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This initial issue of the Journal of Agricultural Entomology is respectfully dedi· 
cated to the memory of the fIrst president of the South Carolina Entomological 
Society, James Harvey Cochran (1913-1969). The Chief, as he was affectionately 
called by his colleagues and friends, was a dedicated teacher and administrator, an 
accomplished researcher, and a strict, impartial regulatory entomologist. 

Dr. Cochran was born and educated in Abbeville County, South Carolina; and 
received a B.S. degree from Clemson College (University) and M.S. and Ph.D. 
degrees from Iowa State University. His professional activities included distinguished 
selVice as a Major in the U. S. Army during World War II, and reselVe duty as a 
Lt. Colonel. He was a research entomologist with E. I. du Pont deNemoors and 
Company, then joined the staff of the Clemson University Department of Entomology 
and Zoology in 1947 where he was named Department Head in 1953. Under his 
direction, the graduate program in the department grew from 8 struggUng new one 
to one of the largest graduate programs at the University. In his role 85 South 
Carolina State Entomologist. he directed the regulatory activities of the professional 
staff of the South Carolina Crop Pest Commission. His research interest was in the 
area of peach insect control. He was author and co-author of numerous publications 
dealing with these and other economic entomological problems. 

Dr. Cochran was a dedicated member of his church, and an active community 
and civic leader. 

He was married to the former Mildred Batson and was the proud and devoted 
father of daughters, Sandra and Jennifer, and son, Andrew. 

He was a member and actively participated in many state, local, and national 
honorary societies including Phi Kappa Phi, Alpha Zeta, Gamma Sigma Delta, and 
Sigma Xi He was listed in Who's Who in America and in American Men of 
Science. 

Dr. Cochran, Jim, or "the Chief," was a man of vision, wisdom and humility 
with a great dedication to entomology. He had deep compassion for his subordinates. 
He had a great love for the department at Clemson, especially the students. Much 
of his success was due to his cooperative spirit in each segment of his professional 
activities and his personal life. Two scholarships have been founded in his memory; 
one funded by the South Carolina Pest Control Operators Association, of which he 
was an honorary member, and the other, the J. H. Cochran Scholarship Award, 
funded by donations from his former students, friends and colleagues, and 
administered by the South Carolina Entomological Society, Inc. 

L. H. Senn 
S. B. HaY8 

T. E. Skelton 
J. K. Reed 



EVALUATION OF SOUTH CAROLINA FIELD STRAINS OF CERTAIN 
STORED-PRODUCT COLEOPTERA FOR MALATHION RESISTANCE 
AND PIRIMIPHOS-METHYL SUSCEPTIBILITY' 

Paul M. Horton'
 
Department of Entomology, Fisheries and Wildlife
 

Clemson University, Clemson, SC 29631
 

Abstract: Dose discriminating laboratory tests for malathion resistance indicated the wide
spread occurrence of malathion-specific resistance in South Carolina strains of Tribolium 
castaneum (Herbst) and the lack of malathion resistance in South Carolina strains of T. 
confusum Jacquelin du Val, SitophiJus zeamais Motschulsky, S. oryzae (Linnaeus), S. granarius 
(Linnaeus), and Rhyzopertha dominica (Fabricius) collected in the field. Parallel tests using 
pirimiphos-methyl revealed that all strains of the same six species could be completely 
controUed by pirimiphos-methyL 

Key \1r'Ords: Stored-product Coleoptera, resistance, 7h"bolium spp., Sitophilus spp., Rhyzopertha 
dominica 

J. Agric. Entomol. 1(1):1-5 (January 1984) 

Malathion is the insecticide most widely used for control of stored product 
insects and is the compound against which most other stored product insecticides 
are compared (Harein and De Los Casas 1974, Bond 1973). The presence of 
malathion resistance in stored product insects has been recorded worldwide and is 
a matter of some concern since there are few chemicals to replace it (Champ and 
Dyte 1976, Harein and De Las Casas 1974). 

Pirimiphos-methyl (Actellic~) has been suggested by a number of workers to be 
a suitable alternative to malathion. It posseses many of the same properties that 
make malathion a good stored product insecticide (LaHue 1979, Deighton 1978, 
LaHue and Dicke 1977, McDonald and Gillenwater 1976, Bengston et aI. 1975). 

The objectives of this study were to evaluate South Carolina field strains of 
stored·product Coleoptera for malathion resistance and to test the susceptibility 
of these strains to pirimiphos-methyl. 

MATERIALS AND METHODS 

During 1979 and 1980 grain bins located on 51 forms in 34 of the 46 counties 
in South Carolina were sampled for active insect infestations (Horton 1982). All 
strains of six species of adult Coleoptera collected from these field sites were 
reared and maintained in laboratory cultures according to the methods of Miller et 
al. (1969). The six species were the granary weevil, Sitophilus granarius (Linnaeus), 
the rice weevil, S. oryzae (Linnaeus), the maize weevil, S. zeamais Motschulsky, the 
red flour beetle, Tribolium castaneum (Herbst), the confused flour beetle, T 
confusum Jacquelin du VaL and the lesser grain borer, Rhyzopertha dominica 
(Fabricius). Identification of these field-collected strains was confirmed by tbe 

1 Rec:ei"ed for JlUbli~tioo 3 February 1983: aC(:epted 26 April 1983. 
2 EJ:tenaion Entomologiat ,nd A..ialtlnt Profe5llot. 
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Insect Identification and Beneficial Insect Introduction Institute, ARS, USDA at 
Beltsville, MD. Standard laboratory strains of the same species, which had been 
maintained without insecticidal pressure for a number of years, were obtained from 
the Stored-Products Insect Research and Development Lahoratory, ARS, USDA at 
Savannah, GA. Both field and laboratory strains of all six species were cultured 
and maintained at 27± 2°C, 70± 5%RH and on a 12 h light:dark cycle. The F 1 

generation generally provided sufficient numbers to conduct the tests. 
The discriminating dose method for the detection of resistance in wild popula~ 

tiona of grain beetles was used (FAO 1974). The discriminating dose is one that is 
expected to "knock down" (KD) all susceptible specimens. The concentration used 
is that corresponding to a 99.9% KD on the regression line for susceptible beetles. 
The discriminating concentrations for malathion standardized by FAO and used in 
these tests and number of wild strains tested are shown in Table 1. 

Table 1. KD Malathion concentrations for testing the resistance or susceptibility of99.9 
certain stored-grain beetles. 

No. 
strains 

Insect species % Concentration f tested 

Rhyzopertlla dominica (Fabricius) 2,5 4 
Sitophilus zeamais Motschulsky 1.5 25 
S. granarius (Linnaeus) 1.5 2 
S. oryzae (Linnaeus) 1.5 9 
Tribolium casraneum (Herbst) 0.5 28 
T confusum Jacquelin du Val 0,5 3 

f FAD 19;4 

The same concentration of 0.25% pirimiphos-methyl was used to test all species 
based on recommendations made by the manufacturer - leI Americas Inc., (personal 
communication). 

The same techniques were used for the detection of both malathion resistance 
and pirimiphos·methyl susceptibility. Parallel tests were conducted usin~ synergized 
malathion and synergized pirimiphos·methyl to give a qualitative indication of the 
type resistance present All insecticides and the synergist, triphenyl phosphate 
(TPP), were high grade chemical samples obtained from the manufacturer. The 
insecticide:synergist ratio used was 1:5. With the exception of substituting Shell 
Flex-210~ (Bansode and Campbell 1979) for Risella 17 as the primary oil solvent, 
insecticide solutions and impregnated filter paper testing substrates were prepared 
according to FAD recommendations (1974). Stated concentrations were the per
centages of insecticide in the primary oil solvent after evaporation of the secondary 
solvent, cWorofonn. 

A complete test for each insect strain consisted of three replicates for each of 
the four insecticide solutions (malathion, malathion + TPP, pirimiphos-methyl, 
pirimiphos·methy\ + TPP) and the control. Forty insects were exposed to each 
treatment and the control. A total of 600 insects was treated for each test. Similar 
tests were made on all strains using 2.5% TPP in oil as an internal control. 
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Adult beetles were separated from the culture media by hand sieving and were 
aspirated from the sieve collection container in batches of 10. Each group was 
transferred directly from the aspirator collection jar into a 1.5 X 9.0 cm disposable, 
sterile, plastic petri dish. This procedure was repeated until all 15 petri dishes 
contained 40 insects each. 

The insects were held in the petri dishes at rearing room conditions for 1 h 
without food. The 15 batches of insects then were assigned at random to the 
treatments. The petri dish cover was removed, the impregnated filter paper placed 
inside, and the cover replaced. Cover and dish were inverted depositing the insects 
directly onto the filter paper. The treated specimens were held for 6 h (24 h for R. 
dominica) at rearing room conditions. At the end of the exposure time, the insects 
were examined and numbers responding were recorded. 

The criterion for response was KD, defined as inability of the insects to stand 
and walk even when touched. If 5-20% mortality was observed in the controls, the 
percentage responding to all treatment levels was corrected by Abbott's formula 
(FAD 1974). 

After the insects were exposed to the discriminating dose for the appropriate 
period, 100% KD would result in the sample being classified as uno resistance 
detected," while the presence of unaffected insects at the end of the exposure 
could be regarded as "prima fade evidence of resistance" according to the FAD 
(1974). When apparently resistant insects survived, the tests were repeated using 
fresh papers and additional specimens from the same populations. 

RESULTS AND DISCUSSION 

No resistance to malathion was detected in any of the Sitophilus spp. or R 
dominica strains tested at the LD99.9 levels. In 1976 the FAD worldwide survey 
found 12 of 15 North American strains of T confusum resistant (Champ and Dyte 
1976), however, none of the South Carolina T con[w;um strains exhibited malathion 
resistance. The mean K.D for the 29 South Carolina field strains of T castaneum 
was 53% with 16 strains (57%) showing resistance (Table 2). The FAD reported 
87% of 505 strains of T. castaneum to be resistant worldwide with 60.8% of 23 
North American strains resistant in 1976 (Champ and Dyte 1976). The 
malathion-resistant South Carolina strains of T castaneum were 100% susceptible 
to the malathion-TPP treatments which indicated a malathion-specific resistance. 
The FAD reported that 7 of the 23 North American strains and 45% of the 
worldwide strains of T castaneum were resistant to malathion-TPP. No mortality 
was obsel;'ed with TPP alone. 

All strains of all species tested demonstrated 100% susceptibility to pirimiphos
methyl within 3 h after exposure. There were no differences between the pirimiphos
methyl and pirimiphos-methyl plus TPP treatments. 

The results of these tests are very similar to those reported for a similarly 
tested, composite strain collected from several sites in North Carolina (Bansode 
and Campbell 1979) and those from Georgia and Alabama tested by topical 
application (Zettler 1974). These South Carolina tests indicate that resistance to 
malathion by T. castaneum is widespread in this state. According to Zettler (1974, 
1979), resistance to malathion has resulted in control failures in the field. The 
collection data for the strains used in this series of tests suggest that control 
failures have occurred in South Carolina. The resistant South Carolina strains were 
collected from throughout South Carolina and no geographic pattern was evident. 
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As well stated by Zettler (1974), even where failure to control grain beetles by 
malathion has not occurred, some breakdown in control may soon occur if malathion 
fonnulations continue to be relied upon as the primary protectant for stored 
products. This evidence suggests that it might be best to continue to use malathion 
against susceptible populations and to reserve alternate materials such as pirimiphos~ 

methyl for resistant populations because pirimiphos-methyl certainly appears to be 
an acceptable alternative. 

Table 2.	 Summary of dose discriminating tests for malathion resistance of Tribolium 
castaneum (Herbst) strains collected in South Carolina 1979·1980. 

Mean % knockdown when exposed to: 

0.5% Malathion + 
2.5% triphenyl 

Strain t 0.5% Malathion phosphate Control 

Allendale 17' 100 a 
Famax 83' 100 a 
Townville 100 100 0 
Pelzer 28' 100 0 
Moncks Corner 0' 100 0 
Summervile 100 100 0 
Beaufort 0' 100 0 
Frogrnore 100 100 0 
Burton 100 100 0 
St Matthews 0' 100 0 
Ft. Motte 100 100 2 
Manning 33' 100 0 
Summerton 100 100 a 
Gaffney 100 100 0 
Dillon 0' 100 a 
Effingham 100 100 a 
Ninety Six 100 100 0 
Hampton 3' 100 0 
Conway 0' 100 0 
Rembert 100 100 0 
Bishopville 2' 100 0 
Swansea 2' 100 a 
Branchville 8' 100 0 
Central 100 100 0 
Silverstreet I' 100 0 
Saluda 53' 100 0 
Boykin 100 100 0 
Blacksburg 0' 100 a 
Savannah Lab 100 100 0 

Means 53 100 0.07 
f Different names indicate &ePIlJ"Rte collection Bites 1i~led by nCMli'U towrlllhip. 
• Indicates detedioll of resistance. 
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DAMAGE FROM INFESTING MAIZE PLANTS WITH EUROPEAN 
CORN BORER' EGG MASSES AND LARVAE' 

W. D. Guthrie, J. L. Jarvis, and J. C. Robbins 

Corn Insects Research Unit, USDA-ARS, Ankeny, IA 50021, and
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Abstract: During 8 4-yr period (1979-1982), 10 to 25 genotypes of maize, Zea mays L., were 
infested with two, three, or four applications of European corn borer (ECB), Ostn"nia nubilalis 
(Hubner), egg masses or larvae (ca 50 eggs or 50 larvae/plant/application). One yr out of 
four, leaf feeding damage by fll'St-generation ECBs and sheath-collar feeding damage by 
second-generation ECBs were significantly greater from infestations with larvae than with 
egg masses. and one yr out of four, leaf feeding, sheath-collar feeding, and stalk feeding 
damage were statistically equal from infestations with larvae and egg masses. Two years out 
of four, the three types of plant damage were significantly greater from infestations with egg 
masses than with larvae. 

With the exception of stalk feeding damage in 1979, four applications of eit-her egg 
masses or larvae gave significantly more plant damage than three or two applications, and 
three applications gave more plant damage than two applications. 

The genotypes varied greatly in plant damage because they differed in degree of resistance 
or susceptibility to leaf feeding by fU"St·generation EeBs and to sheath-collar feeding and 
stalk feeding by second-generation ECEs. 

At present., the commercial maize seed companies infest maize plants with larvae mixed 
in corncob grits 121 million egg masses (eft. 600 million eggs) are produced each season]; 
levels of damage during some seasons may be less from infestations with larvae than with egg 
masses but nre adequate for measuring relative degrees of resistance and susceptibility. Our 
laboratory plnns to use larvae in screening gcrmplnsm for resistance to fll"St- and sccond
generation EeBs. We will continue to use egg masses, however, in recurrent selection studies 
(the best 10% of the population is selected each cycle for recombination), in economic 
threshold studies (for which yield is an important criterion), and in evaluating insecticides for 
controlling ECBs. 

Key Words:	 European corn borer, Ostrinia nubilalis, maize genotypes, egg mass, larval 
infestations 

J. Agric. Entomol. 1(1):6-16 (January 1984) 

Host plant resistance studies on the European corn borer (ECB), Ostrinia 
nubilalis (Hubner), have been conducted by the United States Department of 
Agriculture (USDA) for 56 yr; Dicke evaluated maize, Zea mays L., hybrids (under 
natural infestation conditions) at Monroe, MI, in 1927 (F. F. Dicke, personal 
communication). Artificial infestations were started in 1932; cornstalks (containing 
diapausing larvae) were placed in large cages during the fall to obtain moths for 
egg production the following spring. Research on rearing ECB larvae on 8 meridic 
diet was started during the 1960s and was perfected by 1970. Over a 33-yr period 
(1932-1964), the USDA produced 10 million egg masses by using the old method. 

I LEPIDOPTERA: P)"ralidae.
 
2 Joint eontribution: Com rn-.eeu RutllrCh Unit, United Statu Department of Agriculture, Apiculrural Ruearl"h Stoice,
 

and Journal Paper No. J·I0924 of the )(J\to1l Agric.. and Horne Economics Elp. Stn., Arne.. IA 60011. Projecr Ko. 2513. 
Reeeiyed fOf publication 23 Mareh 1983; accepted 16 May 1983. 
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In 1982, the USDA-Iowa State University Com Insects Research Unit, nine maize 
seed companies, two agricultural experiment stations, and Agriculture Canada 
produced ca. 24 million egg masses (ca 700 million eggs) by using a meridic diet 
for larval rearing. 

Until recently, maize plants were infested with egg masses; 1.3 cm·Diam discs 
of waxed paper containing one egg mass were dropped into the whorl of plants for 
rrrst·generation tests and were pinned to the underside of leaves for second· 
generation tests (Guthrie et at 1971). Recently, Mihm and Ortega at The Interna
tional Maize and Wheat Improvement Center (CIMMYT) in Mexico developed a 
technique for infesting plants with larvae of several lepidopterous species (Ortega 
et aJ. 1980). John Campbell, Pioneer Hi-Bred International, Inc., modified CIMMYT's 
technique for infesting maize plants with ECB larvae (Wiseman et at 1980). 

The larval infestation technique eliminates laborious egg mass punching and 
pinning, and in areas with large predator populations, the escape problem is 
minimized by eliminating predator attacks on eggs. Highly uniform infestations on 
maize were achieved. with frrst-instar laIvae of four lepidopterous species at CIMMYT 
(Ortega et at 1980); with fall armyworm, Spodoptera frugiperda (J. E. Smith), 
larvae on maize at Tifton, GA (Wiseman and Widstrom 1980); with tobacco 
budwonn, Heliothis uirescens (Fabricius), larvae on cotton at Mississippi State, MS 
(Hall et at 1980); and witb southwestern com borer, Diatraea grandiosella (Dyar), 
larvae at Mississippi State, MS (Davis and Williams 1980). 

Our objective was to compare methods of infesting maize plants in the field 
with ECB egg masses and larvae. 

MATERIALS AND METHODS 

In 1979, 1980, and 1981 a split-split-plot experimental design with six replica
tions was used: Genotypes of maize were the whole plots (the following 10 inbred 
lines were used in 1979: B14A, B52, B73, B75, B86, Oh43, WF9, W73A, W75B, 
W182E; in 1980 and 1981, the above 10 inbreds plus the following six single cross 
hybrids were used: A619 X A632, A619 X H99, B37 X B14A, B73 X Mo17, B84 
X Mo17, B86 X SC213). Two, three, or four applications of egg masses or larvae 
were the split-plot treatments. Infestations with egg masses or larvae were the 
split-split-plot treatments. In 1982, a split-plot experimental design with six repli
cations was used. The following 25 genotypes of maize were the whole plots: 
(A619, A632, B52, B73, B75, B84, B85 B86, CI31A, H99, Mo17, WF9, W183E, 
P3369A, B86 X B84, B86 X A632, B86 X B73, B86 X Mo17, B86 X A619, B86 
X B75, B86 X B85, B86 X CI31A, B86 X H99, B86 X SC213, B37 X B14A), and 
infestations with egg masses or lazvae were the split-plot treatments. Plots were 
one row with two hills/row and three plants/hill (l00 em between rows and between 
hills); a guard row was planted between each plot to prevent migration of ECB 
larvae between plots. The tests for first· generation borers were planted in different 
blocks from those for second·generation borers. 

Plots planted for fIrst-generation ECa tests were infested during the midwhorl 
stage of plant development (in 1979, 1980, and 1981 with two, three, or four 
applications of eggs or larvae and, in 1982, with four applications of eggs or 
larvae); ca, 50 eggs or 50 larvae/plant were used for each application. Each 
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application of eggs or larvae was spaced at intervals of 1 d Plantings for second
generation tests were infested (\vi.th the same number of eggs or larvae as in the 
first-generation tests) during the pollen-shedding stage of plant development. 

The ingredients used in the meridic diet and the methods of egg production 
and artificial infestation techniques with egg masses were similar to those reported 
by Guthrie et aI. (1971). 

For larval production, thin plastic sheets were used on the cages for oviposition 
sites instead of waxed paper. The plastic sheets (0.00125 gauge, 15 em wide, DW 
white) were purchased in rolls of 51 kg (15 em wide). The plastic sheeting was cut 
into lengths of 72 em. Two sheets (72 X 15 ern) were placed on top of each cage 
for oviposition. The plastic sheets containing fresWy oviposited egg masses were 
hung in a low-humidity (less than 50% RH, controlled by a dehumidifier) room 
(20°C); the sheets were held under these conditions for 3-4 h. The egg masses then 
were scraped off the sheets with an apparatus consisting of a dull blade held in 8 

plastic frame. The sheets were held at each end with the eggs facing away from the 
blade and were moved quickly back and forth across the blade (egg masses will not 
scrape off sheets under high humidity conditions). The egg masses were scraped 
off the sheets and fell into a teflon lined cookie pan that had been coated with 
cornstarch which prevented the egg masses from sticking to each other. As the 
masses accumulated, more cornstarch was added. The excess cornstarch was 
removed by placing all egg masses from the production of 1 d on a 20-mesh screen 
and sifting the starch through the screen; 1.6 g of egg masses then were placed in 
sterile liter jars containing a strip of moistened (2 drops of distilled water) filter 
paper (5 em Diam). A lid was loosely placed over the top of each jar, and on the 
fourth d after oviposition, the lids were tightened, and the jars were placed 
(horizontal position) in boxes covered with black plastic bags. The boxes of jars 
were placed in a dark room so the eggs could hatch. After all eggs hatched, 50 g of 
sterilized corncob grits (20-40 mesh) were poured into each jar. The jars were 
shaken gently to mix the larvae with the grits; then the solid lid was replaced with 
a 0.3 em mesh galvanized screen. The grits-larval mixture was poured into plastic 
jars, the top of which screwed into a larval inoculator (Davis and Oswalt 1979) for 
field infestations; the mixture gave ca. 50 larvae/shot. The grits-larvae were dis~ 

persed soon after mixing and were kept in a styrofoam container with ice until 
used. For first-generation ECB infestations, the grits-larval mixture was dispensed 
into the whorl of plants (Ortega et aI. 1980). For second generation infestations, 
the mixture was dispensed around the collar area of plants. During infestations, 
the mixture was periodically shaken (gently) to keep the larvae mixed uniformly 
with the grits. 

A g-class rating scale (class 1 = no damage, class 9 = extensive damage to leaf 
tissue) (Guthrie et al. 1960) was used to evaluate the degree of damage caused by 
first-generation ECBs. A 9-class rating scale (class 1 = no damage, class 9 = 
extensive damage to sheath-collar tissue) and cumulative centimeters of damage in 
the stalk were used to evaluate damage caused by second-generation ECBs (Guthrie 
et a1. 1978). First-generation data were taken 21 d after egg hatchj second
generation data were taken 60 d after egg hatch. The means from each plot were 
used for an analysis of variance. 
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RESULTS AND DISCUSSION 

Leaf Feeding Damage 
In 1979, leaf feeding damage (averaged over all genotypes and three levels of 

infestation), was significantly greater from infestation with larvae than with egg 
masses (Table 1); 27 of the 30 comparisons had numerically more damage from 
larvae, one comparison had more damage from egg masses, and two comparisons 
had equal damage from larvae and egg masses. 

In 1980, leaf feeding damage was statistically equal from infestations with 
larvae and egg masses (Table 1); 20 of the 48 comparisons had more damage with 
larvae. 23 comparisons had more damage from egg masses, and five comparisons 
had equal damage from larvae and egg masses. 

In 1981 and 1982, leaf feeding damage was significantly greater from infestations 
with egg masses than with larvae (Table 1); in 1981,42 of the 48 comparisons had 
more damage from egg masses, only one comparison had more damage from 
larvae, and five comparisons had equal damage from egg masses and larvae. In 
1982, 19 of the 25 comparisons had more damage from egg masses, only one 
comparison had more damage from larvae, and five comparisons had equal damage 
from egg masses and larvae. 

Sheath-Callar Feeding Damage 
In 1979, sheath-collar feeding damage (averaged over all genotypes and three 

levels of infestation), was significantly greater from infestations with larvae than 
with egg masses (Table 1); 19 of the 30 comparisons had numerically more damage 
from larvae, only one comparison had more damage from egg masses, and 10 
comparisons had equal damage from larvae and egg masses. 

In 1980, sheath-collar feeding damage was equal from infestations with larvae 
and egg masses (Table 1); 12 of the 48 comparisons had more damage with larvae, 
seven comparisons had more damage from egg masses, and 29 comparisons had 
equal damage from larvae and egg masses. 

In 1981 and 1982, sheath-collar feeding damage was significantly greater from 
infestations with egg masses than with larvae (Table 1); in 1981, 47 of the 48 
comparisons had more damage from egg masses, and one comparison had equal 
damage from egg masses and larvae. In 1982, 24 of the 25 comparisons had more 
damage from egg masses, and one comparison had equal damage from egg masses 
and larvae. 

Stalk Feeding Damage 
In 1979 and 1980, stalk damage (averaged over all genotypes and three levels 

of infestations), was statistically equal from infestations with larvae and egg masses 
(Table 1). In 1979, 9 of the 30 comparisons had more damage from larvae, 19 
comparisons had more damage from egg masses, and two comparisons had equal 
damage from larvae and egg masses. In 1980, 36 of the 48 comparisons had more 
damage from larvae, 10 had more damage from egg masses, and two comparisons 
were equal. 

In 1981 and 1982, stalk feeding damage was significantly greater from infesta
tions with egg masses than with larvae (Table 1). In 1981, 45 of the 48 comparisons 
had more damage from egg masses, and three comparisons had more damage from 
larvae. In 1982, all 25 comparisons had more damage from egg masses than from 
larvae. 



Table 1. Plant damage averaged over genotypes and number of egg mass or 18lVal applications and number of egg mass vs. larval 0 
comparisons. Ankeny. IA_ 

Type of Leaf ratings t Sheath-collar ratingsl Stalk cavities (cm)! 

infestation* 1979 1980 1981 1982 1979 1980 1981 1982 1979 1980 1981 1982 

Egg masses 3.7 3.8 3.7 2.8 4.9 5.9 5.8 5.3 11.3 21.6 22.0 16.2 
L8IVae 4.8 3.7 2.3 2.3 5.2 5.9 4.9 4.2 10.8 22.9 17.3 11.0 
Significance'i .. NS .. •• • NS •• •• NS NS .. .. 

Number of comparisons with numerically more plant damage from egg mass or larval infestations# 
Egg masses 1 23 42 19 1 7 47 24 19 10 45 25 
Larvae 27 20 1 1 19 12 o o 9 36 3 o 
Equal 255 5 10 29 1 1 2 2 0 o 
* Maize genotypel "'-ere infuted ....ith egg rn&Iln or larvae.
 
t Maize genotypu were Bud in c1auu 1 - DO damage to 9 - nUntive damage to leal tiuue by rlAt-generation ECa..
 
; Main genotypu were ra~ in Clauel 1 - no damage to 9 - nUntlve damage to sheath-collar tinue by lecond-generation ECB ...
 
§ Centimeten or dlUIllge in the ttalk by tKOnd-generatioD ECBt.
 
11 • Significant lit 0.05, .. aignificant al 0.01, NS not significant
 
•	 A total of 30. 48, 48, and 26 eompariJOI1II between egg mut Wette.tioD' and lar....al infntation, ...u made in 1979, 1980. 1981, and 1982, rupectively. The data II preteDted are numerical 

dilferetK1!a beno."e'en t)-pel of infeltationa; not .aD diflerencn ...ere ltatiatic:ally .ignific.nt. 
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Levels of Infestation 
With the exception of stalk feeding damage in 1979, four applications of 50 

eggs or 50 larvae/application/plant (ca. 200 eggs or 200 larvae/plant) (averaged 
over genotypes, larval, and egg mass infestations) gave significantly more leaf 
feeding, sheath-collar feeding, and stalk feeding damage than did three applications 
(ca. 150 eggs or 150 larvae/plant) or two applications (ca. 100 eggs or 100 
larvae/plant), and three applications of egg masses or larvae gave more damage 
than did two applications (Table 2). 

Table 2.	 Plant damage averaged over genotypes and infestations with egg masses 
and larvae. Ankeny, IA. 

Sheath·collar Stalk
 
No. of Leaf ratingst ratings* cavities (cm)§
 

applications· 1979 1980 1981 1979 1980 1981 1979 1980 1981 

2 3.8 3.5 2.6 4.0 5.1 4.4 9.5 18.6 17.2 
3 4.4 3.8 3.1 5.3 6.1 5.5 11.0 22.5 19.3 
4 4.7 4.0 3.4 5.8 6.5 6.3 12.3 24.1 23.4 

LSD 0.05 0.25 0.15 0.22 0.24 0.18 0.21 1.53 1.33 1.48 
• ?loti wert inle.~ "'ith 2. 3 • .f, applications or egg mastl6 or 1an'lIe Ie.. 50 eggll or 50 larval!1planrJapplieation).
 
t Plantl ""ue rated in dasse. 1 - no damage to 9 - extensive damage to teaf tiuue.
*Plantll were rated in dU1Ie1 I - no damage 10 9 = extenlive damage to aheath-ooUar tiuue.
 
t Centimeter'll of damage in the atalk. 

Genotypes 
The genotypes varied greatly in leaf feeding, sheath· collar feeding, and stalk 

feeding damage because they differed in degree of resistance or susceptibility to 
leaf feeding by fIrst-generation borers and to sheath-collar feeding and stalk feeding 
hy second-generation borers (See Appendix Tables 3 and 4). 

During most years, there was a significant interaction between genotypes and 
egg mass or larval infestations for leaf feeding, sheath-collar feeding, and stalk 
feeding damage. For example, in 1982, the plant damage was less in most plots 
infested with larvae as compared with egg masses. The differences between 
infestations with larvae and egg masses were large in susceptible genotypes but 
small in resistant genotypes. 

In summary, one yr out of four, leaf feeding and sheath-collar feeding damage 
were significantly greater from infestations with larvae than with egg masses, and 
one yr out of four, leaf feeding, sheath-collar feeding, and stalk feeding damage 
were statistically equal from infestations with larvae and egg masses. Two yr out of 
four, leaf feeding, sheath-collar feeding, and stalk feeding damage were significantly 
greater from infestations with egg masses than with larvae (See Table 1). 

At present. the commercial maize seed companies infest maize plants with 
larvae mixed in corncob grits 121 million egg masses (ca. 600 million eggs) are 
produced each season] j levels of damage during some seasons may be less from 
infestations with larvae than with egg masses but are adequate for measuring 
relative degrees of resistance and susceptibility. Our laboratory plans to use larvae 
in screening gennplasm for resistance to fll'st- and second-generation ECBs. We 
will continue to use egg masses, however, in recurrent selection studies (the best 
10% of the population is selected each cycle for recombination), in economic 
threshold studies (for which yield is an important criterion), and in evaluating 
insecticides for controlling ECBs. 
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APPENDIX 

Table 3. Plant damage on maize genotypes from infestations with European corn borer egg 
masses and larvae. Ankeny. lAo 

1979 1980 1981 

Genotype Sheath- SUlIk Sheath- SUlik Sheath· SUllk 
and Leaf collar cavities Leaf collar cavities Leaf collar cavities 

treatment· rating t rating:t (em) § rating rating (em) rating rating (em) 

B14A 
2E 4.4 3,3 6,0 4,9 5,3 17,0 5.3 
2L 5,6 4,0 10,8 3,4 5,0 18.9 2.2 6,3 14.2 
3E 4,9 4,8 12.0 5.5 7,0 22,0 5.7 7,8 25.5 
3L 6,5 5.0 9.0 4.4 7,3 22.5 2.0 6.8 14.0 
4E 5.4 5.8 9.3 6,7 7,0 24.9 5.0 8.8 21.3 
4L 7.4 6,5 9,8 6,8 7.0 23.4 2,1 7,3 15.1 

B52 
2E 3.3 1.0 2.5 2,6 2.0 4,4 3.6 2,0 4,1 
2L 5,4 1.0 1.3 2.4 2,0 6,1 1.7 1,2 2,0 
3E 4,7 1.5 2,8 3.0 2,0 5.4 4,2 2,8 4.3 
3L 6.0 1.8 2,5 2,7 2,0 7,0 2,6 2.0 3,9 
4E 4.3 2,0 5,8 3.3 2.3 5,2 4,5 3.3 5.7 
4L 6.5 2,0 4,0 2,8 2,3 5,9 1.8 2.3 1.5 

B73 
2E 4.7 3,8 14.8 6.5 6.3 37,5 8.1 7,0 33,3 
2L 7,3 4,8 11.0 7,2 6.3 23.6 5.6 6.3 31.0 
3E 5.4 5.8 12.0 7,4 7,3 35.4 8.4 8.5 39.1 
3L 7.4 6,0 14,5 6,9 7.0 39.0 5.9 7.8 35.7 
4E 6,7 6,0 13,8 6.9 8.5 45,6 8.8 9,0 47,2 
4L 6.1 6.3 12,0 7,5 8.5 39,3 6,0 8,9 35,0 

B75 
2E 1.1 4.5 24.3 1.2 5,0 28.5 1.0 6.3 26.0 
2L 1.3 5,3 21.3 1.1 5,0 32.8 1.0 5.3 29.8 
3E 1.2 5.3 22.0 1.1 6,0 34.5 1.0 7.0 36.7 
3L 1.1 5.5 14.3 1.1 6.3 32.3 1.0 6.3 25.9 
4E 1.2 6.5 26,8 1.1 6.3 37.7 1.0 7.8 48.7 
4L 1.5 6.8 28.0 1.2 6.3 35.4 1.0 6.5 30,7 

B86 
2E 1.3 1.0 2.8 1.1 2.0 5,5 1.3 2,0 3,3 
2L 1.3 1.0 2.5 1.2 2.0 5.8 1.0 1.2 3.2 
3E 1.5 1.8 3.0 1.3 2,0 6.2 1.1 3,0 5.3 
3L 1.6 2.0 3.0 1.1 2,0 4.5 1.0 2.0 2,9 
4E 1.1 1.8 2.3 1.6 2.0 6.0 1.3 3.3 4.9 
4L 1.7 1.8 3.3 1.2 2.0 2.9 1.7 2.5 3.1 

Oh43 
2E 2.5 4.5 9.5 1.7 6.3 19,5 1.5 5.3 23.1 
2L 3.1 5,6 7,3 2.0 6.8 21.3 1.0 4.8 22.3 
3E 2,3 5,8 9.8 2.1 8.0 20,3 1.7 6.8 24.1 
3L 3.2 6.0 9,0 2.1 8,0 27.0 1.3 6,0 26.3 
4E 3.2 7.3 16.0 2.0 8,5 23.6 1.5 8,0 31.0 
4L 3.5 7.3 8,3 1.5 8,5 24.1 1.2 7,5 28.6 
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Table 3. (Continued) 

1979 1980 1981 

Genotype Sheath- Stalk Sheath- Stalk Sheath- Stalk 
and Leaf collor cavities Leaf collar cavities Leaf collar cavities 

treatment· rating t rating :t (em) § rating rating (em) rating rating (em) 

WF9 
2E 6.4 4.5 9.0 7.8 5.5 20.1 6.1 5.6 24.5 
2L 6.4 4.8 6.3 7.5 5.5 21.0 4.3 5.3 20.2 
3E 6.2 6.0 6.0 8.5 7.0 28.1 7.1 8.0 24.8 
3L 7.1 6.3 12.8 8.1 7.3 35.0 5.0 6.5 20.0 
4E 6.8 6.5 9.0 8.7 7.8 33.2 8.3 8.9 29.9 
4L 8.7 7.0 8.8 8.5 7.5 32.6 5.6 7.5 21.0 

W73A 
2E 3.1 4.8 8.8 5.2 5.5 13.5 3.3 5.3 23.6 
2L 4.3 4.8 8.0 5.4 6.5 27.7 2.3 4.5 21.1 
3E 3.3 6.3 8.0 6.2 7.3 20.6 4.5 6.3 30.4 
3L 4.4 6.3 13.3 5.8 7.3 30.4 3.2 5.8 29.1 
4E 3.7 6.5 13.0 5.9 8.0 23.4 5.0 7.3 33.0 
4L 4.8 6.5 11.8 6.5 8.0 36.4 3.0 7.0 24.3 

W375B 
2E 3.3 4.3 6.3 5.8 5.5 8.9 4.5 4.0 16.1 
2L 4.4 4.5 5.3 6.3 5.5 13.5 3.3 3.3 10.4 
3E 4.3 6.0 6.0 5.0 6.8 13.3 4.6 5.3 13.0 
3L 5.2 6.5 7.3 6.2 6.8 14.7 4.6 4.5 9.0 
4E 4.2 6.3 6.8 6.3 6.8 10.8 6.1 5.8 15.2 
4L 5.7 6.8 6.3 6.7 7.0 11.1 4.4 4.8 to.3 

W182E 
2E 3.5 7.0 21.0 6.5 8.3 36.0 3.3 7.3 40.0 
2L 4.5 6.8 16.3 5.2 8.3 45.6 1.6 7.0 34.2 
3E 3.9 9.0 24.0 6.1 9.0 49.7 4.4 8.3 48.1 
3L 5.0 9.0 29.8 5.9 9.0 63.7 2_7 8.0 45.3 
4E 4.3 9.0 31.0 7.1 9.0 54.3 5.9 9.0 59.1 
4L 6.4 9.0 29.0 6.1 9.0 64.5 2.2 9.0 57.7 

A619 X A632 
2E 1.4 4.8 10.6 1.2 2.8 10.2 
2L 1.5 5.0 11.0 1.5 2.3 7.1 
3E 1.4 6.3 13.7 1.4 4.0 7.8 
3L 1.3 6.0 15.6 1.1 3.0 7.9 
4E 1.8 7.0 13.5 1.8 5.3 15.9 
4L l.5 7.0 13.4 1.1 4.3 7.3 

A619 X H99 
2E 1.1 5.3 17.0 1.1 3.5 13.3 
2L 1.2 5.0 17.2 1.0 3.2 10.7 
3E 1.2 6.3 19.2 1.1 4.5 16.0 
3L 1.2 6.3 21.1 1.0 4.3 13.6 
4E 1.5 6.5 21.0 1.2 6.0 22.4 
4L 1.3 6.5 22.7 1.0 4.8 14.5 
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Table 3. (Continued) 

1979 1980 1981 

Genotype Sheath· Stalk Sheath- Stalk Sheath- Stalk 
and Leaf collar cavities Leaf collar cavities Leaf collar cavities 

treatment· rating t rating t (em) § rating rating (em) rating rating (em) 

B37 X B14A 
2E 3.3 5.3 16.2 3.1 5.3 16.3 
2L 3.6 6.0 20.2 2.0 4.3 11.9 
3E 3.7 7.3 21.8 6.3 6.8 13.2 
3L 4.4 7.3 24.1 2.9 6.0 11.0 
4E 4.4 7.3 21.9 6.1 7.8 20.0 
4L 4.9 7.5 22.9 3.1 6.5 10.8 

B73XMo17 
2E 4.2 6.3 18.9 4.4 5.6 20.2 
2L 7.0 6.8 25.1 2.2 4.3 11.8 
3E 6.0 8.0 17.7 5.0 6.8 21.3 
3L 5.6 7.5 22.2 2.3 5.3 15.5 
4E 5.7 8.0 22.0 6.8 8.0 25.8 
4L 6.2 8.0 25.1 2.8 6.5 16.8 

B84 X Mo17 
2E 1.6 4.8 20.8 1.3 4.8 22.0 
2L 1.6 5.3 23.6 1.1 4.0 18.7 
3E 1.6 6.0 21.3 1.6 6.5 25.1 
3L 1.8 6.3 24.5 1.1 4.3 18.2 
4E 1.6 6.5 30.0 2.5 7.5 32.8 
4L 1.6 6.5 30.7 1.2 6.5 21.6 

B86 X SC213 
2E 1.1 2.0 2.7 1.0 2.3 2.7 
2L 1.2 2.0 3.4 1.0 1.3 1.1 
3E 1.3 2.0 4.3 1.2 2.5 3.5 
3L 1.2 2.0 3.5 1.0 1.8 1.0 
4E 1.3 2.0 3.6 1.5 2.8 3.2 
4L 1.4 2.0 3.4 1.0 2.0 2.1 

• Six Tilplicatiollll of ai.J: planl.ll ellch fOJ ench plot each year, 2E, 3E, and >IE, - 2, 3, or 4 oppliclltiOI15 of egg mll81leS (ca. SO 
eggtlplllnl/applicalion);2L, 3L, and 41. - 2, 3, or 4 opplicationll of larvae (ell. 50 Illrvoe!p!lmt!lIpplicotion) 

t Leaf feeding damage roted in claa8u 1 - no damage to 9 ... llJ:tcllIIivll damage to lonr lisaue. 
t Sheath· collar fef'ding damllge rated in CWIII!I 1 - no damage to 9 ... exlel16h'e dalll/lge to sheath·collAr tmull. 
§ Stalk feeding damOlle - em of damage in the Rtalk.. 
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Table 4.	 Plant damage on maize genotypes from infestations with European corn borer egg 
masses and larvae, Ankeny, lA, 1982. 

Treatment· 
4E 
~ 

4E 
~ 

4E 
~ 

4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
~ 

4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 
4E 
4L 

Genotype t 
B86 X B84
 

886 X A632
 

B86 X B73
 

886 X Mo17
 

886 X A619
 

886 X B75
 

B86 X B85
 

886 X C131A
 

886 X H99
 

886 X SC213
 

837 X B14A
 

P3369A
 

884
 

A632
 

B73
 

Mol7
 

A619
 

B75
 

885
 

CI31A
 

H99
 

886
 

852
 

W182E
 

WF9
 

Leaf 
feeding 

ratings * 
2.0 
1. 
2.3 
U 
2.7 
U 
1.8 
1.7 
1.5 
1.5 
1.3 
1.0 
1.7 
1.5 
1.0 
1.0 
1.3 
1.2 
1.3 
1.3 
5.3 
4.0 
4.7 
4~ 

3.0 
2.2 
5.2 
4.3 
6.3 
5.8 
4.0 
2.8 
1.3 
1.0 
1.2 
1.2 
1.3 
1.0 
1.0 
l~ 

1.7 
1.0 
1.2 
1.0 
2.8 
2.7 
5.2 
4.0 
7.0 
5.8 

Sheath-collar 
feeding 

ratings § 

3.2 
2~ 

3.8 
U 
3.0 
2. 
3.3 
2~ 

3.5 
2.5 
2.5 
1.7 
2.3 
2.0 
2.0 
1.8 
3.3 
2.7 
2.0 
1.0 
6.8 
5.2 
6.7 
4. 
6.3 
5.5 
8.5 
7.3 
8.5 
7.2 
8.0 
5.8 
8.5 
7.5 
8.0 
5.8 
4.3 
3.3 
6.2 
4.7 
9.0 
8.2 
2.0 
1.2 
2.0 
1.0 
9.0 
9.0 
9.0 
7.2 

Stalk 
cavities 
(ern) 1 

9.5 
Ll 
6.1 
U 
8.1 
U 
7.2 
U 
8.2 
5.2 
6.8 
4.9 
3.9 
2.2 
4.8 
2.8 
7.9 
6.0 
3.4 
1.1 

11.4 
6.9 

12.2 
~ 

23.8 
17.1 
27.4 
16.0 
25.6 
15.3 
20.4 
12.2 
36.1 
31.5 
33.2 
19.2 
10.7 
7.0 

22.2 
11~ 

31.5 
19.4 

2.6 
1.8 
2.7 
0.9 

56.7 
48.8 
23.2 
16.4 

••E - • appliC8~ of ~ maa.tell (ea. 50 eaalplant/applie:ation); .L - • IIJIplicatioM d IatvM lea. 60 ~plMt/applicatioo).
 

t SiI: nplieatiolll of lix planta rach lor Hlch plot.
 
t Leaf' reeding damage rated in clU1IlI1 1 - no damage to 9 - clteMive damage to lea! tillllUe.
 
f Sheath-collar leedlng damagB rated In clauBI 1 - no damage to 9 - eneneive damage to .heath-co\lar Uuue.
 
, Stall: freding .damege - centimllten of damage in the mlk.
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EFFECT OF AFLATOXIN B1 ON EUROPEAN CORN BORER' 
SURVIVAL AND DEVELOPMENT IN THE LABORATORy2 

J. L. Jarvis3, W. D. Guthrie3, and E. B. Lillehoj' 

Abstract: Aflatoxin B 1 was incorportated into 8 meridic diet and fed to newly hatched, 
second-instar (5-d-old) and fourth-instar (S·d-old) larvae of the European com borer (ECB), 
Ostrinia nubilalis (Hubner). Newly hatched laIvae were affected by toxin levels (32 ppb) that 
had little or no effeci. on second-instar larvae, whereas second-inalar larvae were affected by 
to:lin concentrations (125 ppb) that had little or no effect on fourth-inst8r larvae. Many newly 
hatched ECa larvae survived 15-25 d after egg hatch on diet containing concentrations of 
aflatoxin B1 in excess of 125 ppb but died before pupating. Most second-and fourth-instar 
larvae survived 20-25 d on diets containing concentxations of aflatoxin B1 in excess of 500 
ppb but died before pupating. Concentrations of aflatoxin B1 that occur under field conditions 
would at times be great enough to adversely affect the ECB, especially ear infesting larvae, 
but would probably have only 8 minimal influence on population fluctuations of the insect. 

Key words: European corn borer, Ostrinia nubilalis, maize, Zea mays. anatoxin B1 

J. Agric. Entomol. 1(1):17-22 (January 1984) 

Larvae of second-generation European corn borers (ECB), Ostrinia nubilalis 
(Hiibner), often infest ears of maize, Zea mays L. Fennell et al. (1976) demon
strated that tbe fungus, Aspergillus flavus (Link ex Fries), infects ears of msize at a 
higher incident when ears have been damaged by insects. Some strains of A. flavus 
produce a complex of toxin hepatocarcinogenic metabolites (B1, B2• Gl' and G2) 

known as aflatoxins (Diener and Davis 1969). Widstrom et al. (1975) investigated 
the relationship between aflatoxin contamination in ears of maize infested by 
several insects including the ECB; the highest concentrations of aflatoxin B1 
occurred in ears infested by the ECB. 

Aflatoxins are insecticidal to a number of insects. Examples include tobacco 
budwonn, Heliothis virescens (Fabricius) (Gudauskas et al. 1967); com earwonn, H. 
zea (Boddie) (McMillian et al. 1980); fall armywonn, Spodoptera frugiperda (J. E. 
Smith) (McMillian et al. 1980); house fly, Musca domestica Linnaeus. (Beard and 
Walton 1971); rice weevil, Sitophilus oryzae (L.) (Srinsth et al. 1973); boll weevil, 
Amhonomus grandis (Boheman) (Moore et al. 1978); and the large milkweed bug, 
Oncopeltus {asciatus (Dallas) (Gaston and Llewellyn 1980). Roberts and Vendol 
(1971) suggested that aflatoxins may be a natural control agent for some species of 
insects. 

McMillian et al. (1980) red second- and fIfth-instar ECB IlllVae aflatoxin B1 by 
pipetting it onto the surface of a laboratory diet These authors found that 2.5 p.g 
of aflatoxin B1 per 10 g of diet caused significant effects on larval development of 
second instars. but fIfth instars were not affected by the same concentration of 
toxin. 

