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ABSTRACT

Investigations of Heliothis susceptibility to DDT 
in Arizona revealed that varying levels of resistance are 
being developed.

Larvae were raised from Heliothis moths collected 
from Pima, Maricopa, Cochise and Navajo Counties, using a 
simple, modified larval diet. The usual laboratory rearing 
technique was slightly modified to overcome the problems 
encountered in adult culture.

Topical applications of test grade DDT solution in 
acetone were made with a standard microapplicator. Dosage- 
mortality data were obtained on late third-and early 
fourth-instar Heliothis larvae held for 72 hours after 
topical applications.

Larvae from Maricopa county gave the lowest toxico
logical response. They required about 9 times as much DDT 
as larvae from Cochise county, which gave the highest 
toxicological response, to kill 50 per cent of the 
population.

Based on the results of this study, it is apparent 
that resistant strains of Heliothis moths have migrated 
back and forth from county to county. The results also 
indicated that DDT is becoming less effective for the control
of Heliothis on Arizona crops.

vii



INTRODUCTION

The bollworm, Heliothis zea (Boddie), is an 
important economic pest on cotton and corn in Arizona 
and in the cotton and corn belts of the United States. 
Prior to the discovery of DDT and other chlorinated hydro
carbon insecticides, the bollworm had been controlled by 
various methods including cultural practices, introduction 
of insect natural enemies, application of inorganic 
insecticides (Ewing 1943, 1952) and mineral oil (Barber 
1938).

Some of the earlier inorganic insecticides used 
were paris green, London purple, and lead and calcium 
arsenate. Starting in 1945 chemical control of the boll
worm changed with the introduction of the newly discovered 
DDT, DDT-mineral oil mixture, and other chlorinated hydro
carbon insecticides such as aldrin, chlordane, dieldrin, 
endrin, heptachlor, telodrin, and toxaphene (Eden 1945, 
1956, 1958, Ewing 1943, 1952) which were subsituted for 
the earlier inorganics.

Within a period of 10 years, control failures with 
DDT were being reported. In recent years many research 
papers have been published concerning susceptibility or 
resistance of the bollworm, H. zea, to a number of
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2
chlorinated hydrocarbon insecticides, especially DDT 
(McPherson et al. 1956; Anderson et al. I960; Brazzel et al. 
1961; Brazzel 1963, 1964; Graves et al. 1963; Lingren and 
Bryan 1965; and Lowry et al. 1965).

In Arizona the insecticide tests on the bollworm 
are those of Harries and Valcarce (1962), and Bottger and 
Sparks (1962). In these tests Harries and Valcarce 
artificially infested young lettuce plants with bollworm 
eggs, and second- and third-instar larvae in the 
laboratory and field. These plants were later dusted with 
varying quantities of DDT, toxaphene, dieldrin, endrin,
TDE, and a number of phosphorus insecticides. The plants 
were examined a few days later for mortality counts.

Bottger and Sparks on the other hand sprayed green
house grown cotton plants with technical grade DDT, 
toxaphene, and a number of phosphorus insecticides. Ten 
to 20 third- and fourth-instar laboratory-reared bollworm 
larvae were caged per cotton plant and held for 72-hour 
mortality records. Thus far, information from Arizona on 
susceptibility of the bollworm to topically-applied 
insecticides is lacking.

Since DDT-resistance in H. zea has been confirmed 
in the neighboring state of California (Leigh and Jackson 
1964: Unpublished data), and across much of the southern 
cotton belt (Brazzel et al. 1961, Brazzel 1964, and
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Graves et al. 1963), similar information is needed on this 
pest in Arizona. The purpose of this study was to con
tribute to such information, using similar techniques, so 
that comparisons could be made with other studies on 
DDT-resistance.

In order to obtain more reliable information con
cerning DDT-resistance in H. zea in Arizona, four widely 
separated areas were chosen for obtaining laboratory 
cultures from which these studies were initiated. The 
collection areas were located in (1) Tucson and Cortaro 
for Pima County, (2) Mesa and Phoenix for Maricopa 
County, (3) McNeal and Kansas Settlement for Cochise 
County, and (4) Snowflake and Holbrook for Navajo County. 
Pima and Maricopa have a history of much greater usage 
of DDT and related chlorinated hydrocarbon insecticides 
for protection of important agricultural crops; the other 
two counties have used comparatively little of these 
insecticides (personal communication with Community 
Pesticides Studies).



