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ABSTRACT

Tolerance levels of the beet armywozm to the insecticide methomyl 
were investigated, Laboratory cultures developed from feral collections 
in the Yuma, Mesa, and Safford localities were reared on a pinto bean 
diet.

Topical application was the method of exposure using test grade 
methomyl solutions in acetone and a standard microapplicator, Dosage- 
mortality data were obtained from third instar larvae held for 24 hours 
after topical treatment.

Tolerance levels to methomyl,for the three strains in the third 
instar were compared. The Yuma strain gave the ehighest toxicological 
response and was significantly different from the Safford and Mesa 
strains. The latter two strains were two to three times more tolerant 
than the Yuma strain. Molt phase larvae were found to be more susceptible 
than intermolt larvae within the third instar.

The Safford and Yuma strains were selected at the LD^g^g^ level 
for six generations to investigate resistance potential using this same 
topical application method. This laboratory selection yielded negative 
results but dosage-mortality curves showed a potential for resistance in 
populations tested. Comparisons of current Arizona beet armyworm strains 
with a 14-year-old USDA Arizona strain showed that methomyl resistance of 
any consequence is not present in Arizona populations today.



INTRODUCTION

The beet armywonn, Spodoptera'exiqua (Hubner) is an important 
insect affecting some of the principal crops grown in southern Arizona, 
This insect is believed to have been introduced frost southern Europe to 
the Pacific coast where it was first described by L. F. Harvey (1876).
The first record of the beet armyworm from Arizona was at Phoenix, in 
1916, where larvae were found feeding on turnips (Campbell and Duran,
1929).

The beet armyworm can be found in southern Arizona any time of 
the year, but population peaks occur in the spring and fall months (Hills, 
1968) . Wafa., El-Borolossy, and Khattab (1970) have found that percent 
egg hatch and.moth emergence increase with moderate temperatures and low 
humidity. This is one reason why two population peaks occur in Arizona.

A good morphologic description of beet armyworm growth stages is 
given by Frost (1954) and Wilson (1932). This insect possesses the unique 
characteristic of having three distinct larval color phases (Comstock and 
Dammers, 1942; Faure, 1943). Green, pink-red, or olive-black larvae can 
all hatch from a single egg mass (Frost, 1954). These main colors and 
intergradations of the three are evident by the final two instars,

• The beet armyworm is a subtropical insect and does not enter 
diapause in the winter months. All developmental stages are present 
throughout the year, but growth rates fluctuate and seem to be directly 
temperature dependent. Larval developmental time can be as short as 16



days in midsummer and as long as 76 days in the winter (Campbell and

Duran; 1929).

This insect is capable of migration both in the adult and larval
stage. The adults are strong fliers and annual migrations from North
Africa to England are common (French, 1969). Wene and Sheets (1965)
described a massive larval migration from a fallow field near Florence,
Arizona, into a nearby cotton field that resulted in economic damage.
The larvae had defoliated the preferred host, careless weed (Amaranthus
palmeri Wats.), before migrating.  — !—

There are many wild and cultivated plants that are suitable food 
hosts for the beet armyworm (Frost, 1954; Comstock and Dammers, 1942;
Tietz, 1972). The major ones of economic importance in Arizona are sugar 
beets, lettuce, cotton, and alfalfa. The first three are vulnerable in 
the seedling stages because the planting season corresponds with either 
of the two annual beet armyworm population peaks. Frost (1954) gives a 
good description of the nature of damage to crops by this pest in Arizona.

Beet armyworms have been controlled chemically in Arizona with a 
variety of insecticides for many years. Spray and dust formulations of 
Paris green, cryolite, sodium fluosilicate, DDT, toxaphene> HCH, chlordane, 
heptachlor, aldrin, dieldrin, and parathion have all given good control in 
the past (Frost, 1954). Many of the organochlorine compounds because of 
deleterious effects to the environment, have been removed or are in the 
process of being removed from the agricultural insecticide market. Thus, 
beet armyworm control in recent years has shifted to the use of mostly 
organophosphorus and carbamate compounds.



Many of the carbamates in use today, like the insecticide groups 
that preceded them, are ineffective as control agents toward a small 
percentage of most insect populations. Repetitive applications over many 
insect generations can select for the pre-adapted tolerant portion of a 
population. Eventually, because of better fitness in the contaminated 
environment, tolerant individuals assume a larger and larger proportion 
of the whole population which leads to insecticide resistance (Crow, I960).

Resistance to .carbamates has been documented in various insects 
either by artificial laboratory selection or in natural field populations 
since the late 19501s. Most resistance work with carbamates has been 
centered around house flies (Moorefield, 1960; Georghiou, Metcalf and 
March, 1961; Georghiou, 1964, 1965a, 1966, 1969a) and.mosquitoSi 
(Georghiou, 1965b, 1969b; Georghiou, Metcalf and Gidden, 1966; Tadano 
and Brown, 1966; Ariaratnam and Georghiou, 1971; Georghiou, Ariaratnam 
and Brecland, 1972; Georghiou et al., 1974; Ayad and Georghiou, 1975).
Other insects shown to be resistant to some carbamate insecticides include 
the green rice leafhopper to carbary1 and propoxur (Iwata and Hama, 1972), 
the onion maggot to carbofuran (Harris and Svec, 1976), the tobacco bud- 
worm to carbaryl (Adkisson, 1968), the German cockroach to propoxur 
(Bennett and Spink, 1968), and the Egyptian cotton leafworm to carbaryl 
(Atallah, 1971).

Very little information is available regarding beet armyworm 
resistance to insecticides. One case of resistance was noted by Reynolds 
(1960) of the beet armyworm to DDT in California. Topically treated 
larvae from a resistant Imperial Valley strain were five times more



4

tolerant than a susceptible strain collected from a coastal area in San 
Diego County.

The carbamate insecticide methomyl (Lannate or Nudrin)
(1-(methylthio) ethylimino N-methylcarbamate) is used to control the beet 
armyworm and many other insects. It is a relatively new compound which 
was first used experimentally in Arizona in 1969. It Was registered for 
agricultural use in 1970 on a limited number of vegetable crops (DuPont, 
1970). In recent years the number of crops for which methomyl is 
registered has increased to include many vegetables, cotton, sugar beets, 
alfalfa, soybeans, and citrus. The amount of methomyl used in Arizona 
has steadily continued to increase from 1970 to present (Gold, 1976).