I LEPIDOPTERA: p)Talida~ 
2 Joint contribution: United SUltu Department of Agriculture', Agricultuml ReI~arch Se"ic~. lind JOUI'nftI Paper "0. J·I0826 

of the Iowa Agriculture and Home Eall'om.ica Esperiment StIltion, Arne. 50011: Projm 2513. RKt'ivtd for publication 23 
March 1983; accepted 23 May 1983. 

3 Com lnatct& Ruear<:h Unit, USDA-ARS, Ankeny, fA 50021. 
4 Southern Regional ReltAJ"Ch Center. USDA·ARS. Ne".. Orleans. LA 70179. 
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Newly hatched second-generation ECB larvae do not feed on maize kernels but 
become established on pollen accumulated in leafaxils, ear shoots, husks, and silks 
(Guthrie et al. 1969). The warm moist environment of leafaxils could provide a 
suitable medium for A. fiavus; thus, it is possible that newly hatched larvae could 
be exposed to aflatoxin HI' Some older second-generation larvae, however, do feed 
on maize kernels and ingest or come in direct contact with af1atoxins, The purpose 
of this work was to determine the effects of diets with various concentrations of 
aflatoxin B1 on different instars of ECB larvae and to study the effect of anatoxin 
B1 on the biology of the insect. 

MATERIALS AND METHODS 

ECBs were reared in the laboratory using techniques described by Guthrie et 
al. (1971) and Reed et al. (1972). Aflatoxin B1 was produced in the laboratory 
using methods described by Shotwell et a1. (1966); purity (100%) was verified 
using thin layer chromatographic procedure. Aflatoxin HI was dissolved in ethanol, 
diluted with distilled water, and uniformly incorporated in 8 meridic diet at con
centrations of 0 (control), 4, 8, 16, 32, 63, 125, 250, 500, and 2000 ppb. A previous 
test showed that the concentration of ethanol used had no effect on larvae. 

ECB larvae were reared individually in 3-dram vials on plugs of diet containing 
various concentrations of aflatoxin B1. Vials with larvae were placed in trays 
containing 17 vials per row; each row contained one treatment. A randomized com
plete block design with five replications was used with treatments randomized 
within each tray. Each tray consisted of a single replication All tests were conducted 
at 27-28°C and co. 80% RH in constant light. 

Newly hatched, second-instar (5-d-old), and fourth-instar (8-d-old) larvae were 
placed in vials of diet containing concentrations of aflatoxin B 1 ranging from 0 to 
2000 ppb. The criteria used in evaluating the effect of aflatoxin B, on the ECB 
were: (1) percent survivial to pupation, (2) percent survival to adult emergence, (3) 
percent abnormal adults (moths with deformed wings), (4) number of days to 
pupation, (5) number of days to adult emergence, (6) weight of female and male 
pupae, and (7) number of days larvae and pupae survived on diet containing 
various levels of aflatoxin B •1

The data were analyzed using the analysis of variance for a randomized 
complete block design. Treatment means within trays (vial row means) were used 
in the analysis. The percent survival data were transfonned to arcsines. Statistically 
significant differences were determined using LSDs. 
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RESULTS AND DISCUSSION 

Varied concentrations of aflatoxin B1 (in ppb), incorporated into a meridic diet 
had a highly significant effect on the survival and development of the ECH (Table 
1), a8 shown by the LSD values. Percent survival to pupation and adult emergence, 
number of days to pupation and adult emergence, percent abnormal adults, and 
pupal weights of females and males were all significantly affected. More abnormal 
moths were present in high aflatoxin HI treatments, but no abnormal moths 
occurred in the highest concentrations in which individuals survived to the adult 
stage. Few larvae treated with high rates of aflatoxin survived to the adult stage. 
For example, only 1 of 85 newly hatched larvae reared on a diet containing 250 
ppb of toxin survived to the adult fonn. 

Table 1.	 Effects of aflatoxin H, on survival and development of the European 
com borer. 

Pupal weight 
Aflatoxin B1• Survival (%) Number of days (mg.) Ahnormal 

(ppb) Pupation Adult Pupation Adult >1 ~ adults (%) 
Newly hatched larvae 

500 0 0 
250 1.0 1.0 28.0 37.0 62.0 0 
125 32.9 21.2 25.7 33.5 69.7 56.7 22.2 

63 74.1 60.0 20.1 28.1 89.3 67.5 13.7 
32 76.5 67.0 19.2 27.3 98.6 78.1 10.5 
16 94.1 90.6 16.1 24.9 113.3 86.6 2.0 

8 95.3 92.6 15.9 24.5 113.6 85.7 5.0 
4 97.6 94.1 15.4 23.9 112.0 85.0 1.0 
0 97.6 95.3 15.0 22.8 110.0 83.1 0 

LSD .05 6.3 5.3 1.9 3.0 9.3 9.1 4.7 
Second instar 

1000 0 0 
500 7.0 3.5 24.2 31.7 61.3 40.0 0 
250 63.5 47.0 23.9 31.0 72.5 53.3 12.8 
125 80.0 75.3 19.9 27.3 94.6 69.8 6.2 

63 91.8 90.5 16.8 24.4 106.0 77.4 1.3 
32 95.3 94.1 16.1 24.4 108.2 85.1 1.2 
16 97.6 95.3 16.1 24.2 107.9 84.0 0 
0 100 100 16.5 24.2 110.5 82.4 0 

LSD .05 6.1 4.9 2.0 2.5 9.5 8.8 3.5 
Fourth instar 

2000 0 0 
1000 9.4 5.9 25.7 32.6 62.7 55.0 0 
500 51.8 34.1 21.9 30.2 72.7 59.1 10.3 
250 87.0 77.6 19.8 27.5 84.7 67.2 3.0 
125 95.3 94.1 17.1 24.8 98.7 75.5 3.7 

63 98.8 96.5 16.8 24.7 100.1 76.1 2.4 
32 100 100 16.8 24.6 107.9 82.5 0 
0 98.8 97.6 16.7 24.1 109.7 83.8 0 

LSD .05 8.2 6.4 2.5 2.6 9.9 9.2 3.1 
• AJlatorin 8. mind uniformly in a meridic dieL 
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Larvae exhibited an instar-dependent sensitivity to aflatoxin B1> Newly hatched 
larvae were greatly affected by toxin levels (32 ppb) that had little effect on 
second- and fourth-instar larvae; second-instar larvae were affected by toxin 
concentrations (125 ppb) that had little or no effect on fourth-instar larvae. 

Larval mortality due to aflatoxin BI was usually delayed (Table 2). Many newly 
hatched ECB larvae survived 15-25 d after being placed on a diet containing 
concentrations of aflatoxin HI in excess of 125 ppb but died before pupating. Most 
second- and fourth-instar larvae survived 20-25 d on meridic diets containing 
concentrations of aflatoxin in excess of 500 ppb but died before pupating. 

Table 2.	 Percent survival of European corn borer larvae and pupae on a meridic 
diet containing various concentrations of aflatoxin HI' 

Survival	 ('Yo) 

Aflatoxin BI	 Days after egg hatch 

(ppb) 5 10 15 20 25 30 35 40 LSD .05 

Newly hatched larvae 
500 81.2 61.2 16.5 a 5.4 
250 89.4 75.3 49.4 29.4 7.0 4.7 3.5 1.2 4.0 
125 97.6 95.3 95.3 91.8 64.7 45.9 41.2 34.1 4.4 

63 92.9 92.9 87.0 85.9 85.9 81.2 75.3 74.1 3.9 
32 97.6 97.6 94.1 90.6 84.7 81.2 80.0 76.5 6.3 
16 98.8 95.3 95.3 94.1 94.1 94.1 94.1 94.1 0.9 
8 98.8 98.8 97.6 95.3 95.3 95.3 95.3 95.3 NS' 
4 97.6 97.6 97.6 97.6 97.6 97.6 97.6 97.6 NS 
a 97.6 97.6 97.6 97.6 97.6 97.6 97.6 97.6 NS 

LSD .05 5.8 3.0 6.8 4.2 4.6 3.6 3.8 4.1 
Second instar 

1000 100 96.5 90.6 11.8 a 9.0 
500 100 100 96.5 95.3 90.6 24.9 20.0 12.9 9.6 
250 100 98.8 95.3 94.1 94.1 90.6 68.2 64.7 4.0 
125 100 100 98.8 98.3 92.9 84.7 80.0 80.0 2.4 
63 100 100 100 98.8 98.8 98.8 92.9 91.8 2.9 
32 100 100 97.6 97.6 96.5 96.5 95.3 95.3 2.8 
16 100 98.8 98.8 98.8 98.8 97.6 97.6 97.6 NS 
a 100 100 100 100 100 100 100 100 NS 

LSD .05 NS 2.7 3.8 4.0 2.8 4.9 3.2 3.6 
Fourth instar 

2000 100 97.6 14.1 a 5.4 
1000 100 100 92.9 24.7 14.1 14.1 11.8 5.6 
500 100 97.6 84.7 77.6 61.2 58.8 56.5 6.3 
250 100 100 100 98.8 88.2 88.2 87.0 1.4 
125 100 100 100 97.6 97.6 97.6 95.3 0.9 

63 100 98.8 98.8 98.8 98. 98.8 98.8 NS 
32 100 100 100 100 100 100 100 NS 
a 100 98.8 98.8 98.8 98.8 98.8 98.8 NS 

LSD .05 NS NS 6.1 5.7 4.8 4.0 3.7 
• NS - non8lgnificant 
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Concentrations of aflatoxin B1 in various parl8 of maize plants (natural infection) 
were determined by Shotwell et al. (1980). The maximum concentrations (in ppb) 
were: leaves 24, stslks 146, husks 91, cobs 262, and kernels (entire ear) 18,300. 
However, Lee et al. (1980) found as high as 80,000 ppb of aflatoxin B in an 

1
individual maize kernel. 

Under field conditions, newly hatched ECB larvae could encounter aflatoxin B} 
concentrations of sufficient magnitude to have a significant effect on the insect. 
Significant numbers of newly hatched ECB larvae are affected by concentrations 
of aflatoxin B1 in excess of only 15 ppb (see Table 1). 

The maximum aflatoxin B1 concentration (18,300 ppb) found in kernels (entire 
ear) is many times greater than the concentration that would kill aU second· and 
fourth·instar larvae. Concentrations in excess of 63 ppb would significantly affect 
second·instar larvae and concentrations in excess of 250 ppb would significantly 
affect fourth-instar larvae (see Table 1). Shotwell et al. (1980) found concentrations 
of aflatoxin B} in excess of 63 ppb in 37 of 51 samples of maize ears and con· 
centrations in excess of 250 ppb in 35 of 51 samples. Thus, maize ears containing 
concentrations of aflatoxin B} that would affect ear infesting ECB larvae are not 
unusual. Guthrie et al. (1970) found an average of about 6% of second-genemtion 
ECB larvae infesting maize ears 18 and 35 d after egg hatch. These older larvae 
would be adversely affected by aflatoxin B1 concentrations over 500 ppb and many 
would eventually be killed by concentrations over 1000 ppb. 

Under field conditions, concentrations of aflatoxin B1 are the greatest in maize 
kernels and would sometimes be of sufficient magnitude to act 8S a natural 
insecticide against ear infesting ECB larvae. Inasmuch as most ECB larvae do not 
infest ears and aflatoxin B1 concentrations are much lower in parts of the plant 
usually infested by ECBs, aflatoxin B1 would probably have a minimal influence on 
ECB population fluctuations under field conditions. 
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LEAF SURFACE CHEMISTRY OF TOBACCO BUDWORMI 
RESISTANT TOBACC02 

Albert W. Johnson3 and Ray F. Severson' 

Abstract: Green leaf surface chemistry of tobaccos resistant to the tobacco budworm, 
Heliothis virescens (Fabricius), was. quite diverse in this study. The major cuticular components 
determined included diterpenes (duvanes and labdanea). fatty alcohols (docos8Dol), sucrose 
esters, and aliphatic hydrocarbons. The most resistant tobaccos had very low or high duvane 
levels. Low budworm populations were related to tobaccos with low levels of a and B 
duystrienediols (4.8,13-duvatriene-l,3-diols) and a and B duystriene-ols (4,8,13-duvBtriene-l
ols). An increase in either of these to normal levels increased larval numbers. 

Larval mortality more closely paralleled high duva1lienediol and sucrose ester levele. 
Plant resistance associated with larval nonpreference for 8 food source appeared most 
evident in tobaccos with low leaf surface chemistry pronIes. 

The importance of labdanes (cis·abienol and a lS·0H abienol) was questionable, and no 
relationship was apparent between the hydrocarbons and resistance. Also, one tobacco with 
low docos8Dol and high sucrose ester levels was resistant to budwonn larval damage. 

Key words:	 Tobacco, bud",-orm, Heliothis virescens, NLCOtiana, host plant resistance, tobacco 
cuticular chemistry, capillary gas chromatography, Q'·4,8,13·duv8trien~l,3.diol8, 

8·4,8,13-duvat:rien~1-()ls, docosano~ sucrose esters, ciB-abieno~ Iabda-13-en~ 

8,lS·diol, duvanes, diterpenes, labdanes. 
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Interest in insect-resistant tobacco, Nicotiana tabacum Linnaeus, has increased 
in recent years, and some progress has been made in the search for tobacco 
budworm, Heliothis uirescens (Fabricius), resistance in tobacco (Johnson 1978). 
Recently, Johnson and Chaplin (1982) reported tobacco budworm resistance in 46 
N. tabacum entries. These entries could be valuable sources of insect resistance 
for a breeding program, but the mechanisms of resistance for these tobaccos are 
not known. Determining the factors responsible for budwonn resistance in plants 
would be very useful in a breeding program. 

Detennination of plant defense substances and their chemical interaction with 
H. uirescens has been considered for cotton. Bottger et al. (1964) and Maxwell et 
al. (1965) showed that cotton without pigment glands was more susceptible to 
several insects. Lukefahr and Martin (1966), Bottger and Patana (1966), Shaver 
and Lukefahr (1969), Shaver and Parrott (1970), and Shaver et aL (1970) reported 
that gossypol and certain plant pigments incorporated into artificial diets were 
toxic to tobacco budworm larvae. Guerra and Shaver (1969) reported quercitrin, 
isoquercitrin, and rutin a8 feeding stimulants for budworm larvae. Guerra (1970) 
checked the effects of a number of biologically active substances on the develop· 
ment and reproduction of the tobacco budworm. Kennedy and Yamamoto (1979) 
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showed a toxic effect on Heliothi$ zea (Boddie) with trichome exudate extracts 
from wild tomato leaves. McMillian and Starks (1966) tested the feeding responses 
of larvae of two Heliothis spp. and the fall armyworm to six different plant extracts 
including tohacco. McMillian et al. (1969) reported a chinaberry leaf extract as a 
feeding deterrent and growth retardant for the corn earworm. Other plant allelo· 
chemics that have been shown to affect insect growth, developmen4 reproduction 
or metabolism were listed by Beck and Reese (1976). Parrott et aL (1983) stressed 
the importance of the feeding behavior of rtrst instar tobacco budworm larvae. He 
noted that on cotton leaves newly hatched budwonn larvae avoided consuming 
gossypol glands which were surrounded by an envelope containing anthocyanins. 
He suggested that the allelochemicals present in these glands act as feeding 
deterrents to first instar larvae. 

Tobacco leaf surface characteristics, including trichomes and their secretions, 
are potential sources of tobacco hudworm resistance, but studies involving these 
factors are very limited. Early studies by Thurston and Webster (1962) reported 
aphid resistance in a Nicotiana species due to toxic secretions of leaf trichomes. 
Thurston et al. (1966) reported that alkaloids are secreted by trichomes of 
Nicotiana species and that aphid resistance results from mortality of aphids which 
contact these secretions. Girardeau et 81. (1973) speculated that a higher nicotine 
content early in the growing season may be a factor in budworm resistance. They 
noted that higher leaf trichome counts and resin exudates may influence the 
degree of budworm damage by irritating larvae and increasing movement making 
them more susceptible to bird and insect predation. Thurston et al. (1977) found 
no relationship between tobacco nicotine content and tobacco flea beetles or 
aphids, and Parr and Thurston (1972) found that tobacco hornworms could tolerate 
1% nicotine in an artificial diet with no observable effect Self et aL (1964) had 
shown earlier that the tobacco hornwonn rapidly excreted nicotine and that this 
physiological process was an adaptation of the tobacco homworrn to tobacco 
plants. Greene and Thurston (1971) showed the ovipositional preferences of tobacco 
budworm moths for Nicotiana species. Elsey and Chaplin (1978) reported that the 
budworm resistance of Tobacco Introduction (TI) 1112 was due to the lack of 
trichome exudates. Johnson and Chaplin (1982) also mentioned that the lack of 
trichome secretions affected budworm moth oviposition in some tobaccos, and 
other resistant tobaccos had antibiotic effects on first instar budworm larvae. 
Johnson and Severson (1982) found that certain leaf surface chemicals were 
characteristic of aphid-resistant tobaccos. The study reported here was initiated to 
explore the possiblility that cuticular leaf chemical composition and levels may be 
involved in tobacco budworm resistance. 

METHODS AND MATERIALS 

All experiments were conducted at the Pee Dee Research and Education 
Center, Florence, SC. Land used was treated with 8 nematicide (Dasanit~) and 
herbicides (TilIam'" + Devrinol"') prior to transplanting. Rates and methods of 
application used for wirewonn. nematode, and weed control were recommended by 
Clemson University Extension Service. Nonnal cultural and fertilization practices 
for flue-cured tobacco were followed. No chemicals were applied for foliar insect or 
sucker control Hand suckering and topping were conducted as needed The tobacco 
cultivar NC 2326 and Tl 1223 were used as budworm susceptible checks. All field 
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plots were arranged in a randomized complete block design with fOUf replications. 
Data for aU experiments were subjected to analysis of variance at the 5% level 
Treatment means were separated by Duncan's multiple range test. 

Leaf Surface Chemistry -1981 
Microscopic examination of tobacco leaves revealed differences in trichome 

types and trichome exudate levels among several budwonn-resistant tobaccos. 
Therefore, leaf surface chemistry studies of 8 large number of tobaccos were 
conducted in 1981, and comparisons were made on the basis of leaf sulface ares. 
Forty-six tobaccos were planted on 24 April in 12-plant plots 1.2 m wide and 6.1 
m long. Six wk after transplanting, green bud leaves (12-15 cm) were collected 
from five randomly selected plants of each tobacco. The leaves were dipped eight 
times in 170 m1 of methylene chloride in 8 237-ml wide mouth bottle to remove 
surface chemicals by a procedure described by Johnson and Severson (1982). 
Each bottle of extract was sealed with Teflon"'-lined caps, labeled, and frozen 
immediately for later analysis. 

Wash samples were subjected to glass capillary gas chromatography (GC-2) 
analysis as described by Severson et al. (1981). Briefly, after wenning to room 
temperature, internal standard solution heptadecanol in benzene 12 mg/ml, 0.5 ml 
for Class A, B, and C tobaccos (Table 1) and 1.0 ml for the other classesl was 
added. The contents were mixed and mtered through anhydrous sodium sulfate to 
remove water. A portion (10 ml of Class A, B, and C tobaccos and 5 ml for the 
other classes) was transferred to a tapered test tube. The methylene chloride 
solvent was removed under nitrogen, 50 ILl of 1:1 N, O-bis (trimethyl) trifluoro
acetamide: dimethyl formamide was added, test tube capped, and heated for 30 
min at 76°C. After cooling, 50 ILl of 1:1 N, O-bis (trimethylsilyl) acetamide: 
pyridine was added, the solution mixed, and then analyzed on a Hewlett Packard 
5840 gas chromatograph using a 0.3 mm i.d. X 30 m SE-54 silica glass capillary 
column (temperature program 150-280°C at 4°jmin). Components were identified 
by GC-2-mass spectrometry and by GC-2 retention data. All GC-2 data were 
corrected for differences in chromatographic response. Standard components used 
for GC-2 retention and response data were isolated from cuticular washes of green 
tobacco or purchased from commerical sources. 

Laboratory Eualuations-1981 
Twenty-two resistant tobaccos and two susceptible tobaccos (NC 2326 and TI 

1223) were planted 29 April in one-row plots 1.2 m wide and 6.1 m long containing 
12 plants. Tobacco leaves 10-15 em long of each entry were selected from each 
replication, brought back to the laboratory and placed in 15-cm petri dishes 
containing moistened filter paper. One leaf was placed in each dish, and five newly 
hatched tobacco budworm larvae from a laboratory colony maintained at Florence, 
SC, for two generations were placed on the upper surface of each leaf. Four petri 
dishes containing five larvae each were considered one replication. A replication 
was set up for each entry 3, 5, and 6 wk after the tobacco was transplanted. A total 
of 60 larvae was tested on each tobacco. 
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Table 1. Leaf surface chemistry (.ug/cm2) of tobacco budworm resistant tobaccos,
 
Florence, SC. 1981. 

Tobacco 
Duvatrienediols 

" B 
Duvatriene-ols 

" B 
Abienol 

Cis 15-0H 
Doco
sanol 

Sucrose 
esters 

TI 1112 
1-35 

0.8 
0.2 

0.3 
trt 

ndl 
nd 

Class A' 
nd 
nd 

nd 
nd 

nd 
nd 

0.07 
0.02 

nd 
nd 

PD 964 1.0 0.4 tr 
Class B 

tr 0,8 2,9 0.10 7.2 

TI 1024 
TI 1025 
TI 1026 
TI 1028 
TI 1029 
TI 1031 
TI 1132 

0.6 
0.1 
0.3 
0.1 
0.4 
0,6 
0.2 

0.3 
tr 
0,1 
tr 
0.1 
0.2 
0,1 

Class C 
0.1 tr 

nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
tr tr 

nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 

0.35 
0.24 
0.25 
0.40 
0.17 
0.17 
0.32 

tr 
nd 
tr 
nd 
nd 
nd 
nd 

TI 163 
TI 165 
TI 168 
TI 170 

42.5 
44.4 
57.1 
54.2 

15.2 
16,1 
21.3 
20.8 

ClassD 
1.0 1.1 
0.3 0,2 
0.4 0.5 
0.5 0.5 

nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 

1.06 
0,65 
0.38 
0.47 

11.0 
9.9 

12,2 
10.6 

TI 106 65.9 23.8 
Class E 

0.6 1.3 nd nd 1.91 nd 

TI 1308 65.1 24.9 
Class F 

1.2 1.0 14.7 0.8 0.84 19.8 

TI 1525 
Little Dutch 
TI 1398 
TI 229 
TI 1517 

28.4 
16.8 
22.4 
28.0 
23.8 

10.5 
7.1 
8.8 

10.0 
8.2 

Class G 
0.2 0.4 
1.8 0.3 
0.1 0.2 
0.3 0.2 
0.2 0.2 

11.3 
17.7 

5.4 
14.3 

4.2 

0.6 
1.7 
0.6 
0.6 
0.1 

1.15 
0.61 
0.88 
0.26 
0.23 

6.8 
13.5 
10.7 

5.5 
10.2 

TI 234 32.5 12.0 
Class H 

0.3 0.9 nd nd 0.07 10.2 

TI 1257 
TI 328 
TI 337 
TI 319 
TI 221 

31.1 
22.4 
30.7 
40.0 
33.6 

12.0 
8.8 

11.3 
15.4 
11.3 

Class J 
0.2 0.2 
0.1 0.2 
0.2 0.2 
0.2 0.3 
0.2 0.4 

nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 

0.22 
0.26 
0.73 
0.30 
0.35 

nd 
nd 
nd 
nd 
nd 

TI 1223 0.8 0.8 
Class J 

17.8 6.3 10.1 0.6 0.51 5.7 

NC 2326 21.7 7.8 
Class K 

0.1 0.2 nd nd 0.61 nd 
• Classeg represent tobaccos with $imilar green lell! surface chemillU)' profiles.
 
t Trace.
 
t Absent or be]c)\!.. detection le"cls.
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Four days after the larvae were placed in the petri dishes, the live budworms 
were counted, and the containers were restocked (fresh tobacco leaf and new filter 
paper). Three days later, the percent budworm survival in the four dishes was 
determined. The amount of leaf damage in each container was Tated. The amount 
of larval feeding on the tobacco leaves was Tated 8S: 0, no feeding scars; 1, very 
light; 2, light; 3, light to moderate; 4, moderate; 5, moderate to heavy; 6, heavy; 
and 7. very heavy feeding. An average fating for the four leaves was determined 

Tobacco Budwarm Field Eualuations of Resistant Tobaccos- I982 
Forty-six resistant tobaccos (Johnson and Chaplin. 1982) and 20 additional 

tobaccos were planted 7 May and evaluated for their resistance on the Pee Dee 
Researcb and Education Center. Experimental plots were two rows wide (2.4 m) 
and 14 plants long (7.8 m). NC 2326 was included as a budworm-susceptible 
cultivar. The number of live budwonn larvae on 20 plants per plot was recorded 3 
and 4 wk after transplanting. Tobacco budworm damage ratings were made on 20 
plants per plot 5 and 7 wk after transplanting. The tobacco plants were cut down 
after the second damage rating and suckers allowed to grow. Suckers were pruned 
to one per plant after 3 wk, and a third damage rating was made 6 wk after the 
plants were cut. All plant damage ratings were based on a scale of 0, no damage; 
to 7, very heavy damage, as described earlier for tobacco leaves. A plant damage 
rating was determined for each plot and a season average determined based on the 
three ratings taken during the season. 

Large Plot Field and Laboratory Eualuations-1982 
Twelve budwonn resistant tobaccos and a susceptible cultivar (NC 2326) were 

planted 6 May in large plots three rows wide (3.7 m) and 40 plants long (22. 4 m). 
Five wk after transplanting, the number of live budworm larvae on 100 plants per 
plot was determined. Tobacco budworm damage ratings as described earlier were 
made 5 wk after transplanting for 100 plants per plot. 

A laboratory petri dish experiment was conducted using 6-wk-old sucker 
regrowth tobacco. The petri dish procedure was like that described earlier except 
five wild budworm eggs were placed on the tobacco leaf in each dish instead of 
newly hatched laboratory-reared budworm larvae. Eggs were collected from flower 
tops in nearby tobacco fields. Samples of these eggs were reared, and 98% were 
identified as H. uirescens. Four replications of four dishes each were used. Sixteen 
dishes and 80 eggs were evaluated for each tobacco entry. Each dish was checked 
after 4 d for larval survival, and a fresh tobacco leaf placed in each dish. Tobacco 
leaf damage ratings as described earlier and larval survival were recorded B d after 
egg placement. 

RESULTS AND DISCUSSION 

During this study, it soon became apparent that the mechanisms responsible 
for tobacco budwonn resistance were quite varied within the different types of 
tobacco. Damage ratings and larval survival evaluations in the field and in the 
laboratory were quite different for certain tobaccos. Twenty-seven of the resistant 
tobaccos were grouped into different classes according to leaf surface chemistry 
profiles and are listed in Table 1. These tobaccos were evaluated in the field for 
budworm damage and larval numbers, and all were significantly resistant when 
compared to NC 2326 (Table 2). Laboratory evaluations of 22 of the same tobaccos 
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Table 2. Field evaluation of tobacco budworm resistant tobaccos with various leaf 
surface chemistry profiles. Florence, SC. 1982. 

Small Plots Large Plots 

Damage t Budworms/ Damage Budworms/ 
Tobacco Class· rating 20 plants rating 100 plants 

PD 964 B 0.01 el 7 s-c 0.12 ab 2 a 
TI 1132 C 0.01 a 6 s-c 0.12 ab 6 a·c 
TI 1026 C 0.02 a 4 B-C 

TI 1029 C 0.02 a 4 8-C 

TI 1112 A 0.02 a 3 ab 
TI 165 D 0.02 a 3 ab 
TI 168 D 0.02 a 2 a 
TI 163 D 0.02 a 5 s-c 
TI 170 D 0.03 a 2 a 0.09 a 8 a-c 
TI 1024 C 0.03 a 6 a-c 
TI 1025 C 0.03 a 2 a 0.04 a 7 B-C 

TI 1257 I 0.03 a I a 0.04 a 4 a 
TI 1525 G 0.04 a 6 8-C 0.23 ab 13 a-c 
Little Dutch G 0.05 a 14 c 0.36 ab 28 de 
1-35 A 0.07 a 3 ab 
TI 1028 C 0.07 a 9 8-C 

TI 1031 C 0.07 a 9 B·C 

TI 1398 G 0.07 a 13 bc 
TI 1308 F 0.09 a 5 B-C 0.30 ab 17 bod 
TI 229 G 0.10 a 9 s-c 
TI 1517 G 0.11 a 5 B-C 

TI 106 E 0.12 a 7 B-C 0.24 ab 18 b-d 
TI 328 I 0.13 a 5 B-C 0.42 b 38 ef 
TI 337 I 0.13 a 11 a-c 
TI 319 I 0.13 a 11 B-C 

TI 221 I 0.17 a 10 a-c 0.44 b 20 cd 
TI 234 H 0.17 a 13 bc 0.16 ab 12 a-c 
NC 2326 K 1.60 b 37 d 1.19 c 42 f 
• ClaMn reprelent tobBeco. with limUar green leaf lhUf"ce Cbl'mUlry prortleL
 
t Damage ratinp - O. 00 damav, 7, very hea\')' danage.
 
i Meana ....ithin oolulJUlll followed by the SlIme letter are not aignifiCflntly diffcnont lit the 5'k level 8crording to Duncan',
 

multiple range teet. 

revealed that most were more resistant to budworrn damage and larval survival 
than two susceptible tobaccos (Table 3). The major cuticular components deter
mined included the diterpenes, docosanol, sucrose esters, and the total aliphatic 
hydrocarbons (C25-C3,). Hydrocarbons did not appear to play. significant role in 
the resistance. Even though their levels ranged from 8.2-17.8 J.lg/cm2, no correlation 
with resistance was found. Diterpenes included both duvanes and labdanes. The 
duvanes were generally the most abundant components of trichome exudates on 
the tobaccos studied In this study the duvanes were divided into a and 8 dUV8

trienediols (4,8,13-duv.triene-I,3-diols) and a and 8 duvatriene-ols (4,8,13-duvatriene
I·ols). The major labdanes found were cis-.bienol 1{12,Z)-labda-12,14
diene-8-011 and a 15-0H .bienol {(l3-E)-I.bd.-13·ene-8,15-dioll. Several fatty 
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alcohols were detected in the cuticular washes, but docosanol was the predominant 
one (-60% of the mixture). Several sucrose ester isomers were present. 
These were identified as a series of esters in which each glucose moiety was 
esterified. The fructose portion of the sucrose molecule contained four free hydro
xyl groups. Each isomer contained an acetyl group at C6. The 2-, 3-, and 4
hydroxyl groups of the glucose portion contained a mixture of C3 to C7 acyl 
groups. The major components of this mixture being 3-methylvaleric and isovaleric 
acids. Only the total sucrose ester levels were measured. 

Table 3.	 Laboratory evaluation of tobacco budworm resistant tobaccos with 
various leaf surface chemistry pronIes. Florence, se. 

1981 1982 
Damage! % Damage % 

Tobacco Claoo· rating survival rating swvival 
TI 170 D o at o a 0.1 0 2 a 
TI 163 D 0.1 0 

TI 168 D 0.3 ab 8 ab 
TI 165 D 0.4 ab 8 ab 
TI 234 H 0.4 ab 6 ab 0.7 ab 16 bc 
TI 1028 C 0.6 ab 12 a-c 
TI 1025 C 0.8 ab 12 s-c 1.4 bc 26 bc 
TI 221 I 1.0 a-c 10 a-c 0.8 a-c 18 bc 
TI 1257 I 1.0 a-c 12 a-c 1.4 bc 26 bc 
TI 328 I 1.1 a-c 22 a-d 1.4 bc 32 bc 
PD 964 B 1.1 a-c 16 a-c 1.2 a-c 22 bc 
TI 1525 G 1.1 a-c 22 a-d 1.1 a-c 22 bc 
TI 1112 A 1.2 a-c 24 a-e 
TI 106 E 1.2 a-c 32 I>-f 2.6 d 39 cd 
TI 1308 F 1.3 a-c 32 I>-f 0.9 a-c 14 ab 
Little Dutch G 1.4 a-c 28 I>-f 1.9 cd 35 bod 
TI 1024 C 1.7 bc 32 I>-f 
TI 229 G 1.7 bc 35 c-f 
1-35 A 2.4 cd 45 d-f 
TI 337 I 3.2 de 30 I>-f 
TI 319 I 3.2 de 52 fg 
TI 1132 C 4.2 e 48 e-g 3.6 e 36 bod 
NC 2326 K 4.4 e 68 g 3.6 e 58 d 
TI 1223 J 4.6 e 45 d-f 
• CleMBe repruent tobllCCOB "ith .imilllT green ICllr surfRce chemiMlry profile..
 
t Demage "'tillga - O. no dRmage; 7. vcI')' hee\')' damRge.
 *Mean. within colulJUIJI followed by the Illme leiter are not Blgnilicantly different at tho 6% level Rccording to DuncBn'a
 

multiple range ~It. 

The various tobaccos were placed in categories A through K based on similar
ities in leaf surface chemistry. Class A category contained those tobaccos (1'1 1112 
and 1-35) with very low levels of cuticular chemicals (Table I). These included 
low diterpenes and alcohol and no sucrose esters. Low levels of leaf surface 
chemicals were associated with low budworm populations. Few budwonn eggs were 
observed in the field. A field cage study in 1979 ohowed that when wild female 
budwonn moths (captured from light traps) were released in cages containing TI 



30 J. Agric. Entomol. Vol. 1, No.1 (1984) 

1112 and NC 2326 tobacco plants, they deposited an average of one egg/plant/cage 
on TI 1112 and 20 eggs/plant on NC 2326 (unpublished data). This type of 
oviposition nonpreference for TI 1112 was hypothesized by Chaplin et a1. (1976) 
and reported by Elsey and Chaplin (1978). They also reported that the flowers of 
TI 1112 were susceptible to oviposition. Our microscopic observations revealed 
the presence of trichome exudates on the flowers, but extremely low levels on 
leaves of plants in the prebutton stage. 

PD 964, a selection from TI 1113, was the only tobacco in Class B category 
(Table 1). It produces duvane levels similar to TI 1112 and moderate levels of 
labdanes and sucrose esters. The degree of budwonn resistance of PD 964 appeared 
similar to that of TI 1112 (Table 2). 

Class C tobaccos had low duvane levels, and no measurable levels of abienols 
or sucrose esters. However, the fatty alcohol (docosanol) levels were significantly 
higher than for the first two categories (Table 1). We speculate that some of the 
resistance of these tobaccos could be due to ovipositional nonpreference since 
certain entries like TI 1132 maintained low budwonn larval populations in the field 
but sustained heavy damage in the laboratory when budwonn eggs or larvae were 
placed on the leaves (Table 3). 

The Claa, D tobaccos (TIs 163, 165, 168, 170) exhibited larval mortality or 
antibiosis. These tobaccos have high levels of duvatrienediols and sucrose esters, 
and their alcohol levels vary from normal to high (Table 1). Field plants from this 
class were suitable for oviposition, as evidenced by egg deposition similar to that 
of susceptible tobacco (unpublished data). However, most newly hatched budworm 
larvae died as first instar larvae. Evidence of spot feeding was common and most 
larvae appeared to have their legs stuck together and to their bodies. We did not 
detennine whether the excessive sticky exudates and gums glued the legs and 
inhibited their movement and feeding or if some unknown toxic factor weakened 
the larvae and reduced their movement causing them to be more susceptible to the 
sticky leaf surface exudates. The budworm resistance may have been affected by 
the high duvatrienediol levels. The role of sucrose esters in these tobaccos is 
unknown, but tests to determine their effects on larvae in the laboratory have been 
initiated. TI 106 (Class E) and TI 1308 (Class F) both have higher duvatrienediol 
levels than tobaccos in Class D, but tobaccos like TI 170 appear to he more 
resistant. In Class F, TI 1308 had high levels of duvatrienediols and sucrose esters 
but was not as resistant as the tobaccos in Class D when placed in laboratory petri 
dishes (Table 3). Although the reason for this is unknown, we speculated that there 
was some unknown resistance factor in Class D tobaccos, or that the presence of 
abienols in TI 130B reduced its resistance. 

Class G tobacco chemistry in Table 1 had duvane levels similar to that of the 
flue-cured cultivar (NC 2326). The most striking characteristic of these tobaccos 
was the presence of moderate to high levels of abienols and sucrose esters. These 
entries were not as resistant as most of those mentioned earlier (Tables 2 and 3). 

TI 234 was the only tobacco entry in Class H (Table 1). Low docosanol and 
high sucrose ester levels were characteristic of this tobacco. The diterpene levels 
were nonnal, and tobacco budworm eggs were observed on the tobacco. This 
tobacco had an adverse effect on larval survival in laboratory experiments in 1981 
and 1982 (Table 3). It was suspected that the low docosanollevel or the combina
tion of low alcohol and high sucrose esters played a significant role in this resistance. 
High levels of sucrose esters alone were not sufficient for budworm resistance 
since many aphid-resistant tobaccos had high levels of these components (Johnson 
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and Severson 1982), and were susceptible to budworm damage. Many of these 
tobaccos were eliminated from the budworm screening program (unpublished data). 

Class I tobacco cbemistry profiles were aimilar to NC 2326 (Table I), but the 
duvane levels were slightly higher, and the docosanol levels were usually lower. 
However, these differences did not appear large enough to cause the degree of 
resistance observed (Tables 2 and 3). These tobaccos indicate that factors other 
than surface chemistry may be involved in tobacco budwonn larval feeding and 
survival. 

During our early studies with host plant resistance, it was first thought that low 
duvatrienediollevels which were characteristic of TI 1112 would result in resistant 
tobacco due to low tobacco budworm moth oviposition. In 1980 it became apparent 
that TI 1223 (Class J) had this characteristic but was highly susceptible to budwonn 
oviposition and larval feeding, It was eliminated from the budworm screening 
program in 1976, and its susceptibility to budwonn oviposition and larval feeding 
was evident when plants of it were observed with high budworm larval numbers 
and daroage (unpublished data). Leaf chemistry studies of TI 1223 in 1980 and 
reported by Johnson and Severson (1982) revealed that this tobacco also had high 
levels of duvatriene-ols which may have been responsible for its attractiveness to 
budwonn moths for oviposition. 

In general, very low or high levels of duvanes and alcohols were characteristic 
of budwonn-resistant tobacco. We speculate that low levels were related to low 
budwonn populations which appeared to result from moth nonpreference for egg 
deposition. High levels appeared to be related to larval antibiosis. Low docosanol 
plus high sucrose esters were characteristic of one resistant tobacco and may 
contribute to resistance. Abienols and hydrocarbons did not appear to be major 
factors in resistance, but may have increased plant susceptibility. Some of the 
most resistant tobaccos had either low or extremely high levels of docosanol. Other 
chemical factors may be important, especially the internal chemistry, since some 
tobaccos within a given chemistry class were more susceptible than others to larval 
feeding in the laboratory. 

Results of this study have ahown that more than one type of tobacco leaf 
surface chemistry is responsible for tobacco budworm resistance. The different 
modes of resistance and the variety of germplasm available will enhance breeding 
programs that are designed to incorporate tobacco budworm resistance into ac
ceptable tobacco cultivars. 
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INFLUENCE OF SYSTEMIC INSECTICIDES ON THRIPS' DAMAGE 
AND YIELD OF FLORUNNER PEANUTS IN GEORGIA2.3 

R. E. Lynch', J. W. Garner", and L. W. Morgan6 

Abstract: Aldicarb, carbofuran, disulfoton, and phorate applied in-furrow at planting provided 
control of immature thrips, Frankliniella (usCG (Hinds) in 1980. Carbofuran failed to control 
thrips in 1981. In both years, plant growth for peanuts treated with eldicarb and disulfaton 
was more rapid than growth of untreated peanuts. Both adult and immature thrips were 
more abundant in flowers than in terminals after flowering was initiated. There were no 
significant differences, however, in peanut yield, quality characteristics, or crop value in 
either year. Therefore, the value of systemics for thrips control on Florunner peanuts in 
south Georgia is primarily cosmetic and cannol be justified on the basis of increased yield or 
quality, or 8 more rapid plant growth. 

Key words: Thrips, Frallklilliella fusca, systemic insecticides. 

J. Agric. Entomol. 1(1.): 33·'2 (January 1984) 

Thrips injury to peanuts, Arachis hypoga,ea L., is one of the most frequently 
encountered insect problems. Three species, the tobacco thrips, Frankliniella Jusca 
(Hinds). the flower thrips, F. trilici (Fitch), and F. bispinoso (Morgan). attack 
peanuts grown in the Southeast (Morgan et al. 1970). The tobacco thrips is the 
most common species on seedling peanuts where they feed in terminals, rasping 
the unfolded leaflets. This feeding produces scarred and malfonned leaves and, 
under severe infestations, stunting of the plant. 

Several studies have been conducted on thrips control throughout the peanut
producing areas of the United States. Smith and Sams (1977) summarized this 
work from 1945-1977 and showed that in only 2 of 14 published reports were 
there significant yield increases due to thrips control. Tappan and Gorbet (1979, 
1981) evaluated spray applications of acephate and band and broadcast applications 
of aldicarb, carbofuran, and disulfoten for thrips control. These authors also re
ported significant thrips control without a corresponding significant increase in 
yield. 

Thrips reduced peanut profits by over $26 million in Georgia from 1972·1981 
(Suber and Todd 1980, Todd and Suber 1980, Suber et al. 1981, H. Womack, 
L. W. Morgan, D. B. Adams, and R. E. Lynch, unpublished 1981 losses). However, 
over 76% of this less was due to cost of the control agent. Only in 3 of the 10 
years were losses considered due to actual thrips damage. 

A survey of peanut producers in Georgia from 1979·1981 showed that ca. 60% 
of the peanut acreage in Georgia received a systemic insecticide at planting for 
thrips control (Herbert Womack, University of Georgia Extension Peanut Ento
mologist, personal communication). Systemic insecticides for thrips control in 
peanuts are still advocated by some extension personnel on the basis that early 
plant growth is accelerated, alloYling the peanut plant to cover the soil surface 
more rapidly and thus reduce weed competition. 

I THYSANOPTERA: Thripid1'l8
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This research was conducted to evaluate in-furrow application of recommended 
insecticides for thrips control and to measure their effects on thrips populations. 
early plant growth, yield, quality, and crop value. 

MATERIALS AND METIiODS 

The studies were conducted on the Agronomy Fann, Coastal Plain Experiment 
Station, Tifton, GA, in 1980 and 1981. Systemic insecticides were applied in
furrow at planting with a Gandy"' granule applicator. The granule applicator was 
calibrated to deliver (kilograms of AI/ha) 0.50 aldicarb or 0.84 each of either 
carbofuran, disulfoton, or phorate. Floronner peanuts were planted on 1 May 1980, 
and 28 April 1981. Plota were 6.1 m long and 1.8 m wide with two rows of peanuta 
81.3 em apart. The experiment was designed in 8 randomized complete block with 
five replications. Standard production practices were employed throughout the 
season each year with irrigation of ca. 2.5 em on 25 July, 6, 14, and 25 August, and 
8 September 1980, 15 and 28 July, and 15 August 1981. 

Ten unopened terminal huds were selected at random from each plot at 7-d 
intervals after plant emergence and placed in 118 ml capped plastic jars containing 
50 ml of 70% ethanol. Ten flowers per plot also were selected at random each 7 d, 
beginning 35 d postemergence and placed in 70% ethanol. The tenninals or 
flowers were agitated in alcohol for ca. 1 min, and the adult and immature thrips 
were counted with the use of 8 microscope. Flowers also were examined individually 
for thrips that were not removed from the staminal column by agitation. Each plot 
was rated visually 30 d postemergence for thrips damage on a 1-9 rating scale 
where 1 = no damage, and 9 = plant death due to severe stunting. 

Five plants/plot were sampled at 7-d intervals for 7 wk to determine the effect 
of thrips damage and/or systemic insecticides on plant growth. Plants from each 
plot were removed from the soil, placed in a labeled plastic bag, brought into the 
laboratory, and refrigerated until analysis. Each plant was individually analyzed for 
leaf area by clipping the leaves and terminals and measuring the leaf-surface area 
with a LI-COR"' Model LI-3000 leaf area meter. 

Peanuts from each plot were dug at maturity with an inverter, thrashed with a 
KEM"' Model KPT-30 plant thresher, and dried. Yields then were computed by 
weighing peanuta from eacb plot Quality data were obtained as outlined by USDA 
inspection instructions for peanuts (Anonymous 1978) and value/ha was detennined 
from tbe peanut loan schedule for runner peanuts in 1980 and 1981 (Anonymous 
1980, 1981). 

RESULTS AND DISCUSSION 

The tobacco thrips, F. fusca, represented > 90% of the thrips in peanut 
tenninals and flowers. (See Appendix Tables 3 and 4 for population trends.) These 
trends are similar to those reported by Tappan and Gorbet (1979, 1981); the 
initial infestation was composed primarily of adults and 8 natural population 
decline OCCUlTed within 17 ·31 d after planting. However, in south Georgia, the 
decline OCCUlTed slightly later, 21-28 d postemergence, than reported for Florida. 
In both years, immature fonns represented 90.5% of the thrips in the tenninals but 
varied between samples after initial infestation from 50 to 98.5%. Contradictory to 
the report of Tappan and Gorbet (1979), immature thrips also were the pre
dominant stage in flowers, representing 64.2 and 63.7% of the total thrips in 1980 
and 1981, respectively. This percentage also varied between samples and ranged 
from 32.4 to 94.7% immature thrips in the flowers. 
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The decline in thrips damage to newly emerged leaves has been hypothesized 
to result from movement of thrips from terminals to flowers 88 the peanut plant 
reaches anthesis (Leuck 1967) ca. 28-35 d postemergence. Tappan and Gorbet 
(1979) did not find rna.. movement by immature thrips. Data presented in Tsble 
1, however, show that both adult and immature thrips were more abundant in 
flowers. This fact was especially evident for sdults; the rstios of adults per terminsl 
versus flower favored flowers, with only one exception where the ratio was equal 
The ratios also show 8 28:1 and 14:1 preference for nowers during the 2 years. 
lmmature thrips initially established in terminsls, but in both years tended to 
prefer flowers as the season progressed. However, the preference for flowers by 
immature forms was not 85 great 88 the preference by adults. Hammons and Leuck 
(1966) also noted that immature thrips were the predominant stage in flowers. 

Table 1. Ratio of thrips in the terminals and flowers of untreated Flomnner 
peanuts. 

