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ABSTRACT

The pink boliworm pectinophora gossypieTla (Saunders), 
an important cotton pest in the Southwestern United States, 
has been controlled by a broad spectrum of cultural and 
chemical methods. Three insecticides, DDT, carbaryl and 
azinphosmethy1, were determined in laboratory, and field 
tests to be especially effective in controlling larvae and 
adults.

Moths, obtained from field-collected cotton bolls, 
were utilized in establishing a colony in the laboratory.
The pink boliworm larvae were reared on a wheat^germ diet 
and.held under constant temperatures, humidity and photo
period during the developmental period. Laboratory-reared 
pupae were treated with 10,000 r of gamma-radiation during 
a two hour exposure. Adults which emerged from radiated 
and control pupae were treated with five dosages of one of 
the three test insecticides: DDT, carbaryl or azinphos- 
.methyl. There was no difference, in mortality from DDT 
between moths from radiated pupae and the controls. There 
Was a slight but non-significant increase in mortality from 
carbaryl in moths from radiated pupae compared to controls. 
Azinphosmethy1 applied to moths from radiated pupae pro
duced, a statistically significant increase.in mortality

vii
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oyer controls. . .This may possibly be due to decreased 
effectiveness or production of. the enzyme system respon
sible for azinpho site thy 1 detoxification.



INTRODUCTION

The pink bollworm, Pectinoph'ora gos's'ypi'e 11 a 
(Saunders), is an important economic pest of cotton in 
Arizona and many cotton-producing areas of the Western 
United States, causing a serious reduction in yields and 
lint quality, The earliest control methods for the pink 
bollworm were primarily cultural and mechanical until the 
advent of DDT and other synthetic insecticides (Adkisson, 
Wilkes and Johnson, 1958).

Chemical control of this pest, although of major 
importance, has proven difficult due to the oviposition 
characteristics of the female. Eggs are deposited princi
pally between the boll and calyx, thus many larvae never 
come in direct contact with the insecticide. This pre
cipitated the question as to whether chemical control was 
the result of larval or adult mortality.

Williams, Brazzel and Martin (1958) conducted tests 
to determine the efficiency of several organic insecticides 
in controlling the adult pink bollworm. Sprays containing 
the foiling insecticides were used;. DDT, azinphosmethyl 
(Guthion), endrin, malathion, parathion, aldrin, BHC, 
heptachlor, toxaphene-DDT (2-1) mixture and azinphosmethyl- 
DDT (1-3) mixture, Azinphosmethyl and azinphosmethyl-DDT

' 1 / ' '



■■■ ■ ■ ' ’ • 2 
resulted in the test control ot adult pink bo11worm moths
and the greatest reduction in oyiposition.

Brazzel and Gaines' (1959) , conducted tests to de
termine. the toxicity of several insecticides to pink bo11- 
worm' eggs and . larvae, Insecticides used included DDT, 
toxaphene, dieldrin, endrin, lindane, heptachlor, malathipn, 
parathion and azinphosmethyl. Results indicated .azin- 
phosmethyl and parathion as the most effective ovicidal 
materials tested. DDT and azinphosmethy1 were the .most 
effective in reducing •the number of larvae hatching and 
entering bolls. Both of the above studies indicated DDT 
and azinphosmethyl as the most effective materials in re- ■ 
ducing numbers of larvae and adults,

Later studies with the carbamate insecticide, 
carbaryl (Sevin), indicated that it was effective as DDT 

.. and az inpho smethy l in controlling pink bo 11 worm moths and 
larvae in the field (Bottger et al., 1958).

As research with the pink bo11worm intensified the 
unsuitability of methods for maintaining large laboratory 
populations was realized^ In early laboratory studies, 
populations were collected from field materials during the 
growing season or from plants grown in the greenhouse. 
Neither method produced sufficient numbers for investiga- . 
tion throughout the year. The advent of several chemically- 
defined diets (Beckman, Bruckart and Reiser, 1953) greatly



inhanced the capability of researchers to study the pink 
bollworm under controlled conditions, ,,A wheat-germ diet 
(Adkisson et al. f 1960) was' later developed with fewer in
gredients and less rigid rearing conditions.