Many methomyl tests on a variety of insects are still in progress 
in hopes of replacing older compounds that are now ineffective. Prelimi
nary results show methomyl can provide good control of several insects 
including the bertha armyworm (Harris and Turnbull, 1975), the armyworm 
(Harris et al., 1975), the spruce budworm (Robertson et al., 1976), and the 
almond moth (Attia, 1976).

Several dosage-mortality tests have been conducted in the past to 
determine methomyl toxicity towards the beet armyworm. Higgins (1972) in 
Alabama, topically treated fifth instar larvae and observed an LD^q of 
62 ug/g. Another topical test compared fifth instar response of Florida 
and California strains (Cobb and Bass, 1975). The LD^q 's were similar,
62 and 52 pg/g for the Florida and California strains respectively.

Other tests with methomyl involving related Spodoptera species 
have been reported. Methorny1-sprayed cotton leaves fed to Egyptian cotton 
leafworm larvae gave good control over a three— to five-day period



(Kamel and Mitri, 1970? Zeid et al.,1972). Weiden (1971) reported an
LDgg of 11 Ug/g when the s;outiiern armyworm was treated topically.

Since methorny1 use is increasing in Arizona and little information 
is available regarding insecticide resistance in Spodoptera species, this 
study was initiated to evaluate current tolerance levels of the beet 
armyworm to methorny1 in southern Arizona. Comparison of different strains 
from across the Arizona agricultural belt coupled with selection for 
resistance in the laboratory, were undertaken to give a picture of the 
resistance potential in beet armyworm populations and the future value 
of me thorny 1.



METHODS AND MATERIALS

Field collections of beet armyworms from three agricultural areas 
of southern Arizona were made during July and August 1975 to establish 
initial laboratory cultures. The Yuma Agricultural Experiment Station 
near Yuma, and the Salt River Indian Reservation near Mesa, were areas 
of high insecticide usage chosen as collection sites. The Safford Agri
cultural Experiment Station, near Safford, was the third collection site 
because of low insecticide usage in the Safford Valley.

Field collections were also made in August 1976 from Safford and 
Yuma for selection tests in the laboratory. The 1975 field collections 
Consisted only of adults, while in 1976 adults and larvae were collected 
by light trap and sweep net.

In the laboratory, moths were placed in one gallon jars, containing 
paper towel strips hung from the lids as oviposition and resting sites. 
Polyethylene tubes, corked on one end, filled with a 10* sugar solution, 
and inverted through paper towel jar coverings served as the adult food 
source.

Egg sheets were removed every two days after oviposition began, 
washed in a 7.5% formalin solution for five minutes, and subsequently 
washed with tap water to reduce virus infection. After drying, the eggs 
were placed in Mason jars to hatch.

The Shorey arid Hale (1965) pinto bean diet was used to rear the 
larval stages of the three cultures, but modified to contain a higher 
water content than the original diet. A four-liter Waring blender was

6



used to mix all diet ingredients» The medium was used immediately after
cooling to prevent dessication.

First laboratory generation larvae were placed by pairs into 
30 cc plastic cups half filled with medium» This enabled each pair by 
observation to be monitored for virus, thus preventing viral spread through 
the entire culture. The second and following laboratory generations were 
placed by groups of 10 to 15 larvae into 237 cc plastic-coated cups 
one-third filled with medium. Cardboard tab lids were used for both cup 
sizes. The larval stages were completed in the cups and pupation occurred 
in the remaining medium and frass. Pupae were transferred to the one- 
gallon oviposition jars to emerge and mate. All growth stages of the beet 
armyworm were held at 27 jv 1°C and 30 to 60% relative humidity.

Testing and Evaluation Procedures
All dosage response tests involved topical application of test 

grade recrystallized methomyl (1- (methylthio) ethylimirio N-methyl- 
carbamate) dissolved in technical acetone, Topical applications were made 
with a model M ISCO micro-applicator equipped with a 0,25 cc syringe and a 
27 gauge needle that was blunted and polished. Calibration was accom
plished by measuring the weight of a volume of mercury from the syringe 
at a known temperature, and converting this to y1/dose, The needle tip 
was bent at an angle of about 90° according to the general procedure of 
Reynolds (1962),

All dilutions were made from stock solutions of 400 mg recrystal
lized methomyl dissolved in 20 ml of technical acetone, A new stock 
solution was made every month and held at 5°C in a refrigerator,
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Volumetric pipettes were used to carry out the serial dilution of the 
stock solution. The number of dilutions ranged from four to seven for 
each test, and were applied in ascending order starting with an acetone 
control for each test. The volume used for all topical tests was 0.5 ]il 
per larva. The microdroplet was applied to the dorsal surface of the 
larval thorax.

Preliminary range finding experiments were conducted to determine 
those dilutions that would give a 10 to 90% mortality. This insured good 
distribution for log probit analysis.

The method of treatment that enabled each insect to be treated 
consistently in each test, utilized small petri dishes (9 cm x 1.5 cm) 
containing fresh medium poured with the dishes on a tilt. Larvae were 
transferred from rearing cups to these treatment dishes, then treated 
topically, and left on the medium until a 24-hour mortality check was 
made. A larva was considered dead if it could not crawl normally when 
prodded in the posterior end with a probe. Larvae were treated at 
temperatures ranging between 24 and 27°C and held at 27°C.

Only third instar larvae were used in the methorny1 test program. 
Eighty to 100 larvae of the same size were weighed together before,each 
test to provide the average larval weight for later LD^^ computation.
Each test consisted of treating at least 30 larvae per dilution, treated 
in replicates of 10.

The stage of the third instar used for most tests was the molting 
period before ecdysis to the fourth instar. During this time the larval 
cuticle was stretched to maximum size, feeding had stopped, and larvae 
were quiescent. Larvae weighed between 9.5 and 13 mg when they reached
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this physiological state« A few tests were run on actively feeding

larvae which weighed between 6 and 9 mg.
The rearing and evaluation techniques just discussed are methods 

that were common to all tests completed over the two-year period, 1975 
through 1977o Three specific topical application experiments were con
ducted during this time which will be detailed.

