer Trap*," which con

sisted of two discs set apart with the top and bottom of the respective 

discs coated with an adhesive. A pheromone bait was suspended in the 

middle. The trap reduced the effect of wind direction since wind 

currents could enter and leave the trap from any direction*

The "Brownsville Wind Vane Trap" (Hollingsworth et al* 1978) was 

a pivoting trap with a holding box on top. Capture relied on the moths * 

escape behavioral movement toward light at the top. This trap was wind 

directed and therefore the pheromone plume was more concentrated and 

directed. Studies by Hendricks, Peres and Guerra (1980) showed that 

this trap was effective in trapping moths in relatively high wind 

velocities (9.6-16 km/h) due to the resistance to pheromone dispersion 
it offered.

Hollingsworth et al» (1978) combined the characteristics of the ' 

Saucer Trap and the Wind Vane Trap to design the Texas Pheromone Trap, 

or "TP" Trap* The TP Trap was a nonsticky, multidirectional trap which . 

was relatively lightweight and portable* Capture of moths depended on 

the escape behavioral movement toward light at the top*



11

Hollingsworth et al, (1978) modified the TP Trap and designed 

a trap made of a bottomless wire mesh cone and a collecting jar on top 

with the pheromone bait placed inside* This modified trap (,?3HB,e Trap) 

was shown to be the most effective nonelectric trap in tests conducted 

by Hollingsworth et al. (1978), catching 52 percent of the total number 

of moths as indexed against the standard grid trap (Stanley et al* 1977). 

Hendricks, Peres and Guerra (198Q) found the 3HB Trap caught, more moths 

than the Wind Vane Trap at wind velocities of 0-9*6 km/h and was gener

ally more effective than the Wind Vane Trap under most conditions*

Lingren et al. (1978) further modified the trap by replacing.the jar 

with a wire mesh collection cylinder and referred to it as the "Cone-50" 

Trap, with the 50 representing the 50 cm opening at the bottom*

Analyses by Lingren et al. (1978) and Hartstack et al. (1979) showed the 

Cone-50 Trap caught only 6 percent of the moths attracted within it, 

using a virelure bait. Some 40-50 percent of the moths would enter the 

trap, fly close to the side and gradually move down and out. This down

ward escape behavior led Hartstack et al. (1979) to insert a mesh rim 

around the bottom opening, and it increased the initial opening to 75 cm 

and with the added rim the entrance became 50 era-wide, thus it was named 
the "Cone 75-50" Trap* The trap was analyzed by Hartstack et al*

(1979) and was shown to caputre 25 percent of the moths attracted to it, 

making it sensitive enough to detect low virescens population and 

allow for adult population level estimates.



Pheromone Stimulus

In the past, live virgin females were used as the pheromone 

source in traps. Gentry et al. (1964) demonstrated that live H_. vire- 

scens virgin female traps were effective in capturing males in field- 

cage tests. Hendricks et al.. (1973) used virgin female-baited traps 

effectively in widespread field studies. Goodenough and Snow (1973) 

used virgin females;in electric grid traps to efficiently capture male 

H. virescens moths in studies made on nocturnal activities. Virgin 

female-baited traps were seen to be effective in detecting low. 

Heliothis population densities; however, when native populations were 

high the traps became inefficient due to the competition with native 

females (Stadelbacher et al. 1972). Using live females as bait may. 

also yield misleading results due to erratic pheromone emission caused 

by environmental pressures (Hartstack et al. 1979).

With the discovery of the chemical components of the vire

scens sex pheromone and subsequent synthesis (Tumlinson et al. 1975), 

pheromone trapping became more feasible. Upon further analysis of the 

H. virescens sex pheromone, Klun et al. (1979) discovered a total of 
seven components and discovered that this pheromone was five times more 
effective in trapping males than the two-component pheromone. Although 

the two-component virelure was a commonly used virescens pheromone 

bait. Sparks et al. (1979) found inadequacies in its attractiveness. 

When tested in Cone-50 traps, virelure-impregnated cigarette filter 

wicks were only 66 percent as effective as virgin females, while the 

total seven-component peromone was 131 percent as effective as virgin
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femaleso Further nocturnal studies by Sparks et al. (1.979) showed that 

with virelure-baited traps, males would fly away» Traps baited with 

virgin females and the seven-component pheromone would attract males 

into the trap and also trigger the male to expose genitalia and attempt 

to copulate with the pheromone bait. Miller and Roelofs (1978) found 

in their studies with lepidopteran flight behavior that males would not 

seek a pheromone source which was missing components as persistently 

as a complete pheromone«, Incomplete pheromones may have a reduced 

effectiveness as compared to native females when the environmental 

conditions.are not optimal.