MATERIALS AND METHODS

Collection and Rearing of the Bollworm 
Heliothis adults were collected at various times 

from June through August from light traps in the four 
counties under investigation. Live bollworm moths were 
brought to the Tucson laboratory to establish test 
cultures. When necessary, fieId-collected larvae from 
the same sources were also used to establish cultures.

Moths from each location were maintained separately 
in 1-gallon ice cream cartons in groups of 25 to 30 moths 
per carton. There was no attempt to maintain a definite 
male to female ratio but in all instances the male 
population consisted of no less than one-third of the 
total population per rearing carton.

Oviposition sites were provided by extending strips 
of paper towelling through narrow slits in the top of the 
cartons. Food for the adults consisted of a 10 percent 
sugar solution which diffused slowly through a cotton 
wick from an inverted 2-ounce vial on top of each carton. 
The cartons were held on trays of moistened vermiculite 
to provide high relative humidity.
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5
As soon as oviposition started, the paper towelling 

from each carton was carefully removed at daily intervals. 
The portions of towelling containing eggs were placed in 
half-pint mason jars where they remained until hatching.

Newly-hatched larvae were removed with a No. 00 
camel's hair brush and placed singly in one-ounce plastic 
cups containing the artificial larval diet described below. 
The cups were later covered with standard cardboard lids.

The larval diet used for this study (Table 1) was 
modified after Shorey and Hale (1965). The modification 
consisted of deleting sorbic acid and the 40 percent 
formaldehyde which were present in the original diet. All 
the ingredients, except agar, were thoroughly blended with 
half the total amount of water in a Waring Blender. The 
Agar was added to the remaining half of water and heated 
to the boiling point. It was then added to the other 
ingredients and thoroughly mixed in the blender.

About one-half ounce of diet was poured into each 
1-ounce plastic cup. The diet was used immediately after 
cooling or kept refrigerated until needed.

The quality and quantity of the diet in each plastic 
cup was usually sufficient to maintain one larva until 
pupation occurred. This diet proved to be satisfactory 
for rearing large numbers of Heliothis larvae. The 
natural mortality rate was extremely low. No major 
disease problems were encountered. The deleted ingredients
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TABLE 1
a/Composition of Larval Diet-

Ingredients a bsmall batch large batch
(25-30 l-oz cups) (300-360 1-oz cups)

Soaked Lima Beans 
Tap Water
Methyl p-Hydroxybenzoate 
Ascorbic Acid 
Granulated Agar 
Brewer's Yeast

100 grams 
200 ml 

1 gram 
1 gram 
4 grams 

10 grams

1200 grams 
2400 ml 

12 grams 
12 grams 
48 grams 

120 grams

a/ Modified after Shorey and Hale (1965).
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were used as anti-microbial agents by the original authors. 
Their deletion from the diet used for this study made no 
apparent difference. The modification used here offers 
promise for a satisfactory, but less expensive diet.

Third- and early fourth-instar larvae were used for 
the toxicity studies. All larvae not used for testing 
were reared to adults and used to maintain the laboratory 
cultures.

Fully-grown larvae to be retained for laboratory 
cultures were allowed to pupate in vermiculite placed in 
screen rearing cages, 12 inches high with 12-inch square 
wooden bases. The cages had wooden frames and plastic 
doors. The pupae were later removed and carefully placed 
in freshly-prepared 1-gallon glass jars. Strips of paper 
towelling were inserted in each jar to provide resting 
surface for the moths at the time of emergence.

As the moths emerged, they were removed and placed 
on young potted cotton plants in screen rearing cages 
similar to those described above. This helped to over
come the problems encountered earlier in getting the moths 
to mate and oviposit. This modification in maintaining 
adults provided a more natural habitat for the moths.
The cotton plants replaced the paper towels and vials 
of sugar solution earlier used in the ice cream cartons.
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Eggs were laid over the surface of the cages where 

they were allowed to remain until hatching occurred. Newly- 
hatched larvae were removed with a camel's hair brush daily 
from the surface of the cages, and placed on the artifical 
diet in the cups. The cups were covered with lids and 
placed on top of temperature cabinets in the laboratory 
where they remained until the larvae reached the testing 
stage.

Testing and Evaluation Procedures
Test grade, 99.3 percent p, p'-DDT was used in this 

study. Glass-distilled acetone was the solvent used in 
preparing the stock solution. Acetone was also used to 
make further dilutions. The insecticide solution was kept 
in a refrigerator throughout the test period except when 
in use.