Experiment 1, 1975 Cultures
The experiment was designed to obtain dosage response data from 

the agricultural areas around Safford, Mesa, and Yuma, Arizona. . Cultures 
from these locations were designated SI, MI, and YI, respectively.

Tests were run over a one-year period and through 17 generations 
in the laboratory. Tests were conducted through many generations to de
termine how variable the LD^q was from generation to generation and if 
tolerance was lost through time under laboratory conditions.

One or more tests were conducted during each of the following 
laboratory generations listed by culture: SI - fourth, fifth, seventh,
eighth, tenth, and seventeenth generation; MI - third, fourth, sixth,
seventh, eighth, and fifteenth generation; YI - fourth, fifth, seventh, .
eighth, ninth, tenth, fourteenth, and seventeenth generation. The
average larval weights for each test are given in Tables 1, 2, and 3. 
Results from each test were compiled and similarities or differences 
within generations and among cultures were worked out statistically.

Experiment 2, 1976 Cultures
The experiment consisted of initiating a screening program to 

select for methomyl resistance in Safford and Yuma beet armyworm strains.
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The experimental goal was to determine if a resistant strain could be 
isolated in a short period of time, since past experimentation (Tables 1 
and 3) with the 1975 cultures from Yuma and Safford resulted in log 
dosage probit lines with relatively flat slopes.

Laboratory cultures started from field collections at Safford 
and Yuma were designated SIT and YII, respectively. Baseline LD^q 's 
were experimentally found for both cultures in the second laboratory 
generation by topical treatment. Six dilutions were used for both base
line tests over a range of 0.1 to 10.0 pg methorny1/pl acetone.

The initial selection process of both cultures consisted of 
rearing through the survivors of the 5.0 pg/pl and 10.0 pg/pl dosage 
levels from the baseline tests, plus Screening additional larvae at the 
5.0 pg/pl level to bring the total number treated to 300. The screening 
dosage selected was 5.0 pg/pl because it was the LD-^-qq level for both 
cultures. The survivors were designated SL from Safford and YL from Yuma. 
Two hundred fifty to 400 progeny of each survivor culture in the third 
instar were screened at the 5.0 pg/pl level each generation with the 
Survivors reared through to produce the next generation.

All third instar larvae screened weighed between 9.5 and 13 mg. 
Mortality data were recorded for each generation. Dosage-mortality tests 
were conducted after the third and sixth generation of selection to deter
mine if the LDgy had changed.

The untreated YII and SII cultures were reared through each 
generation as a control. Dosage-mortality tests were run during the 
eighth YII laboratory generation, and the seventh and eighth SII labora
tory generations.to determine if laboratory factors other than insecticidal



pressure caused any LD^q shift with time. The sixth generation of 
selection and the eighth generation nonselected cultures were all under 
laboratory conditions the same length of time. Four or five dilutions 
over a range of 0.1 - 20.0 ]ig me thorny l/]il acetone were used for all dosage 
mortality tests subsequent to the baseline tests.

Experiment 3
Because of apparent differences in LD^q within the third instar 

in Experiment 1, several tests were set up to compare dosage response of 
quiescent molt stage larvae to smaller active intermolt larvae of,the 
same instar.

Fourth laboratory generation Y1I larvae were used for the first 
test. Eggs were placed on medium so that larvae had access to food im
mediately upon hatching, and thus no food stress occurred, After larvae 
were one day old they were placed on fresh medium, 15 per cupi This gave 
all insects equal crowding effects and produced uniformly sized larvae.

The larvae, upon reaching third instar, were treated at four dif
ferent successive ages and thus increasingly greater sizes. All larvae 
were topically treated with 2.5 Ug methorny1 per larva. All larvae 
selected for each age group were uniform in size and the average larval 
weights for the four successive groups treated were 5.4 mg, 7.4 mg, 9.5 mg 
and 12.1 mg. Sixty-eight to 80 larvae were treated at each weight level.

A ̂ second test was completed with YII eighth laboratory generation 
larvae. The same procedure as used in test 1 was followed with the fol
lowing exceptions. Age groups of uniformly sized larvae from both third 
and fourth instars were treated. Quiescent molting larvae from the third 
instar were treated. Small active fourth instar larvae were compared to
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older and larger molting fourth instar larvae, because there had been 
some question as to whether third instar differences were caused by the 
inability of smaller larvae to retain the entire 0.5 ]il microdroplet.
All fourth instar larvae easily retained the droplet on the dorsal thorax, 
The third instar age group tested had an average weight of 11.7 mg. The 
two fourth instar age groups of 100 each, had mean larval weights of 22.3 
mg and 31.5 mg.

Statistical Analysis 
For each topical test percent mortality at each dosage level was 

plotted on log-probit graph paper. Eye-fitted, dosage-mortality regression 
lines were used to estimate LC^q and LD^q values. Computer analysis was 
then used to Verify the estimated values.

Computer analysis of variance (ANOVA) programs were used to evalu
ate Experiments 1 and 2. In Experiment 1, a comparison of dosage-mortality 
data was made within and among strains. The three LD^q means of all tests 
in each culture were compared for differences among strains. LD^q means 
for each generation were then compared for differences within strains 
through time in the laboratory. The interaction effect, or relation of 
the. three strains during each generation tested, was also evaluated.

A pooled regression analysis was used combining the LD^q's of 
each generation by culture with larval weight as a cofactor to reduce 
standard error and neutralize any detrimental effects that weight might 
have on the strain-generation relationship. The ANOVA was run with and. 
without this cofactor to delineate any possible differences. The program 
used was entitled: Univariate and Multivariate Analysis of Variance;
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Covariance and Regression, Version 5, distributed by National Educational
Resources,. Inc., Ann Arbor, Michigan.