Observations suggest that virelure produces, a long-range 

response? however, it lacks the components for the short response, which 

is necessary in the eventual capture (Sparks et al. 1979). The seven- 

component pheromone discovered by Klun et al. (1979) was found to be 

the most effective pheromone source while, virelure was as effective as 

virgin females only when the natural populations were low and compe

tition reduced.

Pheromone Formulation
The formulation of sex, pheromones is an essential part in the 

use of pheromone traps as a monitoring tool» Studies by Roelofs and 

Carde (1977) indicated the maximum capture potential of pheromones is 

related to a restricted release rate within certain ranges. The length 

of time a formulation maintains the release range and dosage required 

for that release rate is important. Many pheromones are also multi- 

component systems which may have differing volatilities and required
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release rates for each component and the components may have a narrow 

ratio range for their maximum attractiveness (Butler and McDonough 1979).

Initial studies in the formulation of virescens pheromones 

by Hendricks and Tumlinson (1974.) , using filter paper impregnated with 

female abdominal tip extract, revealed that the natural pheromone rapidly 

oxidized and reduced trap effectiveness. Tumlinson et al. (1975), 

using filter paper wicks impregnated with vilure, found that it also 

volatilized rapidly. Hendricks et: al. (1977) studied the field lon

gevity of the pure aldehyde components of virelure and found that they 

oxidized and became inactive after five hours.

Formulation testing by Hendricks et al. (1977) with many dif

ferent substrates resulted in the discovery of laminated baits, which 

consisted of 10 mg virelure, laminated between two layers of vinyl 

polymers. This extended the maximum effectiveness up to seven days.

Due to the success of rubber septa formulations of the pink 

bollworm sex pheromone (gossyplure) by Huber, Hoffman and Moore (1979) 

and the codling moth pheromone (Maitlen et al. 1976), a rubber septa 

formulation for virescens pheromone was considered. The general 

effectiveness of rubber impregnation is due to the fact that pheromone 
emission rates can be controlled by the amount of pheromone initially 

applied (Butler and McDonough 1979). Roelofs et al. (1974) used a 

rubber sleeve stopper formulation of the two components found in 

virelure in field tests; however, it was only slightly attractive.

Using. 3HB traps and rubber septa formulations of (Z)-11 hexadecenal and 

(Z)-9-tetradecenal in a 20:1 ratio, Hollingsworth et al.. (1978) found
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that the rubber septas were as attractive as live females up to ten 

weeks»

Environmental and Behavioral Factors 
Affecting Trap Effectiveness

Hollingsworth et al» (1978) analyzed the effectiveness of the 

TP Trap and saw that moth capture was dependent on certain conditions 

and specific sequenced behavioral actions. Moths first detect the 

pheromone plume F follow the plume to its source, enter the trap and then 

move up to the top* Movement within the trap is induced by an escape 

reaction, while movement to the top of the trap is thought to be guided 

by starlight or moonlight« Through this example it can be seen that a 

trap’s effectiveness is influenced by many factors*

Pheromone production of female Heliothis moths and the subse- ; 

quent male courtship response and flight to the pheromone source only 

occurs at night (Goodenough and Snow 1973)* Initial studies on H. 

virescens nocturnal behavior by Hendricks and Tomlinson (1974), placed 

the peak sexually active period at three to six hours after sunset.

Later studies by Lingren et al» (1977) placed mating activity between 

10 p.m. and 4 a,m*
Since sexual activity of H*_ virescens occurs at night, nocturnal 

conditions are of primary concern in pheromone trapping efficiency* 

Hartstack et al. (1976) proposed that the primary effects on EL_ vire

scens pheromone traps are nocturnal temperatures and wind velocities. 

Nocturnal studies by Lingren et al. (1977) indicated that peak mating 

occurred at temperatures near 21° C. Hartstack et al. (1979) discovered 

that temperatures below 12.8° C during peak mating could inhibit the



16

overall moth activity, including courtship response flights by males»

No effects were seen due to high nocturnal temperatures.

Calm air currents are one of.the major climatic influences which 

cause reduced pheromone trap effectiveness (Hartstack et al» 1979).

A lack of wind movement tends to eliminate the diffusion of the pheromone 

while high winds cause excessive diffusion, not allowing the male moth 

to properly orient itself to the pheromone source in either situation.

Trap placement can greatly influence trap effectiveness. In 

work with saucer traps, Hendricks and.Leal (1973) discovered' that the 

maximum number of male EL virescens were caught when the trap was located 

just above the plant canopy. Saario, Shorey and Gaston (1970), in work 

with the cabbage looper pheromone trap, found that the most effective 

trap placement was just above the canopy and they attributed this to 

excess diffusion of the pheromone and impeded moth flight below the 

canopy.'

From wind profile studies with plant canopies., Rosenberg (1974) 

found that wind speed is extinguished exponentially with increasing 

depth into the canopy and increased exponentially with increasing height 

above the canopy. A position just above the canopy may allow the ideal 
rate of pheromone dispersal and subsequent attractiveness.