To determine their susceptibility to DDT, individual 
larvae were treated topically with known concentrations of 
DDT-acetone solution. A Haydon microapplicator, model M, 
was used to drive the plunger of the syringe. The micro
applicator was calibrated to eject approximately one 
microliter of insecticide solution per drive. A 0.25 cc 
syringe and needle, gage No. 27, were used to apply the 
insecticide solution to the dorsum of each larva. The 
barrel of the syringe was slightly greased with stopcock 
grease to prevent any possible leakage. The needle was
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carefully blunted and polished. Its tip was bent at an 
angle of almost 90° according to the general procedure 
of Reynolds (1962).

Four dosage levels plus an acetone-treated check 
were used as shown in Tables 2 and 3. At least 100 larvae 
were tested per dosage point in 1967. In the 1966 tests, 
50 to 70 larvae were treated per dosage point. All larvae 
were taken out of the plastic cups, weighed individually 
and later returned to the cups. Then one microliter of 
a given concentration of insecticide was applied topically 
to the dorsum of each larva. The check insects received 
one microliter of glass-distilled acetone. The larvae 
were held 72 hours after treatment.

The average larval weights in the 1967 experiments 
ranged from 32 to 36 mg while larvae used in the 1966 
experiments averaged 20 mg. Rearing and testing of the 
larvae were accomplished in the laboratory where the 
temperature ranged from 75 to 80°F.

Mortality records were taken 72 hours after each 
topical application. At that time the larvae were either 
dead, moribund, or alive. Only larvae that gave no 
response to a pencil touch were recorded as "dead". 
Moribund or sluggish-moving larvae were recorded as 
"alive".
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Average body weight (mg) of each larval population 

and the amount of DDT solution (micrograms) applied per 
larva were used to compute the dose as mg of DDT per gm 
of larval weight. Usually the number of larvae weighed 
to calculate average larval weight amounted to approximately 
two-thirds the number to be tested at each dosage point.
The amount of toxicant applied per gm of larval weight 
was then calculated, based on the mean number of larvae 
required to weigh a gm as well as the number of micro- 
liters of a known concentration of the insecticide.
Abbott's correction formula (Abbott 1925) was not used 
to calculate percent control efficiency since there was 
no mortality in the acetone-treated checks.

Statistical Analysis
The results of the tests were analysed according 

to the suggested methods of Hoskins (1960) and the methods 
of Wadley (1967). The means and the standard deviations 
of the dosage ranges covered and percent mortality were 
calculated. The regression equation was fitted for each 
location as Y * a ♦ bX, where Y is the predicted mortality 
at a given dosage level, a - y - bx, and b, the regression 
coefficient, is a measure of the variation in response 
to the toxicant. The X is the dose in milligrams per gram 
of body weight, and x and y are the means of dosage range 
covered and percent mortality, respectively.



The correlation coefficient, r, was not calculated 
since the values of X were controlled. According to 
Wadley (1967) the correlation coefficient should not be 
calculated where X values are controlled or artifically 
inserted.

11



RESULTS AND DISCUSSION

Results of 1966 Experiments 
The results of the 1966 experiments are presented 

in Table 2. The population from McNcal, Cochise County, 
was the most susceptible to DDT since higher mortalities 
were obtained than with larvae from the other areas. 
Following in order of decreasing susceptibility were the 
populations from Tucson in Pima, Snowflake in Navajo, 
and Mesa in Maricopa Counties, respectively.

Based on the results of resistance studies reported 
by other researchers (Lingren and Bryan 1965; Brazzel 
1963, 1964; and Lowry 1966), the responses to DDT of the 
bollworms used in these studies are very low indeed.
Higher concentrations of DDT did not give correspondingly 
higher percent mortalities.

The variations in response to DDT from one county 
to another pose interesting questions. Where there is 
heavy usage of DDT and related chlorinated hydrocarbon 
insecticides varying levels of resistance should develop 
with time. This might explain the very low responses 
of larvajb from Pima and Maricopa Counties. With little 
or restricted usage of DDT for the control of agricultural 
pests in Navajo County, greater responses were expected.