.The overall relationship of larval weight and LD^q within the 
third instar was evaluated by correlation analysis. A correlation co
efficient was calculated for each laboratory strain. Then, a pooled
correlation was completed to obtain the overall weight-LDgy relationship.
The correlation analysis format was described by Sokal and Rohlf (1973), 

In Experiment 2, the Statistical Package for the Social Sciences 
(SPSS) Version 6.0.5 ANOVA program was utilized. Selection data were 
analyzed in two ways. All topical tests (both control and selected cul
tures) collectively were compared for differences. The point of strain 
origin and selection or non-selection with methomyl were the main effects 
tested. The interaction of both main effects was also evaluated. .

The topical tests from the third and sixth selected survivor 
culture generations were also compared using point of strain origin and 
time in culture as the main effects. The confidence intervals on all 
mortality data in Tables 6, 7, 12, and 13 were calculated by use of the 
normal approximation to the binomial distribution (Robbins and Van Ryzin, 
1975) which formula was:

rgt 1.96/E k_.gi~
p = No. larvae responding/No. larvae treated
n = No. larvae treated



RESULTS

Topical treatment'of beet armyworm larvae in all three experi
ments produced several consistent symptoms» Shaking of the body from 
side to side and increased larval crawling around the petri dish were 
always the first symptoms to appear. Regurgitation and defecation usually 
followed, with flacid paralysis eventually setting in. The knockdown rate 
was somewhat delayed from the time of treatment and did not automatically 
lead to deatho No quantitative data were collected, but many larvae were 
observed to recover within 12 hours of treatment e Similar symptoms have 
been reported when the southern armyworm has been treated with carbamat4 
insecticides (Weiden, 1971)«

Experiment 1
Tables 1 - 3  contain the dosage-mortality data from the Yuma I, 

Mesa I, and Safford I tests, respectively« The data are listed by 
laboratory generation and the corresponding topical test date. Slope, 
standard error of the slope (SE), and LD^q data were all obtained from 
computer probit analysis. A nonsignificant regression was attained from 
computer analysis in a few cases, thus eye fitted curves were substituted.

The ANOVA results show only the comparison of overall LDgg1s from 
the three areas to be statistically significant (0.05 level, F-5.71, 
p < 0.0154). Table 4 contains the overall means from each strain and 
shows how many topical tests contributed to each mean. The Yuma I strain 
was significantly different from either the Mesa I or Safford I strains.

14
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Table 1. Toxicity of topically-applied methorny1 to 3rd instar beet

armyworm larvae of the Yuma I strain.

Laboratory
Generation

Test
Date

Slope
±SE

L£>50
(ug/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

4 11/16/75 1.08±.19 17.54 10.12-26.04 11.1 229
4 11/19/75 0.87 ±.22 39.16 19.03-71.71 8.4 160
5 12/11/75 1.33 ±.30 22.07 8.61-36.08 7.1 129
5 12/13/75 0.85 ±.18 53.62 30.77-88.09 6.6 230
7 1/29/76 1.23 ±.24 10.13 4.49—16.25 11.0 180
7 2/03/76 . 1.48 ±.32 33.81 18.17-50.35 8.7 148
8 2/22/76 1.24+.22 26.53 16.80-40.27 9.0 180
8 2/26/76 1.25 ±.23 17.58 10.53-26.82 11.4 180

. ga. 3/19/76 0.74 ±.28 9.65 11.4 180
9 ' 3/20/76 1.05 ±.21 14.89 7.65-23.97 10.5 180

10 4/15/76 1.14 ±.23 11.95 6.19-18.92 12.3 180
14 7/27/76 1.24 ±.20 19.00 12.45-27.08 8.2 220
17 11/03/76 0 .84 ±.15 2.49 0.67- 5.15 11.4 , 300

aData too heterogeneous to determine slope and provide useful 
95% confidence limits using probit analysis. Curve fitted by eye.
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Table 2. Toxicity of topically-applied methorny1 to 3rd instar beet

armyworm larvae of the Mesa I strain.

Laboratory
Generation

Test
Date

Slope
±SE

ld50
(yg/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

3 11/03/75 1.671.32 16.81 9.95-24.75 11.8 120
3 11/05/75 1.051.23 59.47 36.24-106.0 10.0 200
4a " 11/30/75 0.651.21 96.30 8.3 161
4 12/01/75 1.291.-21 50.05 34.41-73.76 9.0 194
•6 1/20/76 0.831.21 24.62 10.98-44.46 11.1 180
6 1/22/76 . 1.531.26 32.09 22.32-45.52 11.8 180
7 2/14/76 0.961.21 44.66 26.00-87.54 10.7 181
7a 2/16/76 1.011.43 33.15 9.5 170
8a 3/10/76 0.941.33 33.16 9.8 160
8 3/12/76 0.891.20 68.71 ' 39.69-150.0 8.2 180
15 9/13/76 1.05+.21 23.85 14.25-39.31 10.1 180

aData too heterogeneous to determine slope and provide useful
95% confidence limits using probit analysis. Curve fitted by eye.
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Table 3» Toxicity of topically-applied methomyl to 3rd instar beet

armyworm larvae of the Safford I strain.

Laboratory
Generation

Test
Date

Slope
+SE

LD50
(yg/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

4 11/19/75 0.67+.19 90.75 46.88-311.8 8.9 193
5 12/10/75 0.611.21 61.41 24.31-171.5 7.2 186
5 12/13/75 1.061.24 201.4 119.5-514.7 6.4 140
7a 1/31/76 1.11±.50 46.15 1 10.4 180
7 2/01/76 1.50+.44 55.40 12.5-17194.0 11.7 180
8 2/25/76 1.091.20 39.84 25.08-68.36 10.5 180
8 2/26/76 1.10+.20 52.74 33.46-94.08 9.8 180
10 4/17/76 1.071.21 27.33 16.57-44.87 10.6 180
10 4/18/76 1.101.21 57.38 36.26-108.7 11.3 160
17 10/12/76 0.781.16 32.40 14.35-61.14 10.1 180

aData too heterogeneous to determine slope and provide useful
95% confidence limits using probit analysis. Curve fitted by eye.