Refinement of rearing techniques for the pink bo11- 
worm. has placed it in the ranks of common laboratory in
sects. Mass-reared pink bollworms have greatly facilitated 
studies of diapause-inducing factors (Adkisson,. 1961) , 
mating behavior (Bull and Adkisson, 1960), and sterile- 
male release procedures (Ouye, Garcia and Martin, 1964).

Radiation studies on the pink bo11worm have been 
limited to determination of gamma-radiation, dosage levels 
administered to pupae to induce sterilization (Ouye et ad., 
1964). Studies by Guenther and Ware (1967) indicated an 
alteration in response to Temik, heptachlor and malathion 
by houseflies radiated as pupae with X-rays.

The purpose of this study was to determine df a 
similar response occurred in pink bollworm adults, emerged 
from radiated pupae, treated with other insecticides.•
Three insecticides, DDT, azinphosmethyl (Guthion) and car- 
bar.yl (Sevin) were chosen as candidate materials because 
of their effectiveness in controlling the pink bollworm. 
They also typified a wide range of toxicological.classifi
cation : DDT representing the chlorinated hydrocarbons;



car bar yl ( the- carbamates; and axinphosmethyl r the or^ano- - 
phosphates,

Relatively little is known about the detoxication 
mechanisms of insecticides by insects. One long-ranye 
objective of this study was to further the use of gamma- 
radiation as, a tool for investigating the modes of action 
of insecticides in 'insects. Also, this study was performed 
to further the understanding of pesticide biochemistry.
This information, then should contribute to the knowledge 
of the biochemistry and mode of insecticide action.



MATERIALS AND METHODS

: Collection and Rearing' of the Pink BOll'woriu
Pink bo11worm moths, obtained from field-collected 

bolls grown on the.Agriculture Experimental Station, Mesa 
Farm, were utilized for egg production in establishing a 
laboratory culture. The moths were placed in oyiposition 
cages, constructed from one-gallon cartons, as they emerged 
from the bolls'. Later, laboratory-reared moths were placed 
daily in these cages at the rate of 25 to 100,

Three oyiposition cages were maintained in continu
ous service and yielded sufficient eggs for continuous 
rearing and testing. Due to a mite infestation, the oyi- 
position cages were replaced once during this study.

The construction of the oyiposition cages were as 
follows; a 4-inch circular opening was cut in the carton 
lid; over this was glued an oval metal screen. The moths 
oviposited freely through the screen onto non-absorbent 
cotton pressed firmly against the screen surface.i

Food for the adults consisted of 10 percent sucrose 
solution, diffused through a cotton plug inserted into a 
2-dram vial, which was inverted through an opening in the 
carton lid,



. The oyiposition cages were placed, in climate cab
inets held at 839+2 F , approximately 60 percent ji, H. and 
a photoperiod of 15 hours light and a 9 hours of darkness..

When oyiposition began, the non-absorbent cotton 
pads were removed daily and placed in pint mason jars,with 
lids„ The eggs were held four days in the climate cabinets 
until larvae emerged.

Newly-emerged larvae were removed with a camel's.' 
hair brush and placed two larvae to each 9/16-ounce plastic, 
individual portion cups, containing the wheat-germ diet 
modified from Adkisson et al. (1960) (see Table 1). The
diet consisted of Adkisson-Vanderzant wheat-germ mix, 
Vanderzant vitamin mix (both distributed by Nutritional 
Biochemicals Company), agar, methyl p-hydroxy benzoate, 
aureomycin, distilled water, formaldehyde, linseed oil and 
actic acid. The wheat-germ mix, aureomycin and methyl p- 
hydroxy benzoate were added to boiling water in which agar 
was dissolved. This mixture was blended in a model C-5 
Waring blender for five minutes.and allowed to cool to 
120°F in a tap-water bath. The vitamin solution, acetic 
acid, linseed oil and formaldehyde were added to the diet 
mixture. After blending for an additional two minutes, the 
diet was poured into the plastic portion cups, Bach cup 
was half-filled with the diet medium and stored in plastic 
bags under refrigeration until needed. A small amount of .