Hollingsworth et al.«. (1978) found that cloud cover reduced trap 

effectiveness by reducing or eliminating nocturnal incident light, which 

prevents escape orientation towards the trap top. Light steady rains 

had little direct effect on moth flight, while heavy rains tended to 

hinder moth flight (Hartstack et al, 1979). Barometric drops associated 

with low-pressure storm fronts reduced trap effectiveness by causing
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moths to become inactive (Hendricks et al» 1973)» Relative humidity may 

influence moth activity* Lingren et al* (1977) discovered that most 

mating activity occurred at relative humidities of 90 percent or greater» 

Lunar phases have been shown, to greatly affect pheromone trap 

catches* Full moonlight induces the suppression of the activity and 

pheromone release of native females„ which decreases the competition 

with a synthetic pheromone and increases trap catches (Hollingsworth et 

al. 1978). Trap catches may also be higher during full moon periods due 

to increased male sexual responsiveness (Hartstack et al.. 1979) . Low 

moonlight intensities decrease trap effectiveness due to increased 

competition with native females and in the case of TP traps, a lack of

orientation to the trap top (Hollingsworth et al.. 1978) .

Factors Affecting Heliothis virescens 
Population Dynamics

Cotton Host Plant

H. virescens infestations tend not to be uniform throughout the 

cotton season. Peak populations occur late season during the months 

of Augustf September and October (Brazzel et al. 1953f Colef Adkisson 
and Fye 1973).

Cotton is a prime host plant for virescens when compared with 

several other crops. Hartstack et al. (1973) found that cotton yielded 

the highest light trap counts.. Stadelbacher, Laster and Pfrimmer (1972), 

using virgin female traps, found squaring cotton attracted a large 

percentage of available males in an area. Cotton was also found to pro

duce the highest larval populations of any cultivated host (Graham,

Hernandez and Llanes 1972).



Alternate Host Plants

Alternate wild host plants are a critical factor in maintaining 

budworm populations in the absence of suitable cottonj .however, surveys 

indicate that populations remain at low levels due to high natural 

mortality (Graham et al- 1972). Surveys conducted by Cole, Adkisson 

and Fye'(1973) of many weeds and crops in Texas showed that only cotton, 

alfalfa and careless weed maintained larval populations» Many more 

alternate hosts have been discovered and listed by Graham and Robertson 

(1970), which included Nicotiana repanda. Verbena neomexicana and 

Ruellia runyonii.

Dispersal ••

H. virescens and zea are highly mobile and Hendricks et al. 

(1973), in dispersal studies using female-baited traps and dye-fed 

males, found male Ĥ . virescens moths could disperse up to 70 miles in 

four to five days and up to 10 miles in 24 hours.. Snow et al. (1969) 

found that emerging H^ zea adults nonrandomly dispersed up to 10 miles 

in search for hosts. Sparks (1979) discovered that EL zea adults
fcould disperse up to 16 miles in one night and beyond 45 miles in a one- 

to four-day period.

Cotton Physiology

Heliothis population dymanics in cotton is affected by the con

dition and status of the cotton plant. Adkisson et al. (1964) and 

Slosser et al. (1978) found larval populations broadly paralleled the 

flowering and fruiting cycle of cotton with peak larval densities
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occurring at the peak fctloom and decreasing densities as senescence 

approached.

The amount of flowering and fruiting is influenced by environ

mental stress, in which the plant can shed or retain flowers and fruit 

depending on the plant's ability to grow and. maintain boll load 

(Phillips et al. 1979)»

Factors Affecting Oviposition

Heliothis oviposition is affected by the cotton plant condition* 

Succulent, lush, flowering cotton attracts Heliothis (Gaines 1932)» 

Fletcher (1941) found a high correlation between percent moisture in 

the terminals and bollworm oviposition*

Lunar activity can also have a significant effect on Heliothis 

oviposit ion. In studies with H*_ zea., Nemec (1971) found that "peak egg 

depositions occurred during, new moon phases and small depositions during 

full moons *

Another factor which has been shown to affect oviposition is the 

increased attraction of aldicarb-treated fields to Heliothis females„ 

Rummel and Reeves (1971) and Rinzer et al* (1977) found Heliothis 
females preferred to oviposit on aldicarb-treated fields when availablee

Natural Control Factors

High egg numbers does not necessarily translate into large 

larval populations e, Adkisson et al* (1964) found little correlation 

between egg and larval populations, McDaniel and Sterling (1979) 

found egg survivability increases with time.
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The effect of bene.ficials is a major suppression factor and is 

usually sufficient in limiting egg and larval densities (Cole et al.

1973).

Lingren, Ridgway and Jones (1968) surveyed virescens egg, 

larval predators and parasites and found twelve effective predators, 

with Chrysopa larvae and Geocoris punctipes being the most effective. 