Table 4„ Cumulative toxicity data from topically-applied 
methomyl to 3rd instar beet armyworm in 
Experiment 1-

Strain
Slope 
. ±SE

ld50
(ug/g)

Larval
Weight
(mg)

No.
Tests/
Mean

No.
Larvae
Treated

Yuma I 1.10±.23 2l.42a 9.8 13 2316
Mesa I 1.08+.25 43.90 10.0 11 1906
Safford I 1.01±.26 51.49 10.1 . 9 1619

aSignificantiy different from other means at 0.05 level 
from F test.
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Safford and Mesa were not significantly different from each other. The 
latter two strains had a two-fold difference .in tolerance over Yuma.

There was no significant difference in LD5Q within strains over 
many generations in the laboratory (0.05 level, F = 1.29, p < 0.3216).
The interaction of strains during each generation was also shown to be 
nonsignificant (0.05 level, F = 0.519, p < 0.8057).

The pooled regression showed larval weight not to be a significant 
factor (0.05 level, F = 2.73, p < 0.1224) regarding within and among 
generation comparisons. Some standard error was accounted for by using 
the weight cofactor in the ANOVA, but the results did not change (0.05 
level; within strains - F = 0.2343, p < 0.9864; strain/generation inter
action - F = 0.620, p « 0.7311),.

Correlation analysis showed a significant relationship between
larval weight and LD<-q within the third instar. Figures 1, 2, and 3
illustrate the LD^q 's plotted against average larval weights for each 
laboratory culture. All three strains showed a strong negative cor
relation. The Yuma and Mesa strains had correlation coefficients (r) 
of -0.79 and -0.77, respectively, which were significant at the 0.01 
level. Safford, with an r value of -0.736 was significant at the 0.05 
level but not the 0.01 level. The pooled correlation gave an r value 
of -0.65 which was significant at the 0.01 level.

Table 5 contains the mean dosage-mortality data of the three 
■ strains for larval weights above and below 9.5 mg. This table shows a 
substantial difference, in response to methomyl by larvae in each weight 
class. -
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Fig. 1. Relationship between LD5q and larval weight within the 
3rd instar of the Yuma I strain.
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Fig. 2. Relationship between LD^q and larval weight within the 
3rd instar of the Mesa I strain.



Relationship between LDgy and larval weight within the 
3rd instar of the Safford I strain.



Table 5. Toxicity of topically-applied methomyl to
intermolt and molt stages of the beet
armyworm 3rd instar.

Mean
Larval

Larval L D 50 Weight No.
Strain Stage (Pg/g) (mg) Tests/Mean

SI intermolt 76.08 10.63 2
MI . intermolt 71.69 10.63 3
YI intermolt 32.37 11.30 6

SI molt . 45.61 8.05 7
MI molt 33.48 8.50 8

YI molt 12.03 8.00 7
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Experiment 2
Selection pressure1through six laboratory generations at the 

ld75-q0 level did not result in the development of a resistant beet 
armyworm strain. Tables 6 and 7 present the selection data per genera
tion for the selected Safford (SL) and selected Yuma (YL) strains, 
respectivelyo

Dosage-mortality test data that were used to evaluate any LD^q 
change in either the selected or nonselected cultures are presented in 
Tables 8 - 11. Tables 8 and 9 contain the nonselected Yuma (YU) and 
YL data, respectively, while Tables 10 and 11 contain the nonselected 
Safford (SII) and SL data.

The ANOVA used to compare the LD^^ values in Tables 8 ^ 11 showed 
no significant differences at the 0.05 level. This included the collec
tive comparison and interaction of all LDg0 values and the comparison of 
just the two selected strains. Table 12 contains the mean dosage-mortality 
values of all Experiment 2 tests listed by strain.

Experiment 3
Tables 13 and 14 contain the results of topical treatment of dif

ferent stages within the third and fourth instars with a standard dose. 
Table 13 shows a significant difference in mortality between young and 
old larvae in response to methomyl within the third instar. Comparison 
of fourth instar larvae in Table 14 also shows a significant difference 
between young and old larvae. In both cases, the younger, smaller larvae 
were the most tolerant to methomyl.
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Table 6 » Extent of selection pressure by me thorny 1 at 2.5 yg/ 
larva on successive generations of the Safford sur
vivor strain (SL) and effect on susceptibility levels.

Laboratory
Generation

No,
Larvae Tested % Mortality

Baseline Test 270 75.6 ± 5.12
1 262 77.1 ± 5.09
2 322 * 79.5 ±4.41
3 331 75.5 + 4.63
4 264 56.1 + 5.99
5 370 80.3 ±4.05

Table 7. Extent of selection pressure by methomyl at 2.5 yg/ 
larva on successive generations of the Yuma survivor 
strain (YL) and effect on susceptibility levels.

Laboratory
Generation

No.
Larvae Tested % Mortality

Baseline Test 300 78.0 ± 4.69
1 305 78.0 ± 4.65
2 258 69.8 ± 5.60
3 250 57.6 ± 6.13
4 284 76,1 ±4.96
5 441 71.0 ± 4.24
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Table 8 . Toxicity of topically-applied methomyl to 3rd instar beet 
armyworm larvae of the Yuma II strain.

Laboratory
Generation

Test
Date

Slope
iSE

LD50
(yg/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

2 10/07/76 0.98±.12 41.24 27.12-62.27 11.2 281
8 3/21/77 0.841.19 6,51 0.95-15.49 10.0 181

Table 9. Toxicity of topically-applied methomyl to 3rd instar beet
armyworm larvae of the Yuma survivor strain (YL) .

Laboratory
Generation

Test
Date

Slope 
. ±SE

ld50
(yg/g)

95%
. Fiducial 
Limits

Larval
Weight
(mg)

No.. 
Larvae 

. Treated

3 1/28/77 1.16+.13 25.35 17.74-36.21 13.2 280
6a 3/26/77 0.87+.18 11.38 9.7 170

aData too heterogeneous to determine slope and provide useful 
95% confidence limits using probit analysis. Curve fitted by eye.
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Table 10. Toxicity of topically-applied methomyl to 3rd instar beet 
armyworm larvae of the Safford II strain.