Days after	 Thrips ratio' (terminals:flowers) 

plant emergence Adults Immatures Total 

1980 
35	 1.0: 2.9 1.0:1.2 1.0:1.7 
42	 1.0: 1.7 1.6:1.0 1.4:1.0 
49	 1.0: 1.0 1.3:1.0 1.3:1.0 
56	 1.0:28.5 1.0:1.6 1.0:4.4 
63	 1.0: 8.4 1.0:3.5 1.0:4.7 
70	 1.0: 2.5 1.0:1.6 1.0:1.8 

1981 
35	 1.0: 2.0 1.3:1.0 1.0:1.0 
42	 1.0:14.0 1.5:1.0 1.0:1.1 
49	 1.0: 6.7 1.2:2.0 1.0:2.4 

• Ratio or the number of thrips pet 10 t.enninalll to the number or thrips per 10 no",-era. 

Both adult and immature thrips initially infest the terminal buds where they 
feed in a relatively protected environment. As terminals develop and leaflets 
unfold, the site becomes unsuitable for thrips feeding. During early growth of the 
plant, thrips can probably complete development from egg to adult, ca 13 d (Bass 
and Ledbetter 1970), within one or at most two terminals before the leaflets 
expand. However, as the growth rate of the plant increases from slow vegetative 
growth during the first 30 d after emergence to a more rapid, exponential growth 
phsse (Duncan et aL 1978), terminal leaflets develop and unfold more rapidly. 
Thus, immature thrips are unable to complete development in a single tenninal 
before the leaflets unfold and must migrate to another tenninsl or, in many 
instances, to a flower. Peanut flowers are suitable feeding sites for only short 
periods of time since the flower emerges, wilts, and desiccates in only 1 or 2 d 
under normal field conditions (Gregory et aI. 1951). Both adult and immature 
thrips must migrate to another feeding site, become trapped in the staminal 
column, or die in the desiccating flower. Indeed, dead or moribund thrips, both 
adults and immatures, were observed in the staminal column of desiccated flowers. 
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This entrapment and repeated migration, especially of soft-bodied imrnatures, 
exposes them to starvation, predation, and environmental stresses such as desicca
tion, and probably accounts for the decline -in thrips damage 85 the peanut plant 
initiates flowering and enters the exponential growth phase. 

The efficacy of systemic insecticides for thrips control in 1980 is presented in 
Appendix Table 3. Control of adults in the tenninals was limited to 2 wk after 
plant emergence for aldicarb, disulfoton, and phorate, and only 1 wk for carbofuran. 
Immature control in the terminals persisted for 28 d with carhofuran and disulfoton 
and 35-42 d with aldicarb and phorate. A slight resurgence in thrips occurred 42
49 d after plant emergence and none of the systemics provided control after 42 d. 

Visual plant damage ratings 30 d after plant emergence were analagous to 
tennine! counts of thrips. Damage ratings were 2.2 for aldicarb and phorate, 2.4 
for carbofuran and disulfoton, and 5.6 for the untreated check. All systemics 
afforded significantly lower damage ratings than the untreated check. 

Systemic insecticides provided little control of adults in the flowers. At 35 d 
posttreatment, only aldicarb provided control significantly better than the untreated 
check. Control of immature thrips on the flowers also paralleled control in the 
terminals in that significant differences were noted only through 42 d. 

Data on leaf area per plant 8S influenced by systemics and thrips damage are 
presented in Appendix Table 3. Plants treated with aldicarb, carbofuran, and 
disulfoton had a significantly greater leaf area than plants treated with phorate at 
35 d. This difference was primarily a result of phorate-induced leaf-burn that 
resulted in loss of the lower leaves. Regression analysis of days on leaf area 
showed that the quadratic trend was significant (P = 0.05) and that the regression 
lines for aldicarb and disulfoton differed significantly (P ~ 0.05) from the untreated 
check.. However, the trends for aldicarb, carbofuran. and disulfoton were not signi
ficantly different, and the trends for carbofuran, disulfaton, and phorate were not 
significantly different. Thus, plants in plots treated with aldicarb and disulfoton 
grew more rapidly than plants in untreated plots. 

Thrips populations in 1981 were much greater than in 1980 and reached 
28/tenninal in the untreated check (see Appendix Table 4). With the exception of 
carbofuran, the results paralleled the 1980 test; aldicarb, disulfaton, and phorate 
provided control of adults in the terminals for 2 wk, and control of immatures in 
the terminals and flowers for 5 wk after plant emergence. earbofuraD, however, 
failed to provide thrips control. Peanuts treated at planting with carbofuran had 
signlficantly more adults/terminal at 7 d than any of the other treatments, including 
the untreated check. The population trend for immature thrips in both the tenninals 
and flowers of peanuts treated with carborruran tended to parallel that for the 
untreated peanuts, but was delayed by 1 wk. Tappan and Gorbet (1981) also noted 
that the highest thrips populations, with the exception of the untreated check, 
occurred in carbofuran-treated peanuts. However, in their results, thrips populations 
in the carbofuran treatment did not significantly exceed populations in the untreated 
check as in the present results. 

Visual ratings 30 d after plant emergence confumed that carbofuran failed to 
control thrips. Peanuts treated with aldicarh, disulfoton, or phorate exhibited 
moderate thrips damage with a rating of 2.8, significantly less damaged than 
peanuts treated with carbofuran (6.4), or untreated (6.8). The failure of carbofuran 
to control thrips also was documented in a field of a Tift County, Georgia, fanner 
where both carbofuran and aldicarb were used. At ca. 40 d after peanut emergence, 
the peallut.s treated with aldicarb at planting were given a damage fating of 2.3 
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while those treated with carbofuran were rated 6.8. Failure of carbofuran to ade· 
quately control thrips may be related to microbial degradation (Ahmad et al. 1979, 
Felsot et al. 1981, 1982, Williams et al. 1976), or possibly resistance. 

Significant differences also were noted in leaf area/plant under the intense 
thrips pressure of 1981 (see Appendix Table 4). By 21 d, plants in the aldicarb, 
disulfoton, and phorate plots had significantly greater leaf areas than plants in the 
carbofuran or untreated plots. This trend continued through 49 d with the exception 
that at 28 d, carbofuran was not significantly different from disulfoton- or phorate· 
treated plants, or from phorate-treated plants at 49 d. Regression analysis of days 
on leaf area showed that the quadratic trend was significant (P = 0.05) and that 
the regression line for aldicarb differed significantly (P = 0.05) from those for all 
other treatments. The leaf area trend for disulfoten also differed significantly (P = 
0.05) from that for carbofuran and the untreated check, but did not differ from the 
trend for phorate. Thus, as in 1980, plants in plots treated with aldicarb and 
disulfoton grew more rapidly than plants in untreated plots. 

In both years, no significant yield, quality, or crop value differences were noted 
between peanuts receiving a systemic at planting and the untreated check (Table 
2). Tappan and Gorbet (1979, 1981) also found no significant yield differences 
when aldicarb, carbofuran, or disulfoton was broadcast or banded for thrips control. 
In-furrow application of systemics represents the most inexpensive means of applying 
systemics and providing thrips control. However, even with in-furrow application, 
unprofitable rather than profitable net returns could predominate since there were 
no significant peanut yield or quality increases associated with the use of systemics. 

Table 2. Influence of systemic insecticides on yield and value of FlonJIUler peanuts'. 

Rate Yield (kg/ha) Vaiuelha ($)1 Avg. valuel 

Treatment (kg Al/ha) 1980 1981 1980 1981 hects.re ($)1 

Aldicarb 0.50 2822 a 6033 a 1326.88 a 3136.65 a 2231.77 
Carbofuran 0.84 2895 a 5700 a 1328.27 a 2928.31 a 2128.29 
Disulfoten 0.84 3252 a 5602 a 1508.85 a 2868.71 a 2188.78 
Phorate 0.84 2984 a 6091 a 1392.96 a 3131.42 a 2262.19 
Untreated 3065 a 5513 a 1421.34 a 2828.59 a 2124.97 
• Means within a column followed b). the 811me leiter are nOI, Hignlfical1tly differenl II! the 5% level using Duncfln'8 multiple 

rflnge tcsL 
t To convert to ,·slue/acre. di\'ide b)' 2,47. 

In summary, these results support the conclusions of Tappan and Garbet 
(1979, 1981); thrips control does not significantly increase peanut yield, even 
under heavy thrips infestations. Severe thrips damage occurs early in plant deve
lopment and is insufficient at more critical physiological stages to significantly 
reduce yield. Plant growth rates were more rapid in plots treated with aldicarb or 
disulfoton. However, there were no visual differences noted in weed competition, 
and the increased growth rate did not significantly increase peanut yield, quality, 
or crop value. Therefore, the value of systemics for thrips control is primarily 
cosmetic and is not justified on the basis of increased plant growth rate. 
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Table 3. Influence of systemic insecticides on thrips populations and leaf area of Flomoner peanuts in 1980. Tifton, GA'. 

Days post Thrips/10 terminals Thrips/10 flowers 

Treatmentl plant emergence Adults Immatures Total Adults Immatures Total Leaf area/plant (em') 

Aldicarb 
Carbofuran 
Disulfoton 
Phorate 
Untreated 

A1dicarb 
Carbofuran 
Disulfoton 
Phorate 
Untreated 

7 

14 

0.2 a 
1.0 a 
1.0 • 
0.4 • 
2.2 b 

2.8 • 
7.2 c 
5.4 b 
3.4 a 
8.4 c 

0.0 • 
0.0 a 
0.0 a 
0.0 a 
0.0 a 

0.8 a 
1.6 a 
0.8 a 
0.0 a 
8.4 b 

0.2 a 
1.0 a 
1.0 a 
0.4 a 
2.2 b 

3.6 a 
8.8 b 
6.2 ab 
3.4 • 

16.8 c 

33.4 • 
30.4 • 
27.1 a 
25.7 a 
32.8 a 

89.9 a 
85.5 8 

81.3 a 
72.7 a 
91.5 a 

!'-< 

>
':I. 
p 

l'l 

"5 
8 
0 
~ 

< 
0 .... 
:-
Z 
? 

A1dicarb 
Carbofuran 
Disulfoton 

21 2.4 a 
2.6 • 
2.0 • 

12.8 a 
23.2 a 
16.0 a 

15.2 a 
25.8 a 
18.0 a 

135.1 a 
132.3 a 
130.6 a 

.... 
<D 
<» 
~ 

Phorate 1.8 a 3.2 a 5.0 a 133.6 a 
Untreated 1.2 • 103.4 b 104.6 b 122.7 a 

A1dicarb 28 2.6 • 11.2 b 13.8 ab 305.1 a 
Carbofuran 1.8 a 14.0 b 15.8 b 307.1 a 
Disulfoton 
Phorate 

1.8 a 
1.6 a 

15.4 b 
6.2 a 

17.2 b 
7.8 a 

238.3 
260.0 

a 
a 

Untreated 2.8 a 35.4 c 38.2 c 212.8 a 



AJdiearb 35 2.8 a 9.4 ab 12.2 a 8.2 a 5.8 a 13.8 a 480.3 a 
Carbofuran 3.8 a 14.6 b 18.4 b 12.2 ab 12.8 b 25.0 b 472.4 a 
Disulfoton 4.2 a 13.6 b 17.8 ab 21.6 e 9.2 ab 30.8 e 425.1 a 
Phorate 4.6 a 5.4 a 10.0 a 13.6 ab 4.4 a 18.8 a 301.2 b 
Untreated 5.6 a 14.2 b 19.8 b 16.2 be 17.6 e 33.8 e 411.7 ab 

AJdiearb 42 7.2 a 46.6 a 53.8 a 6.4 a 8.2 a 14.6 a 1094.0 a 
Carbofuran 3.2 a 61.8 ab 65.0 ab 7.0 a 30.2 b 37.2 b 832.6 a 
Disulfoton 7.8 a 70.2 b 78.0 b 10.4 a 29.4 b 39.8 be 1097.8 a 
Phorate 4.6 a 47.6 a 52.4 a 9.2 a 20.4 b 29.6 b 720.7 a 

t"'Untreated 4.2 a 66.2 b 70.4 ab 7.2 a 42.0 e 49.2 e 822.0 a 
~ 
(") 

::z:AJdiearb 49 3.6 a 32.6 a 36.2 a 3.8 a 23.2 a 27.0 a 1472.6 a 
~Carbofuran 3.0 a 48.2 a 51.2 a 2.0 a 40.6 a 42.6 a 1311.9 a
 

Disulfoton 4.4 a 40.2 a 44.6 a 2.8 a 41.4 a 44.2 a 1222.6 a !'"
 ..,Phorate 1.8 a 40.6 a 42.4 a 3.8 a 32.6 a 36.4 a 1185.9 a
 
Untreated 2.0 a 46.4 a 48.4 a 2.0 a 36.0 a 38.0 a 939.3 a s:
 

" 
• Melina ,,"thin • oob.1mn for each &amP~te followed by the aame letter are not lignificantl)' different It the 5% level using Duncan'. new multiple range tell. 

~ 

t AU .p;temiee were applied in-fwTow .t p ting. Aldicarb "'... applied It 0.50 kg Al/lul and earbofuran, dUulfoton, and phorate elch ....ere applied at 0.84 Itg Allha. 
0 

...,•
••
0 

c 
10 



<=>Table 4. Influence of systemic insecticides on thrips populations and leaf area of Floronner peanuts in 1981. Tifton, GA·. 
~ 

Days post Tbrips/10 terminals Tbripa/10 nowers 

Treatment! p~t emergence Adults Immatures Total Adults Immatures Total Leaf area/plant (em') 

Aldiearb 7 2.6 a 0.0 a 2.6 a 29.1 a 
Carbofuran 24.0 d 0.6 a 24.6 d 27.6 a 
Disulfoton 9.2 be 0.0 a 9.2 be 27.0 a 
Phorate 7.6 ab 0.0 a 7.6 ab 24.1 a 
Untreated 14.8 e 0.4 a 15.2 e 26.2 a ~ 

Aldiearb 14 7.6 a 2.6 a 10.2 a 39.8 a 
>
'!l. 

Carbofuran 20.2 b 48.2 b 68.4 b 29.9 a p 

DisuJfoton 
Phorate 

12.4 
11.8 

a 
a 

10.2 a 
1.8 a 

22.6 
13.6 

a 
a 

50.6 
41.2 

a 
a 

l.'l•g 
8 

Untreated 19.6 b 151.8 e 171.4 e 31.5 a 0 
~ 

Aldiearb 21 9.4 a 14.8 a 24.2 a 137.1 a <
0 
~ 

Carbofuran 20.8 a 157.2 b 178.0 b 99.1 b !"' 
DisuJfoton 14.4 a 29.6 a 44.0 a 140.6 a Z 
Phorate 10.8 a 16.4 a 27.2 a 130.9 a 0 

Untreated 12.6 a 267.4 e 280.0 e 76.5 b ~ 

0:: 
Aldiearb 28 5.4 a 18.0 a 23.4 a 364.6 a <0 

"" Carbofuran 5.4 8 199.4 d 204.8 d 231.6 be ~ 

DisuJfoton 2.6 a 69.8 be 72.4 be 345.4 ab 
Phorete 5.0 a 33.6 ab 38.6 ab 354.9 ab 
Untreated 6.8 a 99.4 e 106.2 e 189.8 e 

Aldiearb 35 11.6 a 7.8 a 19.4 a 7.8 a 3.8 a 11.6 a 810.9 a 
Carbofuran 7.0 a 20.2 a 27.2 a 14.8 e 18.0 b 32.8 b 289.2 b 
Disulfoton 9.0 a 15.6 a 24.6 a 8.6 ab 9.0 a 17.6 a 789.8 a 
Phorate 8.2 a 7.8 a 16.0 a 8.0 a 4.8 a 12.8 a 812.2 a 
Untreated 6.8 a 34.2 b 41.0 b 13.6 be 25.8 e 39.4 b 335.3 b 



Aldicarb 42 2.2 a 27.2 a 28.8 a 19.2 a 19.2 a 38.4 a 1961.8 a 
Carbofuran 3.0 a 43.0 a 46.0 a 19.6 a 31.8 b 51.4 a 994.5 c 
Disulfolon 2.2 a 33.0 a 35.2 a 15.6 a 19.4 a 35.0 s 1505.3 b 
Phorate 1.6 a 24.8 a 26.0 a 16.4 a 22.0 a 38.4 a 1389.2 b 
Untreated 1.2 a 34.4 s 35.6 a 16.8 a 23.6 ab 40.4 a 955.3 c 

Aldicarb 49 0.6 a 6.8 a 7.4 a 3.8 a 10.4 a 14.2 a 3654.9 a 
Carbofuran 1.6 a 8.8 s 10.4 a 3.2 a 10.2 a 13.4 a 2137.8 b 
Disulfolon 0.4 a 10.6 a 11.0 a 3.8 a 7.8 a 11.6 a 3050.2 a 
Phorste 0.4 a 6.2 a 6.6 s 3.6 a 8.0 s 11.6 a 2757.7 ab 
Untreated 0.6 a 5.6 a 6.2 a 4.0 a 11.0 a 15.0 a 2203.1 b 
• Mean! within II column for I!Ich aamp!ing date follollo'ed by the lame letter are not significantly different at the 5';i, le\'el uBinll Dwu:an'. new multiple range telt. 

t All ByltemicB ....ere applied i&turrow 8t planting. Aldicarb was applied at the 0.50 kg AlIha. and carbofuran, dilulfoton, and phorat.e each were applied at 0.84 kg AUha. 
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EASTERN EQUINE ENCEPHALOMYELITIS VIRUS ACTIVITY IN 
SOUTH CAROLINA1 

M.	 A. Tidwe1l2, D. M. Forsythe2, Margaret A. Tidwe1l3, Richard L. Parker'. 
and A. J. Main5 

Abstract: A review of South Carolina state records maintained since 1969 revealed onc case 
of eastern equine encephalitis (EEE) in human beings, four cases in birds, and 198 confinned 
cases in horses. A positive correlation was observed between the number of EEE cases and 
the mean arulUa! rainfall The highest incidence of reported cases was in the Sandhill and 
Coastal Plain Regions of the State. 

During 1981, EEE hemagglutination-inhibition antibody titers of 1:20 or greater were 
detected in 4 of 39 sentinel chickens maintained at a study site near South Santee, Charleston 
County, se. Seasonal distribution data are given for mosquitoes collected during 1981 and 
1982. A total of 28 species including 10 potential vectors of EEE was collected from the 
area. No virus was isolated. 

Key words:	 Eastern equine encephalomyelitis virus, South Corolino, rainfall, mosquitoes, 
sentinel chickens, horses, humans. 

J. Agric. Enoomol. 1(1): 43-52 (January 1984) 

Eastern equine encephalomyelitis (EEE) virus has been reported from aU Atlantic 
coastal states from Maine to Florida, although little published information is 
available on the occurrence of this virus in South Carolina. Alexander and Murray 
(1958) reported 27 cases of encephalitis in South Carolina horses during 1956 with 
three EEE virus isolations from brain tissue. In a 1957 report summarizing 
arthropod-borne encephalitis sUIVeillance activities, Brody and Murray (1959) 
reported EEE antibodies in wild birds and feral swine from South Carolina and 
Georgia. No virus was isolated from mosquitoes, small mammals or fowl; however, 
they reported four EEE virus isolations from 59 equine cases of encephalitis in 
South Carolina. McGowan, et al. (1973) list three human cases of EEE from South 
Carolina reported to the Centers for Disease Control (CDC) during 1955-1971, 
although no state records exist substantiating these cases. Unpublished information 
from CDC recorded two serologically confirmed cases from South Carolina in 1955 
and another in 1969 (Leslie D. Beadle, personal communication). Maness and 
Calisher (1981) reported 12 equine cases in South Carolina during 1971 and 23 
additional horses with monotypic EEE antibody (i.e., in the absence of western 
equine encephalomyelitis antibody). 

During 1981, a preliminary surveillance program was conducted to detennine 
whether EEE virus activity could be detected at a study site in the South Santee 
area of Charleston County. The results of this surveillance program 8S well as a 

1 Too rellearch v..al lupported by The Citadel De\'elopment FoundlltJon grant 21130·V001, The Uni....ersity or South 
Carolina, Inumlltional Center for Public: Health Research, the South Carolina Depattlntnt or Health and Emironmental 
CA:>ntrol grant 21130·L003, and the National Inllituto or Health grant lROIAI0984. Received for publication 31 March 
1983; ac:cepted 22 June 1983. 

2 Vedor Biology Ruearc:h program, Department of BiolotD'. The Citadel Charlelton, SC 29409. 
3 lntel'nlltional Center for Public: Health Reloll!arch. Unh·enity of South Carolina, Mc:Clellanville, SC 29458. 
4 Burellu of DilJelLM ControL South Carolina Department of Health and Eovimnmenc.1 ControL Columbia. SC 29201. 
6 Vale ArbovinJI Reloll!ucb Unit., Department of EpidemiolOJ)' and Public Health, V.le Univenily, 60 CoUIIge Street, P. O. 

Bo. 3333. Ne. Haven, CT 06510. 
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summ8lY of state records of EEE cases in domestic fowl and equines are presented 
herein 

REVIEW OF SOUTH CAROLINA STATE RECORDS 

An inspection of the recorda from the Bureeu of Diseese Contro~ South Carolina 
Depertrnent of Health and Environmental Control and from the Clemson University 
Livestock-Poultry Health Division was made to detennine the distribution and 
incidence of EEE in South Carolina. ConfIrmation of EEE in equines was based 
on histopathology of brain tissue and!or virus isolation. 

Records maintained since 1969 revealed 8 total of 198 confIrmed equine cases 
of EEE with reported cases every year except 1977,1978, and 1980. From 1969 
to 1975, the number of cases per year ranged from a high of 47 in 1971 to 11 in 
1972. In 1976, the volunteer equine encephalitis reporting system was discontinued; 
the numher of recorded cases decreased to six for the period 1976-1981 (Tahle 1). 
An outbreak in 1982 resulted in 18 recorded equine cases of EEE. 

Table 1. Annual cases of eastern equine encephalitis reported in South Carolina 
horses from 1969-1982. 

Vear Number of Cases 

1969 28 
1970 12 
1971 47 
1972 11 
1973 26 
1974 17 
1975 33 
1976' 1 
1977 o 
1978 o 
1979 3 
1980 o 
1981 2 
1982 18 

Total 198 
·Volunteer equine enoophalitis reporting sys1cm discontinued 

Seventy percent of South Carolina counties reported one or more equine cases 
of EEE during the 14-year period (1969-1982) with more than 50% of the counties 
recording three or more cases. The highest incidence of EEE was in the Sandhill 
and Coastal Regions of the State. In general, these areas were located east and 
south of a line running from Aiken County to Chestemeld County (Fig. 1). Horry 
and Kershaw counties reported the highest number of equine cases, 26 and 22, 
respectively. Sumter County ranked third with 21 cases. Recorded dates were not 
available for all cases; however, most occurred from June through September. 
During seasonal outbreaks, coincident cases could occur at widely scattered loca
tions. For example, at the beginning of the 1975 season, cases were recorded on 
21, 22 and 24 June from Clarendon, Hampton and Horry counties, respectively. 
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Fig. 1.	 Distribution of eastern equine encephalitis caees in South Carolina horses 
(1969-1982). "W' indicates The Wedge study site. Arrow indicates approx
imate upper margin of Sandhill Region. 

It should be noted that the EEE reporting system waa based on voluntary 
participation and probably does not reflect tbe actual number or distribution of 
horse cases. For example, the year with the highest recorded prevalence was 1971, 
when interest in equine disease was undoubtedly increased throughout the southern 
U.S. 88 8 result of the Venezuelan equine encephalomyelitis outbreak in Mexico 
and southern Texas. In addition, the use of EEE vaccines may reduce the number 
of susceptible equines and render them unreliable 8S a sentinel to indicate virus 
activity in a region. 

From 1977-1982, four cases of EEE in pen-raised quail and pheasant were 
confirmed by virus isolation. The birds were submitted from diseased flocks in 
Berkeley, Dorchester and Sumter Counties. 

One non-fatal human case of EEE from Beaufort County in 1980, was comumed 
during the period 1970-1982. This case waa diagnosed as EEE baaed on a four
fold or greater rise in antibody titer by complement fuation and hemagglutination
inhibition (HI) tests. 
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METHODS 

The arbovirus surveillance was conducted at The Wedge Plantation, Interna
tional Center for Public Health Research, University of South Carolina, at 
McClellanville and a nearby plantation, The Hampton, Both plantations lie in the 
Altantic coastal plain cs. 72 Ian NE of Charleston, SC, The Wedge with cs. 547 ha 
lies adjacent to the Santee River and contains a variety of habitats including salt 
and freshwater marshes, freshwater swamps and pine and hardwood forests. The 
Hampton site, 6.4 km further inland on the Santee River, contains a large freshwater 
swamp. 

A sentinel flock of domestic chickens (Gallus gallus) located at The Wedge and 
live-trapped mosquitoes collected at The Wedge and The Hampton were utilized 
for the surveillance study. Venous blood samples were collected on 16 June, 23 
July and 23 November 1981, from color-marked sentinel chickens using standard 
arbovirus techniques (Sudia et al. 1970), A 0,2 ml blood sample was mixed with 
1.8 ml of saline solution, centrifuged at 1,000 X g for 10 min and the clot 
discarded The serum was stored at _12°C until serological tests could be conducted 
Hemagglutination-inhibition (HI) tests were conducted in microtiter plates using 
serial two-fold dilutions of acetone-treated sera and four to eight hemagglutination 
units of sucrose acetone extracted antigen (Clarke and Casals 1958). Plates con
taining the extracted sera and hemagglutinin were incubated overnight at 4°C and 
goose cells diluted 1:24 with appropriate pH (6,2) adjusting diluents were added, 

Mosquitoes were collected on 12, 14 September and 23 October from 10 
stations using New Jersey (AC and DC) light traps supplemented with dry ice and 
equipped with net bags to facilitate live capture, The CDC catching bags were 
removed prior to sunrise and held over wet ice in a cooler. Bloodfed mosquitoes 
were aspirated from the sentinel chicken house on 12 September and 23 November. 
All specimens were transported to the lab, immobilized in a freezer or with CO2, 

placed on cold plates, and identified to species. The identified specimens were 
placed in poola of 6 to 75 females in labelled Nunc'" tubes and maintained at -70°C 
until tested. Each pool was triturated in a sterile mortar with alundum as an 
abrasive, Two ml of 20% newborn calf serum in a phosphate-buffered saline (pH 
7.2) with penicillin and streptomycin was added. The suspensions were centrifuged 
at 1500 X g for 10-20 min, and 0,02 ml of supernatant from each pool was 
inoculated intracerebrally into each of eight suckling Webster Swiss mice, Tech
niques for mosquito collection and processing for virus detection were modified 
from those of Sudia and Chamberlain (1967). All serological testing and virus 
isolation studies were conducted at the Yale Arbovirus Research Unit 

An additional survey was begun in March 1981 at The Wedge Plantation and 
adjacent South Santee area to determine species composition and relative abun
dance of mosquitoes. Three New Jersey light traps were set one night each week, 
and weekly samples were obtained from two Malaise traps. None of these mos
quitoes was tested for the presence of arboviruses. In addition, two tree holes, two 
artificial containers and three Aedes aegypti oviposition traps were monitored to 
detect eggs and/or larvae of Ae, aegypti (Linnaeus) and Ae, triseriatus (Say) in the 
area. 



47 TIDWELL et aL: EEE in South ClllOlina 

RESULTS 

Eastern equine encephalomyelitis III antibody titers of 1:20 or greater were 
detected in 4 of 39 chickens sampled at The Wedge Plantation during 1981. HI 
titers in these birds ranged from 1:20 to 1:160 confirming infection with EEE 
virus. These sera also were tested for antibody to Highlands J virus and none was 
positive. 

EEE virus was not detected in 40 pools of mosquitoes which included 53 Ae. 
soUicitans (Walker), 127 Ae. taeniorhynchus (Wiedemann), 26 Ae. vexam; (Meigen), 
297 Anopheles bradleyilcrucians, 5 An. punctipennis (Say), 18 An. quadrimaculatus 
Say, 23 Coquillettidia perturbam; (Walker), 1,079 Culex salinarius CoquiUett and 
195 Culiseta melanura (Coquillett). Ninety bloodfed mosquitoes including 16 An. 
bradleyilcrucians, 53 An. quadrimaculatus, 2 Cx. e"aticus (Dyar and Kuab), 15 Cx. 
Quinquefasciatus Say and 4 eX. salinarius collected from the sentinel chicken 
house were also negative for EEE virus. 

Mosquito light and Malaise trap surveys in The Wedge/South Santee area 
yielded 27 species (Table 2). One additional species, Ae. triseriatus, was collected 
in the egg and larval stages during 1981 and 1982. Adult mosquitoes were collected 
every month of the year from this region. Most frequently collected were repre
sentatives of the An. bradleyVcrucians complex, ex. salinan'us, and the two salt 
marsh mosquitoes, Ae. taeniorhynchus and Ae. sollicitans. 

DISCUSSION 

The enzootic cycle of EEE virus principally involves the freshwater swamp 
breeding mosquito, Culiseta melanura; and wild birds. This cycle usually goes 
undetected until disease occurs in horses or human beings. Most host preference 
studies of Cs. melanura indicate that approximately 80·99% of adult females 
obtain bloodmeals from birds particularly passennes and only rarely from inci
dental hosts such as man, horse or chicken (Joseph and Bickley 1969, Edman et 
al. 1972). Therefore, it is likely that EEE virus is primarily transmitted to these 
hosts by other mosquito vectors (Chamberlain 1980). 

Mosquito surveys at The Wedge and nearby South Santee area revealed 28 
species of which at least 10 IAe. sollicuam;, Ae. triseriatus, Ae. vexam;, Cq. perturbans, 
ex. erraticus, ex. restuans Theobald, Cs. melanura, Orthopodomyia signifera 
(Coquillett), Psorophora ciliata (Fabricius), and Ps. columbiae (Dyar and Kuab)1 
have been reported as potential vectors of EEE virus (Davis 1940, Chamberlain et 
al. 1954, Chamberlain 1958). Most of these species occur in both the Coastal Plain 
and Sandhill Regions of South Carolina where reported periodic outbreaks of EEE 
in equines most frequently have occurred. Coastal areas of South Carolina generally 
support high population densities of Ae. sollicitans and Ae. taeniorhynclws. These 
populations can be attributed, in p~ to extensive acreages of man-made impound
ments located throughout the area Crans (1977) reported that sufficient data have 
been accumulated to incriminate Ae. sollicitans as an epidemic vector of EEE in 
New Jersey. 

Various studies have indicated that an abundance of rainfall apparently can be 
a contributing factor in epidemics and epizootics of EEE (Beadle 1959, Dalrymple 
et al. 1972). Hayes and Hess (1964) demonstrated that outbreaks in human beings 
and equines in Massachusetts and New Jersey were associated with excessive 
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Table 2. Species composition and relative abundance of mosquitoes from weekly light and Malaise trap collections from three sites 
in The Wedge/South Santee area of Charleston County, South Carolina, March 1981-Decemher 1982. 

Month traps were utilized to collect mosquitoes- Total 
Species Jan. Feb. Mar. Apr. May Jun. JuL Aug. Sep. Oct. Nov. Dec. mosquitoes 

Aedes 
atlanticus 
c. canadensis 
fulum paUens 
infirmaJus 
milchellae 
sollicitans 
tceniorhynchus 
uerans 

Anopheles 
atropos 
bradleyi/ 
crucians 
punctipennis 
quadrimaculatus 

Coquillettidia 
perturbans 

Guier 
erraticus 
nigripalpus 
quinquelasciatus 
resluans 
salinariu.s 
terruans 

443
 
208
 

5
 
27
 "" >50 ';.

"29,068 
25,126 

~1,421 '" S 
3 
!2

30 
0 
<: 
~84,356 
!" 
Z8 P 

2,104 
~ 

~ 

1,093 
<0 

e'"
149 

8 
14 
82 

26,256 
29 



Culiseta 
inomata 
melanura 

Psorophora 
ciliata 
columbiae 
{eroz 
howardii 

Uranotc.enia 
sapphirina 

Orthopodomyia 
signi{era 

177 
1,909 

27 
169 
177 

17 

10,069 

10 Solid linn indicate monthl in whim 100 or more specimelUl ...-ere coUeCUd. 

...
 
'" 
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rainfall during the summer of the outbreaks (June-August) and the preceding 
autumn (August-October). While we were unable to observe an association of EEE 
cases and rainfall during these two 3-month periods, we did obtain a positive 
correlation between the mean annual rainfall (recorded from nine sites in the 
central and coastal portions of the State) and the number of EEE cases reported 
from South Carolina from 1969-1981 (Fig. 2). Generally, periods of heavy precipi
tation enhance conditions for the production of Cs. melanura, the enzootic vector, 
and may provide favorable conditions for other species involved in the transmission 
of EEE virus to man, borses and domestic birds. Although Wallis et al (1974) did 
not include rainfall data, they reportad that a substantial increase in the es. 
melanura population coincided with the onset of an epizootic of EEE in Con
necticut.. EEE virus is frequently recovered from Cs. melanura collected from 
freshwater swamp foci in other states. EEE virus and/or serological evidence of 
the virus is often encountered in wild birds from these same aress (Schaeffer et a1 
1958, Dalrymple et al. 1972). Efforts to isolate EEE virus from other species of 
mosquitoes usually are not as successful. Generally, large numbers of mosquitoes 
are utilized to obtain virus isolations (Wallis et al 1958, Cbamberlain 1958). 
Evidence for the occurrence of EEE virus was provided by the seroconversion of 
birds in the sentinel flock at The Wedge. The relatively sman number of mosqui
toes (2,003) tested from tlUs area apparently precluded the isolation of virus. 
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Fig. 2.	 Number of cases of eastern equine encephalitis in South Carolina horses in 
relation to the mean annual rainfall from nine stations in the central and 
coastal portions of the State (1969-198L). 
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Wallis and Main (1974) speculated on the source of virus involved in recurrent 
outbreaks of EEE. They noted several possible methods for the overwintering of 
the virus in natural enzootic areas including transovanan transmission in mosqui
toes and the overwintering of virus in mosquitoes, other arthropods, and hibernating 
vertebrates. While any of these factors could be responsible, the maintenance of 
the virus in areas with wanner climates like South Carolina may he due to 8 

different combination of factors and might actually be more readily accomplished 
in these areas. The high populations of wintering birds and the presence of 
potential vector mosquitoes during much of the year could perhaps contribute to 
the enzootic cycle of the virus in warmer climates. The coincident reappearance of 
EEE cases in scattered South Carolina foci provides some support that enzootic 
cycles are being maintained in these areas. 
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RESISTANCE TO CORN EARWORM' LARVAE IN CORN SILKS AS
 
RELATED TO LARVAL GROwrn SUPPRESSION AND RECOVERY'~
 

B. R. Wiseman', N. W. Widstrom', and A. C. Waiss, Jr.' 

Abstract: Silks of several maize, Zea mays L., lines were fed to com earwonn, Heliothis zea 
(Boddie), larvae in the laboratory for periods of 4, 6, 8 and 10 d to determine if the 
resistance effect of 'Zapalote Chico' silks was growth inhibition. Growth of the larvae fed 'Z. 
Chico' silks was inhibited significantly by the sixth day. Mean weights of larvae fed' Z. Chico' 
silks was 23.6 mg compared to 241.0 mg for those fed silks of 471·U6 XBl·l. a tolerant com 
line. After each initial feeding period, larvae were transferred to the standard CSM com 
earworm diet to detect if the larvae were able to recover from the antibiosis resistance of 'Z 
Chico' silks. Larvae fed ·Z. Chico' silks in 1979 did not recover to the extent of those fed the 
471-U6 X 81 silk diet. However, in 1980, larvae fed 'Z. Chico' silks for 4 and 6 d recovered 
by attaining weights at 12 d equal to those produced on the standard diet. 

Key words: Resistance, antibiosis, com, com earworm, HeJiothis 

J. Agric. Entomol. 1(1):53-57 (January 1984) 

Studies at the Southern Grain Insects Research Laboratory (Tifton, GA) bave 
identified the mechanisms of resistance (nonpreference, antibiosis, and tolerance) 
and delineated some of the factors associated with the resistance in maize, Zea 
mays L., to the corn earworm, Beliothis zea (Boddie), (Widstrom et ai. 1979, and 
Wiseman et al 1972, 1976, 1977, and 1981). Recently, Waiss et al (1979) identified 
a corn earworm growth inhibitor called umaysin" from the silks of 'Zapalote Chico: 
an exotic maize collection. \Vidstrom et aJ. (1982) studied some of the environ
mental influences on maysin content. They found that maysin content of maize 
silks varied considerably from location to location, although genotypes high in 
maysin content at one location were generally high at other locations. 

Biological studies of corn earworm feeding responses have demonstrated de
creased larval weights and increased mortality of the corn earworm after the larvae 
fed on resistant silks (Wiseman et al. 1976, 1977, and 1981). If the feeding 
respon.se to maysin has been correctly identified as a Ugrowth inhibitor," larvae 
should recover from its effects when the concentration decreases (Elliger et a1. 
1980) or the larvae move to a feeding site other than the resistant silks. The 
objective of the 2-yr study reported here was to evaluate some of the biological 
effects of the silks of 'Zapalote Chico' on corn earworm larval growth inhibition 
and recovery. 

MATERIALS AND METHODS 

Two sweet maize hybrids ['Stowell's Evergreen' (S) and 471-U6 X 81-1 (R)J 
and one dent population I'Zapalote Chico' 2451# P-C3 (R)]. previously identified 
for their resistance (R) or susceptibili~ (S) to the corn earworm (Wiseman et al 

1 LEPIDOPTERA: NoctukW.
 
2 In cooperation with the UnMrwity of Georgia Cone~ of Agrinllture EIJll!rim~t Statio~, Coutal Plain S~tion. 'TIfton. GA
 

31793. Received fot publiClltion 18 March 1983; accepted for publiutioo I July 1983. 
3 Reprinta pun:hued by U. S. Dept. of Agrie. fot offlc:ial un only. 
.. Southern Grwin lNee:ta Rnearcb Labol'lltory, USDA. ARB, nItan, GA 31793. 
5 Wutem Regional Ruean:b Center, USDA. ARS, Berkeley, CA 94710. 
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1976), were grown in non-replicated plantings in 1979 and 1980 at Tifton, GA, to 
provide sources of silks for laboratory experiments. At full silk, silks of the re· 
spective maize lines were excised to the ear tip and brought into the laboratory. 

Silks fro~ individual ears of each maize entry were placed in diet cups contain· 
ing a small piece of slightly moistened paper towel One fll'St instar corn earwonn 
was placed in each of the five cups for each subplot. A diet cup of silk was 
sufficient food for one larva for the maximum feeding period. Then, cups were 
placed in a constant-temperature room at 26.7±2°C and 70±2% RH for periods of 
4, 6, 8, and 10 d. After each initial feeding interval (4, 6, 8 or 10 d), larvae were 
weighed individually. Then, all larvae for each feeding period were transferred to 
cups of CSM diet (com, soy, and milk solid base) and returned to the constant 
temperature-humidi~ room for a total of 12 d so that their abili~ to continue 
growth or recover from any effect of having fed on silks of the three maize entries 
could be detennined. Each larva also was weighed at the end of the final feeding 
period to determine final weight. 

Laboratory tests were arranged in a split-plot experimental design with 10 
replications in 1979 and 12 in 1980. A replicate consisted of four whole plots (4-, 
6-, 8-, and 10-d feeding periods), each containing four subplots Jthree maize silk 
entries and a regular corn earworm CSM diet (Burton 1970) check]. Five larval 
weights were recorded for each subplot. Subplot means were analyzed. Analyses of 
variance were made on the mean larval weights for the initial (4-, 6-, 8-, and IO-d) 
and final (8-, 6-, 4-, and 2-d) feeding periods for each year, Duncan's multiple 
range test was used to separate the treatment means. Final larval weight data also 
were analyzed by a regression model that adjusted final treatment weights for 
differences in weight at the end of each initial feeding period. Adjusted final 
weights, extracted from the results of the analysis, more accurately indicated the 
recovery weights of larvae subjected to each initial feeding period (4, 6, 8, or 10 d). 

RESULTS AND DISCUSSION 

Table 1 summarizes mean weights of corn earworm larvae after feeding on silks 
of three maize entries and the regular CSM diet for 4, 6, 8, and 10 d. Overall, 
means for each feeding period for both years were in agreement. The larvae 
perfonned 8S expected in that their weights increased as days fed their respective 
diets increased. Also, a significant reduction in mean final larval weights was 
evidenced as length of initial feeding period increased. 

Table 1. Mean larval weights of corn eaIWorm fed initially on silks of three 
selected maize lines for 4, 6, 8 or 10 d and CSM diet for 8, 6, 4, and 2 d. 

Days on initial Mean larval wt (mg)o after indicated time interval 

diet 1979 1980 

Initial feeding 12 d 12 d 

4 15.6 a 465.4 a 12.5 a 579.9 a 
6 103.0 b 438.8 a 108.4 b 573.8 a 
8 354.0 c 362.7 b 356.1 c 515.8 b 
10 375.1 c 273.3 c 376.9 c 319.3 c 

·Mellns \\ithin II column (oUo....ed by the Ilame letter are not aignificllnUy different P - 0.06, IIccording to DunCIlIl·. multiple 
l'llllgt tesL 
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Data summarized in Table 2 illustrate mean initial and 12-d weights for 1979 
and 1980 of com earwonn "uvae fed silk diets for 4, 6, 8, and 10 d and recovered 
on CSM diet for 8, 6, 4, and 2 d, respectively, and final weights of larvae adjusted 
to a mean initial feeding period entry weight. In both years, initial weights of corn 
eaIWorm larvae fed 'Z. Chico' silks were significantly suppressed by the sixth day. 
In 1979. fmal weights of larvae were significantly less after 4 d initial feeding on 
·Z. Chico' silks as compared to those fed on the tolerant silks of 471-U6 X 81-1. 
Final weights of larvae fed 'Z. Chico' silks were also significantly less after 6 d 
initial feeding as compared to weights of larvae fed on all other diet treatments. 
However, in 1980, larvae fed 'Z. Chico' silks for 4 and 6 d initially produced the 
largest larvae by 12 d, thus indicating that these larvae recovered from the initial 
effects of the antibiosis resistance of 'Z. Chico' silks. 

In 1979, larvae fed 'Stowell's Evergreen' silks weighed more at 4 and 6 d than 
larvae fed silks of 471-U6 X 81-1. But at 8 and 10 d, larvae fed silks of 471-U6 X 
81-1 were significantly larger than those fed silks of 'Stowell's Evergreen.' The 
reason for these differences is not known. Generally, the reason that larvae weighed 
less at 10 d than at 8 d for the CSM diet, 471-U6 X 81-1 or 'Stowell's Evergreen' 
treatments was because some larvae in these treatments developed rapidly and 
were entering the prepupal stage. 

When the final larval weights (Table 2) were adjusted to a mean initial feeding 
period weight, indications were that even though initial weights of larvae fed 'Z. 
Chico' silks were suppressed in every case, recovery from antibiosis was also 
evidenced in 1980 for the 4-, 6-, and 8-d feeding periods. For example, in 1980, 
mean initial weights of the larvae fed silks of 'Z. Chico' for 8 or 10 d were only 
48.0 and 30.3 mg, respectively, and after they were transferred to the CSM diet, 
fmal larval weights were increased by factors of 9 and 2, respectively. 

Table 3 summarizes mean initial and final recovered weights averaged over 
entries. Data indicate that mean initial weights of corn earwonn larvae fed silks of 
'Z. Chico' were significantly less in both years as compared with the other entry 
treatments. Mean final weights of larvae fed 'Z. Chico' silks did not attain the 
weights of larvae of the other entries for either year. 

In summary, larvae that were fed silks of 'Z. Chico' for 4 or 6 d were better 
able to recover than larvae that fed on 'Z. Chico' for 8 to 10 d. This substantiates 
that the type of resistance for 'Z. Chico' silks is antibiosis and is expressed by 
inhibiting growth of com earworm larvae. 

The mode of action of this resistance, presumably caused by maysin, is not 
understood. The resistance either inhibits feeding behavior or interferes with some 
internal physiological process involving larval growth. Since recovery was not as 
dramatic when com earworms were fed 'Z. Chico' silks for 10 d, the effects of 
feeding for long periods on silks with growth· inhibition qualities were cumulative 
and persistent, and thus could contribute to a program of population suppression 
(Wiseman et al. 1978). 



Table 2. Mean weighta of corn earworm larvae after 4 to 12 d and adjusted fInal mean weighta after feeding on silks of selected '" '" maize lines and a meridic diet. 1979 and 1980. 

Initial	 Mean larval wt (mg)' 

feeding Entry wt after	 Final wt after 12 d 
period initial Final wt after adjusted for initial 
(days) Entry! feeding period 12 d l entry wt§ 

1979 1980 1979 1980 1979 1980 

4	 CSM diet 23.4 a 16.8 a 554.3 a 539.1 b 651.8 a 643.1 b ~ 

>'Stowell's Evergreen' (S) 24.3 a 17.9 a 430.2 be 575.6 ab 526.9 b 678.6 ab ':l 
471-U6 X 81-1 (R) 10.9 a 9.0 a 504.7 ab 594.8 a 614.9 a 706.6 a o 
'Z. Chico' 2451# P-C3 (R) 4.0 a 6.2 a 372.2 c 610.0 a 489.1 b 724.6 a 

6	 CSM diet 161.2 a 126.4 b 534.8 a 539.1 b 517.9 a 547.8 b
 
'Stowell's Evergreen' (S) 153.9 a 172.1 a 397.5 b 567.6 b 387.2 b 545.3 b
 
471-U6 X 81-1 (R) 89.4 b 105.2 b 526.5 a 562.2 b 565.0 a 587.6 b
 
'Z. Chico' 2451# P-C3 (R) 7.7 c 29.9 c 296.5 c 626.4 a 409.6 b 717.7 a
 

Z 
? 

8 CSM diet 668.0 a 474.6 b 536.7 a 539.1 a 436.4 a 416.4 b 
'Stowell's Evergreen' (S) 311.8 c 544.1 a 264.0 c 564.2 a 176.7 c 435.5 b 
471-U6 X 81-1 (R) 409.3 b 357.9 c 406.0 b 522.9 a 291.8 b 416.0 b 
'Z. Chico' 2451# P-C3 (R) 26.8 d 48.0 d 243.8 c 436.8 b 338.3 b 511.5 c 

10	 CSM diet 586.1 a 549.9 a 467.6 a 539.1 a 343.4 a 421.7 a
 
'Stowell's Evergreen' (S) 404.8 c 454.5 b 302.2 b 428.2 c 184.3 b 299.6 b
 
471-U6 X 81-1 (R) 473.5 b 472.8 b 302.5 b 478.9 b 176.7 b 348.8 b
 
'Z. Chico' 2451# P-C3 (R) 35.9 d 30.3 c 20.9 c 64.8 d 108.1 c 161.3 c
 

·Columnar means within II feeding period (days) followed by the ao.me letter are not significantly diflerent at P - 0.05 according to Duncan's multiple range test.
 
t S = BUBCeptible, R = resistant.
 
i Final weights include: 4-d entriu - 4. d on initial diet plus B d Oil CSM; to ID-d entries = 10 d on initial diet pluB 2 d Oil CSM diet.
 