Ridgway and Jones (1969) found that Chrysopa larvae were very effective 

predators and could substantially reduce egg and larval populations. 

Ridgway and Jones (1968) attributed some of Chrysopa predatory effective

ness in cotton to its behavior of locating in bracts' during the day, 

where the majority of second and third instar Heliothis larvae locate. 

McDaniel and Sterling (1979) listed several Heliothis egg predators and 

found Qrius insidiosus adults and nymphs to be the most effective.

In addition to beneficial insects, environmental conditions 

can reduce egg and larval populations. Fletcher and Thomas (1943) 

found high winds and temperatures caused substantial larval mortality. 

McDaniel and Sterling (1979) found that rain had little effect in 

washing eggs off; however, egg predation was reduced up to 48 hours 

after rain.



MATERIALS AND METHODS

Field Description 

A 71-acre field of short staple (variety DPL 61) cotton located 

near El Mirage (Maricopa County.) Arizona was selected as a test field 

based on preliminary infestation data from Mike Lindsey (personal com

munication 1981). As seen .in Figure 1, the field was situated between 

cotton (north and south) and an orange grove and drainage pond (west 

and east, respectively). The field was treated with Temik in early 

season for Lygus control. Plant growth was not uniform throughout 

the field, and the head water end of the field (north) was more lush 

than the tail water end (south). Plant growth data from Thomas Reynolds 

(personal communication 1981) showed plant height in the period from 

August 7 to September 19 ranged from 31 to 35 inches in the southeast 

sector while in the northwest sector, growth ranged from 44 to 46 

inches.

Pheromone Trapping 

The relatively efficient Cone-75-50 trap, described by Hart- 
stack et al. (1979), was selected as the survey trap. The 71-acre 

field was subdivided into five sectors and traps were placed in the . 

center of each 15-acre sector, as seen in Figure 1. Traps were situated 

at the top of the canopy,

Rubber stopper wicks impregnated with the two-component virelure 

(16:1 mix of cis-9-tetradecenal and cis-ll-hexadecenal) sex pheromone

21



• N 
W E 

S Cotton Orange
grove

Bickman #3 Test Field
Trap Trap

Drainage Orange
pond Trap grove

Trap Trap

Vacant Cotton Drainage
lot pond

.1,— „ . „ v ..n— . .-t,.

Figure 1. Test field layout.



23

were obtained from Zoecon Corporation and were used as the trap bait. 

Traps were emptied at the start of each sampling day, and moths were 

immobilized using ethyl acetate and identified on the basis of wing 

color patterns and counted.

Field Sampling

Four rows in each section were randomly selected on a daily 

basis and 25 plants were randomly sampled at equidistances (approxi

mately 3 meters) for a total of 100 plants per sector. Terminals of 

susceptible plants (based on succulence and new terminal growth) were 

surveyed for eggs, larvae and damage.

Eggs were identified by marking chorions with a black felt pen 

and observing chorion ridge number and orientation with a 20 x 20 hand 

lens. Egg stages were classified into eggs with and without head 

capsules.

All Heliothis larvae were counted through the third instars. 

Identification of the instars was based on size,coloration, tubercles, 

and location on the plant. Fourth and fifth instar larvae were examined 

under a dissecting scope and subsequently counted on the basis of the 
characteristic EU virescens mandibular tooth. Instar classification was 

based on larval size: less than .5 cm, .5-1.0 cm, 1.0-2 cm, 2.0-3.5 cm,

and greater than 3.5 cm for first through fifth instars, respectively.

Damage was surveyed, with any characteristic Heliothis feeding 

damage on terminals, squares and bolls within the top 6 inches of the 

plant recorded as a damaged plant.
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Field observations of plant status, environmental conditions 

and beneficial insect populations were qualitatively made on a daily 

basis. Quantitative climatological information was obtained from Luke 

Air Force Base, located approximately 10 km from the study site.

Statistical Analysis 

A Pearson Correlation was utilized in order to determine the 

correlation between trap catches and: 1) eggs without head capsules#

2) eggs with head capsules, 3) total eggs.f. 4) larvae by instar,

5.) total larvae, and 6) percent damage» Correlations were made on a 

basis in which all dependent variables were tested against trap catches 

from tQ to t + 7 days. All analyses were made on both a sector and 

total field basis. An arc-sign transformation was used to normalize 

the dependent variables.. A 10 percent level of significance was used 

for all correlations and analyses with less than ten sampling points 

were not used.