Laboratory
Generation

Test
Date

Slope
±SE

LDSO
- (ug/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

2 9/24/76 0.98+.09 35.89 27.41-47.00 12.2 590
7 2/04/77 1.07±.11 18.18 13.03-25.37 13.2 400
8 3/04/77 0.82+.17 24.16 7.11-48.27 10.9 180

Table 11. Toxicity of topically-applied methomyl to 3rd instar beet 
armyworm larvae of the Safford survivor strain (SL).

Laboratory
Generation

Test
Date

Slope 
. +SE

LD50
(ug/g)

95%
Fiducial
Limits

Larval
Weight
(mg)

No.
Larvae
Treated

3 1/18/77 0.57+.16 18.25 2.72-41.35 11.6 191
6 , 3/19/77 0.94+.15 25.96 11.64-44.39 11.1 255
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Table 12. Cumulative toxicity data from topically-applied methomyl ■
to 3rd instar beet armyworms.

Strain
Slope
±SE

^d50
(Ug/g)

Larval
Weight
(mg)

No.
Tests/
Mean

No. Larvae 
Treated/Mean

USDA 0.96+.14 20.88 11.3 1 280
SII 0.96+.12 26.08 12.1 3 1170
SL 0.76+.15 22.11 11.4 2 446
YII 0.91±.16 23.88 10.6 2 462
YL 1.024.16 18.37 11.5 2 450
Calif.a 1.01 22.30 8

^Information regarding standard error of slope, larval weight, 
and number of larvae treated was. unavailable.



Table 13. Mortality from topically-applied methomyl at 2.5 jig/
larva to 3rd instar beet armyworms of the 4th

. laboratory generation Yuma II strain.

Avg, Wt./ No.
Larva (mg) Larvae Treated % Mortality3-

5.4 75 . 49.3 ± 11.25
7.4 68 52.9 ± 11.92
9.5 75 81.3 + 8.76

12.1 80 80.0 ± 8.76

Significant differences in mortality between weight 
groups at the 0.05 level (as determined by the confidence 
intervals) are indicated.

Table 14. Mortality from topically-applied methomyl at 2.5 Jig/ 
larva to beet armyworms of the 8th laboratory. 
generation Yuma II strain.

Avg. Wt./
Larva (mg)a Instar % Mortality^

11.7 3rd 86 + 6.78
22.3 4th 82 ± 7.59
31.5 4th 95 ± 4.37

a0ne hundred larvae were treated at each weight level.
Significant differences in mortality between weight 

groups at the 0.05 level (as determined by the confidence 
intervals) are indicated.



DISCUSSION

Larval susceptibility to insecticides has been shown in the past 
to vary with size and stage of development« Brown (1958) states:
"Insects vary in their insecticide susceptibility not only from stage to 
stage, but also with their age within an instar, with the sex, and with 
their nutritional state"o Cast (1959) dealing with four lepidopterous 
species, found that some larvae enormously increased their tolerance while 
Others showed almost uniform tolerance as weight and age increased. It 
was concluded that the yg/g basis of dosage in lepidopterous larvae cannot 
be explained by simple surface to volume ratio.

Reynolds (1960) found that susceptibility in the beet armyworm 
apparently varies considerably within a particular instar. This study 
supports Reynolds' statement. The negative correlation from Experiment 
1 shows that within the third instar, the LD^q decreases as larval weight 
increaseso This implies that there is a linear regression effect, but 
data from Experiment 3 (Table 13) suggest a threshold effect. The 
threshold seems to be at the point of transition from the intermolt to 
molt phase of the third instar.

There are many changes during the molting period which are dif
ferent from the intermolt period that could contribute to tolerance 
differences. Nutritional differences are apparent, in that intermolt 
larvae actively feed much of the time, while larvae usually quit feeding 
during the molt period. This may be why 22 to 24% of total lipids are 

used up by the armyworm during the molting process (Mukerji and Guppy,
30
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1973). Intermolt larvae are very active while molt phase larvae are 
quiescent. The quiescence could correspond with the many internal changes 
occurring'that are associated with cuticle formation. The cuticle is 
fully expanded during the molt phase but is not during intermolt. 
Wigglesworth (1956) states that metabolic intensity may vary because of 
nutritional and morphological changes during the molt phase. The overall 
stress during molting which is the cumulative effect of nutritional, 
physiological, and behavioral changes suggests that a form of vigor 
tolerance (Hoskins and Gordon, 1956) may be occurring within the instar.

Similar drops in tolerance during the molting phase have been 
noted in other insects. Burchfield et al. (1953) found that Aedes aegypti 
in response to heptachlor showed a continuous drop in tolerance through 
the first instar, but other instars showed a gradual rise in tolerance 
with a sharp drop around each molt. Mukerjea (1953) sprayed three instars 
of the tomato moth (Diataraxia oleracea) at intervals of 4, 24, 50, 72, 
and 96 hours after each molt. In each of the instars, the tolerance rose 
to four or five times the initial value in the middle of the instar and 
then fell to about double the initial value just before the next molt. 
Similar results were obtained with fifth instar larvae of the tomato,moth 
in another investigation (Way, 1954).

The smaller larvae on the average showed a more vigorous reaction 
when topically treated than did the older larvae. This could have caused 
some of the smaller larvae to absorb less of the toxicant. The amount of 
vigorous activity varied per test in both larval stages. This could not be 
controlled and so probably contributed to some of the variance in LDg0 
values from test to test.
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The idea that the smaller larvae were physically incapable of 

holding the entire microdroplet was considered. Many sizes of third 
instar larvae were treated and observed to see if the droplet would run 
off. Larvae larger than five to six mg were able to retain the entire 
0.5 hi droplet satisfactorily. Fourth instars which can easily hold a 
0.5 hi droplet showed the same larval weight/LDgy relationship noted in 
the third instar (Table 14), Also, the surface to volume ratio of larvae 
weighing eight to nine mg is very close to larvae weighing 10 mg but there 
is a large tolerance difference between the two. This suggests that more 
than physical size was involved in the tolerance differences.

The relationship between LD^q and larval weight substantiated by 
correlation analysis in Experiment 1 was not evident in the pooled re
gression and ANOVA analyses. This was because in the latter statistical 
tests, means were calculated for each generation, which in some cases 
averaged an intermolt larval test and a molt phase test. This nullified 
the weight factor in those generations. Also, tests using small larvae 
and tests using larger larvae were intermixed over the 17-generation 
period in the laboratory which caused larval weight to have little effect 
on the long term within or among larval generation comparisons.