§Final adjusted lal'VlIl "'~ight8 were lIdjullted to the average >;Iieight of all entries for the initial feeding period of 4.-, 6-, 8-, or lO-d larval tI;eightll.
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Table 3. Mean larval weights of corn earworm fed silks of three ,elected maize 
lines or CSM diet 

Mean larval wt (mg)· 

1979 1980 

Entryf Initial feeding 12 d Initial feeding 12 d 

CSM diet 
'Stowell's Evergreen' (8) 
471-U6 X 81-1 (R) 
'Z. Chico' 2451# P-C3 (R) 

359.7 a 
223.7 b 
245.8 b 

18.6 c 

523.3 a 
348.6 c 
434.9 b 
233.4 d 

291.9 a 
297.1 a 
236.2 b 

28.6 c 

539.1 a 
533.9 a 
539.7 a 
450.6 b 

• Columnu meaN foU()';lo'ed 1». the same letter are not significantly diltcrent P - 0.05, ecoording to Duncan', multiple range 
lett. 

t S _ ,u.-.ceptiblt. R .. re,istanl 
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Abstract: Tagging nursing cleves with two fenvnlerate ear tags per head at birth resulted in 
100% seasonal hom fly, Haematobia irritans (Linnaeus). control on the calves and their dams. 
The average face fly, Musca autumnalis De Geer, reduction was greater on the calves than 
the dams (61 % va. 31%). Tagging of cows and calves with two fenvalerate tags per head in 
March, April and May resulted in 100% seasonal horn fly control. Face fly control was 
greatest the first few weeks after the appearance of the flies on the animals. Effective control 
wss not achieved during the peak face fly population which occurred in late July. 

Fenvalerate ear tags can be marked with some inks and can be used for short·tenn 
identification of the animals. 

Key words: Ear tags, flies, cattle, fenvalernte. 

J. Agric. EntomoL 1(1): 58-63 (January 1984) 

With the advent of insecticide-impregnated ear tags for fly control on cattle 
there has been considerable interest in tagging cattle several weeks to months 
prior to the fly season. Producers prefer to tag calves when born or tag all nursing 
calves when they perfonn other operations such as vaccinations, wonning, etc. 
When cattle are tagged as per label directions (two tags/head) season-long control 
of the horn fly, Haematobia irritans (Linnaeus), is achieved (Ahrens 1977, Ahrens 
and Cocke 1979, Knapp and Herald 1981). If tags are not removed or lost, 
complete horn fly control can be obtained for two seasons (Knapp 1982). Horn fly 
control also can be achieved by partial herd treatment with insecticide-impregnated 
tags (Sheppard 1980, Harvey and Brethour 1981, 1983). 

Control of face flies, Musca autumnalis De Geer, however, is more difficult and 
early application or tagging only a portion of the herd may not be as effective 
against the face fly as the horn fly. While utilization of two tags per adult animal is 
usually recommended for face fly control, data suggest that best control is achieved 
when cows and calves are tagged with two tags per head (Knapp and Herald 19B1). 
These workers tagged cows and calves in a herd with two fenvalerate tags/head 
and achieved an average of 90% face fly reduction for 21 wk. When only the cows 
were tagged with two per head, control was reduced to ca. 62% (Roberts and 
Kondralieff 1981, Herald and Knapp 1981). Greater face fly control is usually 
achieved the first 4 to 6 wk after tag application (Williams and Westby 1982). 

DIPTERA: Muscidae. 
2 The investigation repomd in thia paper (No. 83-7·39) Is in connection with 0 project of the Kcntuck)' Agricultural 

Experiment Station and is published with approval of the Director. Recei~'ed for publication 28 March 1983; accepted 2 
July 1983. 
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As a result of the short residual effectiveness of these tags against face flies, 
and because some cattle producers are using these tags as identification tags for 
nursing calves, tests were conducted to detennine if tagging only the newborn 
calves would protect the entire herd from the face fly and the horn fly. Observations 
also were made to determine the reduction of these flies on cattle when cows and 
calves were tagged in late winter or early spring. Infonnation on the use of 
insecticide·impregnated tags for identification purposes also was collected. 

MATERIALS AND METHODS 

Test 1 
Each calf in an Angus herd of 50 cows was tagged at birth with two fenvalerate 

ear tags. Tagging of the calves began the last week of February and ended the last 
week of April. Each tag was marked with an identification number using either 
RITCHEY marking ink', or Y-TEX Corporation marking ink'. Fly counts were 
made on 10 randomly selected cows and 10 calves between 11 a.m. and 2 p.m. 
each week. All flies on the face of each animal were counted a5 face flies. Hom fly 
counts were estimates of those found on one side of each animal inspected. Fly 
counts started on 21 May and continued bi-weekly through 28 September. 

Another herd of 50 untreated cows and calves located one·half mile from the 
treated herd was used as a control. 

Test 2 
Both cows and calves in six mixed beef herds were tagged with two 8% 

fenvalerae ear tags/head. Each herd contained ca. 25 cows. Two herds were tagged 
15 March, 15 April and 15 May 1982, respectively. One tag per animal was 
marked with an identification number using either an ALLFLEX ma:ker' or SUPER
MARK6. Two nontreated mixed beef cow· calf herds of similar size were used for 
controls. 

Face fly and hom fly counts were made as described in Test 1. Fly counts 
started the flrst week of May and continued bi-weekly through 9 September. All 
data from Test 2 were analyzed by use of the Duncan's new multiple range test. 

RESULTS 

Test 1 
Tagging calves at birth (late February through late April) with two fenvalerate 

tags per head provided 100% horn fly control on cows and calves through 28 
September (duration of tasl). Horn flies on control animals ranged from 65 to 325 
per side and averaged 149 for the season. Face fly reduction on the untreated cows 
in the treated herd varied from 4 to 72% (the 4% was due to low number flies on 
control cattle due to cool weather) with 8 season average of 43.3% and reduction 
on tagged nursing calves ranged from 26 to 85% with a season average of 56.9% 
(Table 1). When both cows and calves were tagged, face fly reduction was greatest 
during the first 4 to 6 wk after the appearance of face flies (21 May). 

Identification numbers made with the RITCHEY marker were more legible at 
the end of the season than were those made with the Y-TEX marker. 

3 Rouu 3. BoJ. 58. Brighton. Co. 8060l. 
-I P.O. Bol 1400, Cod)". \\"t.' 82-11-l 

5 Della Plastic. Ltd, P.O. Bm: 940. Pillmenton. North New Zealand 
6 Fearing Mfg. Co., SL P.u~ MN 55075 



Table 1. Average number of face flies and percent reduction of these flies on cows when only nursing calves were tagged with 8% 0'"
fenvalerate ear tags. 

Weeks of treatment 

Avg. for 
Treatment 2' 4 6 8 10 12 14 16t 18 20 season 

Tagged calues 
face flies 2.4 0.5 5.0 4.6 7.8 12.1 3.1 2.8 6.3 5.1 5.0 
% reduction 80 92 76 67 53 31 78 45 73 53 64 ,.. 

Untagged dams >
':1face flies 9.4 1.9 6.0 6.0 10.9 14.9 4.2 4.9 9.2 6.6 7.4 0 

% reduction 5 43 47 51 18 9 65 26 0 48 31 '" Untreated calves S 
~ 

8
face flies 11.8 6.4 20.8 14.1 16.5 17.5 13.9 5.1 23.5 10.8 14.0 0 

~ 

Untreated dams <
!2face flies 9.9 3.3 11.4 12.2 13.2 16.3 11.8 6.6 9.2 12.7 10.7 ,.. 

• 21 May 1961. Zt Flies inactive this weell: due to abnonnally cool temperlllures. 0 
~ 

'" 
~ 

'" C 
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Test 2 
Fenvalerate-impregnated ear tags provided complete horn fly contrnl through 9 

Septemher (duration of test), regardless of treatment date. As in Test I, race fly 
reduction was greatest the fU'st few weeks after its appearance in the field (Fig. 1). 
During this test period, all treatments were significantly different (P <.05) from 
the untreated. There was no significant difference between the three treated 
groups through 15 July. On 29 July the May treatments had significantly less face 
rues per head than the March and April treatment hut significantly more face rues 
per head from 12 August through the end of the test The March and April 
treatments were not significantly different from each other throughout the test. 

The numher of face rues per head significantly increased (P <0.5) each week 
on the untreated cattle, except for 12 August No significant increase (P <.05) in 
face fly numbers were seen in the treated cattle until after 18 June. 

Although all three treatment dates gave excellent face fly reduction through 
June, the May treatment was least effective during the last few weeks of the test 
May treatment averaged 66.7% face fly reduction for the season as compared to 
71.3% for the March treatment and 75.4% for the April treatment 

The ALLFLEX marker was superior to SUPER-MARK in legihility at the end 
of the season and was equal to RITCHEY marker in Test 1. 
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Fig. 1. Average number of face rues on control cattle compared to cattle tagged in either 
March, April or May. 
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DISCUSSION 

Tagging nursing calves at birth or tagging all cattle in a herd 2~3 months prior 
to appearance of flies provided 100% control of horn flies in Kentucky but not of 
face flies. Face fly control appeared to be dependent upon the fly population and 
the release rate from the fenvalerate tag. The best face fly control was achieved 
early in the season when the fly numbers were at their lowest, and 5-7 wk after 
application of fenvalerate tags. According to J. A. Miller, USDA, Kerrville, TX, 
(personal communications), fenvalerate release rate declined from ca. 4 mgld at 10 
d to ca. 2 mg/d at 40 d. A comparison of our face fly efficacy data with the 
fenvalerate release fate cited above indicates that from 1.75 to 2 mg of fenvalerate 
must be released per day to obtain above 80% face fly reduction. This accounts for 
the good face fly reduction achieved 5-7 wk after tag application. 

The correlation of the release rate of insecticide impregnated ear tags with face 
fly control allows one to "properly time" the tagging of cattle to achieve maximum 
control at the time of the peak face fly populations. Because this peak occurs from 
the middle of June through July in Kentucky and coincides with the greatest 
number of reported pinkeye cases in cattle (Thrift and Overfield 1974), the first 
week of June would be the optimum time to use insecticide-impregnated ear tags 
to obtain maximum protection against the face fly during its peak abundance. 
Later tagging, however, may not ensure better face fly control at the end of the 
season aa indicated by the results of the May tagging date in this test. In this 
instance the early tagging may have suppressed the face fly density enough to 
prevent 8 large build up later in the season. This combined with higher tempera
tures and humidities later in the season may have caused the fenvalerate to release 
more rapidly, thus reducing its effectiveness against face flies later in the season. 

No matter when the cattle were tagged in this test, season-long face fly control 
was not obtained, and the buildup of flies at the end of the season may increase the 
chance of the face fly becoming resistant to fenvalerate. 

Marking the fenvalerate tags with inks will serve as a means of identifying 
cattle for the season. However the tag is usually lost after one season because they 
become brittle when the insecticide Bnd plastericize are leached causing them to 
be easily broken at the shank. 
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SMALL PLOT EVALUATION OF POTENTIAL RESIDUAL 
ACARICIDES AGAINST THE LONE STAR TICW·' 

R. H. Roberts,3 G. C. Breeden,' J. H. Zimmennan,5 and D. L. Kline3 

Abstract: Acaricide evaluations were conducted against field populations of Amblyomma 
americanum (Linnaeus) in North Carolina with VariOllS formulations of bendiocarb, dioxathion, 
and propetamphoB. These potential acaricides were compared to a chlorpyrifos standard 
which produced 8 control level of ca. 92% at 0.51 kg AIlha. Probit analysis indicated that 
effective doses to achieve 8 5-wk 95% control mean for 86% ULV formulation of bendiocarb, 
an EC formulation of dioxathion, an EC formulation, and 8 WP formulation of propetamphos 
were 1.1, 1.3, 0.5, and 0.6 kg AI/ba. respectively. 

Key words: Acaricides, lone star tick. residual control. bendiocarb, dioxathion, chIar
pyritos, propetampho8, Amblyomma americanum 

J. Agric. Entomol. 1(1):64-67 (Jsnuary 1984) 

The present paper is a report from a continuing program on the identification 
of new compounds as potential acaricides conducted by the Insects Affecting Man 
and Animals Research Laboratmy, Gainesville, FL, and the Naval Regional Medical 
Center, Camp Lejeune, NC. Potential acaricides are selected in the laboratory on 
the basis of comparability to a chlorpyrifos standard by means of 8 filter paper test 
previously described (Roberts et al. 1980) against nymphs of the lone star tick, 
Amblyomma amemanum (Linnaeus). The results reported at this time are from 
field tests conducted at Camp Lejeune, NC, from 1979 to 1981. 

MATERIALS AND METHODS 

The test compounds and formulations evaluated were: bendiocarb, a 60 g 
AIlliter ULV oil solution, a 76% wettable powder (WP) and a 2.5% granule; 
dioxathion, a 950 g AIlliter emulsifiable concentrate (EC); propetamphos, a 475 g 
AIlliter EC and a 25% WP; and chlorpyrifos, a 475 g AI/liter EC. 

The test acaricides were applied with several types of equipment. Oils were 
applied undiluted with a Hudson'" Model 4712 motorized knapsack air sprayer 
calibrated just prior to application and based on a 6-m swath. The WP and EC 
formulations were mixed in 1 liter of water per plot and applied with 8 Kioritz~ 

Model DM-9 motorized knapsack sprayer equipped with a volute pump that deliv
ered 0.8 liter/min and was based on a 6-m swath. Granular fonnulations were 
applied with 8 hand·operated Cyclone«l seeder calibrated at one crank/sec and was 
based on a 3·m swath. Rates of application were timed, as determined by the 

I ACARI: hodid.e 
2 no. p.per reporu the reeulta of relearclt only. Mention of • peeticide doea not COl\lltitute • recommendation for UIIl by 

the USDA IIOr doe. it imply regietTltion under nFRA ., .mended. Mention of a commercial or propriatAl)' product doel 
not coratitute III endorsement by the USDA or the U. S. N.V},. Recei\'ed for public.tion 30 March 1983; accepted 27 July 
1983. 

3 Insect. Alfecting Man and Animllil Re.ean:h LabonltOl)', ARS, liSDA, GflinelvilIe, FL 32604. 
-4 EPMU-7, Box 41, FPO Ne.. York, NY 09521. 
5 U.S. Naval Medical Reward! Unit No. 3. FPC Ne", Yon. NY 09527_ 
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calibration data, with a stopwatch. Swaths were measured, marked, and identified 
to the applicator by a person at each end of the plot Actual amounts of chemicals 
applied to plots were detennined by pre- and posttreatment volumetric measure
ment of the amount present in the reservoir tank. The exact amount of granular 
formulation needed per plot for each treatment rate was weighed out for application 
with the seeder. Treatments were applied 23-24 April 1979, 20-21 May 1980, and 
18-21 May 1981. 

Test acaricides were applied to 75 ft X 75 ft (0.05 ha or 0.13 acre) or 75 ft X 
105 ft (0.07 ha or 0.18 acre) plots. The plots at Camp Lejeune, as previously 
described by Mount et al. (1976), were located in areas characterized by loblolly 
pine, with occasional oak, sweetgum, gallberry, blueberry shrubs, and mixed grasses. 
The soil was sandy with a covering of pine needles and leaf litter. 

Tick populations were surveyed by the dry ice technique described by Grothaus 
et at (1976). Briefly, plots were divided into equal quadrants, and a sampling site 
was located near the center of each quadrant. Dry ice (ca 0.5 kg) was placed in the 
center of a 1 m2 white nylon or cotton cloth at each sampling site. After 1 hr. all 
nymphs and adult ticks on both sides of the cloth were counted and then returned 
to the plot. The total number of ticks from the four quadrants represented one plot 
replicate. At least two plots were treated with each concentration of the test 
material. The number of ticks in each set of replicates was averaged in calculating 
the control percentage. Populations were sampled on the following schedule: 
weekly for 2 wk prior to treatment; 24 hr posttreatment; and weekly for 5 wk 
posttreatment. Two or three plots were left untreated to determine ·tick density 
variations during posttreatment sampling. Percent control was determined by the 
following fonnula: 

% Control ~ 100 - qj X 100), where 

T =	 Posttreatment mean in treated plots 
Pretreatment mean 

U =	 Posttreatment mean in untreated plots 
Pretreatment mean 

RESULTS AND DISCUSSION 

The evaluation results of the field tests for the test acaricides are presented in 
Table 1. The log-probit calculated effective dosages for the 90% snd 95% control 
levels are presented in Table 2. 

The effectiveness of bendiocarb was dependent on the formulation. Based on 
the limited testing conducted to date, the wettable powder fonnulation was the 
most effective. Also, it was one of the most effective acaricides tested in this study. 
However, additional testing is needed to determine log-probit values for adequate 
comparison of efficacy. At a rate of 0.27 kg Al/ha, 94% control was obtained 
compared to the 81 % control at 0.29 kg Al/ha obtained with the ULV formulation. 
Compared to the results of the chlorpyrifos standard treatment for the 1979/1981 
period, the control provided by the WP was approximately 2 X more effective, 
giving equal control at a treatment rate of one-half that of the standard. The 6% 
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Table I.	 Control of nymphs and adults of the lone star tick with various 
formulations of acaricides, 1979-81. 

Acaricide Avg. treat- No. of Pretreatment Mean %control 
and ment fate plots mean ± SE 

formulation (kg AI/ha) treated (avg. ticks/plot) (5-wk period) 

bendiocarb 
6% ULV 0.63 6 308 85 ± 204 
(60 gil) .29 5 200 81 ± 3.6 

.13 5 131 47 ± 10.7 

76% WP 0.27 3 281 94 ± 2.9 
.11 3 277 88 ± 3.5 

2.5 G 0.56 2 185 49 ± 9.2 

dioxathion 1.1 4 208 91 ± 4.5 
(950 gil Ee)	 .55 4 188 90 ± 3.5 

.27 4 166 69 ± 9.0 

propetamphos 0.56 3 273 99 ± 0.58 
(475 gil EC)	 .26 3 179 83 ± 13.9 
(475 gil Ee)	 .26 3 179 82 ± 13.9 

.11 3 200 71 ± 17.3 

25% WP 0044 2 418 92 ± 3.5 
.33 2 227 84 ± 12.0 
.09 2 224 37 ± 17.0 

chlorpyrifos 0.51 5 172 92 ± 3.1' 
(475 gil B.C.) .82 2 79 97 ± 1.4 t 

• AIIl'l'fIge for 1979 /llld 1981 for 11 ,;,-wk period. 
t 1980 dato for a l)-wk period 

Tahle 2. Calculated effective doses (ED) for 90 and 95% control of nymphs and 
adults of the lone star tick. 

Acaricide 
ED,. 

(kg AI/ha) 
ED" 

(kg AI/ha) 

Bendiocarb 
6% ULV 

Dioxathion 

0.7 
(0.6-0.9)' 

0.8 
(0.7-1.0) 

1.1 
(0.9-1.6) 

1.3 
(1.0-1.9) 

Propetamphos 
EC 0.3 

(0.2-004) 
0.5 

(004-0.6) 

WP 0.4 
(0.3-0.5) 

0.6 
(0.5-0.7) 

• Fiducial limit.8 at 95% probability iII parentheses. 



ROBERTS et al.: Residual Acaricides for Lone Star Tick Control 67 

ULV formulation was approximately comparable to the long term average control 
of the standard. The calculated effective dosages indicate that a treatment rate of 
1.1 kg/ha will be required with the ULV formulation if 95% control is desired. 
Additional t.esting with the granular formulation is not warranted since at 0.56 kg 
Al/ha only 45% control was obtained. This is approximately half the control 
obtained with the standard at the same treatment rate. 

The dioxathion data indicate that this acaricide could be used as a residual 
control agent. However, the calculated ED,o and ED" control levels of 0.8 and 1.3 
kg AI/ha, respectively, indicate that the amount required for adequate control 
would be greater than that needed for ch10rpyrifos to obtain the same level of 
control. 

There were sufficient discriminating dosages for log·probit analysis of the data 
from the tests with propetamphos, dioxathion, and the 6% ULV formulation of 
bendiocarb. Comparison of the calculated effective doses for 90 and 95% control 
(See Table 2) shows that propetamphos is the most efficient of these three 
acaricides. The EC and WP formulations were approximately equal in effectiveness. 

The chlorpyrifos data are presented in Table 1 as the 5-wk average control for 
1979 and 1981, and the 5-wk control for 1980 when a higher treatment rate was 
used. Our established field test procedure for evaluation bases control on a 6-wk 
posttreatment period. The present report, however, bases control on a 5-wk post
treatment period. This was due to environmental conditions in 1980 that prevented 
survey counts during the final postteatment week. The 1979 and 1981 combined 
average control was 92% at an average treatment rate of 0.51 kg/ha. In 1980, at a 
treatment rate of 0.82 kg/ha, a 5-wk control of 97% was obtained. 

Chlorpyrifos has been used as a standard in our tick control studies since 1976. 
During the period from 1976 to 1981 (excluding the 1980 data), control for a 6-wk 
period ranged from 77% to 98% with a mean of 83.6±8.5 at a mean treabnent rate 
of O.55±O.05 kglha During this period variations in environmental factors, especially 
rainfall, appear to have the most important influence on control (Roberts et a1 
1980). However, other factors such as the physiological age of the ticks at the time 
of treatment, wind conditions at the time of treatment, efficiency of the equipment, 
ground cover and type of terrain, have an effect on control. 
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LIFE mSTORY OF A PREDATOR, CALLEIDA DECORA' ,AND
THE INFLUENCE OF TEMPERATURE ON DEVELOPMENT'~

R. E. McWhorter, J. F. Grant, and M. Shepard
Department of Entomology, Fisheries and Wildlife

Clemson University
Clemson, SC 29631-2688

Abstract: Calleida decora (Fabricius), an arboreal caTabid, was successfully reared in the
laboratory on soybean looper. Pseudoplusia includens (Walker) (LEPIDOPTERA: Noctuidae),
larvae. Live beetles were sexed by the presence (males) or absence (females) of papillate
hairs on the first three protarsal segments. Eggs were deposited singly into 8 silk-like purse
which was constructed by female beetles on the apex of t.heir abdomens. Each purse was
suspended with 8 silken thread from foliage or cage walls. Fecundity ranged from 617 to
1316 eggs/female and eelosian averaged 64% with 8 resultant sex fatio of 1 d':1.4 Q. Mean
longevity of mated females was 231 d.

Mean developmental time from egg deposition to adult emergence was 21.17 d at 26.7"C.
Larval and pupal developmental times of C. decora decreased significantly with each
successive increase in temperature and ranged from 63.2 d at 15.GoC to 13.4 d at 32.2°C.
The optimum temperature for development wes 26,7"C at which survival was greatest (89%).
The lower and upper developmental threshold temperatures were 12.8"C and approximately
35"C, respectively. At these temperatures, mortality was 100 and 85%, respectively.

Key words: Calleida decaro, Carabidae, predator, soybean, temperature, development, life
history

J. Agric. Enl<lmol. 1(1), 68-77 (Jsnuary 1984)

Cal/eida decora (Fabricius) is an arboreal carabid with egg, larval, and adult
stages occupying plant canopies. Larson (1969) reported that C. decor(l fed pre
dominantly on lepidopteran larvae and Whitcomb and Bell (1964) ,ugge,ted that C.
deeora was a beneficial insect in Arkansas cotton fields. Autoradiography was used
to determine that this carabid was a possible predator of both egg, and larvae of
several noctuid pest, in soybean (McCarty et at 1980). Populations of C. decora
are commonly found in cultivated crops. For example, in Quincy, FL, populations
of 5400 C. decora/ha were estimated in aoybean in 1973 (Neal 1974). Thus, C.
deeora may playa major role in suppressing populations of certain noctuid pests.

Little biological information regarding this predator has been reported. Second
and third instar head capsule measurements of C. decora were reported by van
Emden (1942), and drawings of larval morphological characteristics were published
by Thomp,on (1979).

Our investigations were initiated to: 1) develop methods for detennining the
sex of live adults, and for identification of each larval inater, 2) develop rearing
techniques, 3) determine adult longevity and fecundity of C. decoro, and 4) deter
mine the influence of temperature on developmental time and survival.

J COLEOPTERA: Cllnlbklat: Lebiini.
2 Technical rontribution OIl. 2116 01 the Sootb Carolina AJricuitutal Elperiment Station, ClflJUOn Univetaity. C1eID80n, SC.
3 Re«ived Cor publication 2 June. 19S3; acnpted 26 AUguit 1983.
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Calleida decora larvae and adults were collected from soybean fields located at
the Clemson University Edisto Experiment Station, Blackville, SC. Individuals
were taken to the laboratory and held in a rearing chamber at 26.7 ± J.1°C, 50 ±
10% RH, and a photoperiod of 14 L:I0 D. These conditions were used for all tests
unless otherwise stated Larvae of the soybean looper (SBL), PsecukJplusia indudens
(Walker) (LEPIDOPTERA: Nocluidse), were maintained on an artifical diet (Greene
et al. 1976), and utilized as prey for C. decora.

Data were analyzed by the analysis of variance procedure, and by Duncan's
multiple range test for mean separation at the 0.05 level of significance.

Determining the Sex of Live Adults
Adults were anesthetized with C02 and placed dorsum down under an M·5

\VildCII microscope. Gentle pressure was applied to the abdomen until the genitalia
were extruded. The genitalia then were inspected for sex determination. Genitalia
of C. decora as described by Larson (1969) provided a positive means of sex
determination.

\Ve investigated two additional methods of sex determination: 1) setal arrange
ment on the sixth abdominal stemite, and 2) tarsal hairs, as described by Madge
(1967) for Lebia (CARABIDAE: Lebiini). Setal inspection required anesthetization
of the adult but tarsal inspection only required physical manipulation of each
adult. Microscopic inspection was required by both methods.

To determine if pupal weights could be used to determine the sex of C. decora,
pupae (n=100) were weighed, and individually held in 100 dia X 15 ht (mm) petri
dishes until adult emergence. Adults were sexed by genitalia inspection, and their
respective weights were analyzed to determine if there were significant differences
between sexes.

[nstar Determination
Head capsules of C. decora larvae were measured to distinguish the three

mstars. Larvae (n=50/instar) were preserved in 70% ethanol ca 48 h after ecdysis.
Head capsules were measured posterior to the eye (widest area) with an American
Optical Filar«' micrometer eyepiece mounted in an M·5 Wildl!l microscope.

Rearing
Calleida decora adults were reared by both communal and single palr techniques.

Communal rearing was accomplisbed by placing 10 "-9 pairs in a 91.4 I X 30.5 w X
40.6 ht (em) plexigisss cage. Four bouquets (ea. 60 em' foliage/bouquet) of ?hosea/us
sp., 'Jackson \Vonder' variety, were individually supported in a 30 ml plastic cup of
water and placed in each cage. In addition, 10 prey (second or third instar SBL)
were placed on each bouquet. Single pair rearing was accomplished by placing one
"·9 palr in a 14 ht X 12 dia (em) polystyrene screened·lid cage. One leaf and 10
SBL prey were provided as described previously. Also, two smaller cages lege 4.4
ht X 7.7 dia (em) and 7.0 ht X 10.0 dia (cm)1 were utilized to determine egg
production of females. Each cage contained one "·9 palr and 10 SBL prey.
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Development
To detennine developmental time and percent survival of each stage of C.

decara, eggs were collectively held in 100 X 15 nun petri dishes until eclosion.
Newly hatched larvae (n~178) were individually caged in petri dishes and moni
tored daily until adult emergence. Two to four SBL (second or third instar) were
provided 88 prey. and a moistened cotton ball was provided for additional moisture.
Prey were replenished 8S necessary.

Fecundity and Longevity
To detennine the fecundity and longevity of mated females, 19 d -9 pairs were

separately placed in 14 X 12 em cages and provided one bean leaf and SBL prey.
Eggs were collected every other day, placed in 100 X IS mm petri dishes and
monitored for ec1osion. Prey and leaves were replenished 8S necessary,

The fecundity of heetles that were prevented from mating until 203 dafter
adult emergence (hereafter referred to as aged beetles) was investigated to assess
their ability to produce offspring. Newly emerged beetles were individually beld in
4.4 X 7.7 em polystyrene containers, and provided prey and moisture as necessary.
After 203 d, 10 beetles (5 ~, 5 Q) were removed, paired (I ~, I Q), and placed in
14 X 12 em cages. Each cage also contained a leaf and prey which were replaced
as necessary. Eggs were handled as described previously.

Unmated adults (n= 15 ~, IS Q) were placed individually in 4.4 X 7.7 em cages
to determine their longevity. Tbe bottom of eacb cage was lined witb a 7.0 em dia
filter paper to provide a substrate for the beetles. Prey were introduced every
other day and adult survival was recorded daily.

RESULTS AND DISCUSSION

Determining the Sex of Liue Adults
Genitalia inspection was an accurate (100%) method of sexing adult C. decora;

however, it required ca. 4 min/adult. Setal arrangement was accurate only 87% of
the time and required ca. 3 min/adull On the sixth abdominal stemite, males
normally had two sets of two setae, whereas, females nonnally had two sets of
three setae (Fig. 1). However, this characteristic varied somewhat for both males
and females, usually with the presence of one additional seta.

Adults were rapidly (ca. 20 sec.) and accurately (100%) sexed by examining
their tarsi under the microscope. Males have a double row of papillate hairs on the
undersurface of the first three protarsal segments and the first two metatarsal
segments; whereas, females have no papillate tarsal hairs (Fig. 2). Because of these
papillate hairs, the ventral surface of the pro- and meta-tarsae of the male appear
white while those of the female appear straw colored.

Pupal weights differed significantly between the sexes. Female pupae weighed
more than male pupae !(X±SD) 12.65±1.45 mg (n=53) and 10.74±0.97 mg



ERRATUM

The second paragraph on page 70 of the January issue (Vol. I, No. 1) was
omitted and appears below. We apologize for this omission and any inconvenience
it may have caused.

To detennine the influence of temperature on larval and pupal developmental
times, C. decora larvae were monitored at six constant temperatures (12.8, 15.6,
21.1,26.7,32.2, and 35.0, all ±U"C). After edosion at 26.7"C, first instars (~l h
but ~ 4 hold) (n=162) were separately caged in petri dishes. Larvae were divided
randomly into six groups of 27 18lVse each, and one group was placed at each of
the six temperature regimes. Development and survival were monitored daily and
prey were provided as necessary.
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Fig. 1. Setal arrangement of male and female Cal/eida decora. (40X).

Fig. 2. Protarsae of mole and female Calleida decora (SOX).

(n=45), respectively). Although pupal weigbts differed, this was not always a
dependable method of sexing adults and it was time·consuming and tedious. In
addition, handling the pupae often damaged them resulting in the emergence of
abnormal adults.

Instar Determination
Head capsule measurements of 0.90 and 1.28 mm for second and third instar

C. decora, respectively, were reported by van Emden (1942). Although van Emden's
sample size was smal~ our measurements agree with those be reported Mean
(±SD) head capsule measurements for fU'st., second, and third instars were
O.62±O.03, O.87±O.12, and 1.21±O.05 mm, respectively. These measurements
provide criteria for accurate instar determination.

Rearing
The 14 X 12 cm coge with one cf-9 pair of C. decora, 8 lear and live prey

provided the most productive method of rearing this beetle. Using this method
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females produced ca 40 eggs/femalelS d; whereas, communal rearing yielded ca 4
eggs/femalelS d. With communal rearing, the reduction in egg production/female
may have been caused by the confmement of many individuals in 8 limited area.
Competition for space and adequate surfaces for oviposition may have had an
adverse effect on fecundity. Goulet (1976) reported that certain carabid species
should not he overcrowded as this may inhibit egg laying. Our rearing techniques
utilizing smaller cages were unsatisfactory; under these conditions, females often
failed to oviposit. It is probable that adequate space is a necessary prerequisite for
oviposition by C. decora, but this needs further investigation.

Deveoopment
The life stages of C. decora are shown in Fig. 3. Eggs required (X±SD)

4.31±0.69 d for eclosioIL Eye spots were observed ca. 48 h before egg hatch. First
inatars emerged anal end fIrst Bnd required ca. 20 min to exit the chorion
Scleritization of fIrst inSlarS required another 1 h. Second and third inalarS required
ca. 15 min to scleritize after ecdysis. AU larval forms were predaceous immediately
after scleritization and cannibalism was common among larvae. Live prey were
essential for development. First instars which were only provided water survived 8

maximum of 5 d.

Fig. 3. Life stages or Calleida decora ((A egg, B. larva (third instnr), C. pupa, & D. adult mnle)j.
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Mean (±SD) developmental time from egg deposition to adult emergence was
2U7±1.28 d at 26.7°C. Mean (±SD) duration of fIrst and second insws was
equal (2.86±0.87 and 2.86±0.81 d, respectively). Third insws required at ± SD)
6.85±0.83 d before pupation; ca. 24 h before pupation third insws became
immobile. The pupal stage averaged (±SD) 4.29±0.50 d.

Male and female developmental times for each stage are presented in Table l.
Developmental time of eacb stage was not significantly different between males
and females. Mean developmental times from egg deposition to adult emergence of
males and females were ca. equal (21.30 and 21.06 d, respectively).

Table 1. Mean (±SE) developmental times (d) of male and female Cal/eida decora
at 26.7±UoC, 50±10% RH, 14 L:lO D.

Sex

Stage

Egg
Larva

First instaT
Second instar
Third instar

Pupa

Male
(n~83)

4.37 ± 0.02

2.99 ± 0.09
2.80 ± 0.09
6.77 ± 0.09
4.37 ± 0.06

Female
(n=95)

4.27 ± 0.Q7

2.75 ± 0.09
2.90 ± 0.08
6.91 ± 0.08
4.23 ± 0.05

Larval (first, second, and third instars) and pupal developmental times at five
constant temperatures are presented in Table 2. Developmental time for each
instar decreased significantly with each successive increase in temperature from
15.6 to 26.7°C. Mean developmental time from eclosion to adult emergence, and
percent survival, at five temperature regimes are presented in Fig. 4. Mean
developmental times ranged from 63.18 d at 15.6°C to 13.37 d at 32.2°C. Mean
developmental time increased ca. 4 d at 35°C as compared to 32.2°C. Survivorship
at the temperature extremes of 12.8 and 35.0°C was 0 and 14.9%, respectively.
Therefore, the lower developmental threshold temperature was estimated to be ca.
12.8°C. No first instars molted at this temperature, although they lived (X.±SD)
11.85±13.61 d. At 35.0°C, only four of 27 individuals developed to adults, thus
35.0°C, approached the upper developmental threshold temperature of C. decorn.

Table 2. Influence of temperature on mean (±SD) developmental time (d) of the
larval and pupal stages of Cal/eida decora".

Instar

Temperature Pupa
(± UOC) First Second Third

15.6 11.25 ± 1.34 at 9.62 ± 0.88 a 23.81 ± 1.97 a 18.50 ± 1.83 a
2U 5.59 ± 0.51 b 5.00 ± 0.79 b 12.80 ± 2.12 b 9.00 ± 0.87 b
26.7 3.20 ± 0.72 cd 2.37 ± 0.82 c 6.66 ± 1.92 c 4.37 ± 0.71 c
32.2 2.50 ± 0.52 d 2.53 ± 0.74 c 4.87 ± 1.06 d 3.47 ± U3 c
35.0 3.50 ± 1.00 c 2.75 ± 1.26 c 5.00 ± 0.00 cd 6.00 ± 2.00 d

• n"'27 filllt iMtar (2=. 1 II. but :s .4 hold) C. deCOl"alUlmperature.
t MellIlll within a column followed by the aame lettflr am not lIignificllIItly different at the 0.05 leYel oJ probability (Thmcan'lI

Multipla Range Teat).
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Fig. 4. Influence of temperature on mean (±SD) developmental time from eclosion to adult
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At 32.2°C, developmental time from eclosion to adult emergence (13.40±l.BB
d) was Cft. 3 d less than that at 26.7°C (16.63±2.37 d). However, survival was
greatest (89%) at 26.7°C while only 55% survived at 32.2°C. Thus, under our
laboratory conditions, the optimum temperature for development and survival of
the larval and pupal stages was 26.7°C.

Fecundity and Longevity
Ovipositional behavior of C. decora was similar to that of two other arboreal

carabids, Technophilus croceicollis croceicollis Menetries and Philophu.ga uiridus
amoena LeConte (Larson 1969). Females of these species construct a silk-like
purse on the apex of their abdomen and insert single eggs into them. Calleida
decora usually covered this purse with Crass which was produced by lepidopteran
prey. As a purse covering, Crass was always preferred over sphagum moss, white
sand, or field soil when all of the four substrates were available. Mter purse
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construction, one egg was oviposited into it and the purse then was suspended
with a silk-like thread from the plant or cage walls.

Larson (1969) suggested that the formation of a silken egg purse by ovipositing
T. c. croceicollis and P. u. amoena was a beneficial adaption by these desert
dwelling carabids to reduce egg predation. In addition, we believe this purse may
reduce egg desiccation under adverse environmental conditions.

Goulet (1976) reported that high humidities were essential for carabid eggs to
hatch. With our rearing methods and environmental conditions, high humidities
(>60% RH) were detrimental ro eclosion of C. decora eggs. We found approximately
10% eclosion when C. decora eggs were provided a high humidity (e.g. a saturated
cotton hall within 8 petri dish, ca. 95% RH); whereas. 70% eclosion occurred when
eggs were kept at ca 50% RH. This reduction in eclosion at the higher humidity
may have heen due ro fungi which grew on frass attached to the egg purse.

Ovipositional frequency and percent eclosion throughout the lifetime of a female
are presented for 8 d periods in Fig. 5. After a preovipositional period of ~SD)
10.52±4.00 d, ca 30 eggs were laid per female during the initial 8 d of oviposition.
This was followed by a sharp increase ro ca 65 egga per female between the 24th
and 32nd d of oviposition. Oviposition occurred in a cyclic pattern with peaks
every 16 ro 40 d Maximum oviposition occurred between the 24th and 32nd d,
and between the 88th and 96tb d During these peaks, the mean number of eggs
produced per female was 65.5. Ovipositional frequency of C. decora was influenced
hy female age. This was evidenced by a gradual decline in egg production as
female age increased. Females deposited 84.67% of their eggs during the first 168
d of oviposition. The mean number of eggs produced throughout the lifetime of an
ovipositing female was ~SD) 810±239, ranging from 617 to 1316 eggs per
female. Percent eclosion (n=11,399 eggs) averaged 64% throughout the duration of
the lifetime of ovipositing females. The mean number of progeny produced per
female was 528 and the resultant sex ratio was 1 d':1.4 9.

Females which were allowed ro mate and oviposit after 203 d laid ~SD)
199.00±134.22 eggs throughout the remainder of their lifetime. Percent eclosion
(n=597 eggs) averaged 64.8%. The mean number of progeny produced hy these
females was 128.95. Preventing 8 female from mating earlier in her lifetime did not
adversely affect her ability ro mate and oviposit later. However, females allowed ro
mate after 203 d produced 75.4% fewer eggs than females allowed ro mate
throughout their entire life.

Mean (±SD) longevity of females mated after 203 d (n=3) was 349.0±102.3 d,
ranging from 231 ro 413 d. However, females allowed ro mate throughout their
entire lifetime lived an average of (±SD) 231±89 d (n=11). This reduction (ca.
118 d) in longevity of females mated throughout life 88 compared to females mated
203 d after adult emergence may have resulted because of the increased energy
expenditure associated with egg production. On the average, unmated females
lived ca. 41 d longer than unmated males (296.33±110.21 and 255.00±90.81 d,
respectively), although thia difference was not significant Mated females lived ca
65 d less than unmated females.

In conclusion, because of their predatory nature, high fecundity and long adult
life, C. decora may have a significant impact on population densities of certain
lepidopteran pests of soybean. Additional biological information including predatory
capabilities and seasonal occurrence of this beetle may enhance the possibilities
for augmentation of C. decora in an integrated pest management program..



76 J. Agric. Entomol. VoL 1, No.1 (1984)

10 A

60

~

'"
~

J>
Z

Z

C> P
~ 0
~ <
II) ."
0 0
"- II)

> ....
0

z, '"
II) ."

C> '"C> ~... J>
r

0 '"z II)

20
z •..:... 15:::E

z
!?
II)

o
...J
<.>...
~

z...
<.>
a:...
Q.

100 6

o~
8 48 88 /28 168 206

OAYS

248 288 328 363

Fig. 5. Ovipositional frequency and percent ecl08ion for 8-d periods throughout the lifetime
of female Calleida decora.



McWHORTER et ai: Life Hi.tory of Calloida decora

ACKNOWLEDGMENT

77

This material is based upon work supported by the U. S. Department of Agriculture
under Agreement No. 82·CRSR·2·1000 titled "Development of Comprehensive, Unified,
Economically, and Environmentally Sound Systems of Integrated Pest Management for
Major Crops." We extend our appreciation to Dr. T. L. Erwin of the Smithsonian Institution
for identification of C. decora (Ref.: lot 81·10430, retained in the U.S. National Museum
Collection).

REFERENCES CITIED

Goulet, H. 1976. A method for rearing ground beetles (Coleoptera: Carabidae). Coleopterist
Bull 30: 33-36.

Greene, G. L., N. C. Leppla, and W. A. Dickerson 1976. Velvetbean catepillar: 8 rearing
procedure and Brtificial medium. J. Econ. Entornol 69: 487-488.

Larson. D. J. 1969. A revision of the genera PhiJophuga Mot.schulusky and Tecnophilu.s
Chaudoir with notes on the North American CaUidina (Coleoptera: Carabidae). Questiones
Entomologicae. 5: 15-84.

Madge, R. 8. 1967. A revision of the genus Lebia Latreille in America north of Me.liea
(Coleoptera: Carabidae). Questiones Entomologicae. 3: 139-242.

McCarty. M. T.• M. Shepard, and S. G. 'fumipseed 1980. Identification of predaceous
arthropods in soybeans by using autoradiography. Environ. Entomol 9: 199·203.

r\eal, T. M. 1974. Predaceous arthropods in the Florida soybean agroecosystern. M.S. Thesis,
Univ. of Florida 194 pp.

Thompson. R. G. 1979. Larvae of Nonh American cRrabidae with a key to the tribes, pp.
209-291 In. T. L. Erwin, G. E. Ball, and D. R. Wbitehead led•.I, Ca,ahid Beetles: Their
Evolution, Natural History, and Classification. The Hague, Boston. 635 pp.

van Emden, F. I. 1942. A key La the genera of lan'sl cMabidae. Transactions of the Royal
Encomol. Soc. of London. 92: 1-99.

Whitcomb, W. Ho, and K Bell. 1964. Predaceous insect.s, spiders, and mites of Arkansas
cotton fields. Ark. Agric. Exp. Stn. Bull. 690. 84 pp.



FIELD PERSISTENCE OF ELCARiIl (BACULOVIRUS HELIOTHIS) 
APPLIED IN A BAIT FORMULATION FOR CONTROL OF TOBACCO 
BUDWORMI IN ARIZONA COTION' 

M. F. Potter and T. F. Watson
 
Department of Entomology, College of Argiculture, University of Arizona
 

Thcson, Arizona 85721
 

Abstract: Presistence of Baculovirus heliothis was studied on cotton using neonatal Heliothis 
uirescens (Fabricius) for laboratory bioassy. Persistence wes related to the dose applied. 
Addition of a feeding stimulant significantly extended the activity of virus residues on cotton 
terminals bio8BBoyed with H. uirescell3 in the laboratory, but the addition did not increase 
mortality when larvae were allowed to feed on treated plants in the field. 
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Outbreaks of the tobacco budworm, Heliothis virescens (Fabricius), in Arizona 
cotton are frequently associated with disruption of the naturally-occurring predator
parasite complex by the use of broad-spectrum insecticides. Preservation of bene
ficial species is very important and can be enhanced through the use of the 
microbial insecticide Baculouirus heliothis. 

A major problem with the virus has been its apparent rapid breakdown in the 
field, attributed largely to inactivation of the pathogen by UV irradiation (Bullock 
et a!. 1970). High temperature and the alkaline pH of cotton dew are considered 
minor factors in virus breakdown (Young et a1. 1977) but may exert some influence 
throughout the arid cotton·growing regions of the Southwest. 

Research with Baculouirus heli.othis and other microbial insecticides has indicated 
certain inconsistencies in the results obtained. Part of these inconsistencies may 
be due to differences in experiemental methods such as intervals between appli
cations, field evaluation vs. laboratory bioassay, or the use of the microbial 
insecticide alone or in combination with a feeding adjuvant. 

Kinzer et al. (1976) found that the Helio/his NPV was as effective as monocro
tophos against Heliothis spp., when applied three times per week but not as 
effective when applied only one or two times per week. Bell and Romine (1980), 
using the virus from Autographa californica (Speyer), plus a feeding adjuvant or 
the virus plus Bacillus thuringiensis plus the adjuvant, found significant reductions 
in square and boll damage from that of the untreated check but found no differences 
in yield. However, the five applications made in this test ranged over a period from 
8 August to 12 September. Similar tests on late-planted cotton, but with application 
intervals of 5-7 d, resulted in significant differences in both damage and yields 
when compared with the untreated check. 

The addition of 8 feeding adjuvant to a microbial insecticide as compared to 
the insecticide used alone has shown consistently higher mortalities of Heliothis 

I LEPIDOPTERA: Noctuid/lll 
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species when evaluated by the laboratory bioassay method (Bell and Kanavel 
1978; Hostetter et al. 1982; Potter and Watoon. 1983; Smith et aI. 1982). The 
same degree of consistency has not been shown in field studies. 

Numerous attempts have been made to enhance the efficacy oC Heliothis virus 
treatments by incorporating UV screens/evaporation retardants and feeding stimu
lanto into the virus formulations (Andrews et aI. 1975, Ignoffo et al. 1976). The 
objectives of this study were to determine persistence of B. heliothis on irrigated 
cotton in Arizona and the effect of adding a feeding stimulant to the formulation of 
the virus. 

MATERIALS AND METHODS 

The B. helioth;' virus was a commercial WP (ELCAR"', Sandoz, Inc., San Diego, 
CAl containing 4.4 X 10' polyhedral inclusion bodies (PIB)/gram. COAX"', a 
cottonseed·based feeding adjuvant (Traders Oil Mill Co., Fort Worth, TX) was 
added to suspensions of virus at a final concentration of 1.2% (w/v) to give an 
application rate of 1.12 kg/ha Each plot consisted of two 15.2-m rows of Deltapine
61 short staple cotton spaced at 102-cm in a 0.4 ha planting at the Campbell Ave. 
Expt. Farml University of Arizona, Tucson, AZ. Sprays were applied at the rate of 
141 liters/ha and 276 kPa with a CO,-pressurized backpack sprayer. 