RESULTS AND DISCUSSION

Trap Catches

Moth counts broadly paralleled environmental conditions in 

the test field» Storms (characterized by high winds greater than 25 

knots, as seen in Appendix Table Bl.) on the trapping nights of August 

9 and 14 and September 5 were accompanied by lower corresponding trap 

catchesc The lower trap catches during storms agreed with studies on 

moth flight made by Hendricks et al» (1975) and studies on TP Trap 

efficiency made by Hendricks et al.„ (1980) »

Peak trap catches coincided with irrigation dates (Appendix 

Table B3)» High trap counts consistently resulted during periods in 

which standing water was present in the field* Standing water may act 

as an attracting factor to dispersing male moths or males may have had 

a tendency to remain in such areas*

Fenvalerate (Pydrin) , a synthetic pyrethroid*. was applied on the 

morning of August 7, and a thunderstorm occurred that night, A drop in 

trap catches resulted on the following night, as seen, in Figures 2-7.
The lower trap counts may have been a combined result of the pesticide 

and nocturnal weather conditions*

Trap catches peaked in all sectors on August 24 (the first night 

of a full moon), as seen in Figures 2-7. Hartstack et al» (1979) found 

that Heliothis males may be more sexually responsive during periods of 

high moonlight intensity, and Hollingsworth et al„ (1978) found female
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activity and pheromone release were suppressed during periods of high 

moonlight intensity. The combination could have yielded a situation 

in which the pheromone trap became more competitive with native females 

and increased trap catches, which is exemplified by the trap data in 

Figures 2-7. Szptember 24 was also an irrigation date? however, the 

total field was not irrigated on that night*

The highest total trap counts occurred in the chronically water- 

stressed Southwest sector, Appendix Table A4. Fletcher (1941) and 

Adkisson (1958) found that Heliothis females were attracted to the lusher 

sections for oviposition^ which could have yielded lower female densities 

in the less attractive, water-stressed sectors<, Lower female densities 

would in turn improve the competitiveness of the trap and increase the 

trap catch, which would explain the high trap catches in the Southwest 

sector.

Some fluctuations in trap catches during the test period may 

have been the result of the strong dispersal capabilities of vire- 

scens, as seen by Hendricks et al. (1973). Stadelbacher et al* (1972) 

found that squaring cotton attracted more virescens adults than many 

other host-plants* Adding to the affinity to the test field may also 

have been the female ovipositional attraction to aidicarb-treated' 

cotton (Rummel and Reeves 1971? Kinzer et al* 1977)« The field was 

treated early season with aldicarb (Temik) which could have increased 

the attraction to the field by dispersing females* Also, extensive rose 

plantings near the field have been shown to support large virescens 

larval populations (Sluss and Graham 1979) and along with alternate
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hosts in nearby urban and agricultural areas, many varied sources of 

Ho virescens were present* The combination of the high dispersal 

capabilities of EL virescens from several alternate hosts and the in

creased attractiveness of Temik-treated cotton could have led to dis

junct fluctuations in males and. female densities at varying times 

throughout the test period* '

Incomplete sex pheromones and specifically the two-component 

Ho virescens sex pheromoneR. virelure* has been shown to be less attrac

tive to male moths than the full seven-component synthetic pheromone 

or native females (Sparks et a!„ 1979)» Hartstack eh al» (1979) found 

the Cone 75-50 Trap to be one of the most efficient budworm trap 

designsi however, its trapping efficiency was determined to be only 

25.percent (based on a standard grid trap)» The combination of low 

trapping efficiency and low attraction of virelure could yield an inverse 

relationship between the numbers of males trapped and female density*

As the female density increased the relative attraction to pheromone 

traps decreased and resulted in lower trap catches* The high number of 

negative correlations between trap catches and counts of eggs, larvae 

and damage (which may indicate the general density and activity of 

female populations) , as "seen in Tables 1-6* agreed with an inverse male 

trap catch and female density relationship*

Correlations Between Trap Catches and Egg Counts 

Egg densities paralleled the occurrence of factors which affect 

female ovipositional activity and egg mortality* Storms on the trapping 

nights of August 9 and September 5 and 7 were accompanied by drops in
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Table 1.

Correlation statistics between, male tobacco budworm
trap catches and eggs without head capsules,

Sector Time Correlation Coefficient*

Total Field
SB
NW
SW

T+6a
T+5
T+6
T+4

-.2834
-.5229
-.6714
.7184

*■ Significant at the 10% level* 
a T+6 = six days after trap catch, etc.

Correlation

Table 2.

statistics between male 
trap catches and total

tobacco 
eggs.

budworm

Sector Time Correlation Coefficient*

Center aT+6 .4858

* Significant at the 10% level, 
a T+6 = six days after. trap catch, etc.
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Table 3.

Correlation statistics between male tobacco budworm
trap catches and first instar larvae.

Sector Time Correlation Coefficient*

Total Field T+33 -.2586
Total Field T+5 -.3123
Total Field T-f-7 -.3791
NE T+4 -.6144

* Significant at the 10% level,, 
a T+3 = three days after trap catch, etc.

Table 4.

Correlation statistics between male tobacco budworm 
trap catches and second instar larvae.