The log dosage probit (Id-p) line is a key factor for correct 
interpretation of any dosage-mortality test. A plot of log dosage versus 
probits gives the Id-p line, which, for a homogeneous group is approx
imately straight over the mid-mortality range, usually at least from
20 - 80%. The important properties of the Id-p line are its slope and

i
the LC or LD values extrapolated from it. "The slope of the Id-p line 
is a measure of the variation in response to a toxic chemical" (Hoskins,
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1960) o A steep slope shows that the population tested is very homogeneous
in response to the toxicant, A flat slope shows a broad range in response
within the population tested, or heterogeneity = .

In many insect species where resistance is due to just one or a
closely linked cluster of genes, selection will first cause the Id-p line 
to flatten out but eventually become steep again and move to the right as 
the population becomes more homozygous for the resistant gene (Hoskins 
and Gordon, 1956). When resistance is polyfactorial, many gene combina
tions are selected simultaneously so that population heterogeneity, - 
and thus slope, do not change noticeably under selection pressure (Brown, 
1959), In this case the Id-p line slope remains about the same but shifts 
to the right under insecticide pressure. The theoretical monofactorial 
and polyfactorial resistance situations are presented in Figures 4 and 5, 
respectively•

Tables 4 and 12 which present the mean Id-p line slopes for all 
beet armyworm strains tested show all to be very similar. The California 
strain from the Imperial Valley and.the USDA strain, originally from 
southern Arizona, also have the same flat slope. It should be pointed out 
that the same number of tests are not represented by each mean but compari
sons will be made from the data presented.

The USDA strain is of particular interest because it has been 
under culture in the laboratory for 14 years and still shows a highly 
heterogeneous population response to methomyl. One would normally expect 
a more homogeneous population after much laboratory inbreeding. This 
could suggest that the flat curve is the normal beet armyworm population 
response and that methomyl attacks several enzymes in the insect at one



34

= 3

£

Fig. 4. Changes in dosage-mortality regression lines resulting 
from selection pressure in a monofactorial resistance 
situation. (S., susceptible; R, resistant.)
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Fig. 5. Changes in dosage-mortality regression lines resulting 

from selection pressure in a polygenic resistance 
situation. (S, susceptible? R, resistant.)
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time. This polyfactorial theory is further substantiated by preliminary 
me thorny 1 selections done at the University of California, Riverside <> The 
laboratory colony in Table 12 selected for two generations at the LD^q 
level produced an LDgQ increase from 22c3 to 76.4 Jig/g, but the Id-p line 
slope did not change (Hickle, 1977). This situation closely parallels 
the theoretical situation presented in Figure 7.

The LDg0 values obtained from the various areas differed even . 
though the overall population response borne out by the slopes of the 
ld-p lines was similar. The three Experiment 1 strains, as shown by the 
ANOVA, indicated no significant deviation from their respective overall 
means through 17 generations in the laboratory. The ANOVA did not, how- 

. ever, compare tests of the same weight class to the mean from that class. 
This would infer comparison of intermolt tests to intercnolt tests and 
molt tests to molt tests.

The Yuma I strain on this basis appears to have become more sus
ceptible in the last two tests conducted (generations 14, 17; Table 1) 
when compared to tests of similar larval weight. The Yuma differences 
could be attributed to just random variance in the population, but the 
large sample size of the last two tests should have given an accurate 
picture of population response6 Safford I and Mesa I strains showed no 
differences in LDg0 through time in the laboratory, even if specific 
larval weight, groups were considered.

The fact that the Safford I strain had the highest LD5Q values 
is of interest since it was the area of lowest insecticide usage. This 
would suggest a natural tolerance indigenous to the Safford population. 
High LPgQ1s as a result of cross tolerance with organophosphorus
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insecticides is possible but improbable, because, as of late, only minute 
amounts of methyl par a thion- toxaphene and Di-Syston (disulfoton) have 
been applied in the area (Moore, 1977) .* The Safford Valley is in an iso
lated area surrounded by mountains, thus migration and establishment of 
moths from high insecticide use areas in Mexico is remote» 'The elevation 
and wide range of temperatures may have helped select a highly vigorous 
strain and the resulting heterogeneous population e

Yuma and Mesa are in the midst of the highest insecticide use 
areas of the State, and if any resistance buildup was occurring it would 
be noticed first in these areas. The USDA strain with an LD^q of about 
21 Ug/g corresponds very closely with the Yuma I tolerance level and is 
slightly more susceptible than the Mesa strain« This would suggest that 
current native beet armyworm populations have not developed resistance 
of any consequence to methomyl when the USDA strain is used as a reference 
or baseline point.

Test results from the 1975 Safford and Yuma strains were not 
statistically compared to test results of 1976 field collections from 
the same localities. This was mainly because only a small amount of 
tolerance data were collected from the 1976 strains for use as a control 
for selection experiments.

It appears that tolerance levels in the YI and Yli strains are 
about the same. The two YII LD^^'s are significantly different from 
each other, but because of the minimal amount of data available and 
possible population variance no conclusions can be drawn.

The SII tolerance level seems to be slightly less than the SI 
level. This can probably be accounted for by variation in genetic



38
material collected from the overall genetic pool of the area on- two 
different occasions«

Past research has shown that laboratory strains under culture 
for several years may fail to develop resistance despite intensive 
pressure (Georghiou, 1963, 1969b; Georghiou and Caiman, 1969; McEnroe 
and Kot, 1968; Tadand and Brown, 1966). Georghiou, Metcalf, and Gidden 
(1966) have found that laboratory selection of mosquitoes has given 
more negative than positive results, although field populations in areas 
where laboratory strains were collected did develop resistance.