Test 1 
Plots were treated at 0545 h on 16 June 1981 when the cotton was ca. 40 em in 

height. Aqueous suspensions of virus were applied at rates of 3.1 X lOll, and 1.24 
X 10" PIB/ha, alone and in combination with the feeding stimulant Twelve cotton 
terminals were collected for bioassay of viral activity at 0, I, 2, 4, and 6 d 
posttreatment and placed in microcages consisting of two clear plastic containers 
(237 and 296 ml) stacked together to form a reservoir for water below the inner 
container (Ali and Watson 1982). Terminal stems were inserted into the water 
through the small hole drilled in the bottom of the inner contoiner. The cages were 
closed with plastic lids perforated to allow air exchange. Neonate tobacco bud
worms (5-7/cage) were placed onto the terminals and allowed to feed 48 h at 28 ± 
l°C. They were transferred to individual 30 ml plastic cups of lima bean diet and 
held 10 additional days to determine if viral induced mortality occurred Treatmento 
were replicated three times using 40-60 larvae for each formulation, each time 
period, and each replicate. 

Test 2 
This test was initiated 22 August 1981 to further evaluate residual activity and 

field efficacy of virus treatments directed against young larvae. Larvae were intre· 
duced onto the tender foliage of cotton terminals at 0, I, 2, and 4·d following an 
initial treatment of ploto with virus in water alone (1.24 X 10" PIB/ha) or in 
combination with a feeding stimulant. Two neonatal larvae were released per 
terminal (50 terminals/plot) between 0500 and 0630 h. After a 48-h feeding 
period, plants were inspected, and recovered larvae were transferred to lima bean 
diet and maintained as in the previous test. Larval mortality was calculated from 
three replicates, using 30·40 larvae for each Connulation, time period, and replicate. 
A blanket application of diazinon (1.12 kg/hal was applied 2-d before virus treat
ment to minimize interference by predators. 
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RESULTS AND DISCUSSION 

Test 1 
All treatments were highly effective at the O-d residue period, as were all 

except the lowest viral dose, without the stimulant, at the I-d period (Table 1). 
Larval mortality was reduced significantly at the 2-d period and at the 4-d residue 
period only the highest dosage resulted in as much as 50% mortality. 

Combination of virus with the feeding stimulant generally resulted in greater 
larval mortality for a given residue period. In fact, mortality resulting from the 
combination of the stimulant with low doses of virus was generally comparable to 
that associated with higher viral fates without the stimulant. This enhancement in 
activity was probably due to increased feeding in areas of the spray deposit 
(personal observation), although the stimulant may also have value as a UV screen. 

Table 1. Persistence of Baculovirus heliothis determined by bioassay of treated cotton 
tenninals using neonate tobacco budworms. Tucson, AZ 1981. 

Treatment PIB' applied/ha 

Virus 3.1 X 10" 
Virus X COAX 

Days posttreatment residue periods 

0 1 2 4 6 

Aug. % mortality t 

93 a A 56 a B 34 a C lIa D 7aD 
99 a A 91 bc B 57 bc C 24 ab D 10 aD 

Virus 6.2 + lOll 

Virus + COAX 
99 a A 
99 a A 

84 b 
96 c 

B 
A 

38 ab C 
64 cd B 

18 a D 
40 bc C 

7 aD 
lIaD 

Virus 1.24 X 1012 

Virus + COAX 
97 a A 
99 a A 

91 bc A 
92 bc A 

60 cd B 
75 d B 

49 c 
54 c 

B 
C 

11 a C 
19 aD 

•	 Polyhedral inclusion bodiea 
t	 Meana rollowed by the atune lower cu~a letter (columns) llud 8ume upper case lettu (rollo'S) I1rc not significantly different at 

p - 0,05 (Newman-Keuls test); control mortality 1lo'8S leBs than 4% at all residue pcrioda. 

Test 2 
When young larvae were exposed to spray residues under field conditions 

(Table 2), mortality was lower in all posttreatment samples than that obtained by 
the laboratory bioassay method. Furthennore, mortality in the virus treatment was 
generally not enhanced by addition of the feeding stimulant. While lower overall 
mortality in the second test can be attributed partially to new plant growth and to 
poorer coverage accompanying treatment of more mature plants, this does not 
account for the failure of the stimulant to enhance larval infection. It is possible 
that the extremes of heat and UV encountered in this area may have overridden 
the attractancy of the bait, forcing the rapid movement of young larvae off exposed 
surfaces in search of protected feeding sites, Le., pinhead squares and unfolded 
leaves. 

Several plant substances have been shown to elicit feeding and enhance viral 
infection of Heliothis larvae in the laboratory and greenhouse (Montoya et al. 1966, 
Guerra and Shaver 1969). In the field, some investigators have reported greater 
insect mortality when a feeding adjuvant was included (McLaughlin et at 1971, 
Bell and Romine 1980), while others observed no benefit from the combination 
(Stacey et al. 1977). Our results substantiate the potential of feeding adjuvants to 
improve viral control of Heliothis spp., but their value under field conditions is yet 
to be fully determined. 
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Table 2.	 Percent mortality of tobacco budworm larvae placed on cotton plants at 
various days following viral treatment of the cotton. Tucson, AZ 1981. 

Treatment 

Virus 

0 

71 a A 

Days posttreatment 

1 2 

Aug. % mortality' 
47 a B 28 a B 

4 

9aC 

Virus + COAX 63 a A 43 a B 35 a BC 19 b C 
•	 Mellns follo",ed by the Slime lower elISe Juller (columns) and some upper esse 1eller (rows) lire not significsntly different at 

p - 0.05 (Newman·Kculs wst): oolltrQl mortality was 10"11 thlln 2% lit all rosidue periods. 
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Abstract: Winter color change in Nezara viridula (Linnacus) from green to russet was shown 
to be an indicator of reproductive dispause. Russet bugs mated and oviposited significantly 
lcss than green bugs. Also, russet bugs lived longer than green bugs, regardless of generation, 
sex or reproductive status. Color change occurred in 76% of the wild insects and, despite 
being reared in constant, simulated summer conditions, 51 %. 43%, and 59%, respectively, of 
the first three laboratory-reared generations (not descended from onc another or from the 
wild test insects) also changed color. There were no significant generation or sex differences 
in percent color change, but more insects changed color and at a greater rate when the sexes 
were caged separately than when the sexes were combined. 

Key words: Nezara vin'dula, southern green stink bug, diapause, color change. 

J. Agric. Entorool. 1(1) 82·91 (JannllI)' 1984) 

During the wanner months of the year, southern green stink bugs I Nezara 
uiridula (Linnseus)! are green. However. it is common in autumn and winter to fmd 
russet·colored N. uiridula in those parts of its range lying in the higher latitudes 
(Jones 1918, Drake 1920, Zeck 1933, Van Heerden 1933, Cumber 1949, Kiritani 
et al. 1966, Michieli and Zener 1968, Pitts 1977, Jones and Sullivan 1981). This 
color has also been described as rubescent, purple, purplish~brown, red, and 
reddish·brown. Individuals vary in both intensity and proportion of cuticle so 
colored. As well as finding russet bugs in hibernacuJa during the winter, we have 
seen them on crop and weed plants in the autumn, in company with green individuals. 
The above authors reasonably associated color change, because of its regular 
autumnal occurrence, with entry into hibernation by the population. However, 
these associations were casual, made in the course of discussing other facets of the 
biology of the insect, and were not tested experimentally. Nezara viridula aestivates 
in those regions experiencing a hot·dry season (Singh 1972), but we are unaware of 
any reports of color change prior to aestivation. 

Gogala and Michieli (1962, corrected 1967) showed that the color change to 
russet in N viridula is not in the cuticle itself but in the underlying epidermal 
cells. Apparently the pigment involved is erythropterin. Although it occurs in both 
green and russet bugs, in the former it exists in aqueous solution, while in the 
latter it is predominantly crystalline and is deep red. 

Overwintering habitats and survival by N uiridula have been investigated by 
Kiritani and coworkers (1962, 1963, 1966), Pitts (1977) and Jones snd Sullivan 
(1981), and the effect of photoperiod on N uiridula by Michieli and Zener (1968), 
i;>i~1i snd Bo~gelmez (1973), Ali and Eweiss (1977) and Pitts (1977). 

In his review of insect photoperiodism, Beck (1968) said, "The dispause state 
is very rarely accompanied by morphological characteristics that pennit immediate 
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easy identification of either diapausing or non-diapausing insects. It Kiritani (1963), 
Ali and Eweiss (1977) and Pitts (1977) used the relative condition of gonads and 
fat body to distinguish diapausing from nondiapausing N viridu/a. They did not 
present any data on the color of bugs they classified by these criteria While not 
suggesting that color would be a better indicator of diapause entry, we believe it 
would certainly be an easier and less time-consuming method of detennination. 
Therefore, we conducted behavioral studies to ascertain whether russet coloration 
in N uiridula can be used as an indicator of diapause entry. 

In autumn 1977, we compared the reproductive activity of green and russet N 
uiridula collected from the field as fifth stage nymphs. During autumn 1978 to 
spring 1979, we compared the rate of color change and percentage of insects that 
changed color among field-collected (hereinafter referred to as "wild") and the fust 
three laboratory-reared generations, subdivided by sex and reproductive status. As 
part of the 1978/79 study, longevity was compared in green and russet insects of 
each generation and sex/reproductive status category. 

METHODS AND MATERIALS 

Both studies were conducted in the laboratory at Tifton, GA. During the tests, 
and the pre-test periods when the insects were being held awaiting the imaginal 
moll, the following laboratory conditions were maintained: mean daily high (daytime) 
and low (nighttime) temperatures of 27.5 ± 0.6·C and 22.7 ± 0.8·C, 55-65% RH, 
and a photoperiod of 14 h light:10 h dark, controlled by an automatic timer 
connected to the light switch. Light intensity was 1650 lux in the center of the 
room. There was one small window; however, outside sunlight entered only during 
the 14-h light period imposed on the insects. The 10-h dark period in the laboratory 
fell entirely within the natural dark period outside. The photoperiod was chosen to 
match midsummer day-lengths, inclusive of twilights, at our latitude, 31·28'N (U.S. 
Nautical Almanac Office, personal communication). 

Fresh green beans (Phaseolus vu/garis L.), green shelled peanuts (Arachis 
hypogaea L.) and water were provided twice a week. Cages were 33 X 33 X 33 em, 
made of fiberglass mesh on the top and 3 sides and wood on the bottom and one 
side, with a cloth access sleeve attached to a hole in the wooden side. Wild N. 
viridu/a for both studies were collected at late fIfth-stage nymphs from soybean 
(Glycine max (L.)), okra (Hibiscus esculentus L.) and mustard (Brassica japonica 
Siebold) in local fields in September and early October. 

Reproductive Activity Study 
After the imaginal molt, the sexes were segregated to preclude mating prior to 

the test. At 4 wk after the imaginal molt, approximately half the bugs hod changed 
color to russet. At this time green males and females were combined, 30 pairs to 
each of five cages, and russet males and females were combined in similar number 
in five other cages. The age of the bugs when sexes were combined and observations 
commenced surpassed the 13 d of age observed by Harris and Todd (1980a) as 
being the adult age by which 50% of a test population commenced their mating 
life. Every 2 d at the same hour, we counted the number of mating pairs/cage and 
recorded mortality (by sex and cage), the number of egg masses laid and number 
of eggs/mass. Nezara uiridula stays in copulo an average of 37 h (range 1-165 h) 
(Harris and Todd 1980a); therefore, one observation every 2 d gives a meaningful 
estimate of mating activity. 
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Color Change and Longeuity Study 
The first three laboratory-reared generations as well as wild insects were 

observed. The wild ancestors of the reared bugs had been caught on the same 
plant species but not necessarily in the same fields as the wild insects used in the 
study. As the fouf generations were studied concurrently, the actual individual 
representatives of the three reared generations were not successive sets of progeny 
(although de'ignated herein for the sake of brevity as G" G2, G,), but were 
genetically separated 8S 8 result of both the time and the place of collection of 
their respective wild ancestors. The rearing conditions noted ahove also prevailed 
for all generations preceding the test bugs. 

Sixteen categories of N. uiridula (totalling 786 insects) were ob,erved for rate 
of color change and the percentage which changed color: wild mated males (WXM) 
and female' (WXF), and unmated male, (WUM) and female' (WUF); and the 
same categories for the three reared generations, namely G1 XM, Gl XF, G1 UM, 
G1UF, G2XM, G2XF, G2UM, G2UF, G3XM, G3XF, G3UM and G3UF. Before 
observations began sexes were held separately to preclude matingj thereafter, half 
the insects were caged with the sexes mixed and half with the sexes separated. 
Insects were not identified individuallYi therefore, it is not known whether every 
insect in the combined-sex cages copulated. In another study (Hams and Todd 
1980a), 92% of 210 N. uiridula copulated at lea,t once in 11 d. We have assumed 
that at least that percentage copulated in the present study. To avoid awkward 
wording, we use herein the words "mated" and "unmated" to refer to those insects 
that were or were not caged with the opposite sex, and the tenn "reproductive 
status" for caged-together/caged-separately status. 

The dates at which insects of the various groups underwent the imaginal molt 
were: 25-29 Sept. for all W and G2;25 Sept. - 7 Oct. for G1; 19 - 24 Oct. for G3U; 
and 25 Oct. - 1 Nov. for G3X. A median date in each range was used as the base 
date for ascertaining rate of color change and measuring longevity. 

We made observations every 3 d, recording mortality and number and sex that 
changed color from green to nIsset. When insects changed color to nIsset they 
were moved from "green" cages to "russet" cages, maintaining the integrity of 
generation Bnd mated/unmated categories as above. Thus, there were 32 categories 
of N. uirUlula for the longevity ,tudy. 

Since the numbers of insects in the various classifications for the color change 
and longevity studies were unavoidably unequal, these data were examined with 
the least squares method of analysis of variance, and the means presented are 
least squares means. Rates of color change were compared by the multiple regression 
procedure. 

RESULTS 

Reproductiue Actiuity (J 977/78) 
In all five "green" cages mating began immediately upon combining the sexes; 

however, in the "russet" cages mating took from 2 to B d to begin, depending on 
cage. Percent mating by green and russet bugs is shown in Table 1. Mating among 
green individuals rose steadily from 14% at the first observation (2 d after 
combining the sexes) to a peak of 47.6% at 16 d, with an average across the 26 
d (1.3 observations) of 28.1 % mating/ob,ervation. Ru,set bug, on the other hand 
showed 8 maximum of 7% mating at 6 d, with an average of only 3.7% over the 26 
d. The difference between green and russet mating activity at each observation 
was highly 'ignificant (P < 0.001). 
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Table 1. Comparison of mating activity by green and russet Nezara uiridula. Tifton,
 
GA, Oct·Nov. 1977. 

Observation Percent matin( Difference LSDI 

date Green Russet in % mating (P< .001) 

30 Oct 14.0 1.7 12.3 10.5 
1 Nov. 18.7 2.5 16.2 11.7 
3 Nov. 20.7 7.0 13.7 13.6 
5 Nov. 28.7 6.6 22.1 14.9 
7 Nov. 29.4 4.4 25.0 15.3 
9 Nov. 40.8 4.6 36.2 17.8 
11 Nov. 41.9 2.6 39.3 18.6 
13 Nov. 47.6 2.7 44.9 19.3 
15 Nov. 28.0 4.7 23.3 15.6 
17 Nov, 27.0 2.9 24.1 15.0 
19 Nov, 22.9 2.9 20.0 14.7 
21 Nov. 20.8 4.9 15.9 15.1 
23 Nov. 24.8 1.0 23.8 14.9 
• Sumbn of maling pair. 8L obUI'\'.tion IIlI • 'l, of muimum p08lible number of mating p.ir. on that day (ie. 8djU'~ for 

mortality and changing .eI: retioalc:agel.
 
t Leut Iligni!icant diffe~nte.
 

Four days after combining the sexes, green females started laying eggs. They 
laid 125 masses, rotalling 7620 eggs eX = 61 eggs/mass), with an average production 
of 64 eggs/female over a 23·d egg· laying period. Only one egg mass (45 eggs) was 
laid by russet females in the test period, although the number of live 
females/cage/observation was essentially the same for the two color forms. 

The few insects that mated in the "russet" cages were always those with the 
least intensity and extent of russet pigmentation. Another notable point was the 
difference in behavior of the two color forms. Russet insects clustered together 
and hid under the paper toweling lining the cage floors, behind paper strips hung 
in the cages as oviposition substrates, and in the upper, darker corners of the the 
cages. In contrast, green bugs did not cluster or hide. However, bugs in the 
"green" cages that at observation times were seen to have changed color to russet 
showed hiding behavior typical of bugs in the "russet" cages. Russet bugs fed very 
infrequently. 

Color Change (1978/79) 
After the imaginal molt all insects were green. The relative rates of color 

change thereafter are compared in four graphs (Fig. 1), one graph/generation. 
Within each generation the four curves depict the least squares estimate for 
cumulative percent color change across time (days from imaginal molt) for the four 
sex/reproductive status categories. Each cwve ceases at the point of maximum 
percent color change/category. There was 8 general tendency, deviated from by 
Gl UF only, for the unmated insect groups to change color at a consistently greater 
rate, before levelling off at or near maximum, than corresponding mated insects. 
Gl UF behaved similarly to mated insects of W, Gl and G3, in that maximal 
percent color change was reached much more gradually. G2XM and G2XF were 
noticeably different from other groups in that their rates of color change increased 
with time, rather than decreasing or remaining steady. Among the unmated 
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Fig. 1. Relative rates of color change from green to russet in wild and three laboratory-reared generations of Nezara 
uiridula. UM = unmated males; UF = unmated females; XM = mated males; XF = mated females. 
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insects, males showed greater rates overall than females; however, between mated 
males and mated females there was little difference in color change rate. 

Analysis of variance of data on percentage color change demonstrated a signifi
cant (P < 0.01) generation X reproductive status interaction. When tested against 
this interaction, generation as a main effect was not significant (P > 0.1). The 
overall means for percentage color change in the four generations (76, 51, 43, and 
59%, respectively for W, G1, G2 and G3) are therefore not compared Reproductive 
status, however, remained significant (P < 0.05) in the presence of the interaction, 
with more unmated insects (69%) than mated (44%) changing color. There was 
also a significant (P < 0.05) generation X sex interaction. Although 9% more males 
than females changed color (65% vs. 53%), this difference was not significant (P > 
0.1) when tested against the generation by sex interaction. Likewise, generation was 
not significant (P > 0.05) in the presence of the generation X sex interaction. 

ill Table 2 the color change percentages are compared by generation/reproductive 
status and by generation/sex, with all mean comparisons being at the .05 level. 
The sample sizes from which the percentages were calculated are shown in 
parentheses. In all generations except GI, significantly more unmated than mated 
insects changed color. The sexes did not differ significantly in percentage changing 
color, except in the Gl generation, where more males than females changed color. 
Except for Gl mated insects and G3 females, significantly more wild than reared 
insects changed color in each reproductive status or sex category. 

Table 2.	 Percent of Nezara viridula that changed color to russet, compared by 
reproductive status, by sex, and by generation within a reproductive 
status or sex. Autumn/winter 1978/79. Tifton, GA". 

Mated Unmated Female Male 

Generation N % % N N % % N 

Wild (100) 59.0 a 93.9 a (99) (93) 72.0 a 80.2 a (106) 

GI reared (97) 46.4 ab 54.1 c (159) (112) 40.2 b 59.7 b (144) 

G2 reared (88) 34.1 b 56.6 c (53) (56) 35.7 b 47.1 b (85) 

G3 reared (76) 34.2 b 75.4 b (114) (90) 60.0 a 58.0 b (100) 

(361)	 (425) (351) (435) 
• Meline followed by a letter in common in the aame column are not eignifieanUy different (P < 0.05) under Dunean'B multiple 

range tnt; nor are means with a common undencore. 5% LSD (or reproductivll etlltu. ""' 13.0%, and for elll: - 13.3%. 

Longevity (1978/79) 
Analysis of variance on the longevity data revealed a significant color X 

generation X sex interaction (P < 0.0001). Color, as a main effect, was significant 
when tested against this interaction (P < O.OOll, with mean longevity of russet bugs 
(69 d) being greater than that of green bugs (45 d). Generation, as a main effect, 
was also significant when tested against the interaction (P < 0.008), where W (68 
d), G1 (58 d) and G2 (67 d) were not significantly different, but an bad mean 
longevities significantly greater than G3 (35 d). Sex, as a main effect, was not 
significant in the presence of the 3-factor interaction; therefore, the sexes are 
considered separately in Table 3, where mean longevities are compared by color 
and generation. Statements of significance made below, relevant to Tables 3 and 4, 
are at the 0.05 level. Also in Tables 3 and 4, the sample sizes for each mean are 
shown in parentheses. 
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Table 3.	 Mean longevities (days) of Nezara uiridula, compared by color (within a 
sex) and by generation within a colar and sex. Autumn/winter 1978/79. 
Tifton, GA'. 

Green Russet 

Sex Generation N X X N 

Females Wild (27) 57.6 a -- 86.8 a (64) 

GI reared (67) 40.4 b 54.6 b (44) 

Gz reared (36) 52.0 a - 76.7 a - (19) 

G3 reared (37) 26.0 c 31.2 c (53) 

(167) (180) 

Males	 Wild (25) 48.9 b 80.5 b (80) 

GI reared (59) 39.9 bc 96.2 a (81) 

Gz reared (45) 63.3 a 78.2 b (33) 

G3 reared (44) 33.4 c 48.8 c (56) 

(173)	 (250) 
II	 Moaru (ol1owed by II letter in common in the lIIlIIlO column (but within a U!J.) are not lIiprificantly different (P < 0.05) Wider 

Duncan'. multiple range telt; DOr are meam with II common undencore. 5% LSD - 11.4 da}'" 

Table 4.	 Mean longevities (days) of Nezara uiridula, compared by reproductive 
status and by	 generation and color within a reproductive status. 
Autumn/winter 1978/79. Tifton, GA'. 

Mated Unmated 

Category N X X N 
Generation 

Wild (99) 65.4 a 71.5 a (97) 

Gl reared (92) 60.6 a 55.0 b (159) 

G2 reared (87) 60.7 a- 74.4 a - (46) 

Gg reared (76) 27.5 b 42.2 c (114) 

(354) (416) 
Color 

Green (201) 45.0 b 45.4 b (139) 

Russet (153) 62.1 a 76.1 a (277) 

•	 Means followed b)" a lettn in oommon in the same column (but within generation or color grouping) are not significfUltly 
different (P < 0.05) under Dlmcan', multiple range teBt; oaf are melU1ll with Bcommon underscore.For generation, 5% LSD 
- 7.8; rOf color, 5% LSD - 5.4. 
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With the sole exception of Ga females, russet bugs of both sexes and all 
generations lived significantly longer than the corresponding green bugs (Table 3). 
Except for Ga insects being the shortest lived, regardless of sex or color, there was 
no consistent pattern of longevity increase or decrease among generations. 

Reproductive status as a main effect in the analysis of variance of longevity 
data was not significant in the presence of its interaction with generation and with 
color, respectively. Therefore, overall means for reproductive status are not com
pared. In Table 4, mean longevities of mated vs. unmated insecls for each generation 
and color form are compared. In G2 and Ga, unmated insects lived significantly 
longer than mated insects of the same generation, but in W and Gl the differences 
in longevity between mated and unmated insects were not significant. Among green 
insects no significant longevity difference could be associated with reproductive 
status, but among russet insects longevity was significantly greater for unmated 
than for mated individuals. Within a reproductive status, there was no consistent 
pattern of increasing or decreasing longevity among generations. Russet N viridula, 
whether mated or unmated, lived significantly longer than green N viridula. 

DISCUSSION 

Reproductive status was the principal source of variation in the analysis of 
percentage color change in the N viridula test population. More unmated than 
mated insects changed color, regardless of sex or generation, and they generally 
did so at a greater rate. There was essentially no difference between males and 
females in the percentage which changed color. The relative order of mean 
percentage color change among the four generations was entirely dependent on 
whether mated, unmated, male, or female insects were being considered. 

Of the four factors considered in analyzing longevity differences, color constituted 
the principal source of variation: russet bugs lived longer than green bugs overall 
and in all categories except Ga females. Among the russet bugs, unmated lived 
longer than mated bugs, but the reproductive status of green bugs did not influence 
their longevity. Ga insects had shorter longevities overall and in all categories than 
did G2, GI or W insects. We believe this is a manifestation of vigor loss through 
progressive rearing, similar to that shown for fecundity in Ga N uiridula (Harris 
and Todd 1980b). 

In the present study, although the differences were not significant because of 
interaction with sex and reproductive status, more of the wild insects (76%) than 
any of the first three reared generations changed color (51, 4a, and 59%, respec
tively). However, among reared generations, there was not a progressive decrease 
in the percentage changing color from Gl through G2 to Ga. Perhaps if rearing 
were to continue past three generations, the percentages changing color would 
show significant, progressive declines. 

Nevertheless, the question of why autumn color change (Le. diapause, as 
demonstrated above) occurs at all in our laboratory·reared N uiridula is perplexing, 
considering that they and their laboratory forebears were never exposed to condi
tions other than constant., simulated summer. Ali and Eweiss (1977) observed 0% 
dispause in N uiridula reared under a 14/10 (hours light/dark) photoperiod, 
compared with 24% (13/11), 59% (12/12), 96% (11/13) and 100% (10/14), all at 
25°C. Pitts (1977) did not test a 14/10 photoperiod, but observed diapause entry 
in only 7% of N. uiridula reared under 13/11, compared with 57% (12/12), 62% 
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(11/13) and 32% (10/14), at 24"C during photophase and 18"C during scotophase. 
Yet, in our laboratory, 51% of the reared insects (average of G1, G2 and G3) 
entered diapause in the autumn, despite being reared under 14/10 and 22.7
22.5"C. 

As well as in Butumn 1978, when we carefully quantitated the relative numbers 
and rates of N viridulo changing color in Gl> G2 and G3 compared with W, we 
also observed the phenomenon in reared insects in 1977, 1979 and 1980 under the 
same photoperiod and temperature range. A count on 31 October 1977 showed 
that 50% of the G1, G2 and G3 insects in the laboratory had changed color. In 
1979 and 1980, precise counts were not made, but estimations made while cleaning 
cages indicated that 8 similar proportion of the reared generations changed color 
in these autumns. However, we have never seen reared bugs change color to russet 
at other times of the year. 

Michieli and Zener (1968) demonstrated that the "brown" form of N viridula 
consumes less oxygen than the green fonn at temperatures from 4 to 30°C. 
Kiritani et aI. (1966) observed lower winter mortality of "reddisb-brown" compared 
with green N viridula in the field (significantly lower P < 0.1) for males in one 
winter and for females in both winters of their study). We also observed greater 
winter survival of russet compared with green N. viridula in field-cage studies: 
6.7% vs. 4.0% in tbe 1977/78 winter and 9.7% vs. 5.7% in the 1978/79 winter 
(Harris and Todd, unpublished annual reports) These studies, together with findings 
of the present study (greatly reduced occurrence of mating and oviposition, clustering 
and hiding behavior, and greater longevity of russet compared with green bugs), 
show that russet coloration can be used as an externally visible indicator of 
diapause in adult N uiridula. Identification of an internal physiologic condition by 
an externally visible condition is a useful, time·saving, non·destructive technique. 
It should be very useful in obtaining an approximation of the percentage of 
diapausing individuals in an N uiridula population, as well as comparisons of such 
percentages at different times and places. However, as the nature of the present 
study precluded dissection, we do not know that the presence or absence of russet 
coloration was invariably paralleled by the presence or absence of fat body 
augmentation and gonadal atrophy. Until this is known, the use of coloration would 
not be appropriate in studies where an absolute measure of diapause entry is 
needed. 
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Abstract: In laboratory bionssays, various concentrations (0-6%) of pinitol and myo-inositol 
added individually to Il wheat genn·casein diet had no effect on the larval growth and 
development of Heliothis zea (Boddie). Differences in larval weight, larval survival, larval 
developmental period, nnd pupal weight were not statistically significant (P = 0.05). Growth 
of TI-ichoplusia ni (Hubner) larvae also was unaffected by increasing concenlrations (0-3%) of 
pinitoL The physiological function of pinitol in leguminous plants remains undefined and 
apparently is unrelated to host plant resistance of soybean to noctuid pests. 

Key words: He/iolhis zea, Trichoplusia ni, pinitol, myo·inositol, growth inhibitor 

J. Agric. Enl<>mol. 1(2): 101·105 (April 1984) 

High concentrations of pinitol (1-D-3·0-methyl-chiro-inositol) have been extracted 
from the foliage of soybeans, Glycine max (Linnaeus) Merrill, and certain small
seeded legumes (Phillips and Smith 1974, Smith and Phillips 1980, Phillips et al. 
1982). This substance appears common to leguminous species and has not been 
recovered from grasses common to the southern U.S. This latter principle served 
as a basis for the development of a method for accurately quantifying the legume 
fraction of mixed grass-legume forages (Smith 1982). 

Although this cyclitol is prevalent in the foliage of certain leguminous plants, its 
physiological function in the plant remains undefined. Studies by Smith and Phillips 
(1982) with white clover, Trifolium repens (L.), demonstrated that pinitol was not a 
storage carbohydrate as had been hypothesized (Diaffiantoglou 1974). Its role as 
either a precursor of certain cell wall constituents (Loewus 1964) or as a component 
in callus growth (Steinhart et a1. 1962) remains unconfrrmed. Previous studies 
(Dreyer et al. 1979, Reese et al. 1982) indicated that pinitol inhihited the growth 
of larvae of the corn earworm, Heliothis zea (Boddie). thus serving as the basis for 
the hypothesis that pinitol is an important component in the host plant resistance 
of several soybean lines to this and other insect pests. This led us to investigate 
the effects of pinitol on the larval growth of other noctuid pests of soybeans and 
other leguminous plants. 

In preliminary tests, we found no discernable response of H. zea larval growth 
to increasing concentrations of pinitol added to an artificial diet. Subsequently, we 
repeated bioassays with H. zea and included the cabbage looper, Trichoplusia ni 
(Hubner), utilizing either pinitol or myo~inositol as a diet additive. This paper 
describes the results of these evaluations. 

I I.EI'IDOPTERA: NoclUidno 
:.I Depllrtmcntll of Entomolol:Y. PlnnL ""lhology, and Agronomy. respectively. Received for IlIlhliclltion 2:1 MIlY 1983; 

l'IcCCllled 6 Septernber 198:1. 
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MATERIALS AND METHODS 

Test substances were incorporated in 8 wheat germ·casein diet (Burton and 
Perkins 1972) at concentrations ranging from 0 to 6% by adding a slurry of the 
substance to the diet while blending the vitamins into the gel matrix and nutrient 
mix at a temperature of 70·75 D C. Diet was dispensed into individual 30-ml plastic 
rearing cups and allowed to cool to room temperature. Neonate larvae from labora
tory-reared colonies (5th generation, H. zea; lOth generation, T. ni) were placed 
individuaUy in the cups and subsequently maintained at 26"C with a 14:10 h 
light:dark photoperiod regimen. 

Heliothis zea larvae used in the pinitol bioassays were weighed 8 and 12 d after 
eelosian, and those used in the inositol assays were weighed 5 and 12 d after 
eelosioD. Trichoplusia ni larvae were employed for pinitol bioassays only and were 
weighed 10 dafter eelosian. In each bioassay. total larval developmental period 
and individual pupal weight were recorded. Numbers of larvae used ranged from 
56 to 125 per treatment. Resultant data were subjected to analysis of variance and 
regression analyses. 

The pinitol used in the study was extracted from alfalfa by methods previously 
described hy Phillips et al. (1982). It was free of other materials detectable by 
GLC of the trimethylsilyl ethers (phillips and Smith 1973) or by HPLC (Ghiss-Ud
Din et at 1981) and melted sharply at 186"C. The myo-inositol was obtained from 
Sigma Chemical Co.' (lot 71F-0413, 99+%). 

RESULTS AND DISCUSSION 

Pinitol added to the artificial diet had no discernable effect on the larval 
growth and development of either H. zeo or T. ni. Mean body weight of 8-d-old 
and 12-d-old H. zeo larvae fed the diet containing pinitol did not differ significantly 
(P = 0.05) from that of the control larvae fed diet containing no pinitol (Table 1). 
Larval developmental period, larval mortality, and pupal weight also did not differ 
significantly among the pinitol treatments (0·6%). Larval weight (lO·d-old), larval 
mortality, larval developmental period, and pupal weight of T. ni also failed to 
respond significantly to increasing concentrations (0-3%) of pinitol (Table 2). 

Myo-inositol also had no effect on the larval growth ond development of H. zea 
(Table 3). Mean body weight gain in the myo-inositol treatments ranged from 35 to 
113% of the weight gain by control larvae 5 dafter eclosion; however, a significant 
response of body weight to inositol concentration failed to occur (r2 = 0.22). Body 
weight of 12-d-old larvae, larval mortality, larval developmental period, and pupal 
weight also did not differ significantly among the treatments. 

These data demonstrate that pinitol neither inhibits nor promotes growth of H. 
zea and T. ni larvae thus raising doubt as to its role as an important component in 
the host plant resistance of certain soybean lines to noctuid pests. Pinitol 
apparently is not used by the insect after consumption or it possibly acts as a 
substitute for similar constituents in respiratory or biosynthetic pathways. Myo
inositol is indeed abundant in living systems serving 8S 8 component in certain 
biosynthetic displacement reactions. 

3 PO BOll 14508. St. Lou~. MO 631 i8. 
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Table 1.	 Effects of various concentrations of pinitol incorporated into a wheat 
germ-casein diet on the growth and development of Heliothis zea larvae.' 

No. No. Larval 
Pinito! larvae larval Mean body weight (mg) developmental 
conc.(%) assayed deaths B-d-old 12-d-old Pupae period (daya) 

o 124 1 51B.5±31.1 677.1±30.6 500.2±II.B 14.5±0.2 
0.5 64 3 526.3±2B.6 5B8.5±17.9 451.5±10.5 16.3±0.5 
0.75 60 o 573.2±30.2 613.2±20.8 471.6±11.6 16.0±0.3 
1.0 125 5 577.3±34.2 645.0±18.5 508.3±11.1 16.1±0.1 
1.5 116 2 52B.0±30.8 612.6±22.9 490.B± 9.3 15.2±0.1 
2.25 60 o 554.1+29.7 616.8+19.1 45B.B±10.1 15.3+0.1 
3.0 122 1 566.2±43.4 597.7±26.5 4BO.0±13.2 16.4±0.5 
4.5 63 o 541.5±32.9 623.1±21.3 506.3±13.4 15.1±0.2 
6.0 120 2 529.3±29.6 605.0±23.8 511.7± 9.7 15.7±0.3 
,	 Means ± SE an! preallnted with no aignificant (P-0.05) ditferen«, among ~atment melUl.l within individual c:olumnll 

(ANOVA and LSD). 

Table 2. Effects of various concentrations of pinitol incorporated into a wheat 
genn-casein diet on the growth and development of Trichoplusia ni 
larvae.' 

No. No. Larval 
Pinitol larvae larval Mean body weight (rog) developmental 

conc.(%) assayed deaths lO-d-old Pupae period (days) 

o 88 o 276.8±11.1 267.1±3.7 12_6±0.1 
0.5 92 3 295.9±IB.2 260.4±3.2 13.1±0.2 
0.75 90 o 280.8±21.6 260.6±3.5 12.4±0.1 
1.5 90 o 300.7±22.1 255.0±5.1 13.3±0.5 
2.25 92 4 286.1±10.3 267.5±3.2 13.1±0.2 
3.0 93 1 262.9± 9.4 254.1±3.1 13.2±0.3 
•	 MelUl.l ± BE &nl pre,en!.ed with no li«nificant (1'-0.05) difference. among U'utment mean. trithin individual c:oIUm.D.t 

(ANOVA and LSD). 

Table 3.	 Effects of various concentrations of myo-inositol incorporated into a 
wheat genn·casein diet on the growth and development of Heliothis zea 
larvae.' 

No. No. Larval 
Inositol larvae larval Mean body weight (rog) developmental 
conc.(%) assayed deatha 5-d-old 12-d-old Pupae period (days) 
o 64 2 30.7±1.3 642.6±23.1 50B.1± 9.3 14.3±0.1 
0.5 58 6 12.1±0.8 543.8±29.8 446.9± B.O 15.9±0.3 
1.5 56 o 34.8±2.1 571.2±27.4 486.7±12.1 14.4±0.4 
3.0 60 o 10.8±0.6 526.4±37.7 4BI.6±11.1 16.1±0.5 
4.5 5B 3 1I.6±0.7 593.2±38.0 482.4±23.5 16.2±0.4 
6.0 60 1 12.5±0.9 556.2±41.6 504.2±12.4 16.4±0.4 
• Means ± SE lin: prc8cnled with no 8ignificQnt (P - 0.05) difference, among tl"eatment mean. within individual columne 

(ANOVA Qnd LSD). 
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Soybean lines resistant to various noctuid species and the Mexican bean beetle, 
Epilachna variuestis Mulsant, demonstrate high levels of nutritional antibiosis and 
feeding nonpreference (Kogan 19728). Antibiosis is often manifested in decreased 
body weight, total weight gain, pupal weight, and larval survival with a concomitant 
increase in developmental period when compared to appropriate control treatments 
(Kogan 1972b), In fact, H. zea larvae fed resistant soybean foliage (PI 227687) die 
prior to pupation (Hatchett et a1. 1976). None of these symptoms was identified in 
H. zea or T. ni larvae used in our bioassays of pinitol. In addition, levels of pinitol 
in susceptible ('Davis') and resistant (PI 229358) varieties of soybeans are virtually 
equal (ca, 1% of dry weight) (Dreyer et a1. 1979) indicating that quantity of pinitol 
does not affect relative resistance of soybean varieties to insects. The involvement 
of pinitol in a nonpreference modality of host plant resistance remains unclear. 
Results of previous studies demonstrate H. zea responses to pinitol from no effect 
on feeding preference (Dreyer et ai. 1979) to inhibition of ingestion (Reese et a1. 
1982), Numata et al. (1978) also demonstrated feeding stimulation by pinitol in 
larvae of selected pierids. 

Assuming there was no toxic contaminant in the pinitol and myo-inositol used 
in the bioesBuys by Dreyer et al. (1979) and Reese et a1. (1982), a difference in 
sensitivity to the test substances by the H. zea larvae used in their bioassays and 
those used in our study would seem to be indicated. However, it is difficult to 
explain a possible biochemical mechanism of such a differential sensitivity to 
relat.ively low levels of a metabolite as ubiquitous as myo-inositol. Dreyer et a1. 
(personal comrnunication4) have experienced difficulty with the reproducibility of the 
bioassay for pinitol subsequent to the original work reporting its activity. Based 
upon this lack of reproducibility, the specified purity of our test substances, the 
procedural and statistical techniques previously described, and our results, the 
inhibition of noctuid development by pinitol and myo-inositol should be presently 
considered as a special case and not generally applicable to insect development on 
soybeans. Thus, the physiological function of pinitol in leguminous plants remains 
uncertain. 
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EFFICACY AND PERSISTENCE OF CHLORPYRIFOS FOR CONTROL 
OF SYNANTHEDON PICTIPESI ON PEACH TREES' 

C. E. Yonce" and U. E. Brady' 

Abstract: Chlorpyrifos was effective in reducing late season population buildup of S:ynanthedon 
pictipes (Grot.e and Robinson) with a low rate (0.45 g AI/liter) and with two applications 
rendered on 5 April and 15 June. Differences in deposition and dissipation of chlorpyrifos 
closely reflected the rates applied. Concentrations of the chemical on peaches treated with 
0.9 g and 1.8 g AI/liter spray were reduced to 0.05 ppm or less at 5 and 8 wk, respectively, 
after treatment. 

Key Words: Chlorpyrifos, persistence, rates, timing, SynantJledon pictipes, efficacy, control. 

J. Agric. Entomn!. 1(2): 106-110 (April 1984) 

In an extensive study ovef a period of several years, Bobb (1959, 1961, 1966, 
and 1969) reported on the biology and control of the lesser peachtree borer 
(LPTB), Synanthedon pictipes (Grote and Robinson), in Virginia. Numerous insecti
cides were tested and endosulfan proved to be most effective for control when 
applications were directed at the beginning of seasonal moth flight and at peak 
flight for each of the two generations. However, very little control data has been 
published since that time. In recent years, chlorpyrifos was tested for control of 
the peachtree borer, S. exitiosa (Say), at relatively high rates (3.6 g AIlliter) (Wylie 
1968)5. Preliminary investigations have indicated that lower rates of chlorpyrifos 
have potential for control of the LPTB. Since LPTB begin flying early in the 
season and cause infestation throughout the entire tree, there is a need for studies 
on chlorpyrifos persistence on fruit to determine if and when the insecticide can 
be applied to comply with residue tolerance regulations. Therefore, results of 
residue analysis of fruit up to 8 wk following application and control efficacy 
studies are presented here. 

MATERIALS AND METHODS 

A 10-yr-old peach orchard ('Marsun' cultivar) ca 0.8 ha was used for the test. 
This cultivar ripens late (24 d after 'Elberta'). Therefore, it provided ample time to 
gather data on long range insecticide persistence. Treatments consisted of three 
rates of chlorpyrifos (0.45, 0.9, and 1.8 g AIlliter of water)' prepared from Lorsben'" 

I LEPIDOPTERA; SeBiidae
 
2 Receiyed for publication 13 June 1983; RCcepted 21 September 1983. This paper reports the resulta of reaelU'ch only.
 

Mention of B pesticide doeR not constitute B recommendation for uae by the USDA nor doeR it imply reltiRtmtion under 
FIFRA ItB amended. AlllO, mention of a commercial or propriet./ltY product doea not conBtitute an endorsement by the 

USDA. 
3 USDA. ARS. SootheBJItem Frui~ and Tree ~ut Re~earch L.lIboratory. P.O. BOl 87, B)'ron, GA 310011. 
4 Department of Entomology. Un;\'el'1lity of Georgia, A~her1.'l. GA 30602. 
5 Rlltf!ll and Con\'er8ionll: 

3.6 g AI/li~r - 3.0 lb. AJ/IOO gill water 
1.11 I: Af/li~r - 1.5 lb. AIIIOO gal water (2X for rl!lidue lind tOlicity) 
0.9 II AJ/li~r - 0.75 lb. AI/IOO gal wlIter (IX for efficacy and fl:Bidue)
 
0,45 g Allliter - 0.375 lb. AI/IOO gal ...·/lter (0.5X for efficacy)
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4EC with three different application schedules for each rate (i.e. applications made 
on 5 April and 15 June; applications made on 5 April, 3 May, 1 July, and 26 July; 
and applications made on 3 May, 15 June, 26 July, and 1 September, 1977). Full 
bloom occurred ca. 15 March and the very flrst application of chlorpyrifos was 
made after fruit and leaves were developing on the tree. Fungicides were applied 
periodically during the season to insure against brown rot. Monilinia fructicola 
(Winter) Honey. infection on fruit. Chlorpyrifos was the only insecticide used in 
the experiment. The experiment was arranged in a randomized complete block 
experimental design with four replications (blocks), each consisting of 4 trees. 
Sprays were applied with a John Bean@ portable handgun sprayer (300 psi) and 
trees were wet to run~ofr (ca. 3.8 liters/tree dilute spray). Fruit samples (9 kg/ 
treatment) were taken at day zero and once each consecutive week thereafter up 
to 8 wk following the last application. They were immediately frozen after 
picking. 

Chlorpyrifos Analysis 
Sampled peaches were split and destoned while frozen. Samples of ca 10 

peaches per sample were allowed to thaw partially and then chopped in a Hobart@ 
food chopper. Two 50 g subsamples each were homogenized in 50 ml of ethyl 
acetate for 2 min. An aliquot of each extract was dried with anhydrous sodium 
sulfate and stored at -15°C until analysis by GLC. Cblorpyrifos, in duplicate 5J.Li 
injections of each extract, was measured by comparison of peak heights to a 
standard curve prepared from known, different concentrations of an analytical 
standard. A Tracor GLC equipped with a flame photometric detector in the 
phosporous mode and a 30 cm glass column packed with 3% OV 210 on Chromosorb 
W was used at a temperature of 175°C. Columns were replaced or the headspace 
was cleaned as necessary. Analyses were conducted to measure only chlorpyrifos 
(retention time: 1 min). No peak, other than that of chlorpyrifos, was detected in 
extracts of treated samples. Based on analyses of control samples, no materials 
were present in extracts which interferred with measurement of chlorpyrifos. 
Chlorpyrifos spiked at 0.2 and 1.0 ppm was quantitatively recovered from peaches 
with this procedure. The limit of detection of chlorpyrifos in extracts was 0.05 ppm 
and detector response was linear to at least 100 ng (equivalent to 20 ppm). 

Efficacy Evaluation 
Efficacy was determined by counting cast pupal skins of LPT'B from peach trees 

at weekly intervals. Counting began 1 wk prior to the very earliest seasonal 
application of chlorpyrifos and continued throughout the moth flight of the species. 
This method of evaluation was in accordance with a procedure described by Yonce 
ot al. (1977). 

RESULTS AND DISCUSSION 

The seasonal emergence pattern for LPTB moths is presented graphically (Fig. 
1). The data were taken from untreated (check) plots in the experiment. Moths 
emerged as early as 29 March and as late as 1 November with the larger late peak 
occurring in September. This pattern of emergence is typical in an orchard with 
light to moderate infestation levels. A higher infestation level of LPTB would 
typically have produced a steeper early flight peak (Yonce 1981). 
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Fig. 1. Seasonal distribution of Synanthedon pictipes measured by counting cast 
pupal skins at weekly intervals (mean pupal skins/tree/wk). Byron. GA. 
1977. 

Table 1. Effects of chlorpyrifos (Lorsban 4E) on Synanthedon pictipes applied .t 
three rates with three different application schedules for each rate. Byron, 
GA, 1977. 

Rates 
(g All 
liter) 

1.8 

0.9 

0.45 

Check 

No. of Application 
.ppl. dates 

2 5 April; 15 June 
4 5 April; 3 M.y; 1 & 26 July 
4 3 May; 15 June; 26 July; 1 Sept. 

2 5 April; 15 June 
4 5 April; 3 May; 1 & 26 July 
4 3 M.y; 15 June; 26 July; 1 Sept. 

2 5 April; 15 June 
4 5 April; 3 May; 1 & 26 July 
4 3 M.y; 15 June; 26 July; 1 Sept. 

Mean pupal skins/treatment-

Early flight Late flight 
(29 March- (9 July

28 June) 8 Nov.) 

3.50. 
4.75. 
7.25. 

0.25. 
0.75. 
2.00a 

2.75a 
2.25. 
1.75. 

0.00. 
0.25. 
0.00. 

3.00. 
1.00. 
5.25. 

0.75. 
0.00. 
0.75a 

1.75. 9.50b 
- MU_l\I foU01Il-ed by the same leiter in II column are oot ligniliclnti)· difrerent at the 5% level or confidence according 10 

Duncan'l Ne..· Multiple Ran!:e Tell, 
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Results of treatments are presented as early flight (29 March-28 June) and late 
flight (9 July-ll Novemher) moth emergence (Table I). Means of pupal skin 
counts in early flight varied from 1 to 7.25 and statistical analysis revealed that no 
differences were evident among the treated and untreated according to Duncan's 
New Multiple Range Test. It is a known fact that larvae and/or pupae are protected 
from insecticides in feeding channels in the inner bark of the tree (Yonce 1982). 
Consequently, evidence of control would be reflected during late flight pupal skin 
counts as a result of second generation egg and larval mortality. When statistical 
analysis of variance was applied to late flight pupal skin counts, there were no sig· 
nificant differences among the three rates tested, nor were there differences 
among number and time of applications for each rate. However, the number of 
pupal skins counted in all treatments during late moth flight was substantially 
reduced from early flight counts while the check (untreated) trees showed 8 sub
stantial increase in pupal skins during late flight. Two applications at the lowest 
rate of chlorpyrifos were as effective as the other higher rates. 