Table 1, Composition of Adkisson-yande.rzant wheat-germ 
larval diet,a '

Wheat-germ Mix 
wheat-germ 
casein, vitamin free 
D sucrose 
Wesson salts 
alphcel

230 grams

Methyl parahydroxy benzoate . 3 grams
Aureomycin 2 grams
Distilled water 1680 ml.
Agar 38 grams
Vitamin mix solution 

alpha toxopherol 
ascorbic acid 
biotin
calcium pantothenate 
choline chloride 
folic acid, crystalline 
inositol 
niacinamide 
pyrdoxine HC1 
■ riboflavin 
thiamine HC1 
vitamin B-12

90 ml .

Acetic acid 20% 40 ml.
Formaldehyde 37% 2 ml.
Linseed oil 2 ml.

^Modified after Adkisson et al̂ . (1960) , and suf
ficient to make 2000 grams,



nonr-absorbent cotton was placed on the diet, before larvae 
were added to each.cupf permitting the larvae to feed at 
the interface of the cotton and diet.

Infested cups were placed in cardboard flats and 
held in a large temperature cabinet at 83°Ff 100 percent 
R. H. and constant light until pupation occurred. The high 
humidity was necessary to prevent the diet from drying be
fore larval development was completed. Mechanical dif
ficulties in the cooling and heating system resulted in 
abnormal high and low.temperatures for short periods during 
the larval developmental period. The culture was inspected 
every second day and all pupae were transferred to one- 
ounce plastic cups with fiber-tab lids and held for 6 or 
7 days in the climate cabinets.

Treatment and Evaluation Procedures 
Five hundred, 6 and 7 day old pupae, were placed 

in 10, 30 mm. diameter pill boxes, 50 per box, in prepara
tion for gamma-radiation with a 53 0 curie cobalt-60 source. 
Half of the boxes, with pupae to be radiated, were placed 
on an.11-inch, vertically revolving wheel, rotating at one 
r.p.m. The pill boxes were placed 2^ inches from the center 
of the wheel, which was placed in a 3 x 1 x 1 foot radiation 
chamber 12 inches from the source. The five pill boxes 
containing control pupae were placed in the radiation 
chambers during exposure, but were.shielded with lead
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bricks, A small sir compressor contiguously exchanged the 
air in.the chamber at one to avoid an accumulation
of ozone caused by ionization.

Preliminary studies indicated 10,000 r did not.re
sult in an increased mortality in pupae or adults during a 
72-hour post-treatment period. Thus, the pupae were ad
ministered this dosage of gamma-radiation. '

Radiated and control pupae were placed in separate 
pint jars covered with muslin cloth. The jars were sup
plied with 2-dram vials, stoppered with cotton wicks, con
taining 10 percent- sucrose solution as a food source for . 
the emerging adults. The pupae were held three days, at 
83°F and 60 percent R. H. for complete emergence. Adults 
were, anesthetized with carbon dioxide, counted and weighed. 
50 per group, using a model H-6 mettler analytical balance. 

Treated and control moths were placed in a Buchner 
funnel, which was divided with a strip of modeling clay. 
Carbon dioxide was released into the Buchner funnel at a 
low rate sufficient to keep the moths immobile throughout 
the application procedure.