Sector Time Correlation Coefficient*

NE T+0 -.4312

* Significant at the 10% level.
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Table 5.

Correlation statistics between male tobacco budworm
trap catches and total larvae*

Sector Time Correlation Coefficient*

Total Field T+5a -.1670
Total Field T+2 — .1682
Total Field T-H) -. 18.14
Total Field T+4 -.1990
Total.Field T-F3 -.2074
SE T+Q -.3722 .
NW T+2 -.3759
SE T+4 -.3958
Center ,T+6 .4610

* Significant at the 10% levele 
a T-f-5 = five days after trap catchf etc*

Table 6»

Correlation statistics between male tobacco budworm 
trap catches and % damage*

Sector. Time Correlation Coefficient*

Total Field T+43 -.1421
Total Field T+3 -.2642
Total Field T+2 -.2787
NW T+2 -.4154
Center T+3 -.4210

* Significant at the 10% level, 
a T4-4 = four days after trap catch * etc.
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egg counts the following day as seen in Figures 2-7. There was also a 

general trend toward low egg counts shortly before irrigation and higher 

counts immediately after (Figures 2-7). This followed the ovipositional 

condition of the cotton* as it became less succulent (unattractive) 

and more succulent (attractive) before and after irrigation. Increases 

in egg counts were consistently seen throughout the sectors two to 

three days following storms. This could have been due to decreased 

predation which occurred after rains (McDaniel and Sterling 1979). 

Chrysopa larval populations were uniformly high in all sectors except 

the Southwest and the south half of the center section (which were the 

most water-stressed portions of the field) and in turn the Southwest 

sector had the highest total eggs as seen in Appendix Table A4. Egg 

counts dropped significantly during the full moon and increased during 

new moonsF as seen in Figures 2-7. These lunar effects on oviposition 

agreed with the findings of Nemec (1971).

A general indication of female activity and densities may be 

derived from egg counts. Tables 1-3 summarize the significant corre

lations between trap catches and egg counts found during the study.
Negative correlations of -.6714 in the Northwest sector,

-.5229 in the Southeast sector and -,2834 for the total field were 

found six, six, and five days (respectively) after the trap catches 

were found (Table I). The Northwest sector was uniformly lush and 

ovipositionally attractive, which may have allowed it to maintain high 

female densities. The Southeast sector was not as lush as the North

west? however, it still exhibited a moderate.degree of new cotton and
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was ovipositionally attractive« The total field as a whole was suf

ficiently lush and able to maintain relatively high female densities.

A reduction in female density in an area where the density was usually 

high would have yielded the greatest increase in trap catches since the 

reduction in competition would be in sharp contrast to the usual situ

ation of the trap being outcompeted by native females» The degree of 

negative correlation may have been related to the overall female density 

and activity. The Northwest could have normally maintained high female 

densities and the Southeast and total field maintained relatively lower 

female densities*

A relatively strong positive correlation of .7184 (Table 1) was. 

found between trap catches and eggs with no head capsules four days 

after each catch in the Southwest sector. The sector was chronically 

the most water stressed? however, it had isolated portions which ex

hibited new growth. The differences in plant growth appeared to be the 

result of soil type and drainage differences. The highest egg and trap 

catches (Appendix Table A4) were found in the sector» As a wholer the 

sector was stressed and unattractive to females* which would have yielded 

lower female densities.. Higher egg counts could have been due to the 

fact that eggs were concentrated in the lusher * isolated portions of 

the sector. Chrysopa larval populations in the areas which surrounded 

these portions were low and in. turn were lower in the isolated portions» 

The combination of high female density and concentrated egg populations 

in the small isolated lush portions and higher egg survival could have 

yielded a situation of high trap catches with high egg counts and the 

positive correlation agreed.
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A positive correlation of .4858 (Table 2) was found between 

trap catches and total eggs for the center sector. The center sector 

was half lush and half stressed, which may have resulted In a moderately 

low female density, and thus a weak positive correlation.

Correlations Between Trap Catches and. Larval Counts

A negative correlation of -.6144 between trap catches and first 

instar larvae four days after the trap catch was found in the uniformly 

lush Northeast sector. First instar larval populations could yield an 

indication of female density and activity, similar to egg populations. 

Lowered female activity and density in an area (as indexed by larval 

counts) would have yielded lower competition with the trap, higher trap 

catches and lower larval counts» This situation would have been seen 

in the resultant negative correlation. The same relationship of high 

trap catches in areas of low larval counts was.also seen by Tingle and 

Mitchell (1979).

Weaker negative correlations of -.2586, -*3123 and -.3791 be

tween trap catches and first instar larvae three, five and seven days 

after the trap catch (respectively) were seen in the total field situ
ation (Table 3).. As in the case with egg populations, negative correla

tions may have indicated higher trap catches when female densities were 

low (as seen in larval counts).