12
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TABLE 2
Response of Late Third- and Early Fourth-Instar

Heliothis zea Larvae to DDT in 1966

Location Number of Larvae—^ Percent DDT Dosage (mg)Treated Dead Dead Per Insect Per gm

Tucson 50 8 16.00 0.004 0.174(Pima Co.) 50 9 18.00 0.008 0.34850 9 18.00 0.016 0.69650 21 42.00 0.032 1.392
Mesa 60 3 5.00 0.004 0.256(Maricopa Co.) 60 5 8.30 0.008 0.51260 5 8.30 0.016 1.02560 8 13.30 0.032 2.051
McNeal 60 9 15.00 0.004 0.210(Cochise Co.) 60 17 28.30 0.008 0.42160 26 43.30 0.016 0.84260 35 58.30 0.032 1.684
Snowflake 70 8 11.40 0.004 0.114(Navajo Co .) 70 12 17.10 0.008 0.22870 10 14.30 0.016 0.45770 20 28.60 0.032 0.914

a/ In each test an equal number of acetone-treated 
check larvae gave 0.00 percent response.
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Based on the use of DDT and related chlorinated 

hydrocarbon insecticides in the State of Arizona, Navajo 
County larvae should be the most susceptible to DDT 
and those from Cochise County should be next in order of 
susceptibility. Larvae from Pima and Maricopa counties 
should be less susceptible than those from other areas; 
these larvae were, in fact, very difficult to kill with 
DDT.

The most plausible explanation of the low responses 
from Navajo County larvae is that resistant strains of 
Heliothis zea developed elsewhere and migrated to this 
area. Probable but not certain is the possibility that 
Navajo County larvae have vigor tolerance, as opposed to 
true resistance, to DDT. Vigor tolerance has been described 
as an altered ability to withstand many kinds of stresses 
including chemicals, due to prior exposure to extremes of 
temperature, lack of moisture, abnormal food, or an 
injurious chemical (Hoskins and Gordon 1955).

Results of 1967 Experiments 
In 1967 the study was repeated, using the same 

counties but different locations than in the 1966 
experiments. The results of the 1967 experiments are 
presented in Table 3.
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TABLE 3
Response of Late Third- and Early Fourth-Instar

Heliothis zea Larvae to DDT in 1967

Location Number of Larvae—^ Percent DDT Dosage (mg)Treated Dead Dead Per Insect Per gm
Cortaro 100 14 14.00 0.004 0.110(Pima Co.) 100 17 17.00 0.008 0.221100 24 24.00 0.016 0.442100 30 30.00 0.032 0.884
Phoenix 145 5 3.45 0.004 0.122(Maricopa Co .) 145 7 4.80 0.008 0.24414 5 10 7.00 0.016 0.488145 9 6.50 0.032 0.976
Kansas 120 16 13.30 0.004 0.115Settlement 120 22 18.30 0.008 0.230(Cochise Co. ) 120 28 23.30 0.016 0.460120 49 40.80 0.032 0.920
Holbrook 125 5 4.00 0.004 0.122(Navajo Co.) 125 16 12.80 0.008 0.244125 23 19.40 0.016 0.488125 30 24.00 0.032 0.976

a/ In each test an equal number of acetone-treated check 
larvae gave 0.00 percent response.
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The percent mortalities for all locations were very 

low compared with the results of other researchers 
(Brazzel 1963, 1964, Lingren and Bryand 1965, Lowry 1966) 
and somewhat lower than those of 1966 experiments. The 
weights of the larvae used in 1967 were about the same on 
the average, yet there was much variation in the toxico
logical responses. Maricopa County larvae were the least 
susceptible to DDT. In order of least to greatest 
susceptibility to DDT, larvae from Navajo and Pima Counties 
ranked next, while the Cochise County population was the 
most susceptible of all.

Comparison of 1966 and 1967 Results
The LD-50 and b values of 1966 and 1967 experiments 

are presented in Table 4 for comparative purposes. While 
the levels of response of the larvae to DDT were very low 
for both years, it is interesting that the response levels 
dropped appreciably within one year--from 58 percent to 
41 percent in Cochise County, 42 to 30 percent in Pima,
28 to 24 percent in Navajo, and from 13 to 7 percent in 
Maricopa County. Lowry (1966) had reported earlier that 
insect resistance to insecticides increases with the years 
and with continued usage of insecticides.

The levels of susceptibility have been decreasing 
with time. Harries and Valcarce (1962) obtained 80-87 
percent mortality on third-instar Heliothis larvae
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TABLE 4
LD-50 Values of Heliothis zea Larvae Treated 

Topically with DDT, Expressed as mg/gm Body Wt.