Three insecticides were utilized in the topical 
applications. These were: DDT, 2, 2, bis (p-chlorophenyl)
1, 1, 1, -trichloroethane (77.2%), Entomological Society of 
America Pesticide Reference Standard; azinphosmethyl 
(Guthion ), 0-0-dimethyl S-(4-oxo-l, 2, 3, - benzotriazin
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"3 (4-H) ylniethyl) phosphorodithioa,te (90.3%) ,
Co,, ICa,nsas City, Mo, ? carbaryl (geyin) , l-naphthyl-N^ 
methyl carbamate (99,.7%) , Union Carbide Corp. , New York,
N. Y. The toxicants were dissolved in glass-distilled 
acetone, 1.0 mg/ul as stock solution and refrigerated 
throughout the testing period. From the stock solution, 
standard dilutions were prepared periodically for topical 
treatment. • ■;

• To determine the influence of gamma-radiation, in
dividual moths, both radiated and controls, were treated 
topically with known concentrations of an insecticide in 
acetone, to yield mortalities between 20 and 90 percent 
and an acetone control. Range-finding studies were con
ducted previous to radiation tests to establish the con- . 
centration levels for each toxicant. An igco Model M 
micro-applicator was calibrated to dispense approximately 
one microliter (0,971 ul) of solution on the dorsal 
thoraic region of each moth, utilizing a 0.5 cc tuberculin 
syringe and a No. 25 gauge needle (Reynolds, 1962).

Mortality was recorded 4 8 hours after treatment. 
Moths were considered dead if they exhibited no tactile 
response to the touch of a teasing needle. Moths showing 
any movement were considered alive.

The average body weight of each moth population and 
the amount of insecticide applied per moth were utilized



■ 11
to compute the Irom the L C 5 q . This wag computed as
micro^rams (mi) of . insecticide ,pep:_ gram of moth,'. Abbott' s. 
correction formula (Abbott, 1925) was utilized in correcting 
for mortality in the acetone-treated checks.

Mortality data were recorded on probit sheets, then 
punched on IBM cards, which were programmed through re
gression .analysis using the IBM standard log-probit program.



RESULTS AND DISCUSSION

The data from this study are presented in the form 
of tables and graphs. The figures represent regression 
analysis calculated by the method of probit analysis 
(Bliss,. 1938) . .

The dosage-mortality curves are formed by plotting 
percent mortality in probit units against the log con
centrations of the toxicant on log-probit paper. The ' 
method of probit analysis converts the expected sigmoid 
curves to straight lines by transformation of dosages to 
logarithms and mortality percentages to probit functions 
of the normal curves. The regression equation was filled 
for each point as Y = a+b(X), where Y is the expected 
probit at log dose x concentrations, a+y-bx, and b the. re
gression coefficient, is a measure of the variation in 
response to the toxicant. X is the dosage in micrograms.
The corrected mean log-dose is x and y is the corrected 
mean probit. The values of X were controlled in all tests 
removing the necessity of calculating for r , correlation co
efficient (Wadley, 1967).

Each test was conducted three times with 3 00 moths' 
per insecticide per test for a total of 900 moths. Un
fortunately, non-uniform temperature and humidity, due to a .

12
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malfunction of the cooling unit in the temperature chamber
during, the larval development period, confounded the re
sults, This fluctuation of temperature probably resulted 
in alterations in. tolerance to gamma-:radiation and insecti
cides by these moths (Hoskins and Gordon,. 1955),

Each test was conducted on populations of pupae 
grown under the same variations in temperature and humidity 
which had been randomly split into radiated and control 
groups. Each test, therefore, is an indication of the re
sponse of gamma-radiated pink bollworm moths, reared under 
slightly varied conditions of temperature and humidity.

An extensive review of the literature revealed no 
account of lepidoptera radiated with gamma-radiation except 
for a study by Ouye et al. (1964) which did not deal with 
toxicological treatments.