Levels of chlorpyrifos on peaches at weekly intervals following spray application 
are given in Table 2. Differences in deposition and dissipation of chlorpyrifos 
closely reflect the rates applied. Concentrations of chlorpyrifos on peaches treated 
with 0.9 g and 1.8 gIIiter spray were reduced to 0.05 ppm or less at 5 and 8 wk, 
respectively, after treatment. The current tolerance level allowed by law is 0.05 
ppm. 

Table 2. Residues of chlorpyrifos in peach fruit following treatment with Lorshan 4 E. 

PPM chlorpyrifos at indicated no. of weeks post·harvest-

Treatment 
(g AI/liter) 0 2345678 

0.9 3.5±0.7t 1.3±0.4 1.0±0.6 1.0±0.5 0.4±0.2 <0.05 <0.05 <0.05 <0.05 
1.8 7.2± 1.5 2.9±0.7 2.4±1.6 2.8±0.2 0.7±0.5 0.7±0.! 0.7±0.3 O.I±O.I 0.05±0.07 

check <0.05 <0.05 <0.05 

• Eoch fi~n' ift the liver"!::,, Qf al lellsl four SlImpl!!". 
f Mean ± S.I). 

Most commercial insecticides readily dissipate from fruit and foliage. Certain 
ones such as parathion (Bohb 1954; Kilgore et al. 1972) and chlorpyrifos (Brady et 
ai., 1980) however, are quite persistent on bark of peach trees, grape vines, and 
pine trees. Insecticides with this selective persistence property appear to be 
numerous and may prove to be valuable in providing safe and long-term protection 
against bark penetrating insect pests. 
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Ab.~trQcl: The toxicity of an ClcrystalHrerous strain of Bacillus thuringiensis (HD2-19) is 
compared with that of its crystallirerous parental strain (HD2·13) using a modified peroral 
bioassay technique involving synchronous droplet imbibition by neonate larvae. The technique 
is capable of providing Quick and accurate evaluations of entomopathogens whose entry is via 
the alimentary tract. The acryswHiferous strain (HD2-19) was not toxic to Heliothis z.ea 
(Boddie) neonates. The HD2·13 strain had a LC"o of 1.795 ± 0.011 X 10" spore/ml and, 
bllsed on 8 larval consumption rate of 0.006 .ul. a LD50 of 107.82 ± 0.68 spores/larva was 
determined. 

Key words:	 Bacillus t!luritlgiellsis, cryslalliferous, acrystalliferous, Heliothis zea, peroral 
imbibition assay 
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Bacillus thuringiensis Berliner (BO has been used for over two decades to 
control populations of lepidopterous insects attacking agricultural crops. However, 
one factor limiting its effectiveness in field situations has been its lack of persistent 
toxicity on treated foliage. Approximately 50% of its original activity is lost during 
the first 48 h following application (Beegle et al. 1981, Hostetter et a!. 1975, 
Ignorfo et al. 1974, Pinnock et al. 1971) with a concomitant spore reduction of 
greater than 90% (Leong et al. 1980). Increased persistence of Bt activity could 
eliminate the necessity for the insect to consume the bacteria and crystals within 
24 h of treatment (Brand et a1. 1975), eliminate the need for multiple applications 
because larvae hatching two or more days after treatment would be controlled, and 
reduce application dose because ingestion by the target insect could be distributed 
over a longer period. An acrystalliferous Bt isolate with 8 persistent spore toxic to 
lepidopterous larvae would have the advantages of extended activity on treated 
foliage and eliminate the need for consumption of both crystal and spore to cause 
death in some lepidopterans (Sutter and Raun 1966). 

A spore-forming acrystalliferous strain of Bt (HD2-19) has been isolated and 
has exhibited activity against the cabbage looper, 7hchoplusia ni (Hubner) (B.C. 
Carlton, J. Gonzalez, and H. T. Dulmage, personal communication). The potential 

I U;I'JI)OPTf-;RA: N"ocwidae 
~ H.H:ei"·ed for publication II May 19113; accepted 26 September 1983. 
3 Department of Entomolo.:;)', Uni\'efllity of Geort:ia, Alh..ns 30602 
" J)elJaftment of Molecular &: Population Genel~., Un,,'ersity of Gear!:i., Athena 311602 

III 



lIZ J. Agric. Entomol. Vol I, No.2 (l9B4) 

usefulness of the acrystaHiferous HD2-19 strain is dependent on its toxicity to 
lepidopteroll5 larvae. This study compares the toxicity of HD2·19 with its parental 
crystalliferous strain HD2-13 against Heliothis zea (Boddie) using a modification of 
the Hughes and Wood (1981) peroral technique. 

MATERIALS AND METHODS 

The Bt strains HD2-13 and HD2-19 (Gonzalez et al. 1981) were cultured for 48 
h on 8 rotary shaker at 30°C and 250 rpm in a 2-1iter convoluted Erlenmeyer flask 
containing 100 ml of nutrient broth (Difco, 1.0 g/100 mil. One milliliter of a 16-h 
broth culture was used as the initial inoculum. Spore population was determined 
as 8 mean of three replicates consisting of at least 20 counts of 5 X lo-a ml each 
per replicate using 8 Petroff·Hauser bacterial counter. Bacterial suspensions were 
made with distilled water with treatment dilutions ranging from 0 to 100 fold 
providing a dosage range of 198.4 to 1.98 X 106 spores/ml and 182.6 to 1.8 X 106 

spores/ml for HD2·13 and HD2-19, respectively. 
A modification of the Hughes and Wood (1981) droplet imbibition technique 

was employed in bioassay of the bacterial suspensions. The modification involved 
utilization of a I-ml tuberculin syringe fitted with a disposable tip to deliver 
bacterial suspensions. For each treatment ca. 60 H. zea neonates from a laboratory
reared colony were deposited onto a non-stick cookie sheet. Small droplets of the 
respective suspension were placed in close proximity to each larva using the 
tuberculin syringe. Larvae were allowed to feed from the droplets and disperse 
before transferring individually to artificial diet. They were maintained at 27°C and 
examined for mortality 15 d after treatment. A total of 50-90 larvae was used for 
each treatment. Resultant data were analyzed by probit analysis (Finney 1971) and 
LDbO estimates were derived using the per larva consumption rate of 0.006 Jd 
determined by Hughes and Wood (1981). 

RESULTS AND DISCUSSION 

The crystalliferous HD2-13 strain caused mortality levels ranging from 2.2 to 
94.0% depending upon the dose. Probit analysis of the data demonstrated a LC50 

and LD50 of 1.795 ± 0.011 X 10' spores/ml and 107.82 ± 0.68 spores/larva, 
respectively (Fig. 1). However, the acrystalliferous HD2·19 strain was essentially 
nontoxic to H. zea neonates with mortality levels no greater than 4.0%. 

These results demonstrate that the droplet imbibition bioassay system (Hughes 
and Wood 1981) is effective in assaying nonfonnulated bacterial pathogens. This 
system was originally used for evaluating insect viruses against various noctuid 
neonates including H. zea.. A similar system also has been described by Jordan and 
Noblet (1978) for evaluation of microsporida against second-fourth instars of 
selected noctuids. The fonner of these two systems provides a means of detennining 
the LDso of a pathogen based on neonate consumption of 0.006 ± 0.00 1 ,ul/larva 
(Hughes and Wood 1981). 

Other bioassay systems which use diet surface treatment 01' diet incorporation 
(Ignoffo 1965, Chauthani 1968) do not provide information relating to the total 
bacterial consumption per larva. These techniques also provide a false indication 
of field dosage because bacterial spores and crystals are sensitive to ultraviolet 
radiation and persist for only 24-48 h in the field (Pinnock el al. 1971, Leong et al. 
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Fig. l.	 Probit regression analysis of Heliothis zea mortality caused by treatment of 
neonates with Bacillus thuringiensis HD2-13. 

1980, Cantwell and Franklin 1966). Their persistence in artificial diet. would be for 
a longer period of time thus allowing continual consumption of infective units by 
larvae. Continuous exposure of larvae to bacterial crystals and spores reduces the 
LD,o of the pathogen (Ignoffo et al. 1968). 

In summary, the acrystalliferous HD2·19 strain did not possess a toxic spore or 
any other toxic characteristics against. H. zea neonat.es. However, the droplet 
imbibition bioassay system proved effective in assaying nonfonnulated bacterial 
pathogens. The system provided data pertinent to this investigation and is capable 
of making quick and accurate evaluations of various entomopathogenic, or otherwise 
insecticidal, agents. 
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Abstract: Fall annyworm, Spodoplcra {rugiperda (J. E. Smit.h), larval infeslations at the six
leaf stage of plant development on both sweet and dent corn, Zea mays Linnacus, at the 
rates of 10, 20, and 40 fall armyworm larvae/plant caused a significantly higher leaf·feeding 
damage rating than infestations at the 12-leaf stage. Two applications of larvae resulted in 
significantly more damage than one application. Rllting 10 individual plants per plot is a 
slightly more precise method than the plot rating method of assessing damage differences. 

Key words: Spoduptera (rugiperdll, maize, insect resistance, Zea mays, damage ratings 
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Large numbers of insects are essential to most successful host plant resistance 
(HPR) breeding programs. The use of a quick and easy system to artificially infest 
and evaluate plants is equally important. Artificial infestation devices that permit 
the manipulation of several lepidopterous insects have been developed and are in 
current use in HPR programs (Wiseman et al. 1974, 1980; \\'iseman and Widstrom 
1980; Davis and Williams t979; and Guthrie 1975). 

Wiseman and Widstrom (1980) compared several methods of artificial infestation 
with fall armyworm (FAW), Spodoptera {rugiperda (J. E. Smith), larvae on whorl
stage corn. They found that every plant of dent corn in the 10- to 12-leaf stages 
should be infested with two applications of at least 20 flrst-instar larvae per plant. 
The purpose of the study reported here was to compare whole plot ratings and 
individual plant damage ratings of 6· and 12·leaf stages of sweet and dent corn, 
Zea mays Linnaeus, infested once or twice with 10, 20, and 40 FAW larvae/ 
plant. 

MATERIALS AND METHODS 

Dent (pioneer 3369A) and sweet (Silver Queen) com hybrids were used in 
these experiments each year for 1979 and 1980, and only com in 1981. 
Experiments within a given year were planted on the same date. The experimental 
design was a split-split plot with eight replications. Whole plots were plant stages 
(6· or 12-leaf) of development. Subplots were the number of applications, and the 
final split consisted of plots infested with 0, 10, 20. and 40 FAW larvae/plant. The 
corn was planted in 6.1-m rows 76 em apart; plants were thinned to ca. 30 cm 
apart; and one row of border was planted between each treatment plot. Normal 
(accepted) cultural practices were carried out in the planting and maintenance of 
experimental plots. Using the mechanical device used by Wiseman and Widstrom 

1 LBl'lJ)OI''TEI{A: Noctuidae 

2 In cllQl~rlllion with the Univ. of Gil. ColI. of A",'Tic. ~;:lper. Sm., CoaRlll1 Plain Sl<ltion. Tifton. GA. Received for puhliC1llion 
18 Junl' 198:1; accepted 27 September 198:1. 

115 



116·	 J. Agric. Entomol. Vol. I, No.2 (1984) 

(1980), 10 plants/plot of each treatment combination (l2·leaf stage infestation was 
made ca. 14 dafter 6-leaf stage) were infested with neonate FAW larvae. The 
second application was made the day following the initial application. Damage was 
visually rated (0-9) (Wiseman and Davis 1979) on the 10 plants/plot, individually 
and collectively (whole plot). 15 d after the initial infestation. 

Analyses of variance were calculated within years and corn types using the plot 
means obtained from 10 individual plant ratings or whole plot ratings objectively 
composited for each IO-plant group. Duncan's multiple range test was used to 
separate damage rating differences. 

RESULTS AND DISCUSSION 

Tables 1 and 2 show the data illustrating the visual leaf damage ratings for the 
6- and 12-leaf stages of sweet and dent plant development. A significant stage-by
infestation level interaction occurred for each com type in each year, indicating that 
the check behaved differently than the infestation levels for the respective sweet and 
dent com types. The check ratings were ca. 4 units different from any infestation 
level for the 6-leaf stage and ca. 2 units less than any infestation level for the 12
leaf stage. At the 6-leaf stage of development, adding more larvae than la/plant 
did not increase substantially (17% for 20 larvae/plant and 12% for 40 larvae per 
plant) the resultant damage ratings. However, at the 12-leaf stage of plant deve
lopment, the addition of more larvae per plant increased the resultant damage 
ratings (42% for 20 larvae/plant and 27% for 40 larvae/plant) even though the 
damage ratings were almost one-half those at the 6·leaf stage of development. 
Successive increases in larval infestation rate significantly increased leaf damage 
ratings in every case for the sweet corn and in 28 of 36 cases for the dent corn. 
Exceptions occurred with individual dent corn plant ratings at the 6· and 12-leaf 
stages of plant development in 1980 and 1981, and for the plot ratings at the 6
leaf stage in 1981. In general, in these cases, 40 larvae/plant did not result in a 
significant increase in leaf damage ratings over 20 larvae/plant. 

Table 1. Mean fall armyworm larval damage ratings on sweet corn after infesting 
with 10, 20, and 40 larvae/plant combined over one and two applications. 
1979-1980·. 

6-lear stage 12-1ear stage 

Infestation 1979 1980 1979 1980 

rate IP PR IP PR IP PR IP PR 

o 0.0 a 0.0 a 0.4 a 0.5 a 0.0 a 0.0 a 0.2 a 0.3 a 
10 4.6 b 4.4 b 5.1 b 5.3 b 2.3 b 1.9 b 3.7 b 3.8 b 
20 5:4 c 5.4 c 5.9 c 6.1 c 3.3 c 3.4 c 4.6 c 5.3 c 
40 6.0 d 6.2 d 6.5 d 6.9 d 4.6 d 4.9 d 5.3 d 6.3 d 

• Mellns within	 .. column followed by the NOme leiter lire not aignil'icuntly difFerent U-0.05) lUI upllratcd by DUnClln'S 
multiple ranse teal. [I" .. mClll1 of individual plant ralin~s IIml PR .. mellll or plot ratin~8. 

Table 3 shows visual damage ratings for the 6- and l2-leaf stages of plant 
development averaged over infestation levels and rates, excluding the check (0 
infestation rate). In every paired comparison, visual ratings were significantly higher 
for the 6·leaf stage than for the 12-leaf stage of plant development for both sweet 



Table 2. Mean fall armyworm larval damage ratings on dent corn after infesting with 10,20, and 40 larvae/plant combined over 
one and two applications, 1979-81.

• Mlt'lI1U ...ilhin a column lo(kr...·ed by thlt' same Jettu are not signific:ant!y dilfe~nt (P - 0.05) as Kparated b). Dunun·~ multipl... Tllnge Ul<I.. IP - mean of individual planl ntint: and PR = mean 

of plol ratings. 

6-leof stage 12-leo[ stage 

Infestation 1979 1980 1981 1979 1980 1981 :5 
en 

rate IP PR IP PR IP PR IP PR IP PR IP PR OJ 
.: 

0 0.1 0.0 • 0.6 • 0.6 • 0.5 • 0.6 • 0.3 • 0.2 • 0.5 a 0.5 • 0.0 • 0.0 • z• > 

10 3.4 b 3.3 b 5.2 b 5.1 b 4.8 b 5.0 b 2.1 b 2.1 b 2.1 b 1.6 b 3.7 b 2.9 b 
20 4.3 c 4.4 c 5.7 c 6.1 c 5.2 c 5.2 b 3.1 c 3.2 c 2.8 c 2.5 c 4.8 c 5.1 c 
40 4.9 d 5.5 d 6.5 d 7.0 d 5.2 c 5.2 b 3.9 d 4.3 d 3.1 c 3.5 d 5.1 c 6.0 d 
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Table	 3. Mean fall armyworm larval damage ratings on sweet and dent corns 
infested at the 6- and 12-1eaf stages of plant development, 1979-81+. 

Sweet corn Dent corn
 

stage IP PR IP PR IP PR IP PR IP PR
 
Leaf 1979 1980 1979 1980 1981 

6 5.3 a 5.3 a 5.8 a 6.0 a 4.2 a 4.4 a 5.8 a 6.1 a 5.1 a 5.1 a 
12 3.4 b 3.4 b 4.6 b 5.1 b 3.0 b 3.2 b 2.7 b 2.5 b 4.5 b 4.6 b 

Mean 4.4 ns 4.4 5.2 • 5.6 36 • 3.8 4.3 ns 4.3 4.8 ns 4.9 
t IP or PH ~'OJumn means ..ithin felln nnd corn types followed hy the urnI' letter and overall IP and PH year means 

sellsratcd by ns are nOI significantly different W .. 0.05) as separnted lJ)' Duncan'a multiple Tange lUI. II' - mean of 
individual plant ratings and PH - mean of plot ratings. Means do not include ratings on uninfeBted checkH. 

and dent corn. Plot ratings were generally higher than individual plant ratings, but 
no significant differences (P < 0.05) occurred between the individual plant ratings 
and plot ratings for the sweet com infestations in 1979 and the dent com infestations 
in 1980-81. However, significant differences were found between the plot and 
individual plant damage ratings in 1979 for dent corn and in 1980 for sweet corn. 
In some cases, the analysis of plot ratings produced a coefficient of variation of ca. 
2X higher than that for individual plant analysis. When leaf damage rating means 
for the 6- and 12-leaf stages are compared (Tables 1-3), consistently higher ratings 
were evident for the plot ratings in both 6- and 12- leaf stages of plant development. 

Table 4 shows the damage ratings for the two larval applications when damage 
ratings were averaged over leaf stages and larval infestation rates, excluding the 
damage ratings for the check (0 infestation rate). [n every case except one, two 
applications of larvae significantly increased the resultant visual damage ratings for 
both sweet and dent corn. 

Since the 6-leaf stage of plant development for both sweet and dent corn 
received significantly more damage than the 12-leaf stage, the lack of susceptibility 
of the 12-leaf stage may be due to environmental influences. We have experienced 
in recent years that later artificial infestations (after June 1) of FAW do not tend 
to produce an adequate establishment. Predators and parasites have been collected 

Table 4.	 Mean fall armyworm larval damage ratings on sweet and dent corn after 
infestation with one or two applications of larvae, 1979-81-. 

No. of 1979 1980 1981 

Applications IP PR IP PR IP PR 

Sweet corn 
1	 4.0 a 3.9 a 4.5 a 4.8 a 
2	 4.7 b 4.9 b 5.8 b 6.4 b 

Dent corn 
3.4 a 3.5 a 3.9 a 3.9 a 4.5 a 4.3 a 

2	 3.8 a 4.2 b 4.6 b 4.8 b 5.1 b 5.5 b 
- II' nr I'll ColUlIlllllr means "'ithin com lype" followed by the sOllie leller lire !lot significalltly diff"nmt 1/' - 0.05) us 

"eparliled by tJuncan's ne"" multiple runj(t:' I"S!. IP .., meau of indiYiduul plnut ratincs and PH "" mean of plot ratings. 
M~on~ li" nOI include ratinl(s nf IIninfcHl"d cheeks. 
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in greater numbers from laler whorl-infested com (Martin and Wiseman, unpublished 
data). Thus, indications nre that parasites or predators could be reducing effective 
establishment of FAW on the 12-leaf stage of plant development, thereby reducing 
the number of FAW larvae and causing a reduction in the actual damage and 
resultant visual damage ratings. If this occurred, relative assessment of the damage 
was still detectable and easy to separate statistically. Therefore, for both stages of 
plant development and for sweet and dent corn, we were able to detect differences 
at the 6- and 12-leaf stages and between the 10,20, and 40 larvae/plant infestation 
rates. 

In summary, significantly higher visual damage ratings resulted on the 6-leaf 
stage as compared to the 12-leaf stage of plant development for both sweet and 
dent corn. Two applications of FAW larvae resulted in significantly higher damage 
ratings than one application for both leaf stages and sweet and dent corns. The 
dent corn damage ratings are in agreement with our earlier findings (Wiseman and 
Widstrom 1980). All three lan'al infestation rates (10, 20, and 40 larvae/plant) 
produced significantly higher damage ratings than the check. and ratings signifi
cantly different from each other. It is suggested for initial screenings at the 6-leaf 
stage of infestation that plot ratings be used, but for breeding or more detailed 
studies, that individual plants be visually rated at both 6- and 12-leaf stages of 
plant development. 
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Abstract: A system for releasing sterile Anthonomus grandis Boheman, from an off-road (trail) 
motorbike was developed and field evaluated. Released weevils were active soon after they 
landed on the cotton plants or soil, The equipment handled satisfactorily in cotton fields and 
covered an average of 42 ha/h with a release swath spacing of 20 rows (20.3m). Daily 
mortality of weevils that were released with the equipment was not significantly higher than 
that for nonreleased weevils_ 

Key Words:	 Insect, Anthonomus grarldis Boheman, release, sterile insects, field release 
equipment. 
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Ground-operated equipment was developed and used to release sterile boll 
weevils, Anthonomus grandis Boheman, during field studies in the summer of 1980 
(Griffln and Davich 1982). This equipment was satisfactory, but the narrow tires 
on the conveyance vehicle (off-road motorbike) often sank in deep, loose and soft 
soils causing excessive fatigue to the driver and demanding increased power from 
the bike. Use of this equipment also made it necessary to anesthetize the weevils 
with carbon CO

2 
gas before the release. Observations made during the study 

showed that the released anesthetized weevils required several minutes (the exact 
length of time was not established but varied among weevils) to overcome effects. 
of the gas and become fully active. Therefore, on sunny hot (35 to 40°C) days 
between ca. 1100 and 1500 h, many of the weevils that landed on sunlit soil 
became comatose while still anesthetized. The number of weevils thus affected or 
their percentage of the total was not established. Chilling the weevils to immobilize 
them during release is an alternate to the use of CO2; however, Haynes (1981) 
found that chilled weevils had decreased flight activity and increased mortality (as 
compared to nonchilled weevils) when they were placed on high temperature 
soils. 

This paper describes and discusses a similar but modified weevil dispersal 
system in respect to the one previously described by Griffin and Davich (1982) 
which is capable of releasing nonchilled or anesthetized weevils allowing them to 
be alert immediately after release for any necessary survival movement, and also 
one that is less fatiguing to the driver of the vehicle during the releasing operation 
in cotton fields. In addition to these advantages, the weevils showed more activity 
and movement immediately after being dispersed with this new equipment than 
the weevils released in 1980. 

I COLEOPTERA: Curculionidae 
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EQUIPMENT DESCRIPTION AND EVALUATION 

The major components of the new system consist of: (1) trail (off·road) motor
bike, (2) weevil-dispersal unit, and (3) portable, alternating current generator (Fig. 
I). 

Fig. 1.	 View or the release equipment. Symbols: A. Motor bike, B. Dispersal Unit, C. 
Generator. 

Motorbike 
The bike carries the other components and the operator. The unit was shop

assembled, using a Carl Heald model VT-IOI2A bike kit, and has a 7.46 kW • 4
cycle gasoline engine; centrifugal clutch mechanism; 30.5·cm wide tires; and a road 
traveling speed of 65·70 km/h. A bike with wide tires was selected to overcome 
the problem with the tires sinking in loose or soft soil which was encountered 
previously by Griffin and Davich (1982) when using the narrow (7.6 em width) 
tires on their bike. The two· rider seat on the bike was replaced with a smaller seat 
from a Honda model CT110 motorbike to accommodate mounting the generator 
nearer the center of the bike. 

Weevil-Dispersal Unit 
This unit meters the weevils and spreads them onto the field. It consists of the 

following components: (1) hopper with cover; (2) feed metering wheel; (3) feed 
wheel drive motor; (4) ·discharge chamber; (5) spreading head; and (6) blower 
(Figs. 2 and 3). Granules (ca. 0.35 em diam) of corncob grits or perlite are mixed 
with the weevils to expedite metering low numbers «500/ha) of weevils, and to 
absorb moisture from the feces produced by the weevils held in the hopper. This 
alleviates the sticky condition created when feces accumulate on the weevils and 
hopper walls. The hopper (Fig. 3) holds about 45,000 weevils plus the granules 
when they urc mixed at n 1:1 ratio, but.. a larger hopper can be used if needed. 
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Fig. 2. View of dispersal unit. Symbols: A. Hopper, B. Feed wheel, C. Wheel drive motor, 
D. Discharge chamber, E. Blower, F. Spreading head. 

The feed wheel has two cells or pockets (Fig. 3) spaced 180 0 apart which 
collect and meter the weevil~granule mixture from the hopper and drop it into the 
discharge chamber. Each cell holds an average of five weevils when using a weevil
to-granule ratio of 1:1. 

The drive motor for the feed wheel (a 115 V ACIDC Dayton model 2Z798, 
that rotates 6.7 rpm @ full load) is connected directly to the hub of the wheel. An 
ACIDC motor controller is used to regulate the speed of the wheel and is mounted 
on the handlebar of the bike. The average wheel speed at each controller dial 
setting was established for calculating the number of weevils being released per 
unit of time. Variation of wheel rotation/min at each of the ten controller settings 
checked was < 10%. 

The blower (a Dayton model lCIBD, rated at 1.7 m3/min in free air) is connected 
to the inlet of the discharge chamber by a flexible hose (Fig. 2). Air from the 
blower moves the weevil and granule mixture from the discharge chamber through 
the spreading head and onto the field. A switch controlling the blower is mounted 
on the handlebar. 

The spreading head (Figs. 2 and 3) divides the stream of weevil-granule 
mixture emerging from the discharge chamber into two streams and directs it to 
both sides of the bike. 

A field evaluation was conducted in a cotton field located in Lowndes County, 
MS. Twelve applications (2/wk for 6 wk) of ca. 300 sterile weevils/ha were made 
on ca. 32 ha of cotton located in one plot. Row spacing in the field was ca. 1.02 m 
and row lengths ranged from ca. 100 to 970 m. Normal mechanical cultural 
practices were followed for producing the cotton. Weevils were released at 20 row 
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Fig. 3. Details of dispersal unit. 

intervals, with the weevils and the granules mixed at a ratio of 1: 1 for release. Bike 
speed was maintained at ca. 24 km/h and ca. 10,000 sterile weevils (measured by 
vol) were released in the field at each application. 

All weevils were released with the new system. However, just before or after 
the weevil release, the 1980 equipment was driven through the field along 
different middles than those the new equipment traveled to compare the two types 
of bikes for ease of handling in field operation. The ease of handling for both 
vehicles was based on the opinion of the operator. This was the only comparison 
planned and conducted for the two releasing systems. 
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The weevils and granules (equal volumes) were measured and placed in a 
container and tumbled immediately before placing them in the hopper to obtain a 
homogeneous mixture of weevils and granules. 

Two samples of weevils (ca. 400 weevils each) were collected during each 
application. One sample was taken after the weevils and granules were mixed but 
before they passed through the dispersal unit; a second sample was taken as the 
weevils were released by the unit. From each of these samples, three smaller 
samples of 100 weevils each were selected and placed in feeding cages ca. 11 X 
17 X 8 em and fed fresh food pellets daily. Dead weevils were removed from the 
cages at each feeding time and daily mortality for all samples was determined until 
all weevils were dead. 

The weevils were released between LOOO and LIDO h each day with the air 
temperature ranging between 29 and 33°C at these hours. The soil surface 
temperature was not measured. Time required to disperse the weevils over the 
field was measured for each application and observations were made of the 
location and condition of the weevils soon after they were released and had 
landed. 

Rainfall was sparse (ca. 0.75 em) during the evaluation period; therefore, the 
soil was dry and most of the cotton plants only reached a height of ca. 1 m. At this 
height a problem did not exist for operating the equipment, nor did t.he equipment 
cause visible damage to the plants. 

RESULTS AND DISCUSSION 

The equipment performed satisfactorily for metering and dispersing the weevils. 
Vibration of the hopper created by the bike caused the weevils and granules to 
stay uniformly mixed while in the hopper and no weevils were found standing or 
crawling around on the inside surfaces of the hopper at any time during the 
applications. Weevils tended to cling to the granules; which produced less matting 
of the weevils than usually occurs by intermingling of weevils' legs and probosces. 
Thus, metering and dispensing of the weevils was expedited by using the granules. 

The cells in the feed wheel collected the weevil·granule mixture and dropped it 
into the discharge chamber at ca. 1.2 sec intervals. This method of dispensing 
resulted in the weevils being spread intennittenUy along the two rows on each side 
of the bike path of travel. 

Time to disperse the weevils in the 32. ha field averaged about 46 min/appli
cation. This rate of ground coverage exceeded that of the old equipment (0.695 vs 
0.638 ha/min); furthermore, the old equipment was tested in fields that had much 
longer rows and less time was required for turning at the end of rows. 

With the low number of weevils released/hu, the released weevils were difficult 
to locate in the field even immediately behind the releasing equipment. More than 
80% of the weevils found were standing or walking around on the cotton plants 
and on the ground, but others were found hiding in crevices between soil clods. 
Griffin and Davich (1982) made no special effort to monitor activity of the weevils 
immediately after releasing them in the field with the equipment they tested. 

Daily mortality of the machine released weevils was not significantly higher 
than that of the control groups (Table 1), and no visible damage was done to the 
weevils by the releasing equipment. Both the released and control groups of 
weevils had ca. a 100% mortality by the seventh day, but this is normal for weevils 
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receiving the sterilization method used. (Villavaso 1981). No comparison was made 
of the mortality or post release activity of weevils released by the new and old 
equipment in this test because the old equipment could not successfully release 
weevils without them being anesthetized. 

Table 1.	 Means of the accumulated percent mortality of weevils by days after 
samples were collected. 

Day after samples were collected 

Treatmene 1 3 5 7 

Control 17.6 a 51.1 a 90.9 • 99.1 • 

Machine 
dispersed 22.3 a 54.6 a 94.2 a 99.8 a 

• Means in same tolumn followed by the same leiter flTC not significanlly different at th~ 0.05 level. 

During the first four applications, preference of the operator was so strongly in 
favor of the bike with the Wide tires over the one with the narrow tires that the 
bike handling comparison wa~ stopped. 

The new system was tested only in a small area, but the performance indicated 
it is suitable for operations in much larger areas. The dispersal unit has not been 
tested for releasing weevils from aircraft; however, it should, with some minor 
modifications, be adaptable for metering weevils during aerial releases. 
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Abstract: A 4-ycar pilot test study was conducted on dairy and beef farms in Howard County, 
MD, to evaluate white, sticky, tetrahedral traps and st.irofos oral larvicide treatments alone or 
in combination for control of the (nee ny, Musca aulunJl1alis De Gccr. Face fly populations 
were assessed by both survey traps and face counts, which generally, but not always agreed. 

Traps placed in pastures at the rate of one trap per three head of cattle failed to reduce 
face fly populations. Stirofos ornl larvicide gave some degree of control. A combination 
treatment of one trap per three head of cattle and stirofos oral larvicide significantly reduced 
face fly populations. 

Key words:	 Face fly, Musca flutumnalis De Geer, stirofos oral larvicide, sticky traps, 
tetrahedral traps. 

J. Agric. Entomol. 1(2): 126-136 (April 1984) 

Since its introduction in 1952, the face fly, Musca autumnalis De Geer, has 
become a major pest of pastured livestock throughout most of the United States 
and Canada. Despite intensive efforts, no completely satisfactory control techniques 
have been developed. The feeding habits of this species and its ability to disperse 
rapidly up to 3 km/d (Ode and Matthysse 1967) contributes to the control 
difficulty. Various insecticides applied either by hand or with self-applicatory 
devices such as dust bags and back rubbers have given only poor to fair control 
(Pickens and Miller 1980), 

'TWo other control technologies which are available commercially are: feed
through compounds such as stirofos (RABONl») and insecticide-impregnated ear 
tags (fenvalerate, ECTRIN"'; pennethrin, ATROBAN"'). Pickens et al. (1977) also 
reported that sticky white traps placed in pastures would attract and capture large 
numbers of face flies, and suggested that they might be of some benefit in reducing 
the numbers of face flies on cattle. 

In this study the sticky traps and stirofos oral larvicide were evaluated alone 
and in combination on dairy and beef farms in Maryland. The area of study was ca. 
225 sq km, 

MATERIALS AND METHODS 

This study was conducted for four fly seasons starting in 1978 in Howard 
County, MD (Table 1). For the first year, face fly populations were monitored 
continually by survey traps on 36 beef or dairy farms. These traps were similar to 
those designed by Pickens et al. (1977) but were modified by the addition of a 

1 DlP'rERA: Muscidae 

2 This plllK'r report~ the results of re~e/lrch onl)". Mention of /I prnwielar)" product or II llesticidl." does not constitute /I 

recommeml/lwlrl by the USDA. nor docs it imph' regisU1ltion under FlfRA /15 amended. Re<eived for publication 21 Alllil 
1983; /lccepted (i Octobl"r 1983. 
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fourth side to give them a tetrahedral shape and then placed on a 61 X 31 X 38
cm white-painted plywood base. These tetrahedrons were covered with sheets of 6
mil-thick clear plastic and painted with Tack·Trap-3. The captured face rues were 
counted twice weekly from 26 May until 1 November. The old plastic and Tack
Trap were removed and replaced at each counting. The counts obtained enabled 
us to establish a population base-line for each farm. Throughout the remainder of 
the 3 years of test the survey traps were set up at most of these same locations. 
All the studies started about the first of April and continued through at least the 
end of September. Data collected from 1 June through 30 September were used for 
data analyses. 

Table 1.	 Treatments and the numuer uf Carnu:!, cottle, and trups in each area 
during 1978-1981. 

No. of farms No. of cattle No. of traps 

Area Treatment Survey Total on total farms Survey Control

1978 
1 Untreated 7 7 320 17 0 
2 Untreated 4 4 210 12 0 
3 Untreated 12 12 670 31 0 
4 Untreated 5 5 170 9 0 
5 Untreated 8 8 505 19 0 

1979 
I Traps 7 10 400 16 72 
2 Untreated 4 4 210 12 0 
3 Larvicide 12 15 775 26 0 
4 Untreated 5 5 170 8 0 
5 Traps + larvicide 8 12 575 17 72 

1980 
I Traps 6 21 650 15 221 
2 Traps + larvicide 4 19 790 12 169 
3 Larvicide 12 20 850 25 0 
4 Untreated 4 4 150 8 0 
5 Untreated 6 6 385 12 0 

1981 
4 Untreated 5 51 290 13 0 
5 . Traps + larvicide 8 8 570 17 188 

t'lles not counttd on .:ontml lupl. 
t Two of flnns not in Aru ., but in uu, truttd in 1980. 

In 1979, the farms were assigned to one of three treated areas (1 traps, 3 
larvicide, and 5 combination) plus two untreated areas (2 and 4 in Fig. 1). From 1 
April through 15 June in the traps area the type of traps used were flat 61 X 61
em white plywood panels mounted 9l cm above the ground on fence posts. They 
were placed in and around cattle pastures in clusters of three at sites thought to 

:1 Animal Hel,ellenlll. In.: .. GriHin. GA 3022:1 
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have high proportions of the total face fly population (pickens and Nafus 1982). 
Each panel was covered with a plastic bag and painted with Tack-Trap. Each site 
was protected from cattle by a barbed wire corral. Because these traps were 
capturing fewer face flies than expected, they were replaced starting 16 June by 
the survey type of traps (tetrahedrons). These traps were placed at a rate of 1-2 
per site. By 1 July, 72 tetrahedral traps. intended for control. were located in Area 
1. Flies on these traps were not counted. 

Cattle in Area 3 received the stirofos larvicide treatment. Starting 1 May. a 
loose trace mineral sa1t4 mixture containing 1.8% stirofos fl was offered ad libitum 
to all pastured beef cattle (primarily cow-calf operations) and dairy heifers in the 
treated area. The stirofos-salt mixture was placed in covered boxes and checked 
weekly. The approximate amount added to the boxes was recorded so that an 
estimate of the total consumption could be calculated. Starting 1 July, the loose 
salt stirofos feeding was discontinued and the cattle were offered Sweetlik Rabon@6 
blocks containing 0.463% stirofos. Lactating dairy cows were fed stirofos in their 
concentrate. Technical stirofos was incorpornte~ into loose trace mineral salt at a 
level of 1.5%. This mix was added to the concentrate to give a 1% salt level. 

Cattle on farms in Area 5, a combination area, were treated as described in 
Areas 1 and 3. Areas 2 and <1 served as untreated control areas. Treatments in 
Areas I, 3, and 5 were continued until 15 October 1979. 

In 1980, the farms in Areas 4 and 5 were untreated and the sizes of Areas 1 
and 2 were expanded (Fig. 1). The farms in Area 1 had the tetrahedral traps, but 
their number was increased 3-fold (Table 1). Area 3 was treated with stirofos feed
through. Sweetlik Rabon blocks were offered to pastured cattle on 12 farms and 
Purina@ Fly Larvicide blocks7 (1.0% stirofos) to cattle on eight farms; lactating 
dairy cattle received the compound in their rations as in the previous summer. 
Area 2 was treated with 181 traps, and all cattle in the area were provided with 
the Sweetlik Rabon blocks. 

In 1981, tetrahedral traps were placed on farms in Area 5 starting 21 April; 
however, instead of being coated with Tack·Trap, the plastic was treated with a 
solution of 10% permethrin in acetone as used by Meifert et a1. (1978) to treat 
Alsynite@ panels. These traps were bioassayed to determine the residual effective
ness of the permethrin. 

Pastured beef cattle and dairy heifers in Area 5 were offered Sweetlik Rabon 
blocks. Lactating dairy cattle were fed the compound in the concentrate. Pennethrin 
failed to remain toxic on the traps, and these treatments were tenninated in June. 
Tack·Trap then was applied to the traps in Area 5 from 30 June until the end of 
the test. 

During 1979·1981. in addition to the trap counts, counts were made of the 
number of face flies on the faces of cattle. For herds under 16 animals, all cattle 
were counted and for larger herds, 15 cattle were selected at random. Due to the 
large number of herds involved, it was not possible to count all herds on the same 
day or at the same time or under the same activity patterns. Most herds were 
counted at least weekly. In 1979 and 1980, personnel visiting the fanns to treat 

~ Watkins Salt Co.. WAtkins Glenn, NY J·18!l! 
,J Supplied by Shell Chemical Co.• Modesto. CA 95352 
6 A. E. Slaley Mfg. Co.. Decatur. IL 62,.25 
7 RAlnton PuriM Co., Checkerboard Squn~. St. Louis. MO 6~lli4 
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Fig. 1.	 Areas in Howard Co., MD, used for face Oy control pilot test. Shaded 
portions show areas that were included in 1980, Dots indicate individual 
farms. 
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the traps or to replenish the larvicide made these counts. In 1981, fOUf Canns from 
each treatment area were chosen at random for counting twice a week. 

Fresh manure pats were collected at random from untreated cattle and from 
cattle in the areas treated with stirofos larvicide. About 200 g of manure was 
placed into paper cups, which were returned to the laboratory; 25 I-d-old face fly 
lal"ae were seeded into each cup, and these cups were placed over sand into 
larger cardboard cups and held at ca. 26°C and 50% relative humidity for 1 wk. 
Resulting pupae were counted, and percentages of larval mortality were calculated. 
Stirofos consumed from the blocks was divided by the estimated average weight of 
cattle in each herd to give ratio values. 

The face fly counts from survey traps were analyzed by combining weekly 
counts into three 6-wk periods extending from 1 June to 30 September. For each 
period, weekly counts for individual farms in the treatment years were divided by 
weekly counts for the same week in 1978 (Cochran 1977). Ratios obtained were 
converted to base 10 logarithms before statistical analyses (Steel and Torrie 
1960). Antilogarithms reported as index values are presented in this paper. In the 
analysis of variance, sources of variation tested included area, farms within area, 
period, and the area X period interaction. Farms within areas were used as the 
error tenn for testing differences between areas. Face fly counts from 1 June 
through 30 September were converted to base 10 logarithms before statistical 
analyses. These data also were analyzed as a frequency distribution as to the 
percent of times the counts were between 04 5, 5~10, and >10 face flies per 
face. 

RESULTS AND DISCUSSION 

Face fly activity began in March on wann days and continued through the end 
of November. Numbers of face flies caught on the traps during March through late 
April were usually low and were often predominately males. Few face flies were 
obsenoed on cattle until mid~to-late April, when the majority of overwintering flies 
emerged from winter quarters. Peak catches during the season tended to take 
place at about monthly intervals, starting about one month after the overwintering 
flies emerged. Peaks were noted generally near the end of May to early June, early 
July, late July to early August, and mid-September. A consistent increase in fly 
numbers over the season was not observed on traps. Cattle face fly counts also 
showed peaks about the same times as on traps, although there was less variation 
in magnitude between lows and highs. 

Referring to the 1978 base year catches of face flies (Table 2), about 60% of 
the total face flies caught on the traps were females, and there was little difference 
in sex ratios between the five areas. However, there were up to five-fold differences 
in face fly populations between the different areas based upon our trap counts. 

The data in Table 2 show that face fly populations based on our trap count 
data were higher in 1979 than they were in 1978; however, sex ratios of flies were 
similar. There were no significant differences in population size due to treatment 
although Area 5, which received the combination treatment, had the lowest index 
values. 

There was a significant area by period interaction (Figure 2) for index values of 
female flies. This was caused by the stirofos~treated area starting out with the 
highest index value in Period 1 and ending with the lowest in Period 3. Counts of 
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T,ble 2. Comparison of face fly counts on traps during base year (1978) to counts
 
in 1979, 1980, and 1981 fly seasons·. 

Females Females + males 

Avg. f1ies/tr,p/d,y Avg. f1ies/tr,p/d,y 

Base Treatment. Index Base Treatment Index 
Area Treatment year t year value t year t year value t 

1979 
1 Traps 11 31 2.37, . 19 56 2.40, 
2 Untreated 51 87 1.48, 83 167 l.62, 
3 Larvicide 20 43 2.13, 33 79 2.01' 
4 Untreated 22 67 2.49a 36 130 2.95, 
5 Traps + 

larvicide 36 54 1.32, 62 101 1.40, 
1980 

1 Traps 11 35 2.42a 19 53 2.19, 
2 Traps + 

larvicide 51 45 0.77b 83 67 0.73b 
3 Larvicide 20 43 2.20, 33 63 1.75, 
4 Untreated 22 90 3.45a 34 139 3.49, 
5 Untreated 32 81 2.04' 55 117 1.86, 

1981 
4 Untreated 18 62 3.30, 29 86 2.73, 
5 Tr,ps + 

larvicide 36 37 1.09b 62 49 0.83b 

• Within n Yl'ar. means in II wlumn oot Followed hy a common letter IlfIt ~ignilicantly differenl l1'<O.O51. 
t Dirrerence9 in counts ror 1111 flrel' between yeflr9 due to numller of ~urvc)' traps rountcd (~tt;' TlIble I). 

t ClIlcullllud by dividing Ilverll~C dllil)' ny ('/Itches ]Jer weck for individunl fllrma in t.reatmenl yenr liy /I\'crnge duil)' ny 
cnlches fur sllme weck~ 1l11d f(lrll1~ in 1978. 

face flies on cattle expressed as an average number and as a frequency distribution 
are presented in Table 3. In 1979 only cattle in the larvicide area had fewer face 
flies than cattle in the other areas. 

There appear to be several possible explanations for the lack of face fly control 
in the treatment areas in 1979. In the areas with traps, an inefficient trap design 
was used until the middle of June. After this time these traps were replaced by 
the more efficient tetrahedral·shaped traps. However, subsequent research (pickens 
1981) sho''''ed that the numbers of traps in the area would only be expected to 
capture about 6% of the face fly population during a 48-hr period. According to 
the theoretical model of Weidh8as and Haile (1978), that level of removal would 
not be sufficient to prevent an increase in the size of succeeding generations. 

In the early season there also was a large variation in the consumption of the 
loose mineral stirofos. The average ratio of the amount of loose mineral stirofos 
consumed to the amounl recommended was higher (1.44 and 1.74 for larvicide and 
traps + larvicide areas, respectively) than when the blocks were offered (Table 4). 
However, the rather large standard deviations of 0.84 and 0.86 for the two areas, 
respectively, indicate a large amount of variation in the consumption of stirofos by 
cattle on different farms. There were also differences in consumption by cattle on 
the same farms. 
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Fig. 2.	 Ratio of 1979 to 1978 female face flies counted on swvey traps in untreated 
and treated areas. 

Table 3.	 Average counts and frequency distribution of face nies on the faces of 
cattle during 1979, 1980, and 1981'. 

Avg. face Percent of counts 

Area Treatment nies/face <5 flies 5·10 flies >10 flies 

1979 
I Traps 9.5a 37 29 34a 
2 Untreated 11.5a 33 24 43a 
3 Larvicide 6Ab 51 22 27a 
4 Untreated 8.4a 40 30 30a 
5 Traps + larvicide 10.0a 40 22 38a 

1980 
1 Traps 9.7a 34 29 37a
 
2 Traps + larvicide 5.3b 61 25 14b
 
3 Larvicide 5.5b 49 33 18b
 
4 Untreated 1O.1a 14 32 54c
 
5 Untreated 10.8a 20 27 53c
 

1981
 
4 Untreated 7.4a 43 31 26a
 
5 Traps + larvicide 5.5a 48 37 15a
 
Within /I ye/lr. ~'·I!rllge (pee counll lind (requency dillributionl nlll followed b)· /I common Jetter are aignificantJy 

difrerelll 1P«).051. 
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Manure pats randomly sampled from cattle consuming stirofos, and bioassayed 
with face fly larvae indicated that about 20% of the pats did not have sufficient 
stirofos to kill all seeded larvae (Table 4). However, because there was a significant 
degree of larval mortality in these pats, the total larval mortality was >90%. These 
results suggest that the larvicide should have been killing a significant number of 
face fly larvae in the field. 

In addition to the less than adequate control by these two techniques, flies may 
have migrated in from untreated farms on the edges of the treatment areas 
(Pickens and Nafus 1982). Wallace and Turner (1964) concluded migration was 
the reason for the lack of adult face fly control when they fed ronnel to cattle over 
a large area. To correct these deficiencies in 1980, Areas 1 and 2 were expanded 
in size to include all untreated farms within 1.5-3 km of the treatment boundaries. 

Sex ratios of mes on traps in 1980 were similar to those found earlier. The 
index values for total flies show that the three treated areas had lower values in 
1980 compared to 1979, whereas the two untreated areas had higher values (Table 
2). When direct comparisons were made between the five areas in 1980, the only 
area that was significantly lower over the whole summer was the combination area 
(Area 2); however, there was a trend for lower values over the summer in the traps 
and larvicide areas (Fig. 3). 