1966

Location
(County)

Total Nc 
Larvae

i. Average 
Weight

Pima 200 23.Omg
Maricopa 240 15.6mg
Cochise 240 19.Omg
Navajo 280 35.Omg

1967
Pima 400 35.3mg
Maricopa 580 32.8mg
Cochise 480 34.8mg
Navajo 500 32.8mg

Slope Dosage Range LD-50 
(b) Per Insect mg/gm

0.021 0.004-0.032 1.905
0.004 0.004-0.032 11.330
0.028 0.004-0.032 1.286
0.020 0.004-0.032 2.035

0.021 0.004-0.032 1.783
0.003 0.004-0.032 15.333
0.033 0.004-0.032 1.219
0.021 0.004-0.032 2.124
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and Bottger and Sparks (1962) obtained 64 percent mortality 
on third- and fourth-instar Heliothis larvae. These 
relatively high mortalities were not obtained in the 1966-67 
experiments.

Many factors could be responsible for the reduced 
effectiveness of DDT. The usage of DDT and related 
chlorinated hydrocarbon insecticides has increased (personal 
communication--Community Pesticide Studies). Consequently, 
Heliothis larvae have developed varying levels of tolerance 
to them, and are able to withstand heavy doses of 
insecticides with little or no injury. Possibly resistant 
strains of Heliothis developed in one county (Maricopa) 
and migrated back and forth throughout the agricultural 
areas of the state.

Toxicological Responses
The toxicological responses of late third- and 

early fourth-instar Heliothis larvae are presented in 
Table 4. The responses vary from one county to another. 
Maricopa County larvae showed very little response to 
DDT while Cochise County larvae showed a relatively 
higher response to the toxicant for both the 1966 and 
1967 experiments. Pima and Navajo County larvae gave 
responses between these two extremes.
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The LD-50's (amount of toxicant required to kill

»
50 percent of a population), of the larvae from Maricopa 
County were 11.33 mg and 15.33 mg per gram body weight 
for 1966 and 1967, respectively. Comparable figures for 
larvae from Cochise County were 1.286 mg and 1.219 mg per 
gram body weight for 1966 and 1967, respectively. This 
indicates that the larvae from Maricopa County are from 
nine to twelve times as resistant as those from Cochise 
County.

Results obtained from topical applications of DDT 
to larvae from Pima County are quite similar to those 
obtained with larvae from Cochise County. The LD-50's 
for the Pima County larvae were 1.905 mg and 1.783 mg 
per gram body weight for 1966 and 1967, respectively. 
Comparable LD-SO's for larvae from Navajo County were 
2.035 mg and 2.124 mg per gram body weight, respectively 
for 1966 and 1967. This indicates that these larvae are 
approximately five to seven times as susceptible as those 
from Maricopa County. Larger doses of DDT did not give 
correspondingly higher percent mortalities.

Brazzel et al. (1961), obtained 63 percent mortality 
with a DDT dose of 0.021 mg per gram body weight of 
Heliothis larvae. McPherson et al. (1956) obtained a 67.7 
percent kill of Heliothis larvae that weighed 64 to 134 mg 
with DDT doses ranging from 0.045 to 0.093 mg per gram 
body weight. Brazzel (1963), using bollworm larvae that 
averaged 33.6 mg and 45 mg body weight, obtained LD-50
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values of 0.354 and 0.260 mg per gram body weight 
respectively, in a DDT laboratory study. Lingren and 
Bryan (1965) reported an LD-50 of 0.40 mg per gram body 
weight on third-instar Heliothis larvae.

All these researchers used standardized laboratory 
detection methods similar to those used in this study. 
Relative to their findings, it is apparent that DDT is 
not giving effective bollworm control in Arizona. It 
could be further stated that varying levels of resistance 
are being developed, at least in the locations under 
investigation.

At an average LD-50 of 0.830 mg per gram body 
weight, Lowry et al. (1965) concluded the bollworm larvae 
were resistant. The LD-50 values, Table 4, for all locations 
in this investigation exceed that reported by Lowry et al.

Bottger and Sparks (1962), using technical DDT 
spray at 2 pounds per acre, reported a 64 percent 
mortality on third- and fourth-instar Heliothis larvae. 
Harries and Valcarce (1962) obtained 80-87 percent control 
of third-instar Heliothis larvae using a 5 percent DDT 
dust. Probably the increase in levels of resistance-- 
1962 to 1966, and 1966 to 1967--is due to continued use of 
DDT and related chlorinated hydrocarbon insecticides. A 
similar increase in levels of resistance has been 
reported by Lowry (1966).
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A measure of the variation of Heliothis response 

to DDT is presented in Figures 1 and 2. The regression 
lines are flat and the b values are low. Workers on 
resistance studies in other states have obtained very 
steep curves and high b values. Brazzel (1963, 1964)
Lowry et al. (1965), Lingren and Bryan (1965), using 
standard detection methods similar to those used in this 
study, obtained steeper curves, and higher b values on 
Heliothis larvae much larger than those used in this 
study.