Toxicity of DDT to Gamma-radiated Moths 
Results of this study indicated no significant 

difference in mortality between radiated and control test 
groups (Table 2). The LD^qig and slopes (Table 3) between 
the two treatments were also similar, which when plotted as 
log probits (Figure 1) indicated no significant difference 
between the two tests. These results are similar to tests 
conducted on houseflies with DDT (Varzandeh and Moos, 1963), 
Guenthner and Ware (1967), with another chlorinated in
secticide, heptachlor, showed a response which was not -
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T a b l e  2 ,  R e s p o n s e  of. c r a iw n a - r a c l ia te d  a n d  c o n t r o l  p i n k  b o l l -
. • V79m p i o t h s  t o  t o p i c a l l y - a p p l i e d ,  P P T .

Dosage ug/ul No. of Moths Percent9,
Mortality

RADIATED
1.0000 75 91.78
0.5000 75 67.12
0.2500 75 35.62
0.1250 75 13.70
0.0625 75 9. 59

CONTROL
1.0000 75 91.67
0.5000 ; 75 73.61
0.2500 75 26.39
0.1200 75 13.8 9
0.0625 75 12.50

^Corrected for natural mortality by Abbott's 
formula (1925).



Table 3. LD and LC values for pink bollworm moths, with upper and lower 95% con
fidence limits, treated topically with DDT, carbaryl and azinphosmethyl.

R A D I A T E D C O N T R O L
DDT Carbaryl ' Azinphos

methyl
DDT Carbaryl Azinphos— 

• methyl

Ave. Wt. 
(mg.)

11.57 8.66 8.74 10.66 8.89 9.36

Slope 2.42 4.01 ' 1.60 . 2.50 3.63 3.78
LC9ug/ul)30 .196 .084 .017 .192 .081 .... . .119

Upper'confidence 
.642 .130

limits(LC50) 
.014 .369 .122 .187

50 .319 ..117 .036 .317 .110 \ .164
Lower confidence 

.154 .099
limits(LCcq) 

. 057 .272 .093 .144
90 1.039 .263 .227 1.076 .229 .358

LD(ug/mg)30 17.01 9.67 1.95 19.13 9.15 12.76•
Upper confidence 
68.81 15.04

limits(LD50) 
6.86 31.88 13.84 • 19.95

HUl



Table 3. (Continued)

R A D I  A T ED- C O N T R O L
DDT Garbaryl Azinphos-

methyl
DDT Carbaryl Azinphos-

methyl

50 27.58 13.48 4.13 31.52 12.35 17.54
Lower
15.31

confidence 
, 11.48

limits(LD50) 
1.64 . 23.50 10.46 15.41

90 91.02 3 0.42 25.97 106.96 25.79 38.21

16
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significantly different from the control fliesv . These 
studies would indicate radiation at sub-lethal dosages 
does not greatly alter the biochemical'processes carried 
on during intoxication and detoxication by insects treated 

. with DDT.

Toxicity of Carbary1 to Gamma-radiated Moths
Results of carbaryl (Figure 2) applied topically to 

radiated and control moths indicated a slight increase in 
susceptability of the radiated moths. .

Guenthner and Ware (1967) reported a significant
decrease in male housefly susceptability when treated with
the carbamate, Temik.• Since male and female pink bollworm

/moths were not treated separately, this effect may have been 
masked in the mixed populations. The mode of action of 
carbamates is not completely elucidated, but results indi
cated radiation may alter the detoxication process to an 
unspecified degree.

Toxicity of Azinphosmethyl to 
Gamma-radiated Moths

Results with azinphosmethyl, applied to radiated 
and control moths, indicated both a significant difference 
in percent mortality (Table 4) and in the slope of the 
dosage-mortality curves (Table 5). These curves (Figure 3) 
indicate a strong increase in susceptability to azinphos
methyl in the radiated moths at the lower dosage levels.
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Table 4.. Response of (jamrna-radiated. and control pink boll^

wonm Motbs to topically-applied carbanyl»

Dosage ug/ul Mo, of moths : percent3'
Mortality.