We do not know why there was not more of a reduction of face flies in Area 1. 
As discussed earlier, in 1979 we realized that trap numbers were not sufficient to 
obtain control and that there were some adjacent farms which were not treated. In 
1980, 11 additional farms were added to the area and the total number of traps 
for the area was increased to 236. With this number of traps, which averaged just 
under one trap per three head of cattle, we should have trapped out about 13% of 
the mes during a 2-d period (pickens 1981). This percentage of trap·out should, 
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Fig. 3.	 Ratio of 1980 to 1978 female face flies counted on survey traps in untreated 
and treated areas. 
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Table	 4. Stirofos block consumption and bioassay data of manure samples from 
untreated cattle and those offered stirofos blocks·. 

Stirofos If(; Face fly 

consumed 'if of pats lalval mortality 
Recommended No. pats producing Pats with All 

Area Treatment level SD sampled pupae pupae pats 

1979 
Untreated o 36 100.0b 42.0a 42.0a 

3 Larvicide 0.94' 0.46 78 20.5b 69.8h 93.8b 

Untreat.ed o 40 100.0a 28.la 28.la 

5 Traps + 
larvicide 1.20 0.30 83 19.3h G1.2b 92.5h 

1980 
Untreated o 62 90.3a 51.7a 56.4a 

3 Larvicide 0.85 0.48 119 27.7b 6l.3a 89.2b 
0.79; 0.43 

Unt.reated o 47 89.4a 69.8a 73.2a 

2 Traps + 
larvicide Ll8 0.39 128 35.2b 66.2a 88.lb 

1981 
Untreated o 61 91.88 22.1a 28.5a 

5 Traps + 
larvicide 1.30 0.57 288 32.Gb 4l.8b 8l.0b 

Within II yeM, means in a column nOI followcd by 8 commun lellilf Rrc ~il:nirk8nlly differelll ({'<(I.M,)
 

t 1979 stirofOll con~umplion data nnly rnr the period when cRule were oFfered blocks.
 

t Vulue for l"il:hl fRrms red Purina.iII Fly La.rvicide blocks.
 

according to Weidhaas and Haile (1978), suppress face fly populations in a treated 
area compared to an untreated area; however, our index values did not indicate 
this. For bot.h the traps and larvicide areas, however, the average numbers of face 
flies captured on the survey traps were the same as in 1979, but the average 
numbers caught in Areas 4 and 5 (untreated) increased. Average face fly counts 
and the frequency distribution (Table 3) indicated that the larvicide influenced the 
reduction of face flies on the cattle. 

When the traps were used in conjunction with the stirofos (Area 2), the data 
(Tables 2 and 3) indicate that treatment had a significant impact on the face fly 
population. The index values of <1 show that this area was the only area in 1980 
that had lower trap counts than in 1978. The face count data (Table 3) show that 
61 % of the cattle counted had less than five flies/face and that only 14 % of them 
had over 10 nies per face. Gerhardt and Cook (1976) showed that the incidence of 
pinkeye in cattle is significantly increased when there are more than 10-14 flies 
per face. Shugart et al. (1979) reported that cattle exposed to one face fly per eye 
for 33 d developed petechial lesions and suggested this as an economic injury 
level. 

According t.o Pickens (1981), the number of traps in this area should have 
caused about an 8% decrease in adult face flies over a 2-d period. Table 4 shows 
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that cattle in this area consumed the stirofos blocks somewhat over the recom
mended level. The bioassay data (Table 4) show that although some laIvae survived 
in 35% of the seeded pats, overall total mortality was 88%. Although consumption 
of stirofos was somewhat below recommended levels in the larvicide area, bioassay 
result.s were similar to those for t.he combination area. 

In 1981, the traps in Area 5 which were treated with permethrin failed to 
remain toxic under the conditions of our test. When the traps were bioassayed, we 
found that the pennethrin killed face flies for less than 3 d even t.hough laboratory 
experiments had shown that a 10% permetru'in in acetone solut.ion applied to the 
plastic remained toxic for more than a week on exposure to outdoor conditions (R. 
W. Miller, unpublished data). Meifcrt et al. (1978) showed that 10% pennethrin in 
acetone applied to vertical Alsynite panels remained toxic over 4 wk against stable 
flics, Stomoxys calcit.rans (Linnaeus), in the field. 

v,,'e therefore began treating the traps in Area 5 with Tack-Trap. Treating the 
traps in Area 5 allowed us essentially to repeat our 1979 trial in this area with 
more traps (Table 1). Pickens (1981.) predicted that this number of traps would be 
sufficient to trap out 8% of the adult face flies over a 2-d period. 

The combination treatment significantly reduced the index values for both the 
female and the total face fly populations (Table 2). The most dramatic decrease in 
face fly populations occurred during the last part of the summer; the population of 
female face flies increased in the check area, but decreased in the treated area 
(Fig. 4). 

When face Dy cow counts were averaged over the summer there was no signifi
cant difference between areas. However, there was a significant area X period 
interaction with counts of 4, 8, 9 and 6, G, 4 flies for Periods 1, 2, and 3 in the 
untreated and traps + stirofos areas, respectively. 
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SUMMARY AND CONCLUSIONS 

A 4-yr pilot test study was conducted in Howard County, MD. In 1978 face fly 
populations were assessed. During the years 1979-1981, white, sticky tetrahedral 
traps and stirofos oral larvicide treatments alone or in combination were tested. 
These treatments were imposed on an area-wide basis. 

Sticky traps did not reduce face fiy populations fol' an entire fly season. 
Stirofos oral larvicide did not significantly reduce the number of face flies caught 
on survey traps, but did reduce the number of face flies actually on the cattle. 
When the traps and larvicide treatments were combined in 1980 and 1981 face fly 
populations were suppressed. 

An effort should be made to find an insecticide with long-term residual action 
which would make the traps more efficient. 
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Abstract: The mortality of Pseudoplusia includens (Walker) flTSt, third and ruth malar larvae 
treated with nuclear polyhedrosis virus (NPV) and methoprene, either alone or in m.ixtures, 
woe examined in bio8s8ays on semi-synthetic diet. Larvae were treated at. an array of NPV 
dosages on diet either without methaprene or containing methaprene at 26.7 J-lg/g of diet. 
Mortality of larvae on methaprene alone was low and similar regardless of the stage at 
treatment. Mortality of larvae treated with NPV alone incrcased as the NPV dosage increased 
but decreased 8S larval age at treatment increased. GeneraUy. larval mortalities from the 
NPV-methoprene routures were similar (additive) to expected mortalities which were calcu
lated from mortality obtained from treatment with each agent alone. When not additive, 
mortality was less than additive for younger larvae but greater than additive for fUth msw 
larvae. The mean LT50 (or aU treatments in either the rtrst. third or fifth mstar larval age 
group was greater (or larvae treated with NPV alone than for larvae treated with NPV
methoprene mixtures. 

Key Words:	 Pseudoplusia includens. methoprene, nuclear polyhedrosiB virus. pesticide 
mixtures. 

J. Agric. Enlomol. 1(2): 137-141 (April 1984) 

The insect growth regulator, methoprene, is a juvenile bormone analog and 
induces physiological changes in developing endopterygote insects that result in 
retention of larval characters. As a result, transfonnation to adults is often delayed 
through production of large supernumerary larval stages. Methoprene is receiving 
considerable attention for use in insect pest management programs. Insect patho
gens are integral components of these management systems and prolongation of 
the larval host developmental period or increase in larval size caused by growth 
regulators could alter host susceptibility to a pathogen and disease epizootiology. 

Boucias and Nordin (1980) and Nordin (1981) reported that under most condi
tions, methoprene at 1-100 ppm in the diet did not alter the susceptibility of 
Hyphantria cunea (Drury) or Heliothis virescens (Fabricius) to nuclear polybedrosis 
viroses (NPV) injected into the hemocoel. ExIA!nded prefeeding (14 d) of methoprene 
to H. cunea prior to injection of the NPV inoculate resulted in a reduced mortality 
and delayed death, however. Methoprene-NPV and methopreoe-Bacillus thuringien
sis Berliner mixtures resulted in additive to synergistic effects on mortality when 
tested against first- and third-instar H. virescens larvae on either semisynthetic 
media or on cotton foliage (Mohamed et al. 1983a, b). Methoprene at 0.001 to 10 
ppb did not significantly alter infectivity of the sporocyst stage of the protozoan 

I I.EPIDOPTERA: Noctuidfto 
2 l'ublished with the apllruval of tho Director, Arkan8ll11 A&riculturfll Elllcrirnant Station. Received ror IlUbliClltion 10 May 

1983; accepted 8 Octobcr 198:1. 

3 U.e of • lnIde nlU1lC doe. not imply endo~mcnt or gulU"Mtee of the product or the l!Icluaion of other pl"Oductl of similar 

n.ture. 
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Ascogregarina culicus (ROSS) or the level of infection in Aedes aegypti (Linnaeus) 
and Aedes epactius (Dyar and Knab) populations (Spencer and Olson 1982). 

This study examined the susceptibility of soybean looper, Pseudoplusia includens 
(Walker) larvae to NVP virus and methoprene either alone or in mixtures. 

MATERIALS AND METHODS 

Pseudoplusia includens larvae were obtained from a laboratory culture main
tained on a semisynthetic diet (Burton 1969). The test larvae were either neonates 
or third· or fifth-instars that had been reared individually on diet until used in the 
experiment. 

The virus was produced in P. includens larvae and polyhedra were extracted 
and enumerated as described by Young and Yearian (1982). The virus was applied 
to the diet surface at dosages of 10, 3.3, 1.1, 004, 0.1, and 0 polyhedral inclusion 
bodies (pIB)/mm2 for first-instar larvae; 40, LO, 2.5, 0.6, 0.2 and 0 PIB/mm' for 
third-instar larvae; and 648, 108, L8, 3, 0.5 and 0 PIB/mm' for fifth-instar larvae. 
Methoprene was incorporated in the diet at concentrations of 0 and 26.7 Jlg/g of 
diet for all three instars. Tn preliminary tests, the 26.7 Jlg concentration was 
determined to be approximately an LC 30 dosage for P. includens regardless of 
instar at treatment. 

The mcthoprene-diet was prepared, omitting If.J of the water, and then was held 
in a watcr bath at 50°C. The desired concentration of methoprene was suspended 
in 100 ml of water, added to 200 g of diet, and the mixture blended for 1.5 min. 
The mixture was dispensed into 25 clear plastic 28-ml rearing cups and allowed to 
cool. The virus suspension was applied to the diet surface with an Eppendorf 
pipetter which delivered 0.1 ml/cup. The suspension was then spread on the diet 
surface by a gentle air stream and allowed to dry. One larva was placed into each 
cup and held at 30°C and 14 h of light. Each treatment was replicated three times, 
with each replicate consisting of 25 larvae. 

Mortality was recorded daily until all larvae had either died or pupated. Indivi
duals that did not survive beyond the prepupal stage were included in the 
mortality. All mortalities were corrected by Abbott's formula. Data were analyzed 
by a X 2 technique that tested for interactions (Harper and Thompson 1970). 
Median lethal concentrations (LCso) and median time for mortality to occur (LT 50) 
at each dosage were determined by computerized probit analysis (Helwing and 
Council 1979). 

RESULTS AND DISCUSSION 

Mortality of first, third Bnd fifth instar P. includens treated with NPV-metho
prene mixtures was typically additive (Table 1). However, significantly less than 
additive mortality of third instar larvae occurred with two of the mixtures. Treat· 
ment of fifth instar larvae resulted in mortality numerically higher than calculated 
at the three highest virus dosages; two dosages were significantly higher. The 
effect of NPV·methoprene mixtures on larvae in early instars had not been 
investigated previously, but Boucias and Nordin (1980) examined the effect of the 
mixture on H. cunea when NPV was injected into mature larvae. Mortality from 
the mixtures was additive when H. cunea larvae were placed on methoprene-diet. 
on the day of infection or up to 1 wk prior to infection. Mortality was reduced. 



MOHAMED et al: Virus-methoprene Mixtures in Pseudoplusiu includens. 139 

however, when larvae had been prefed on diet containing methoprene for two 
weeks prior to NPV treatment. 

Calculation of dosage mortality curves from data in Table 1 revealed that the 
LC;\O values for larvae treated with NPV in the fIrst, third or fifth instars were 
0.59, 1.68 and 85.3 PIB/mm', respectively (Table 2). The LC"s for larvae treated 
with NPV-methoprene mixtures were signifIcantly (P=O.05) lower than for larvae 
treated with NPY alone when larvae were treated in the first or fIfth instars. 
However, the LC sII for larvae treated with the NPY-methoprene mixtures did not 
differ significantly from the calculat.ed values anticipated from the mixtures (Table 
2). 

1'8 ble 1.	 Percent mortality and LT 50 for Pseudoplusia includens larvae treated 
with nuclear polyhedrosis virus alone and in combination with methoprene. 

NPV NPV Methoprene NPY + methoprene t 
dosages only only Calculated* Observed§ 

(PIB/mm')" 

First instar % (LTso days) % (LT", days) % % (LTso days) 
25.4 (25.9) 

10.0 95.8 ( 7.3)	 97.0 98.7 ( 8.2) 
3.3	 88.6 (10.1) 92.0 91.5 (10.1) 
1.1	 55.0 (15.7) 70.3 63.3 (14.9) 
0.4	 39.4 (24.7) 59.7 50.6 (19.0) 
0.1	 30.4 (28.8) 54.3 46.5 (23.4) 

(X = 17.3) (X ~ 8.5) 

Third iflstar 
25.4 (11.3) 

40.0 94.0 ( 6.0)	 98.5 95.7 ( 6.2) 
10.0 88.3 ( 6.5)	 91.3 74.7« 7.3) 

2.5	 43.3 ( 8.9) 57.7 63.1 ( 7.6) 
0.6	 27.0 (10.6) 45.3 27.1 «10.7) 
0.2	 12.0 (13.4) 34.3 22.5 (10.6) 

(X = 9.1) (X = 8.5) 

Fifth instar 
34.3 (10.9) 

648.0 57.7 ( 6.8)	 71.3 89.1>(5.3) 
108.0 48.0 ( 8.3)	 61.0 75.4 (6.2) 

18.0	 34.1 ( 9.4) 57.3 71.2>(6.8) 
3.0	 26.2 (11.0) 51.0 45.5 (8.4) 
0.5	 12.2 (24.0) 42.7 42.6 (9.6) 

(X = 11.9) (X = 7.3) 

I'IIl/mrn2 -	 Polyherlml indusion horiies/squlIre millimeter. 
+ In all trl!otmenlll cont... inin~ methollfene the conrerllmt;on ""88 26.7 /'1U1: or medill. 
~ Calcullltt'd mortallty i~ thol mortulity ellleCled from the NP" + IIlcth0l'rl!lll! miIture ha~ed on the mortality of each 

Inult'riol when lIst'd 010"'" 
§	 Vulul's in lht" obsuvl'<1 a,lumn foll...wed by > lire !Ii~ifi(lInlly It:relltcr (~~'nt"rgisrn) lind >"lIllieli r"Uo"'ed by < 11ft' 

.il:niricru.tly 1t'5~ IlIllt3ROni!lm) thlln addit;"e (X2 -o.Or,1 (llorpef find Thomll!Wn 1970). 
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Table 2. LC50 values for Pseudoplusia includens larvae treated with nuclear poly
hedrosis virus alone and	 in combination with methoprene. 

LCw Fiducial Limit (95%) 
Treatment (pIB/mm')' Lower Upper Slope 

First instar 
NPV 0.59a t 0.13 1.12 1.19 
NPV + methoprene 0.25b 0.01 0.73 1.05 

(Observed) 
NPV + methoprene 0.17b 0.01 0.43 0.92 

(Calculated) 

Third instar 
NPV 1.68a 1.21 2.30 1.19 
NPV + methoprene 1.08a 0.22 3.09 1.03 

(Observed) 
NPV + methoprene 0.78a 0.07 2.63 1.01 

(Calculated) 

Fifth instar 
NPV 85.03a 44.55 192.03 0.52 
NPV + methoprene 4.30b 1.26 9.63 0.39 

(Ohserved) 
NPV + methoprene 3.92b 0.43 11.40 0.25 

(Calculated) 
• PW/mm2 - PolyhedRl inclusion bodiea pet .quare miUimeter
 
t Meana followed by the Ullle leIter are nol .irnilieantly ditrerent U-O.06) within uch Jnrnl inatu.
 

LT50S calculated for each treatment with NPV alone or in combination with 
methoprene were larger for larvae treated in the flrst instar than for larv.ae treated 
in the third or fifth instar (Table I). The mean LT,. for all treatmenta with NPV 
alone ranged from 17.3 d for larvae treated in the frrst matar to 9.1 d for larvae 
treated in the third instar. When larvae were treated in either the first, third or 
fifth instar, the LTso increased as both the NPV dosage at treatment and percent 
mortality of larvae decreased, but this increase in LTso was most pronounced 
when larvae were treated in the frrst instar. Also, the LT50S were greater for larvae 
treated with NPV alone than for larvae treated with NPV-methoprene mixtures, 
regardless of larval age at treatment. When the LT::;o within each larval age group 
was averaged, the differences between NPV-methoprene mixtures and NPV alone 
were 2.2, 0.6, and 4.6 d for IBlVae treated in the first, third ond fifth instal's, 
respectively (Table 1). 

These results revealed that observed larval mortality produced by the NPV
methoprene mixtures generaUy was similar to the calculated mortality anticipated 
for mixtures from results of treatment with either the NPV or methoprene alone. 
However, at some dosages mortality obtained from the mixtures was less than 
additive for larvae treated in the third instar and greater than additive for larvae 
treated in the fIfth instal'. This difference in response between third and fifth 
instar larvae to NPV-methoprene mixtures at selected dosages \Vas not anticipated. 
The response of larvae to methoprene is a retention of larval characters and the 
effect of methoprene was expected to be primarily on mature larvae regardless of 
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the instar treated. Since methoprene dosages used in this test were similar for all 
age groups, the dosage and age differences that occurred in response to the 
mixtures would appear to be related to the big increase in NPV concentration 
used at high dosages to treat fifth mstar larvae. Fifth instar (mature) larvae have 
only a short time for the disease to progress to late stages before pupation and 
unless dosages are extremely high many individuals will survive treatment. When 
treated with the NPV-methoprene mixture, however, the methoprene extends the 
larval developmental period and the response time to the high dosages of NPV. 
This additional time for the infection to progress could then result in an increased 
incidence of infection ending in death. In view of the effect of the mixture on fiIth 
inatar larvae, the less than additive response of younger larvae to certain mixtures 
is more difficult to explain. However, susceptibility of younger larvae to the virus 
may have been reduced by excess juvenile hormone within the body as a result of 
methoprene treatment. 
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Abstract: The insect growth regulators (IGRs), Ciba Geigy CGA-112913 (N-[4(3- chloro-5
trifluoromethyl-2-pyridinyl-oxy)-3,5-dichloro-phenyl-aminocarbonyll-2,6-difluorobenzamide), 
Alsystin~ (2 -chlaro-N- [[ 14 -(trifluoromethoxy)phenyllnminojcarbonyll benzamide), penfluron, and 
diflubenzuron, were all applied as ULV or conventional sprays to cotton at 0.07 kg Altha, 
except CGA·1l2913 which was applied at 0.14 kg Altha. Emergence of progeny of Anthonomu.~ 

grandis grandi..~ Bohemnn from infested squares in all treatments was reduced significantly 
when compared to the untreated control. Foliar sprays of CGA-112913 + azinphosmethyl at 
0.14 + 0.28 kg AI/ha gave significantly better larvnl control of Heliothis spp.; cnbbage looper, 
Trichoplusia ni (Hubner); and soybean looper, Pseudoplusia includens (Walker), than did 
foliar sprays of Alsystin + azinphosmethyl at 0.34 + 0.28 kg AI/hn. Both IGRs + 
azinphosmethyl gave comparable larval control of fall armyworm, Spodoptera frugiperda (J. 
E. Smith), and European corn borcr, Ostrinia rwbilalis (Hubner). 

Ke:y words:	 Insect growth regulators, boll weevil, Heliothis spp., cabbage looper, soybean 
looper, fall armyworm, and European corn borer. 

J. Agric. Entoroo!. 1(2): 142-146 (April 198·1) 

Previous studies have shown that the insect growth regulator (IGR), diflubenzu· 
ron, suppresses progeny of the boll weevil, Anthonomus grandis grandis Boheman, 
(Taft and Hopkins 1975, Lloyd et al. 1977, and Ganyard et al. 1977) while 
minimally affecting predaceous arthropods (Keever et a1. 1977). Therefore, we 
studied how several IGRs, in various stages of commercial development, affect boll 
weevil progeny. Also, since the control of other cotton insects is important, we 
tested the hypothesis that there is no difference in effectiveness between IGR 
formulations or between IGR formulations and the treated control for season-long 
control of the following lepidopterous larvae: Heliothis zea (Boddie) and H. uirescens 
(Fabricius) (Heliathis spp.); fall armyworm, Spadaptera {rugipcrda (J. E, Smith); 
cabbage looper, Trichoplusia ni (Hubner); soybean looper, Pseudoplusia includens 
(Walker); and European corn borer, Ostrinia nubilalis (Hubner). 

MATERIALS AND METHODS 

The IGRs evaluated for effect on boll weevils and their progeny were: eiba 
Geigy CGA 112913 (N·14-(3·chlora-5-trifluorornethyl-2·pyridinyl·oxy)-3,5-dichiaro· 
phenyl·aminocarbonyll·2,6-ditluorobenzamide); Alsystin@ (2-chloro-N-1114-(trifluaro· 
methoxy)phenyllaminolcarbonyl]benzamide); penfluron; and the treated control, 
diflubenzuron. Four small-cage field tests were initiated on 21 and 28 June, and 6 
and 12 July to evaluate the following formulations: CGA-112913 (50 g/Iiter Ee) at 
0.14 kg AI/ha formulated either in water or cottonseed oil; Alsystin (25 WP) and 
I In COOI'Hotion with the South Carolina Al:rlc. E:~Jl. SIn. Received (or puhJicmion 7 ,June 1983; llCl;cpted 9 October
 
19f!3.
 

2 Mention of " proprictllly llrudul;! ducs not C(Jl\8IiloU> unUOfllU!1lcnl by the USDA.
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(479 glliter F') at 0.07 kg AIlha fonnulated in water; and pennuron (25 WP) and 
dinubenzuron (25 WP) each at 0.07 kg AIlha formulated in Dimoil"'. 

Each formulation was prepared just prior to field application, then applied to 
nonreplicated plots that were 0.47 ha for conventional treatments and 0.63 ha for 
ULV treatments. The cottonseed oil and Dimoil formulations were applied ULV at 
a total volume of 4.7 Iiter/ha with the Florence 3-outlet ULV sprayer using three 
Mini-spin'8l rotating atomizers with 3D-mesh screens (Taft and Hopkins 1966). 
Conventional formulations were applied at 4.55 kg/cm2 at a total volume of 46.8 
liter/ha with a high-clearance sprayer equipped with TX6 nozzles spaced every 
50.8 cm on the boom. All spraying was conducted in the morning when the 
temperature ranged from 20 to 30°C, RH from 35 to 65%, wind speed from O.l to 
3 km/h, and lapse conditions from 0 to 2°C. Measurable rainfall was recorded 4 to 
8 h after Test(s) I and 2, and 26 to 30 h after Test(s) 3 and 4. Total rainfall 
during the 7-d test periods was 2.7, 1.4, 1.4, aod 3.4 cm for Test(s) I, 2, 3 and 4, 
respectively. 

Laboratory-reared adult boll weevils (24-h-old virgins) - two females plus one 
male in Test{s) I, 2, and 3, and three females plus two males in Test 4 - were 
confined on plant growth in each of 10 nylon-sleeve cages (ca. 60 cm wide X 90 
em long) CD. 1 h after application. 

Weevils remained caged on the plants for 7 d and then were removed. The 
plants remained caged for an additional 7 d before all punctured squares were 
removed. Squares with eggs and feeding punctures were held separately in a 
rearing battery in an outdoor insectary for emergence data. Treatments were 
evaluated on the basis of the number of adult weevils produced from infested 
squares. Mortality was recorded at the end of test. 

The following formulations were tested as foliar sprays in 0.04-ha plots for 
season-long control of cotton insects: CGA-1l2913 (50 g/liter EC) at 0.14 kg All 
ha, Alsystin (25 WP and 479 glliter F') at 0.34 kg AI/ha and fenvalerate (287 g/ 
liter EC) each combined with azinphosmethyl (239 glliter EC) at 0.28 kg AIlha. 
Formulations were applied conventionally as previously described. Four replicates 
of each formulation were arranged in a randomized complete·block design; data 
were taken from randomly selected sites on the four center rows of each plot. 
Infestations of boll weevils, Heliothis spp. larvae, and fall armyworm larvae were 
determined by examining all squares and bolls on two, 2-linear·m samples per plot 
(0.0004 hal for a total of six counts from 16 July to 16 August. Plants were 
examined on 30.5-linear m of row to determine the number of stalks damaged by 
European corn borers on 16 August. The percentage of leaf loss because of 
cabbage and soybean looper feeding was estimated visually from the bottom, 
middle, and top part of the plants on 100 30.5-linear m of row on 15 September. 
Yield data were obtained by machine harvesting the four center rows of each 
plot. 

All test.s were in fields of 'Coker 315' cotton planted in Norfolk loamy sand 
(typic paleudults) soil in late April. Recommended agronomic practices were followed 
in all plots including the untreated control. 

An untreated control was not included in the experimental design in field-plot 
tests, but the densities of the insect species were monitored on one end of the 
field to document population trends among untreated pests. Heliothis spp. larval 
and cabbage and soybean looper larval composition were determined from un
treated cotton when population densities were maximum. 
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Data expressed as percentages were transformed to aTcsin vPropomon to 
normalize data for analysis, but original data are reported in Tables 1 and 2. 
Means of transformed values were separated by Duncan's multiple range test. 

RESULTS AND DISCUSSION 

The percent boll weevil emergence in each IGR treatment in cage tests was 
significantly less than in the untreated control (Table 1). There was no significant 
difference among IGR treatments. The mean percent mortality of adults was not 
significantly different in any comparison. Previous data indicate that difiubenzuron 
in oil does not cnuse adult weevil mortality (Hopkins et al. 1982). 

Table l.	 Effect of several IGR treatments applied by ground equipment on caged 
laboratory-reared boll weevils and their progeny. Florence, SC 1982.-

Spray Total no. X% 
volume of squares X% Mortality 

Rate (kg (liters with egg Adult of caged 
Treatment AI/ha) Iha) punctures emergence weevils 

CGA-1l2913 (EC) 0.14 46.8 233 18.0 b 6 
CGA·1l2913 (EC) + 

cottonseed oil (ULV) .14 4.7 143 14.7 b 6 
Alsystin (WP) .07 46.8 247 21.9 b 8 
Alsystin (F) .07 46.8 187 9.1 b 6 
DiOubenzuron (WP) 

+ Dimoil (ULV)
 
(treated control) .07 4.7 261 20.3 b 9
 

Penfluron + 
Dimoil (ULV) .07 4.7 231 18.6 b 7
 

Untreated control 249 61.4 a 6
 
• Mnnl roUowed b)' the ..me letur are nOl. lignifi.:antJy dafuent (I- 0.(5). Abun« or lelte", indieJlln nort!lignifi~u. 

The boll weevil infestation level in small-plot field tests was high throughout 
the test period (Table 2). Frequent rains during July and early August reduced the 
level of effectiveness of the trcatments. Seven of the 14 spray applications were 
followed within 24 h by measurable rainfall. Significant differences in boll weevil 
control were lacking between the plots treated with IGRs + azinphosmethyl; 
however, plots treated with Alsystin WP + azinphosmethyl gave significantly less 
control than the treated control, fenvalerate + nzinphosmt:thyl. Nevertheless, the 
percentage of punctured squares for the IGR fonnulations was above the 10% 
threshold level, as recommendcd for South Carolina. Since the IGRs nre nontoxic 
to the adult weevil, the minimum rate of azinphosmethyl added to the IGRs did 
not provide adequate control, whereas fenvalerate aided azinphosmethyl in con
trolling boll weevils. 

The Heliothis spp. larval infestation pressure was high from mid-July to mid
August. When maximum Heliothis spp. injury to squares occurred on 2 August, 
577 larvae were identified as 95% H. zea. Based on percent-injured squares, plots 
treated with CGA-112913 + 8zinphosmethyl gave control of HeliothiB spp. larvae 



Table 2. The effectiveness of two IGRs applied conventionally for control of cotton insects, Florence. SC. 1982,-

X% Lear 
Heliothis spp. loss by 

X% infestation X cabbage X Total 
Squares X% X% No. rall and yield (kg 

Rate (kg punctured Injured Injured armywonn soybean seed cotton 
Insecticide AI/ha) by weevils squares bolls larvaelba loopers Iba) 

14 spray applications 7 July - 7 September 
Alsystin WP + 

azinphosmethyl EC 0.34 + 0.28 21 b 7 b 7 1084 a 25 bc 1421 c 
Alsystin F + 

azinphosmethyl EC 0.34 + 0.28 15 ab 8 b 7 1703 a 35 c 1506 c 
CGA-112913 EC + 

azinphosmethyl EC 0.14 + 0.28 15 ab 2 a 2 309 a 2 a 2494 b 
Fenvalerate EC + 

azinphosmethyl EC 
(treated control) 0.11 + 0.28 7 a 2 a 3 2322 b 70 d 2932 e 

Untreated control 
(outside) 28 15 36 1161 85 339 

- Means followed by the lame letkr Me not lignificantly difCerent (P - 0.05). Ahnnce of lenera indiutel noTlllignific:ance. 
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that was comparable to the treated control. The plots treated with the two 
Alsystin formulations gave significantly less control than CGA-112913 + 8zinphos
methyl and the treated control. The same also was true for percent injured-boll 
data on 15 August, but differences were nonsignificant (only the count on 11 
August after maximum injury occurred is shown), 

All IGR formulations gave significantly better control of the fall armyworm than 
the treated control. Data on the percent loss of leaves because of cabbage and 
soybean looper larvae feeding (1:3 ratio from 77 larvae) indicated that plots 
treated with CGA-112913 + 8zinphosmethyl gave significantly better control than 
all other treated plots. Also, the Alsystin formulations gave significantly better 
control than the treated control. The percentage of stalks damaged by a light 
European corn borer larval population was <1% in all treated plots as compared 
to 11% in the untreated control (data not shown). 

Collectively and individually, these insect population densities influenced yield. 
Over a whole season of 14 sprays, plots treated with fenvalerate + azinphosmethyl, 
the treated control, produced significantly more seed cotton than plots treated 
with each IGR + azinphosmethyl formulation. However, plots treated with CGA
112913 + azinphosmethyl produced significantly more seed cotton than plots 
treated with each of the Alsystin + azinphosmethyl formulations. 

The effectiveness of CGA·112913 on boll weevil progeny and on lepidopterous 
larvae suggests that it may be valuable in control of these insects on cotton. It is 
presumed that CGA·112913 would share the characteristic of other IGRs in that 
most beneficial insects are not affected (Wilkinson et al. 1978, Deakle and Bradley 
1982) and its effectiveness would be enhanced by the control added by the 
beneficials. Penflufon and Alsystin do affect boll weevil progeny, but Alsystin also 
affects larvae of Heliothis spp., cabbage and soybean looper, and European corn 
borer. High dosages may increase the effectiveness of Alsystin. Thus, the IGRs 
may find a place in an integrated pest management system for cotton. 
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Ab.~tract: Gladiolus corms dipped in waler preparations of ethoprop, oxamyl, or acephate had 
significantly fewer Thrips simplex (Morison) 4 to 7 d after dipping l-han did corms dipped in 
water only at 241)C. The insecticidal properties of these chemicals werc not enhanced by 
storing treated corms at lower temperatures. The number of thrips on corms dipped in watcr 
at 24"C and stored 30 d wall significantly correlated wit-h storage temperature (r = 0.53, P = 
0.05). Warm wuler (46"C), acephate, and oxamyl dips were not phytotoxic to treated corms 
of cv. 'White Friendship.' The insectides were compatible with benomyl and caplan as tank 
mixes for controlling thrips nnd Fusarium oxysporum r. sp. gladioli Snyd. & Hans. disease. 

Key Words:	 Thn"ps simplex. insect contJ-ol, gladiolus, acephatc. eLhoprop, oxamyl. 
Fu.sarium ox)'sporum. benomyl, captan. 

J. Agric. Entomol. 1(2): 147-154 (April 1984) 

The gladiolus thrips, Thrips simplex (Morison), is a major pest of gladiolus. 
Although corms and leaves may be attacked, most important damage is inflicted 
on nower spikes (Wilson and Watson 1941). Gladiolus is the primary host; however, 
the gladiolus thrips has been reported to feed and reproduce on foliage of Tigridia 
sp., Tritonia sp., Kniphofia sp., Iris haempferi Siebold, and on stored corms of 1. 
xiphium Linnaeus (Weigel and Smith 1933). Because of this narrow host range, 
primary sources of infestations for new plantings originate from infested corms or 
volunteer plants. Herr (1934) also noted that the thrips overwintered in Ohio 
almost entirely on corms. Since conus represent the major source of field infestation, 
reduction of thrips on corms before planting provides a means of preventing or 
delaying the buildup of field infestations. 

Nelson (1936) reported that gladiolus thrips could be eliminated by storing 
infested corms at 2.2"C for 2 months or 4.5"C for 3 months, Hamilton (1933) and 
Smith and Richardson (I933) demonstrated that dipping infested corms in water 
at 43.4·44.2°C for 15·60 min reduced the number of thrips to nearly zero when 
counted 3-4 d posttreatment. 

Insecticides have been used most for immediate control of and protection 
against gladiolus thrips. Wilson and Watson (1941) summarized research on insec
ticidal control to that date. Smith and Boswell (l948, 1949) reported that DDT 
ul>plied as a dust or aerosol provided thrips control on corms in storage. McEwen 
and Goble (1971) demonstrated that dichlorvos fonnulated in resin strips was 
effective as a space fumigant in controlling the gladiolus thrips on corms in 

I THYSANOPTEllA: Thripidae 

2 Florida Agriculwnll I':Jllenmenl SUlliO<lll Journal :Writ's No. 2922. R«ei....d for publication 8 April 1983; accep~d 10 
Ortober 1983. ~Ienlion of propnNllr)' compounds dOE' nol t'Ofl!!lilult· or impl)· an endonemenl by th. authors Ol" the 
Univenlil>' of ~·kx'K1a. 

J AlllIOCillte ProfeNO'" of Enlomolof:)'. A~410(-illle "roft'!>lIOr of ~:ntomuk>fO'. and Prof"uor Jo:meril\ls of Pl.nt P.thology, 
re~lloei:li~'ely. 
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storage. Denmark and Poe (1972) listed lindane, malathion, carbaryl, and diazinon 
dusts for thrips control on corms. At the current time, no insecticide is registered 
in the United States for use on gladiolus conns to control the gladiolus thrips. 

The purpose of this study was to identify insecticidal dips that provide rapid 
and nonphytotoxic reduction of thrips on conns and to compare their efficacy to 
cool storage and wann water dips. Compatibility of insecticidal and fungicidal dips 
for thrips and disease control also was studied. 

MATERIALS AND METHODS 

Four experiments were conducted at the Agricultural Research and Education 
Center. Bradenton. FL. In all experiments. freshly dug ($ 1 wk) and cleaned 
jumbo (10-15 em Diam) gladiolus conns were layered with corms infested with 
gladiolus thrips. After at least 2 wk, newly infested corms were separated into lots 
of three-four each (three corms were used per lot in the 1st experiment; but, 
because of the variability among corms, four were used in aU subsequent experi
ments). The number of lots (replicates) used per treatment was maximized depending 
upon the number of infested corms available. Either cv. 'Pink Friendship' 
(Experiments 1-3) or 'White Friendship' (Experiment 4) were used since these are 
the most common cultivars grown for cut nower production in Florida. 

Unless stated otherwise, lots were dipped in preparations at ca. 24°C. After 
COnDS had dried, each lot was placed in a paper bag and the tops were folded and 
stapled. Bags were arranged in rows (replicates) in a randomized complete block 
design on a table top and incubated 4-7 d in a room at ca. 27°C. Following 
incubation, the bags were opened and the cataphyUs (rudimentary, scale-like leaves) 
were removed from each corm. The numbers of adult and larval thrips were 
counted on the cataphylls and conus with the aid of a hand lens. Pretreatment 
counts were not possible since removal of the cataphylls, which is necessary to 
count the thrips, causes the thrips to disperse from the corms. 

Thrips counts were transfonned y'X + 0.5 prior to analysis, but all data are 
presented in the original scale. F tests in an analysis of variance were used to 
evaluate the significance (P = 0.05) of main and interaction effects. If significance 
was detected, means were separated using Duncan's multiple range test (P = 

0.05). 
Experiment 1 

Lots were dipped in water, or a water preparation of oxamyl or ethoprop, at 
two concentrations, for either 10 or 30 min. The longer exposure was completed 
only for the lower concentrations. Six lots of each of the eight dip treatments were 
incubated as above. 
Experiment 2 

Lots were dipped for 10 min in water or two concentrations each of oxamyl or 
acephate or one concentration of ethoprop. Five lots for each of the six dip 
treatments were incubated as above. 
Experiment 3 

Lots were dipped in the same preparations as Experiment 2, sealed in paper 
bags as above, and stored at either 20°C, 10°C. or 5°C. After 30 d storage, conns 
from each lot were removed from the paper bogs and placed on moist builders' 
sand in plastic bags which were sealed with wire twists. The purpose was to 
simulate in the laboratory a postplanting evaluation for efficacy and phytotoxicity 
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of the various treatments. Aldicarh lOG was mixed with the sand in five lots per 
temperature before the conns were introduced, and bags were sealed. Corms in 
these lots had been dipped in water and stored at one of the three temperatures 
used. Thus, a simulated application of a granular insecticide was compared to 
insecticidal corm dips and cool storage. Five lots for each of the 21 factorial 
treatments (seven insecticide levels X three storage temperatures) were incubated 
as in previous experiments for 30 d. In addition to thrips numbers, the number 
and length of gladiolus sprouts also were determined to evaluate the phytotoxicity 
of the insecticides. 
Experiment 4 

Lots were dipped 16 June 1978, for 10 min in water or one of two concentra
tions each of oxamyl or acephate, either alone or tank mixed with a combination of 
benomyl and captan. Dip temperatures were either 45-47°C or 24°C. The temper
ature of the former dip was initially 47°C but rapidly dropped to 46°C after 
adding the corms, and eventually dropped to 45°C by the end of the 10 min dip. 
Chevron X-77@, a wetting, spreading and retention agent, was added at 250 mil 
100 liters to each treatment to increase penetration of insecticides through the 
cataphylls and promote more thorough corm coverage. Ten lots each of the 20 
factorial treatments (five insecticide levels X two fungicide levels X two dip 
temperatures) were incubated as above. After counting thrips, lots within each 
treatment were combined into four lots of 10 corms each and were stored at 20°C 
for 120 d to break dormancy. Following storage, corms were planted 15 cm deep 
in the field on 23 Oct. 1978, in 76.2 em single rows on raised beds of Myakka fine 
sand. Four replicates were arranged in a randomized complete block design. 
Mancozeb 80WP was applied weekly for control of foliar and floral diseases at 
1.68 kg/935 liters/ha beginning when spikes were ca. 45 cm in height. The heights 
of aU spikes with a floret showing at least 15 cm of color were measured (from 
upper corm surface to spike tip) and the spikes were cut every 2-3 d from 3 
January-2 March 1979. Corms and cormels were dug and cleaned and the number 
and weight of cormels and diseased and sound (apparently disease·free) corms 
were determined on 7 May. Primary disease infection was due to Fusarium 
oxysporum f. sp. gladioli Snyd. & Hans. Spike and corm yield data were taken to 
evaluate phytotoxicity of insecticides and compatibility of insecticides and fungi
cides for disease control. 

RESULTS 

Experiments 1 and 2 
All chemical dips significantly reduced the number of thrips relative to the 

water-dip check (Table 1). Reductions were equal for dips of 10 and 30 min for 
the lower rates of ethoprop and oxamyl in Experiment 1. 
Experiment 3 

The analysis of variance indicated no significant effect of storage temperature 
(averaged over all insecticide levels) or the interaction of temperature and insecti
cide level on the number of thrips or the number or length of sprouts. However, 
insecticide level significantly affected the number of thrips and sprout length but 
not the number of sprouts (Table 2). All insecticide treatments significantly 
reduced the number of thrips relative to the water check. Thus, the data indicate 
that insecticide treatment of corms provides reduction of the thrips after planting 
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Table 1.	 Reduction of gladiolus thrips on gladiolus corms following insecticidal 
dips. Bradenton, FL. 1976. 

GAIl Dip time X no. of thrips' 
Treatment 100 liters (min) Experiment 1 Experiment 2 

Ethoprop 6EC 88.9 10 0.0 at 0.0 a 
Ethoprop 6EC 44.9 10 0.0 a 
Ethoprop 6EC 44.9 30 0.0 a 
Oxamyl 2L 119.8 10 0.0 a 0.8 a 
Oxamyl 2L 59.9 10 0.0 a 3.0 a 
Oxamyl 2L 59.9 30 0.2 a 
Aeephate 75SP 119.8 10 0.4 a 
Aeephate 75SP 59.9 10 5.2 a 
Water 10 16.2 b 48.2 b 
Water 30 19.5 b 
•	 Counts lire for three conns in EII>f!rimel)( 1 nlld 4 conns in Experiment 2. 
t	 Means within columns rollo"'ed by the same letter lire not signiriclIlllly different (P - 0.05), Duncan's new multiple ranGe 

lest 

relative to corms treated only with water. The number of thrips on water-dipped 
corms was significantly correlated with temperature (r = 0.53, P = 0.05). The 
relationship was described by the equation Y = 17.1 + 3.654 X where X equals 
storage temperature (Oe) and Y equals the number of thrips. No insecticide 
treatment significantly reduced sprout length compared to the water check; thus, 
no phytotoxicity was indicated (Table 2). 

Table 2.	 The number of gladiolus thrips and the number and length of sprouts 
from four gladiolus corms dipped in chemical preparations, stored 30 d 
at three temperatures and incubated 30 d at 27°C in sand in plastic 
bags. Bradenton, FL. 1976. 

GAIl	 X no. of sprouts/ X sprout 
Treatment 100 liters X no. of thripst 4 cormst length (em)t 

Aeephate 75SP 119.8 1.2 a' 3.5 N.S. 8.6 a 
Aeephate 75SP 59.9 1.9 a 3.1 8.4 a 
Oxamyl 2L 119.8 1.3 a 3.4 7.6 ab 
Oxamyl 2L 59.9 2.7 a 3.9 6.6 abc 
Ethoprop 6EC 89.9 2.9 a 3.5 7.6 ab 
Aldicarb lOG 560.4' 5.3 a 3.7 4.8 e 
Water 59.7 b 3.2 5.8 be 

Mcuns within nil columns {or each pnrflmClcr followed by the IIlHne lelter are not si!:l1ificontly different (l' - 0.05),
 
Duncan's multiple nlll!:e test. N.S. indiculeu nonsil:tlificance at I' - 0.05.
 
An analysis of vllriallce indicated no sil:nirie'JrlI effect of slorlll:u temperature or llll) interaction of l.emperntur(, and
 
insecticide on the numher of thrillS or the numher or lenl:th of HI,routS, 80 duta pre"entellnre ayeraged Oyer the three
 
temperatures.
 
Corms "'ete dipl'ell in waler. Aldicurb wns IIpplied Ilt 560.4 It/ll.1 hll to the sand ufter corm storAge Iml befure
 
incubation.
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Experiment 4 
The analysis of variance of the numbers of thrips indicated that all main and 

lnteraction effects were significant, so data for all factor combinations are presented 
in Table 3. Corms dipped in insecticidal preparations, with or without fungicides, 
had significantly fewer thrips than corms dipped in water at 24°C (Table 3). 
Significantly fewer thrips were present on corms dipped in acephate preparations 
than on corms dipped in oxamyl preparations at. 24°C, even at comparable 
concentrations. The addition of benomyl and captan to water and preparations of 
both concentrations of oxamyl and the lower concentration of acephate at 24°C 
significantly reduced the number of thrips. Thus, benomyl and captan were 
compatible with either oxamyl or acephate with respect to thrips reduction. 

Table 3. Mean number of gladiolus thrips per each of four gladiolus corms dipped 
in fungicide-insecticide preparations at two temperatures. Bradenton, 
FL. 1978. 

G AI/IOO Fungicides 
Treatment liters None Benomyl + Captan-

Acephate 75SP 119.8 
Acephate 75SP 59.9 
Oxamyl 2L 59.9 
Oxamyl 2L 29.9 
Water 

Acephate 75SP 119.8 
Acephate 75SP 59.9 
Oxamyl 2L 59.9 
Oxamyl 2L 29.9 
Water 

0.4 at 
2.6 c 
5.4 d 
5.4 d 

88.9 f 

1.6 ab 
0.2 a 
0.5 a 
0.3 a 
1.2 ab 

0.4 a 
J.1 ab 
0.7 a 
1.9 be 

17.6 e 
46" C 

0.1 a 
0.0 a 
0.0 a 
0.1 a 
0.7 a 

- Dip cnnccntInliuns ""ere 95.8 and 'l3!Ui I: Ai/IOO Iii en<, respectively. for hellomyl 50WI' lind capUtIl r.OWI'. 
t Mt'lms within the clllire tnble followell by the Sl\llIe letter lIrt! not sij:nifiCllnlly different If' - (1.0[;), I)UIiCIlI1'H InUllil,l!> 

r"nl:e lesL 

Increasing the dip temperature from 24°C to 46°C increased mortality of thrips 
on corms dipped in water, so that there were no significant differences in the 
number of surviving thrips among the dip treat.ments at the higher temperature. 
Conns dipped in water at 46°C had fewer thrips than conns dipped in insecticidal 
preparations without fungicides at 24°C except for the high rate of acephate. 

The analysis of variance of the number and length of spikes produced in the 
field indicated the only significant main effect was dip temperature for the number 
of spikes. Corms dipped in water at 46°C produced significantly fewer spikes (1.5) 
than corms dipped at 24°C (1.7). The analyses further indicated that the only 
significant interaction for eit.her spike number or length was between insecticide 
and fungicide levels (Table 4). Significantly more spikes per 10 corms were produced 
by corms that had been dipped in insecticide preparat.ions (with the exception of 
the high rate of oxamyl without fungicide) with or without fungicides, compured to 
corms dipped in water without fungicides. Spikes produced by corms dipped in 



Table 4. The number and length of nower spikes from gladiolus conns dipped in fungicide-insecticide preparations. Bradenton, 
FL. 1979. 