A correlation of .4610 was found between trap catch and total 

larvae six days after, the catch in the center (Table 5)* The positive 

correlation may have been due to a low female density which allowed the 

trap to be more competitive. The more competitive trap would catch



40

more in proportion to females up to the point when female densities 

were high enough to outcompete the trap.

Correlations Between Trap Catches and Damage levels 

Weak negative correlations of -,2787, -,2642 and -.1421 in the 

total field, -.4154 in the Northwest sector and -.4210 in the center 

sector were seen two, three, four, three and three days (respectively) 

after the trap catch (Table 6}. As female densities increased, damage 

levels may also have increased. As female densities decreased, damage 

levels may have decreased and, due to the lower competition with the 

trap, trap catches increased and produced a negative correlation.



CONCLUSION

The presence of an inverse relationship between the numbers of 

males trapped and the native female density was assumed based on the 

relationship of trap catch, to egg* larval and damage levels observed*

Due to the relative inefficiency of the virelure-baited Cone 75-50 Trap 

in competing with high native female populations*, trap catches increased 

in response to lower .female densities and resulted in negative correla

tions between trap catches and egg* larval and damage levels. When the 

virelure-baited Cone 75-50 Trap was operated in areas of presumed 

relatively low native female densities* trap catches increased as female 

densities increased, which resulted in positive correlations between 

trap catches and egg and larval, levels.

Along with inefficiencies in trapping, the strong dispersal 

characteristic and ability to develop on many alternate hosts tend to 

make H. virescens monitoring difficult. Moth activity was also greatly 

influenced by environmental conditions, which could lead to disjunct 

fluctuations in the numbers of males trapped throughout the season, 
making the prediction of future egg* larval and damage levels on the 

basis of trap catches difficult,

Pheromone trap catches were not effective when used to predict 

future egg, larval and damage levels in field situations. The virelure- 

baited Cone 75-50 Trap, which is one of the most effective EL virescens 

traps to date, did show some potential as an accurate indication of
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future egg and larval levels in areas of low female H»_ virescens 

density. With the recent discovery of the more attractive seven- 

component synthetic virescens sex pheromone, and with some research 

into improving trap designs, pheromone trapping may become a more useful 

tool in predicting egg, larval and damage levels in cotton.
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Table Al* Selected data from the northeast sector.

Sampling Date Trap Catch Eggs/No Head Capsule Total Eggs 1st Instar Larvae Total Larvae % Damage

8-7 day 1 11 16 0 3 12
8—8 6 8 27 5 9 26
8-9 74 5 8 2 8 27
8-10 83 .1 4 2 9 . 16
8-11 • 66 10 10 3 9 15
8-12 128 15 20 1 6 22
8-13 154 . 4 13 1 . 4 22
8-14 41 4 4 4 7 23
8-15 112 7 9 2 2 24
8-16 181 13 17 0 0 26
8-17 74 13 19 0 0 28
8-18 26 14 24 0 0 27
8-19 102 23 31 0 1 20
8-21 110 23 36 4 . 5 32
8-22 4 4 26 10 11 23
8-23 39 14 22 6 6 20
8-24 85 12 20 9 11 34
8-25 40 28 35 6 8 29
8-29 171 2 16 1 1 31
8-30 49 1 4 2 4 29
8-31 41 6 8 5 9 36
9-5 * 3 5 3 9 42
9-6 47 5 5 0 2 16
9-7 65 - - ~ - -

9-8 41 6 10 0 • 1 3. 18
9-12 126 0 1 0 1 4
9-13 27 0 2 0 1" 3
9-15 19 0 1 1 - ' 1 1

*Data was not taken because the trap was damaged.

-Data was not taken.because the field was sprayed with Pydrin.



Table A2o Selected data from the southeast sector„

Sampling Date Trap Catch Eggs/No Head Capsule Total Eggs 1st Instar Larvae Total Larvae % Damage

8-7 day 1 20 21 0 2 11
8—8 48 17 13 3 7 27
8-9 36 1 4 0 2 23
8-10 * 4 5, 2 5 14
8-11 194 4 7 1 2 5
8-12 165 2 7 0 2 6
8-13 101 7 11 1 3 16
8-14 37 4 5 0 9 24
8-15 38 7 7 0 1 17
8-16 110 16 16 0 0 21
8-17 232 9 26 1 2 . 37
8-18 117 4 20 0 0 27
8-19 31 12 24 1 2 18
8-21 122 • 7 12 5 5 23
8-22 26 6 10 3 3 20
8-23 32 15 '26 13 14 29
8-24 64 9 16 6 9 22
8-25 9 16 21 6 9 30
8-29 83 14 19 2 3 36
8-30 90 1 1 1 2 18
8-31 38 2 7 1 3 27
9-5 * 5 . 7 1 3 33
9-6 68 5 5 0 2 9
9-7 189 - - - - -

9-8 * 4 7 2 3 19
9-12 343 4 7 0 0 5
9-13 26 2 7 0 0 5
9-15 16 0 0 0 0 0

Ln



a

Table A3. Selected data from the northwest sector.