RADIATED
0.26 ' 75 97.22
0.22 75 86.11
0.18 ■: 75 : 73.61
0.14 , 75 72.22
0.10 75 43,06

CONTROL
0.26 1 - 75 91.78
0.22 75 79.45
0.18 75 73,72
0.14 75 68,49
0.10 . 75 36.89

^Corrected for natural mortality by Abbott's 
formula (1925),
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Table. .5, Response gamma-radiated and control pink boll-

worm moths to. topically-applied arinphosmethyl, •

Dosage ug/ul No, of Moths Percent3-
■ Mortality

RADIATED
0.50000 ' 75 98". 48
0.25000 75 89.39
0.12500 . 75 77,27
0.06250 75 68.18

CONTROL
0.50000 75 97.10
0.25000 75 76.81
0.12500 75 27.54
0.06250 . 75 10.14

aCorrected for natural mortality by Abbott’s 
formula (1925).
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This siisceptability decreased with increasing concentra
tion levels, The b values, or slops for the two dosage 
mortality curves were significantly different to suggest 
an alteration in the detoxication process of azinphosmethy1 
to pink bollworm when radiated in the .pupal stage.

Guethner and Ware (1967) indicated a significant 
difference in mortality between radiated and control house- ■ 
flies treated with the organophosphate, maletion. The 
radiated female flies were found to be considerably more 
tolerant to malathion than the controls. This study also 
exhibited a difference in response between radiated and 
non-radiated moths treated with the organophosphate, 
azinphosmethyl. However, the response was opposite to 
that exhibited by the malathion-treated flies in that the 
radiated moths were more susceptable to the toxicant than 
were the controls.

This inconsistency may be partially explained by 
the dissimilarity of action between malathion and azinphos
methyl. According fo O'Brien (1967), carboxyesterase is 
the principal agent for detoxication of malathion by in
sects. Azinphosmethyl detoxication is produced by another 
enzyme in insects, carboxyamidase. The possibility exists 
that gamma radiation may stimulate an increased production 
•of one enzyme system, but retard the production of another. 
This could explain the opposite responses between radiated
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insects treated with, malathion compared to azinphospiethyl. 
The next obvious. step would be to determine the effect of 
radiation on the toxicity of azinphosmethyl to the house

fly.



SUMMARY AND CONCLUSIONS

The pink bollworm, Pectinophora . go'ssypi'ella. 
(Saunders) , is an important pest of cotton-growing areas 
of the southwest. An integrated program of chemicals and 
cultural practices has been moderately successful in con
trolling this pest, DDT, carbary1 and azinphosmethyl were 
found to give the best control of the pink bollworm under 
field and laboratory conditions <

Pink bollworm moths emerging from cotton bolls were 
collected and mass rearing procedures, utilizing a wheat- 
germ diet, started in the laboratory. The larval period 
was completed in temperature cabinets, maintained, at 83°F, 
100 percent relative humidity and constant light.

Six and 7-day-old pupae were gamma-radiated with 
10,000 r and held for emergence. Adults, no older than 
three days, were each treated one microliter of acetone 
containing various concentrations of DDT, carbary! and 
azinphosmethyl. The insecticides were applied to the 
ventral thoracic region of the moths with a standard micro
applicator. Treated moths were held under conditions of 
83°F, 60 percent relative humidity and 15 hours light for 
48.hours after which, the mortality was recorded. The 
data was programmed for probit analyses and the dosage

25
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mortality'curyes constructed on log probit graph paper,
The LD50,g were computed by the use of the average moth 
weight and dosage.

The LD^q values and slopes calculated for radiated . 
moths treated with DDT indicated no statistically signifi
cant difference from the controls. Carbary1 susceptibility 
appeared slightly increased in radiated moths, however, 
this was not statistically significant, Azinphosmethyl 
when applied to radiated moths r produced an increase in 
susceptibility significant at the .05 level. This increase 
in susceptibility may have been due to alternations in the 
enzyme systems which detoxify azinphosmethyl in the pink 
bo11worm.
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