Compared to reports of other researchers, it is 
evident that DDT has become less effective as the chief 
insecticide for Heliothis control in Arizona.

Relationship of Larval Weight to 
Effectiveness of Toxicant

The bollworm larvae from Maricopa County were 
smaller than those from other locations tested in 1966.
Yet these larvae were the least susceptible to DDT. Cast 
(1959), Harries and Valcarce (1962), McPherson et al.
(1956) had reported earlier that larger bollworm larvae 
required greater amounts of a toxicant to kill them than 
did smaller bollworm larvae.

The results of the 1966 experiments are contradictory 
to the above statement. On the average in 1966, Navajo 
County larvae weighted almost twice as much as did



FIGURE 1 A Measure of the Variation of Heliothis zea
Response to DDT in 1966.

a/ Regression equation where Y is the expected 
mortality at a given level of X, the dose in mg/gm body 
weight; a-y-x, b is the regression coefficient; x and y 
are the means of the dosage range covered and percent 
mortality, respectively.
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FIGURE I. A Measure of the Variation of Heliothis zea Response 
to DDT in 1966.
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FIGURE 2 A Measure of the Variation of Heliothis zea
Response to DDT in 1967.

a/ Regression equation where Y is the expected 
mortality at a given level of X, the dose in mg/gm body 
weight; a=y-x, b is the regression coefficient; x and y are 
the means of the dosage range covered and percent mortality, 
respectively.
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FIGURE 2. A Measure of the Variation of Heliothis zea Response 
to DDT in 1967.



Maricopa County larvae. Yet Maricopa County larvae 
required approximately 9 times as much DDT as did the 
Navajo County larvae to kill 50 percent of the population.

Pima and Cochise County larvae showed a better 
relationship of weight-to-toxicant effect. Even then a 
5-milligram weight difference possibly did not result in 
that great a difference in percent mortality. All these 
findings are evidence that the bollworm is building vary
ing levels of resistance to DDT in the State of Arizona.

All the larvae used for testing in the 1967 
experiments were approximately of the same average weight. 
Yet their responses to DDT did not show a clear relation
ship of weight-to-toxicant effect. Table 3 shows the 
responses of bollworm larvae to DDT in 1967.
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SUMMARY AND CONCLUSIONS

Heliothis zea is an important economic pest on 
cotton and other Arizona crops. DDT has been the most 
popular and commonly-used insecticide for the control 
of this pest when not prohibited by use restrictions 
nearby forage crops.

In order to obtain representative information on 
Heliothis susceptibility to DDT, larval samples were 
collected from four counties of Arizona in the fall of 
1966 and summer of 1967.

The modified larval diet used in this study was 
suitable for raising large numbers of Heliothis larvae. 
Deletion of two anti-microbial ingredients from Shorey 
and Hale's diet formula made no apparent difference. No 
major disease problems were encountered, and the entire 
larval period could be successfully completed on this diet. 
The quality of the diet did not deteriorate appreciably 
prior to pupation.

Third- and occasionally fourth-instar larvae, were 
used for testing. One microliter of DDT solution in 
acetone was applied to the dorsum of each larva with a 
standard microapplicator. Rearing and testing of the 
larvae were conducted under laboratory conditions and at 
a temperature of 75 to 80° F.
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Larvae were held 72 hours after topical treatment.

At that time mortality counts were taken. The amount of 
insecticide per larva, and average larval weight were used 
to compute the amount of insecticide in milligrams per 
gram larval body weight. Regression curves were drawn.
The slope of each curve, and the LD-50 values were 
determined.

Both the LD-50 and b values indicated that Heliothis 
zea is resistant to DDT. In both the 1966 and 1967 
experiments, larvae from Maricopa County showed the 
highest level of resistance and those from Cochise County 
the lowest. Higher concentrations of DDT did not result 
in higher percent mortalities. Because of these poor 
responses of Heliothis to DDT, it is highly probable that 
varying levels of resistance to DDT are prevalent in the 
State of Arizona.
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