The fact that a resistant strain was not isolated in the labora
tory may be partially explained by several factors. Carbamate resistance 
many times involves more than one genetic factor. Often an interaction 
of several dominant and recessive factors is needed to give rise to high 
levels of resistance (Georghiou, 1972). The earlier discussion regarding 
the slope of the Id-p line supports this idea pertaining to methorny1 and 
the beet armyworm. Regarding genetic material in laboratory strains, 
Georghiou et al. (1966, p. 706) state: "Negative results may occur in
laboratory selection due to accidental exclusion of suitable genetic 
material from initial populations or from subsequent laboratory genera
tions, rather than to the absence of resistance potential as a whole."

. The preceding statement applied to this study may point to either 
an inadequate initial sample size or not enough larvae screened each 
generation to maintain a large gene pool. Also, initial selection 
probably should have been at the level to allow for genetic
recombination of minor gene factors.
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Despite the failure of resistance selection in the laboratory, 

the presence of some highly tolerant individuals and a very heterogeneous 
population denoted by the slopes of the Id-p lines provide suitable po
tential for resistance development/ The previously mentioned selection 
results of the Riverside beet armyworm strain show that the flat slope 
can lead to resistance buildup under suitable insecticide pressure.
Thus, resistance should be able to be developed in Arizona strains ac
cording to current prevailing theory based on the Id-p line slope of model 
populations.

To evaluate the status of methomyl as a control agent of the beet 
armyworm in Arizona, several variables must be considered. The fact that 
the beet armyworm is a strong flier and has many food hosts is advantageous 
since this enables more population movement and exposure to a variety of 
habitats with varying amounts of insecticide pressure. Georghiou (1972, 
p. 150) states: "Under field conditions, it is well known that species
with alternate hosts are slower in developing resistance than strictly 
one-host species."

Wild food hosts in the desert can provide an occasional opportunity 
for one or more generations to rear through without suffering exposure to 
insecticides. Hills (.1968) found, however, that wild hosts play a minor 
role in maintaining the major population numbers in southern Arizona. He. 
found that the bulk of population numbers came from irrigated areas under 
cultivation. Since most beet armyworms come from the relatively small 
area under cultivation, agronomic practices and insecticides used will, be 
the major influence determining how fast resistance develops.
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Since many economic plants are good larval hosts, insecticide 

exposure would include a Variety of compounds which could reduce re
sistance buildup towards any one group. Probably a big reason why no 
methorny1 resistance occurs in Arizona at present is the fact that alfalfa 
fields are interspersed throughout most of the agricultural belt. Al
falfa is a year round host which can act as a holding pool for the beet 
armyworm population. Up until recently insecticide usage in alfalfa has 
been almost nonexistent since most is used for forage or hay (Moore, 1977). 
The introduction of the blue alfalfa aphid has caused some insecticide 
usage in the last few years but only in the western half of the State.

Since the potential for methomyl resistance is present in Arizona 
beet armyworm populations, the best way to increase the lifespan of this 
chemical is to follow a balanced insect pest management program. Because 
the beet armyworm is usually a secondary pest in crops like cotton and 
alfalfa (Eveleens, Van Den BosCh, and Ehler, 1973) little research 
emphasis has been placed on this insect and no economic thresholds have 
been experimentally determined. Economic thresholds are sorely needed 
in sugar beets where the beet armyworm is a primary pest.

The potential use of parasites for partial beet armyworm control 
looks encouraging. Fifty to 60% parasitization of beet armyworm larvae 
on midseason sugar beets was observed in central Arizona in 1976 
(Fullerton, 1977).

If economic levels are established and natural control is used 
to its fullest extent, fewer applications of methomyl would be needed.
This would expose fewer beet armyworms to the insecticide and help keep 

the number of resistant individuals in Arizona populations to a minimum.
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Having considered some of the ecology and current methomyl 

tolerance levels of the beet armyworm, and if insect pest management 
principles are applied to beet armyworm control f methomyl should be an 
effective stopgap When economic levels are reached for some years to 
eomeo



CONCLUSION

There was a negative correlation between larval weight and LD^q 
among third instars of the beet armyworm. Limited data suggest a 
threshold effect in which molt phase larvae were more susceptible than 
intermolt larvae.

There was a high degree of heterogeneity in populations tested, 
brought out by relatively flat dosage-mortality curves. Data suggest 
that resistance to methomyl is a polyfactorial situation in which many 
gene combinations are involved.

Selection for increased resistance with methomyl in the labora
tory yielded negative results, but population heterogeneity should provide 
suitable potential for resistance. It is concluded that accidental ex
clusion of genetic material from initial populations or from subsequent 
laboratory generations caused the negative result and that resistance 
could be developed in Arizona strains.

The comparison of these native strains with a USDA strain showed 
no development of resistance of' any consequence in the State at this time. 
The ecology of the beet armyworm coupled with the use of insect pest 
management should enable methomyl to be used effectively for some years 
to come.
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APPENDIX A 

COMPOSITION OF LARVAL DIET

Ingredients Amount
Soaked pinto beans (water, 24 hrs.) 711.0 gm. dry
Dried brewer's yeast 106.6 giru
Ascorbic acid 10.6 gm.
Methyl-p-hydroxybenzoate 6.6 gm.
Sorbic acid , 3.3 gm.

a/Vitamin mixture " 38.3 gm.
Formaldehyde (40%) 6.6 ml.
Agar^/ 42.6 gm.
Distilled water 2386.0 ml.

^Vitamin Fortification Mixture - Nutritional 
Biochemical Corp., 26201 Miles. Road, Cleveland, OH 44128.

k^Bacto - Agar, Difco Laboratories, Detroit, MI.
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APPENDIX B

BACKGROUND INFORMATION ON LOCALITIES WHERE 
BEET ARMYWORM FIELD COLLECTIONS WERE MADE

1975 Collections
No. Beet Armyworms Crops in

Location Date Collected Immediate Area

Yuma 7/23/75 20 adults cotton, sorghum.
8/05/75 13 adults and alfalfa

Mesa 7/09/75 7 adults cotton, melons,
8/05/75 7 adults Sorghum, grasses

Safford 8/19/75 25 adults corn, sorghum, 
sugar beets, 
alfalfa, cotton.

1976 Collections
bean varieties

Yuma 8/19/76 50 larvae collected from 
alfalfa

Safford 8/19/76 . 27 larvae 
18 adults

cotton, corn, 
sugar beets, 
larvae from 
alfalfa
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