Sampling Date Trap Catch Eggs/No Head Capsule Total Eggs 1st Instar Larvae Total Larvae % Damage

8-7 day 1 3 4 0 2 7
8-8 54 7 11 2 0 4
8-9 7 9 13 4 5 14
8-10 93 1 2 0 2 12
8-11 64 0 0 0 2 5
8-12 62 5 8 0 2 11
8-13 41 4 8 0 3 12
8-14 17 8 8 0 1 11
8-15 39 5 6 0 2 10
8-16 39 10 . 15 0 0 4
8-17 73 14 21 0 0 10
8—18 95 27 45 0 0 14
8-19 ; 6 14 24 0 0 6
8-21 33 9 20 1 1 8
8-22 18 14 48 13 13 25
8-23 19 15 20 7 7 13
8-24 31 28 30 10 10 18
8-25 25 21 28 7 9 28
8-29 131 6 29 3 4 32
8-30 104 .6 10 3 7 29
8-31 42 3 6 6 8 29
9-5 90 6 10 3 7 25
9-6 94 17 22 9 18 27
9-7 176 - - - - -

9-8 18 3 . 9 1 4 29
9-12 203 14 33 2 3 17
9-13 78 22 40 4 6 12
9-15 28 10 25 6 8 15



Table A4 0 Selected data from the southwest sector.

Sampling Date Trap Catch Eggs/No Head Capsule Total Eggs 1st Instar Larvae Total Larvae % Damage

8-7 day 1 1 2 1 1 10
8-8 21 1 1 0 0 5
8-9 35 4 4 3 5 16
8-10 * 1 4 0 2 12
8-11 89 16 20 0 6 6
8-12 125 9 11 1 3 8
8-13 14 11 14 0 0 14
8-14 46 6 6 0 3 10
8-15 43 4 • 4 0 0 6
8-16 163 26 30 0 0 12
8-17 88 12 33 0 0 17
8-18 89 11 46 2 2 13
8-19 207 25 35 1 1 6
8-21 112 24 44 2 0 9
8-22 12 6 29 6 7 10
8-23 38 ■ 14 23 9 10 16
8-24 79 23 29 8 10 16
8-25 42 41 53 6 10 26
8-29 215 6 16 4 14 37
8-30 113 13 24 5 9 30
8-31 64 5 13 5 8 35
9-5 * 7 8 4 9 31
9-6 91 18 32 9 18 36
9-7 168 - - - - -
9-8 39 10 23 1 2 ' 25
9-12 441 13 25 1 4 31
9-13 24 25 50 7 8 26
9-15 52 8 17 16 2 26



Table A5. Selected data from the center sector.
c - .

Sampling Date Trap Catch Eggs/No Head Capsule Total Eggs 1st Instar Larvae Total Larvae % Damage

8-7 day 1 2 . 2 3 6 15
8-8 49 6 6 2 4 10
8-3 34 4 9 2 4 25
8-10 96 0 0 3 . 6 13
8-11 16 o • 0 2 6 11
8-12 24 1 1 0 3 10
8-13 16 0 3 0 2 16
8-14 52 2 2 ' 0 3 10
8-1.5 47 5 6 0 1 8
8-16 15 12 12 0 0 14
8-17 17 9 15 0 1 16
8-18 9 2 11 0 0 17
8-1 9 4 8 10 . 1 2 12
8-21 23 6 11 1 0 17
8-22 11 3 10 1 4 11
8-23 29 15 19 2 2 8 ^
8-24 71 14 19 7 9 19
8-25 29 40 51 6 18 29
8-29 51 12 31 0 2 19
8-30 33 6 16 8 10 25
8-31 24 6 8 2 . 4 22
9-5 13 18 5 17 38
9-6 37 ■16 25 4 9 23
9-7 28 - - - - -
9-8 2 7 3 7 29
9-12 178 7 17 4 5 22
9-13 17 10 28 5 6 15
9-15 14 0 0 5 6 17

00
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Table Bl, Storms which occurred during the study period.*

Date Peak Wind Speed (in knots) Precip. (in inches)

8-9 31 .60
8—10 34 .33
8-14 25 Trace
9-5 38 .62
9-7 23 Trace

*Data taken at Luke Air Force Base.
Table B2. Lunar phases which occurred during the study

period.
Date Phases

8-9 New Moon
8-24 Full Moon
9-4 New Moon

Table B3. Irrigation which occurred during the study
period.

Date

8-11
8-24
9-14

Table B4. Pesticide applications which occurred during 
the study period.

Date

*The pesticide used was Pydrin.
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