G AI/100 X no. spikes/IO corms X length (eml/spike 
Treatment liters No fungicide Benomyl + Captan· No fungicide Benomyl + Captan-

Acephate 75SP 119.8 16.5 at 16.3 a 131.1 a 125.7 ah 
Acephate 75SP 59.9 16.7 a 15.6 a 128.1 a 120.0 be 
Oxamyl 2L 59.9 15.3 ah 16.3 a 127.1 ab 127.5 ah 
Oxamy! 2L 29.9 16.6 a 17.5 a 127.8 a 131.4 a 
Water 11.8 h 16.3 a 118.0 e 125.7 ab 
• Dip eoncentflltions ....ere 95,8 Ilfld 239.6 g AT/IOO liters, respectively. for bt>nomyl r;owp lind C8pt.lln 50W!'.
 

t M"'lIn~ v.ithin to.....s llnd columns for ",ach p"NlmClcr foUowed by tht- same le!tl'!f are not significantly different (P = 0.05), Duncan's multiple molle test.
 

Z 
? 
~ 
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insecticide preparations with or without fungicides (with the exception of the low 
rate of acephate with fungicides) were significantly longer than those produced by 
corms dipped in water without fungicides. Both the number and length of spikes 
were similar for a11 insecticide dips with fungicides relative to water dips with 
fungicides. Thus, neither acephate nor oxamyl were phytotoxic when evaluated 
alone or combined with benomyl and captan. 

The analysis of variance of the number of corms produced in the field 
indicated the only significant effect was fungicide level and the only significant 
interaction was that of dip temperature and fungicide level. Adding benomyl and 
captan to the corm dips significantly increased the number of sound corms 
produced from 12 to 18/10 corms planted. Adding the fungicides to corm dips at 
46°C resulted in significantly more corms produced per conn planted (2.0) 
compared to adding the fungicides to corm dips at 24°C (1.7). Since the main and 
interaction effects of oxamyl and acephate were not significant, these insecticides 
appear compatible with benamyl and captan in controlling F. oxysporum. 

DISCUSSION 

Water at 46°C was as effective in reducing the number of thrips on corms as 
insecticide preparations when applied as conn dips. Since hot water aids in the 
control of F. oxyspornm on corms and cormels, growers could use this treatment 
for disease and thrips controL However, conns of some cultivars such as 'Oscar' 
are more sensitive to heat injury than those of other cultivars such as 'Life Flame' 
and 'Spring Song' (van Slogteren et 01. 1974). Increasing storage temperature 
before dipping and increasing dip temperature decrease yields. In our tests, dipping 
freshly dug 'White Friendship' corms in water at 46°C reduced the number of 
spikes produced. In addition, cormels which have broken dormancy produce fewer 
corms if they have been dipped in water at 57.5°C prior to planting (Magie 1971). 
Although adding benomyl can reduce this heat injury while still providing F. 
oxysporum control, germination of cormels is delayed (Magie 1971). Our data 
indicate that adding benomyl and captan to warm water dips increased control of 
F. oxysporum on corms. 

Some growers may not wish to risk heat damage or cannot afford equipment to 
regulate water temperature. If planting stock becomes infested, either oxamyl or 
acephate could be used as corm dips at 24°C to reduce thrips. Neither insecticide 
was phytotoxic to the cultivars evaluated. Both insecticides could be tank mixed 
with benomyl and captan for thrips and F. oxysporum control. Adding the fungicides 
to corm dips of either insecticide resulted in greater thrips reductions on treated 
corms. Under laboratory conditions, reducing the number of thrips on conns 
resulted in fewer thrips on emergent plant parts. 
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Abstract: Immature Rhyzopert.Jw dominica (Fabricius) (lesser grain borer) were exposed to 
60% and 98% carbon dioxide (C02), 99% nitrogen (N 2) and to normal air at. temperatures of 
1.7", ·1.4", 10.0°, and 15A cC and 58% relative humidity Cor 1. 2, 3 and 4 wk periods. The 
four test.ed atmospheres produced ca. 100% reduction in emergence (RIE) of adults at 1.7° 
and 4.4°C after 3 and 4 wk exposure, respectively. Ai 10.0° ca. 100% HIE was obtained with 
GO% and 98% CO 2 after 3 wk exposure, and at 15.4 cC with 60% CO2 after 2 wk exposure. 
At most tested temperatures th~ 60% CO2 atmosphere was more effective than atmospheres 
containing either 98% CO 2, 99% N2 or air. 

Keywords:	 RhyzopertJlO dominica, lesser grain borer. low temperatures, modified 
atmospheres. 

J. Agric. Entomol. 1(2): 155·160 (April 1984) 

Research on the use of modified atmospheres to control stored-product insects 
has greatly increased in the last decade. This research has led to studies on the 
practical field application of carbon dioxide (CO,) and nitrogen (N,) in the United 
States (Jay 1971, Jay 1980a), in Australia (Banks and Annis 1980), in Italy 
(Shejbal 1980), and other countries. The major advantages of modified atmos
pheres in the control of stored product insects ore: (1) modified atmospheres can 
provide control and do not leave chemical residues on the treated grain or 
oilseeds; (2) they are effective against insects resistant to conventional pesticides 
including fumigants; (3) the cost of application of these treatments is competitive 
with conventional fumigants; and (4) these treatments are generally safer to 
workers using them than are treatments made with conventional fumigants. 

This technique may be considered to be a modification of the very old 
principle of hermetic storage where dry grain was put into sealed containers and 
its respiration and that of any insects present consumed the oxygen (02) present 
and killed the existent insect population (Hyde et al. 1973). Sigaut (1980) reports 
that prior to the early 19th Century, this form of storage in underground pits was 
very common in large areas of the world with mild winters and was the only means 
of preserving large quantit.ies of grain from insect damage for long periods. He also 
notes that the first recorded research on this form of storage was conducted in 
France from 1819 to 1830. 

Despite the recent interest in this technique and the large amount of published 
research in t.his area, little information is available on the effectiveness of these 
treatments at low temperatures, particularly when purging a grain storage facility 
at or near a recommended CO~ concentration of 60% in air (Jay 1971), Particularly 
missing in the literature are data on low temperature effect (below l,s°C) on use of 
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modified atmospheres against major grain storage pests. Jay (1980b) provided 
information on the effects of low temperature exposures to modified atmospheres 
on Sitophilus oryzae (Linnaeus). In an attempt to add to this knowledge, this paper 
provides similar information on another major pest of stored grain, the lesser grain 
borer, Rhyzopertha dominica (Fabricius), 

MATERIALS AND METHODS 

The insects used in this study were immature R. dominica that are continuously 
reared at the Savannah laboratory on 12% moisture content soft red winter wheat 
with 0.1% yeast and held at 26.7°C and 60% relative humidity (RH). The cultures 
for the tests were established by seeding 380 g of this wheat with ca. 600 1- to 3
wk-old adults for 72 h. At the end of this period, the adults were sieved off leaving 
immature insects 0 to 3-d old in the cultures. Rhyzopertha dominica used in these 
tests were of mixed age (eggs, laIVae and pupae) (Birch 1945), and were from 
cultures that were 0 to 3, 7 to 10, 14 to 17, 21 to 24, or 28 to 31-d-old at the 
beginning of the exposure. Wheat internally infested with immature insects of 
these ages was blended together for 5 min in a ball mill, and 5 g of this blend was 
placed in a 16 X 14 (mesh to cm) mesh wire screen cage measuring 6.4 cm high X 
1.9 cm Diam. A total of 15 cages was filled with infested grain from the same 
blend to provide groups of three 5·g cages for exposure to four atmospheres with 
a group which served as 8 control held at 26.7°C in nonnal air. 

The exposure chambers were similar to those described by Harein and Press 
(1968). They consisted of 3.8-liter glass jars that were partly submerged in 
laboratory baths filled with water. These baths were equipped with refrigeration 
systems so the temperature could be reduced to levels below the ambient room 
temperature. Water was maintained in four baths at temperatures of ca. 1.7, 4.4, 
10.0, or 15.4°C. The jars were closed with metal screw· top lids fitted from inside 
with 23· and 2.5~cm lengths of 0.6·cm o.d. copper tubing; these were used as gas 
inlet and gas exit tubes, respectively. The lids also were fitted with a neoprene 
stopper so a humidity sensor could be inserted. During exposure, the cages were 
suspended in the exposure chambers from a 5-cm length of steel wire hung from 
the underside of the neoprene stopper. 

The gas mixtures were released from the cylinders through two·stage regulators 
and flowed through a micrometering valve and flowmeter into gas washing bottles 
that contained a glycerin·water mixture that adjusted the RH of the gases to ca. 
58%. The gases then flowed into the exposure chambers. A flow rate of 200 ccl 
min was used for the flrst hour to purge the chambers and was reduced to 30 ccl 
min for the balance of the exposure. The RH was monitored with an electric 
hygrometer (model 15-2001 humidity indicator and narrow range humidity sensors, 
Hygrodynamics, Inc.), and the temperature in the exposure chambers was recorded 
daily. 

A Fisher-Hamilton Model 29 gas partitioner equipped with a thermal con
ductivity detector and dual columns was used for daily analysis of the mixtures. A 
Vidor Model 6300 digital integrator was used to measure the areas under the 
peaks. 

Insects and grain at four temperatures were exposed to gases from cylinders 
containing air, 100% N2 • 100% CO2, or a blend containing ca. 60% CO2, 9% 02. 

and 31% N2. Small leaks in the system reduced the actual concentrations of 100% 
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N2 to 99% and 100% CO2 to ca. 98%. Exposures were for periods of I, 2, 3, or 4 
wk. Controls were held in similar cages in a room maintained at 26.7±loC and 
60±5% RH since previous studies have shown that there is little or no variation 
between insects held in this room and those held in the water baths at the same 
temperature and RH. Three replicates (three cages per replicate) were tested at 
each of the four temperatures and four exposure periods for normal air and the 
three modified atmospheres. 

At the end of the exposure period, the contents of the cages were placed in 
120-ml glass containers with filter paper lids and held at 26.7°C for 1 wk. 
Emergence counts of adults were made at 1 wk and weekly thereafter for 5 more 
wk. Effectiveness of treatment was determined by dividing the total number of 
adult insects that emerged after the end of the treatment by the total number that 
emerged in the controls and converting this to percent reduction in emergence 
(RIE). For each set of temperature and exposure time, analysis of variance and 
Duncan's multiple range test were performed after arcsin transformation of the % 
RIE values (Snedecor and Cochran 1971). 

RESULTS 

Atmospheres analyzed in all replicates had the following percentages (± SD) of 
CO 2, ° 2, and N2: normal air: 20.9±0.1 % ° 2, balance N2 and rare gases with a 
trace of CO,; 60% CO, mixture: 60.1±0.6% CO" 8.7±0.2% 0, and 31.0±0.4% 
N,; 98% CO, atmosphere: 98.4±0.4% CO" 0.3±0.1% 0, and 1.3±0.2% N,; 99% 
N, atmosphere: 99.5±0.I% N, and 0.4±0.1% 0,. The mean (± SD) of the relative 
humidities for all of the I, 2, 3, and 4·wk exposures at 1.7 °C was 59.2±5.3%; at 
4.4'C was 58.9±4.2'70; at 10.O'C was 59.4±3.5'70; and at 15.4'C was 57.5±3.5%. 
Mean and SD's for temperatures actually encountered in the tests are given in 
Table 1. The mcan numbers of adults which emerged and SD for all insects held 
at 26.7°C in air for comparison to those exposed to low temperature were 1 wk: 
137±36.7; 2 wk: 220±69.0; 3 wk: 274±41.3; and 4 wk: 385±45.6. 

The results of percent RIE obtained at four temperatures and four atmos
pheres are shown in Table 1. At 1.7°C, significant differences were obtained only 
for the I-and 2-wk exposure periods. The 60% CO, produced 100% RIE and was 
more efficient than the other tested atmospheres after a 2·wk exposure. The 
highest percent RIE were obtained after 3 and 4-wk exposures and they did not 
differ significantly among the tested atmospheres. 

At 4.4 'c, the 60% CO, produced the highest percent RIE after 1 wk exposure 
but it differed markedly only from the 99% N2 atmosphere. After 3 wk exposure, 
99% N2 produced slightly lower percent HIE than the other three atmospheres; 
whereas, after 4 wk exposure all tested atmospheres gave the highest percent 
RIE, 

At lO.O°C, the 60% and 98% CO2 atmospheres produced significantly higher 
percent RIEs than the air and 99% N2 atmospheres after 2 and 3 wk exposure 
periods. After 4 wk of exposure, emergence of insects exposed to air was 
significantly lower than those exposed to the other three atmospheres. 

Consistently higher percent RIEs were obtained with the two CO2 and the 99% 
N2 atmospheres when compared with air at all tested exposure periods at I5AoC. 
At this temperature, the 60% CO 2 atmosphere produced significantly higher 
percent RIE than the other three atmospheres after the I~wk exposure. 
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Table L	 Percent reduction in emergence (RIE) of adults from immature Rhyzopertha 
dominica exposed to different atmospheres, at four temperatures and 
four exposure periods. 

% HIE after exposure (weeks): 

Atmosphere 1 2 3 4 

1.7±0.2°C
 
Air 72.9 abo 98.8 a 100 a 100 a
 
60% CO, 88.7 b 100.0 b lOa a 100 a
 
98% CO, 89.0 b 98.5 a 99.2 a 100 a
 
99% N, 62.9 a 96.0 c 99.7 a 99.9 a
 

4.4±0.3°C
 
Air 64.3 ab 95.4 ab 100 a 100 a
 
60% CO, 91.0 b 97.7 b 100 a 100 a
 
98% CO, 86.0 ab 97.2 b 99.9 a 100 a
 
99% N, 51.4 a 92.1 a 99.1 b 99.9 a
 

10.0±0.3°C
 
Air 17.0 a 73.5 a 90.7 a 88.8 a
 
60% CO, 80.8 b 97.3 b 99.6 b 100 b
 
98% CO, 62.6 b 96.9 b 99.9 b 100 b
 
99% N, 35.5 ab 85.6 a 96.6 c 99.3 b
 

15.4±0.3°C
 
Air 24.6 a 53.9 a 70.0 a 76.4 a
 
60% CO, 90.5 b 100.0 b 99.6 b 100 b
 
98% CO, 74.4 c 95.4 b 99.7 b 99.7 b
 
99% N, 60.0 c 90.6 b 98.4 c 99.5 b
 
•	 For each H"l of four atmo81lheres. each temlll>rature and eaeh e~II08ure period. menns of % RJE follo"'ed hy the "lillie 

I"tter do not differ A;gni£icllnlly III level /"-0.(15. 

DISCUSSION 

The effect of the cold air alone on insect mortality decreased, as would be 
expected, as the exposure temperature increased from 1.7 to 15.4°C. For example, 
a 3-wk exposure at 1.7 and 4.4°C gave a 100% HIE while an exposure of this 
length to 10.0 and l5.4°C gave RIEs of 90.7% and 70.0%, respectively. The effect 
of the 60% CO2 mi.xtul'e also varied with the temperature; a 2-wk exposure to this 
atmosphere at 1.7°C produced a 100% RIE while exposures of 3 or 4 wk were 
necessary to produce a RIE this high at 4.4 and lO.O°C, respectively. The foul' 
atmospheres tested did not produce significant differences after a 3-wk exposure 
at 1.7°C and after a 4~wk exposure at 4.4°C. Consistently significant higher 
percent RIE was obtained with CO2 and 99% N2 atmospheres when compared 
with air alone after 3 or 4 wk exposure at 10.00 and l5.4°C. 

When these results with R. domin£ca are compared with those obtained in 
separate tests with S. Ofyzae (Jay 1980b) it can be seen that S. myzae was more 
sensitive io the cold air alone than was R. dominica. For example, a l~wk exposure 
to 1.6°C produced fl 98.7% R[E in S. o'yzae while a similar exposure to R 
dominica produced a 72.9% HIE. Two weeks exposure to this temperatul'e 
produced a 100% RIE of S. oryzae while it took a 3-wk exposure to produce this 
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effect in R. dominica. Similarly, a l·wk exposure to 10.4°C produced a 89.3% RIE 
in S. myzae while a l·wk exposure t.o a temperature of 10.0°C produced only a 
17% RIE in R. dominica. 

Differences are evident between the two species when exposed to the three 
modified atmospheres. Jay (1980b) showed that for S. oryzae at temperatures of 
1.6 and 4.7°C the cold air alone was more effective than the two modified 
atmospheres acting in conceit with the cold. This difference was believed to be 
caused by the stimulation of the respiratory system by the modified atmospheres 
resulting in a slight increase in body temperature and the resultant reduction in 
percent RIE. This occurred with atmospheres of 60% CO 2 and 99%., Nz but not 
with 98% CO2, The relationship between the level of CO2 in the environment and 
respiration of some stored·product insects was investigated by Kashi (1981). It 
was demonstrated that R. dominica adults at 25°C consumed more O2 in a 60% 
CO 2·air mixture than they did in an 80% CO 2·air mixture atmosphere. It is 
believed that in an atmosphere of 98% CO2 the insects were anesthetized and 
were not able to increase their respiration rate, and subsequently their body 
temperature. This generally resulted in 98% CO2 producing high percent RIE 
similar to that produced by air alone at 1.7 and 4.4 °c. A more detailed discussion 
of these phenomena can be found in Jay (1980b). However, when R. dominica 
were exposed to similar atmospheres and temperatures to those which S. oryzae 
were exposed (Jay 1980b) these interactions did not seem to corne into play. 
Irrespective of temperature, the 60% CO2 mixture was equally or more effective 
against R. dominica. than air alone, 98% CO2 or 99% N2. 

The present st.udy provides additional information on the effects of modified 
atmospheres at low temperatures on a major grain insect pest and shows that for 
R. dominica these atmospheres are general1y of limited value in grain below lOoC, 
as are chemical fumigants (Monro 1969). An alternative method to the control of 
insect pests is to lower the temperat.ure of the grain bulk by passing cold ambient 
air or refrigerated air through it (Navarro and Calderon 1982). The design 
requirements with refrigerated aeration are that the mean bulk temperature is 
reduced to less than 15°C (Taylor and Elder 1981). Low grain temperatures 
inhibit insect population growth by increasing insect mortality and lengthening the 
development period. The present study shows that at 10.0 and 15AoC R. dominica 
could survive after 4·wk exposure to normal air atmosphere. For complete insect 
control strategies, the information gained from the present study along with the 
available data could then be used to recommend the length of treatment, desired 
modified atmopshere concentration and other factors involved in using this 
technique for controlling stored-product insects at reduced temperatures. 
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Abstract: Three commercial black fly and mosquito larvicidal fonnulations of Bacillus 
thuringicnsis Berliner vnr. israelensis de Barjac were bioassayed to determine their potencies 
relative to the international standard powder, IPS-78. The potencies of the wettable powder 
(WP) formulations of Bactimos'" and Vectobac'" and the water dispersible concentrate 
(\VDC) Teknar'" were detennincd to be 4530, 5723, and 336 International Toxic Units 
(ITU)/mg. respectively, against Simulium spp.; their respective ITV/mg values against Aedes 
aegypti (Linnaeus) were 3556, 2317, and 1373. Little correlation (r2 = 0.47) was evident 
between the potency rating (lTV/mg) of the fonnulations against mosquitoes and black flies; 
this indicated that t.he potency rating of a fonnulation against black flies cannot be simply 
predicted from the A. aegypti ITV/mg rating on its label. A moderate correlation between 
formulation potency and mean particle size was observed in the black fly assays (r2 = 0.77), 
but not against mosquitoes (r2 = 0.20). Aqueous suspensions of Teknar·WDC had u 
significantly smaller mean particle size and stayed significantly longer in suspension than 
other formulations. The relatively long duration of suspension of Teknar-WDC was viewed us 
important since the toxic crystals would be less likely to settle out in mosquito and black fly 
habitat-c;. A ratio based on the LC 50 values determined from standardized bioassay methods 
is suggested as it convenient way to express the relative potency of a fonnulation against 
mosquitoes and black flies. 

Key Words: Teknar-WDC, Bactimos-\VP, Vectobac-WP,lPS-78, Aedes aegypli, Simulium, 
ITV/mg, particle size, settling rate, potency ratio. 

J. Agric. Entomol. 1(2): 161~168 (April 1984) 

Black flies and mosquitoes are major pests of both man and animals primarily 
because of the medical and economic consequences of the blood-sucking activities 
of the adult females. Although chemical insecticides have traditionally been the 
primary agent used for controlling these flies, their undesirable environmental 
effects have prompted the development of more environmentally-benign biological 
control methods. Research with one such biological agent, Bacillus thuringiensis 
Berliner var. israeLensis de Barjac, a bacterium highly specific for larval black flies 
and mosquitoes, has produced rapid and significant progress (World Health 
Organization 1982). This is evident from the present availability of EPA-registered 
formulations of this bacterium for black fly and mosquito control within 6 yr of its 
discovery (Goldberg and Margalit 1977). The filter-feeding larvae of black flies and 

I D1PTERA: Culicidoe 
2 DI~RA: Simuliidau 
3 Publiohcd liS New York State M\l~el.lm Joumul Surica No. 352. Received for pl.lhliclltion 28 March 1983; accepted 8 

November 1983.
 
,\ Present IIddreu; Boycll Thompson Institute for Plllnt Research at Cornell Univ., Tower Road. Ithllca. NY 14853.
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mosquitoes die quickly following their ingestion of the toxic crystals (parasporal 
inclusion bodies) produced by the bacterium during sporulation. 

This laboratory study was designed to evaluate the potency of three commercial 
formulations of B. thuringiensis vaT. israeiensis relative to the international standard 
powder, IPS-78. These commercial products were: the wettable powder (WP) 
formulations of Bactimos'" and Vectobac'" and the water dispersible concentrate 
(WDC) Teknar'w. The potencies of these fonnulations, expressed in International 
Toxic Units (ITU)jmg, were detennined in tests against both black flies and 
mosquitoes. An important objective of these tests was to detennine if the relative 
toxicities of the various formulations against black flies would correlate with those 
found against mosquitoes. Previous studies (Guillet and Escaffre 1979, Guillet et 
al. 1980) have suggested that particle size is a factor of considerable importance 
since it appears to influence the efficiency and rate of ingestion of the B. 
thuringiensis toxic crystals by black flies and also since it may affect the rate at 
which crystals settle out from suspension. As part of the evaluation of these three 
commercial formulations, we therefore examined the characteristics of particle size 
and crystal settling rate. 

MATERIALS AND METHODS 

Formulations used in these tests were: Bactimos-WP (lot no. LRB 676; 
Biochem Products, Monchanin, DE), Teknar-WDC (~402, lot no. BTl-I; Sandoz, 
Inc., San Diego, CAl, Vectobac-WP (=ABG-6108-IJ, lot no. 8278-55; Abbott 
Laboratories, Chicago, IL), and the international standard powder, IPS-78 (pasteur 
Institute, Paris, France). 

Toxicity of Commercial Formulations 
Black Fly Assays. Stock inocula (0.2 mg/ml) were prepared by the following 

procedure: 200 mg of the fonnulation were placed in a test tube (1.5 em Diarn 
containing 5 ml of deionized water and mixed on a vortex agitator for 3 min a 
maximum speed (liquid height ca. 9 em); this suspension then was added to a 2
liter glass flask with enough deionized water to produce a final volume of 1 liter 
and subsequently mixed by hand (20 circular shakes), Field-collected late-instar 
Simulium larvae were placed on the tray section of bioassay units (Gaugler et al. 
1980) and allowed to attach and become acclimated in the flowing fresh water for 
a minimum of 48 hr pretreatment. Larvae used in the Teknar-WDC and Bactimos· 
WP assays (Test Series I) were all S. uittatum Zetterstedt, had a mean (95% CI) 
postgenal length of 378 (368-389) /-lm, and averaged 126/tray; the larvae used in 
the Vectobac-WP assay (Test Series II) were 32% S. uittatum and 68% a mixture 
of the species complex S. uenustum Say/So uerecundum Stone and Jamnback, had 
a mean (95% eI) postgenal length of 387(379-395) JLm, and averaged 33/tray5. All 
assays were conducted in the flow· through mode (Gaugler et al. 1980) with 
appropriate quantities of inoculum added every 30 sec to the fresh water entering 
each bioassay unit during a 15·min period. Exposures were conducted at l3°C in 

5 Vert.ohl!c.WP 1I11B.llYS [felt Series 1I) could nOI be conducted simultBneously with the UllctimoR'WP and Teknar-WDC 
nasaYH [fest Series I); Veclobac·WP was received for lelliinc ca. 6 months after Test Serie" I WIlS completed. Pre"ious 
nperimentBtion (Molloy ctul. 1981) lIuCgCStll that hll'vlle of the 8. L'cnu.<tunt!S. ucrccumlum comlllClllnd S. u;Ualum thot 
lire of thc 88m" "i~e (liS they "'ere ill Test Series I and II) would he of similar SIJNCelllihility to II IhurillJ!iens~' VIIT. 

ismell'llsis. 
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the Teknar-WDC and Bactimos-WP assays with stream water temperatures ranging 
from 11 to 13°C during the posttreatment period; exposures in the Vectobac·WP 
assays were at 11°C with posttreatment range of 10-12°C. Mortalities recorded 
after 3 d of incubation were corrected by Abbott's formula and subjected to probit 
analysis (Finney 1971) to yield LC50 and LC95 values. Relative potency estimates 
were determined by the methods described in Finney (1971) for parallel line 
assays and expressed in ITV/mg relative to the LC 50 of IPS-78 (the international 
standard with a designated potency of 1000 ITV/mg). 

Mosquito Assaysu. Procedures followed were similar to those described for the 
black fly assays except for the following: in preparation of stock inocula, 0.52 ml of 
the vortex-agitated suspensions were added to a 250·ml flask, and the final volume 
was brought up to 200 ml; exposures were conducted with 100 fourth-instar Aedes 
aegypti (Linnaeus) larvae (Rockefeller Institute strain) in trays containing 1 liter of 
deionized or distilled water at 26 (±ltC; larvae were fed ground rabbit chow as 
outlined in \Vraight et al. (1981); mortality was recorded after 48 hr. 

Formulation Particle Size 
Two hundred and fifty rug of each formulation were placed in 250-ml flasks 

containing 50 ml of deionized water and swirled by hand for 3 min. Approximately 
400 particles were measured with a Zeiss compound microscope, and a mean 
value was determined 7• This procedure was repeated four times, and the average 
±SE of the four means was calculated. The values obtained were tested for 
significance (5% level) using Tukey's w-procedure for comparison of means (Sokal 
and Rohlf 1969). 

Formulation Settliflg Rate 
The relative settling rates of the crystals in aqueous suspensions of Bactimos

WP, Teknar-WDC, and IPS-78 were measured in tests against both black flies and 
mosquitoes. A 5-g portion of each fonnulation was placed in i-liter flasks contain
ing 500 ml of deionized water and swirled by hand for 3 min. The content of each 
flask then was added to a separate plastic tub (40-cm Diam) containing 24.5 liters 
of deionized water at 26 (±ltC. The contents of each tub were stirred thoroughly 
to produce a uniform suspension (0.2 mg/ml, ca. 20 cm in depth). Samples were 
withdrawn slowly by pipette from the middle of each tub (ca. 10 cm from the 
bottom) at selected intervals over the next 36 hr. All samples were stored in glass 
flasks at 26 (±l)"C. To eliminate the possibility of crystal degradation affecting 
the experiment, black fly and mosquito tests (see below) were conducted simultan
eously in a single randomized experiment beginning shortly after the 36-hr sample 
was taken. Immediately prior to conducting the exposures, the material in each 
storage flask was resuspended by swirling with glass beads to remove material 
which had adhered to the flask walls. 

Black Fly Tests. Bioassay procedures and experimental conditions were similar 
to those previously outlined (see Toxicity of Commercial Formulations), except for 
the following; mean (95% CI) postgenal length of the S. vitlatum larvae was 404 
(397·412) ,urn; average number of larvae per bioassay tray was 136; I5-min 

6 These lesw weI"(> conducted prior 10 the iHSIJAnCe of the standardized protocol for OllllRy of B. thurin~'iu~~L~ H-14 prellllf8' 
tions Ilg"in~1 mosquitoclI (World Henlth OrgllnizAtion 19RI) llnd thull differ to 1I limited degrc~ from them. 

7 BeCAuse or the limitlllions of the light rnicro~cope, llarticlell <0.5 ,lint in Diam could not he mellSured 8ccltrlltely and 
thus ""ere not counted: thererore, the melln vllluell preHllnted are only n reltni"e inde~ or the pllrticle size of e8<:h fOmlu, 
lation. 
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exposures (three replicates/sample) were conducted at 12°C and at dilutions which 
normally produce ca. 90% mortality (i.e., Baetimos-WP = 20 ppb, lPS-78 ~ 100 
ppb, and Teknar-WDC = 320 ppb); mean (95% Cn mortalities were calculated 
from corrected (Abbott's formula) and arcsin-transformed data. 

Mosquito Tests. Experimental procedures were similar to those just described 
except for the following: exposures (4 replicates/sample) were conducted with 40 
early fourth·instar A. aegypti larvae (Rockefeller Institute strain); since Di were 
<50, means (95% el) were determined using the Freeman-Tukey transformation 
for the binomial distribution (Mosteller and Youtz 1961). 

RESULTS AND DISCUSSION 

The ITV/mg values calculated from the mosquito assays were very close to, 
and thus confirmed, the values stated on product labels (Table 1)8. Little correla
tion was evident in the potency ratings (lTU/mg) of the formulations against 
mosquitoes and black flies (r2 = 0.47; y ~ 1.775x - 756.66) (Table I). For example, 
although Bactimos-WP was 2.6 times more toxic than Teknar-WDC to mosquito 
larvae, it was 13.5 times more toxic than Teknar-WDC to black fly larvae. Guillet 
et a1. (1982), in tests of B. thuringiemis VSf. israelensis formulations against S. 
damnosum s.l. Theobald and A. aegypti also noted such a low potency correlation. 
Thus, the potency of a formulation to black fly larvae can not simply be predicted 
from the A. aegypti ITU/mg rating on its label. 

The settling rate of the toxic components of Teknar-WDC was substantially 
slower than that of eitber lPS-78 or Bactimos-WP (Table 2). While the toxicity of 
samples of aqueous preparations of the latter u,'Vo powdered formulations decreased 
quickly (e!O% mortality after 5 hr of settling), only a moderate decrease in the 
activity of the Teknar-WDC samples was noted after 36 hr of settling in the 
mosquito tests and not at all in the black fly tests. The relatively rapid settling of 
Bactimos-WP and WS-78 was clearly demonstrated by the difference in A. aegypti 
mortality caused by the samples taken at 0,0 and 0.5 hr (Table 2). 

The settling rates of the formulations corresponded directly with their particle 
sizes: those formulations with the larger particles (i.e., Bactimos-WP and IPS-78) 
had the fastest settling rates (Table 2)9. The relatively-rapid settling of Baetimos
WP and IPS-78 was visually apparent and could have been predicted from our 
data on mean and range of particle sizes: both latter formulations had particles 
ranging up to ca. 100 jJ.m (versus 28 J1.Ill for Teknar-WDC) (Table 2). Such results 
are in agreement with Stokes' law (Weast 1982) which indicates that the settling 
velocity of a particle, although closely related to its density, is also directly 
proportional to the square of the radius of the particle. 

The potency (ITU/mg) of the fonnulations to black nies correlated moderately 
weU with particle size (r2 = 0.77; y ~ 0.0004x + 2.52) (Table I). These findings 
further support the work of Guillet and Eseaffre (1979) who first noted such a 
correlation in their assays with B. thuringiensis var. israelensis formulations against 
black nies. Such a correlation, however, \Vas not evident (rom our mosquito data 
(r2 = 0.20; y = 0.0005x + 2.73) (Table I). 

8 A limillr complllriion could not be made (or the rru/mg valuu dctennined in the bllck f1)' llSA$YI linte luch values did 

not IIllp1!lr on product labell. 
9 Dilla on the leUling nile or vectobllc·WJ> lire not induded here becauae thil formulation became available 6 months 

afu!r the .ettling leall '""tore conducted; """'ever, both our partide lize dlta lind our visull oblervltiolll or Vectobac·WP 
IIllpenaiollI IIlneAt thlt i4 aeltling I'lIte would be limilar to thlt of alnimOll·WI· and IPS·78. 



Table 1. Toxicity of IPS-7S and commercial formulations of Bacillus thuringiensis var. israelen.<;is (on a total product weight basis) to black fly and 
mosquito larvae. 

Mosquito larvae Black fly larvae 

Particle Relative potency 
size <J..t-m)* LC values t OTU/mg) LC values Potency ratio 

;s: 
Stated on Relative o 

rX ± S.E. product potency Le so mosQuitoes\ r
Fonnulation (range) 50 95 Calculated t label 50 95 OTUlmg) ( LCfjO black flies1 o 

-< 
Test Series J 

Teknar-WDC 2.1a ± 0.02 301 650 1373 1500 136 390 336 2_2 
(0.;;-28.0) (282-321) (598-715) (1257-1501) (120-155) (336-461) (280-405) 

IPS-78 3.7b ± 0.22 413 893 1000 1000 46 131 1000 8.2§ 
(0.5-103.7) (389-439) (818-986) (40-52) (111-159) 

Bactimos-\VP 4.0bc ± 0.10 116 251 3556 3500 10 29 4530 11.6 
(0.5-98.8) (109-123) (232-275) (3265-3881) (9-12) (25-35) (3762-5476) 

Test Series II 
fPS-78 3.7b ± 0.22 614 1357 1000 1000 84 239 1000 

(0.5-103.7) (574-660) (1201-1578) (68-103) (193-304) 

Vectobac·WP 5.2d ± 0.30 265 586 2317 2000 15 42 5723 17.7 
(0.5-122.0) (248-283) (530-661) (2109-2565) (12-18) (33-54) (4229-7735) 

• Muns followed by the 5all1~ ItllU lll't not significantly differtnt (5~ le"el) u determintd from Tukc)··, w.procedufll for romparison of means (Sohl .nd RohlI 1969).
 
t All dlltll upressed liS ppb 195';;, fiducilll limiu); I fl·min uposunos: aU o;onlml mortality S 1.0';:,.
 
; l'ot~nC}' expressed as ITli/ml (9:;'.;, fiduciAl limitll) relal;'·", 10 tht LeSO of IPS·i8 (duignllted potency'" 1000 lTU/mg).
 
§ Mean ratio of Ten Serie~ 1 .nd n.
 



Table 2. Comparative settling rates of the toxic components of Bactimos-WP, IPS-78, and Teknar-WDC as determined from the '" mortality to black flies and mosquitoes caused by samples from aqueous suspensions, '" 

Particle size (p.m)* Percent mortality! (95% Cn after indicated hour 

Formulation X ± S.E. (range) 0.01 0.5 1.5 5.0 12.0 36.0 

Black fly laruae 

B.ctimos-WP 4.0. ± 0.10 (0.5-98.8) 28(7-48)1 1(0-2) 2(1-4) 
IPS·78 3.7.b ± 0.22 (0.5-103.7) 84(80-87) 0 1(0-2) 
Teknar-WDC 2.1c ± 0.02 (0.5-28.0) 90(77-100) 88(85-92) 89(73-100) !'

>
',iMosquito larvae o 

B.ctimos-WP 4.0. ± 0.10 (0.5-98.8) 97(85-100) 21(11-34) 10(2-25) 0 0 0 
IPS-78 3.7.b ± 0.22 (0.5-103.7) 96(85-100) 42(29-55) 22(10-37) 0 0 0 
Teknar-WDC 2.1c ± 0.02 (0.5-28.0) 87(82-92) 80(68-90) 72(62-81) 79(71-86) 79(68-88) 57(41-72) 
• MUIIlI foUOlI<ed by tbe aame letter IlJ"e DOt sis:"nificantly different (5'.t. level) .a detennined from Tulr.ey'a ""_procedure for comparison of muna (Solr.al &JId Rohlf 1969).
 
t AU conlrOl morulity :S0.5'k,
 
~ lndiea~a the time post·mming when the umple of the aquKIUI auspellllion .... ",ithdnl'A'lt; aU lWa)'a were conducted simull.aneoualy. shortly after the 36.o-hr umple ... taken; the 0.0 hr doup lI"U
 

calculated 10 be the ca. LC90 of ueh formulation. with equal volum.. u.ed at other lime intervals. 
§ Althoullh the doulte used in these aaetimos-WP trial5 (20 ppb/15 min) proved t.O be imuffieient to produce the desired (ca. 90%) IDOrtality at 0.0 hr, the Bsctimo.·WP data are ineludlld here 

airn:e they ItiU lerve 1.0 indicate the relatNely I'lIIpid senling of thi. formulation (i.e.. I'l. mortality at 1.5 hr). 
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If the relative potency of a formulation against mosquitoes and black flies is 
expressed by the ratio, 

LC'iQ A. aegypti, 
LCso Simulium 

then formulations which have relatively higher potencies against black flies would 
have higher ratio values. Such a ratio would appear to be a convenient way to 
express the relative potency of a fonnulation against mosquitoes and black flies. 
Ideally, such ratios would be generated using the standard B. thuringiensi.... 
bioassay methods recommended against black flies (Lacey et al. 1982) and 
mosquitoes ('''orld Health Organization 1981). The A. aegypti/Simu[£um LC50 
ratios generated in the present tests correlated very well with the mean particle 
size of the formulations (1'2 = 0.98; y = 0.1948x + 1.82) (Table 1). This suggested 
that increasing the particle size of a fonnulation would have a higher probability of 
increasing its potency against black flies than against mosquitoes. 

The ITU/mg values of Bactimos~WP and Vectobac-WP were considerably 
higher (>lOXj than that of Teknar-WDC against black flies (Table 1). However, 
the relatively low ITU/mg value recorded for Teknar- WDC against black nies did 
not indicate that it was an inferior formulation; it only meant that, on a weight 
basis, the liquid formulation Teknar-WDC was not as toxic to the black nies as the 
two powdered formulations. Thus, of the three commercial fonnulations tested, a 
greater quantity (i.e., mass) of Teknar-WDC would have to be added to stream 
water to achieve the same I}ercent black ny kill immediately below a treatment 
point. The lTU/mg rating of a fonnulation, although important, is only one 
characteristic to be considered in choosing a black fly larvicide; effective carry (the 
distance downstream that a larvicide will produce high black fly mortality) is 
another critical formulation aspect. Among the three commercial formulations 
considered here, Teknar-WDC would likely give the best effective carry. This was 
evident from the settling tests (Table 2) which indicated that Teknar-WDC would 
be less likely to settle out and thus would probably give good control for longer 
distances downstream in field applications against black flies. Also, since liquid 
formulations like Teknar-WDC'o are generally more convenient to work with in the 
field, this may be another reason for placing less emphasis on the potency of the 
product per se in choosing a formulation for a control program. In the final 
analysis, the choice of fonnulation is based primarily on the cost of effectively 
controlling black nies with each fonnulation. This information will become available 
only after anumber of large-scale field trials have been completed. 
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Abstract: In luuoratory studies, we investigated the effect of soybean host plant resistance on 
hiological control of Heliolhi.-; Zl!(J (Boddie) lind H virescetll> (Fabricius) by Microplitis 
croccipcs (Cresson). Host. larvae were reared on soybean leaves of the susceptible 'Davis' 
variety or the resistant plant introductions (Pis) 171451, 227G87, and 229358. Significant 
reductions were deteded in successful development of M. croccipes in larvae that were fed 
leaves of resistant vs. susceptible genotypes. Parasitization of /-/eliothis spp. by M. croceipes 
was more cffcct.ive when the host wns fed Davis or PI 171451 soybean, although developmental 
time was longer for the lutter. Development. of the parnsit:oid was poor when its host was fed 
PI 227687 or 2293fl8 leaves. Leaf consumption by larvlle reared on leaves from PIs 227687 
and 229358 was not significantly different, regardless of whether or not larvae were 
parasitiz.ed. Leaf consumJ>tion was reduced significantly by pllrusitism of larvae that were 
reared on ICllves from DllVis or PI 171451 soybean. 

Key V."ords: He/iot,hi:>, Microplitis croceipes, resistance, soybean, pnrasitoid, food 
consumption. 

J. Agric. Entomol. 1(2): 169-176 (April 1984) 

Development of alternative insect pest control measures is being emphasized 
to reduce dependence on chemical pesticides for crop protection, thereby reducing 
the detrimental effects of the chemicals. For example, biological control is receiving 
considerable attention, and host plant resistance to insects can be used for crop 
protection (Painter 1951). 

Resistance in soybean, Glycine max (Linnaeus) Merrill, to the Mexican bean 
beetle, Epilachna uariuestis Mulsant, was first demonstrated by Van Duyn et a1. 
(1971), Of several hundred soybean genotypes which they evaluated, 'Davis' was 
the most susceptible to Mexican bean beetle feeding damage, while plant intro
ductions (PIs) 171451, 227687, and 229358 were the most resistant. These three 
genotypes also showed resistance to the bollworm, Heliothis zea (Boddie) , and the 
tobacco budwonn, H. uirescem; (Fabricius) (Clark et. al. 1972, Hatchett et a1. 1976). 
Antibiosis to the bollworm was demonstrated in PI 229358 in 1976 (Beland and 
Hatchett 1976). Later, Hatchett et. al. (1979) identified multiple insect resistant 
soybean breeding lines derived from crosses involving PI 229358. 

I HYMENOP'l'ER,\: Hracunid,u) 
2 LEI'Il)OPTERA; NOcluidae 
3 Conlrihution from Agricuhurnl Rescarch SCl"'ice, USDA, and Ihc Miaaialliplli Agricultural and Fore6try E:tpcrimcnt 

Slut ion, Stoneville, MS 3!l776.•Iuurnal Articlc No. ;')542. Ilecci~'cd 7 July 1983; llcccptcd tl NO'o'cmher 198:1. 
4 ~lenlion of fl tnodCOlark or propricll'ry I>rodllcl doeH nut C(lllHtitule a Itlll,rnntcc or w"rrnnly of thl! product by the U. S. 

Depl. of Al:ric. nod doos nul imply its allpfoval to Ihe e:tculsion of other product" that mny 111110 be .. uitllhlc. 
fJ Research Entom"loltillt, Southern Field CrOll Inllect Manlll:emen\ LlIhoratol)' and Research Entomologist. Soybean 
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Microplitis croceipes (Cresson) is an important parasitoid of bollworm and 
tobacco budworm larvae in many areas, especially in the central Mississippi Delta. 
Since PIs 171451, 227687, and 229358 are being used as sources of resistance in 
many soybean breeding programs to develop insect resistant cultivars, the influence 
of resistant plants on development of M. croceipes and leaf consumption by the 
Heliothis spp. hosts were investigated, and compared to that of Davis soybean. 
This was to determine if resistant soybean cultivars developed by using resistant 
genotypes might be compatible with biological control by M. croceipes. 

In 1977. G. L. Beland and E. G. King (Unpublished data) conducted similar 
studies, but too few observations were made to determine if differences that they 
detected were significant. In South Carolina, McCutcheon and Turnipseed (1981) 
obsen'ed parasitism in the field. but found no difference in parasitoid population 
densities in insect resistant and susceptible soybeans. However, suitability of the 
plant as food for a parasitized host may affect parasitoid development (McGovern 
and Cross 1976). The advantages or disadvantages of conserving or releasing a 
parasitoid when using another tactic should be considered in developing an insect 
control program. 

MATERIALS AND METHODS 

Bollworm and tobacco budworm larvae were reared on leaves from susceptible 
Davis and resistant PIs 171451,227687, and 229358 in 80~ml plastic cylindrical 
containers. The technique used was that described by Hatchett et al. (1976). 
Adults of M. croceipes were held in ventilated wooden cages (approx. 0.14 ell m:!) 
with Plexiglas@ tops, and were provided with a 50% honey·water solution and 
water by means of soaked cotton balls held in 25·ml plastic cups. Parasitization 
was accomplished by introducing host larvae singly on a small brush into a 
container of parasitoids until a female oviposited. This method was similar to the 
technique used by Lewis and Snow (1971). All studies were conducted at 26 ± 
2°C, 60 ± 10% RH, and a photoperiod of L:D 15:9. Soybean plants were grown in 
the greenhouse, and studies were conducted February to June, 1982. 

Data were analyzed using a least squares analysis of variance procedure. 

Study J 

Tobacco budworm larvae were reared either on Davis or PI 229358 soybean 
leaves. Twenty larvae reared on each genotype were exposed to M. croceipes 
females for oviposition when host larvae reared on Davis leaves reached the 
second instar. Twenty larvae reared on each genotype were held as unparasitized 
controls. All larvae were weighed after 13 d. Developmental times of the parasitoids 
were monitored from oviposition to exit of parasitoid larvae from host larvae and 
subsequent spinning of a cocoon (pupation), and from pupation to adult emergence. 
Parasitoid pupae/associated cocoons were weighed individually, and adult parasitoids 
were sexed. 

Study 2 
Upon hatching, bollworm larvae were given leaves from Davis plants or from 

PIs 17145],227687, or 229358 plants. As a control, leaves only were placed in 10 
containers per genotype; changes in leaf area were measured to obtain an adjust
ment factor for leaves fed to larvae. Twenty larvae reared on each of the four 
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genotypes were exposed to M. croceipes females for oviposition when host larvae 
reared on Davis leaves reached ca. the mid-second instar (designated Date 1). 
Controls consisted of ten larvae that were reared on each genotype, but were not 
parasitized. From a preliminary study, development of larvae reared on the leaves 
of resistant plants was known to lag behind that of larvae reared on Davis leaves. 
Therefore, to allow those larvae sufficient time to obtain a size more suitable for 
parasitization, 20 additional larvae reared on each genotype were exposed to M. 
croceipes 2 d after Date] (designated Date 2). All leaves were replaced with fresh 
ones every 2 d, and leaf area was measured with a Li-Cor@ leaf area meter. Total 
leaf consumption was calculated by adding leaf areas consumed during periods 
between replacing leaves. Host larval weight at 13 d·old, parasitoid pupal/cocoon 
weight, parasitoid developmental time from oviposition to pupation and from 
pupation to adult emergence, and sex of parasito ids that emerged were monitored. 

Study 3 
This study was similar to Study 2 except leaf area consumption was not 

measured. Thirty bollworm larvae reared on each of the four genotypes were 
exposed to M. croceipes for oviposition on Date I, and 30 were held as unpara· 
sitized controls. Thirty additional larvae reared on each genotype were exposed to 
M. croceipes on Date 2. Developmental times, parasitoid pupal/cocoon weights, 
and sex of emerged parasitoids were monitored as in Study 2. Total larval weight 
gain was calculated as the difference between initial larval weight on Date 1 or 
Date 2 and final larval weight after exit of the parasitoid larva. 

RESULTS AND DISCUSSION 

No significant (P<0.30) differences between using the bollworm or the tobacco 
budworm as hosts were detected in 1) weights of 13-d-old host larvae, 2) weights 
of parasitoid pupae/cocoons, or 3) parasitoid developmental times from egg to 
pupa and from pupa to adult. Thus, data were analyzed accordingly. 

Survival of Test. Insects 
Fig. 1 illustrates percentages of test insects that survived to produce either a 

host pupa (unparasitized larvae) or a parasitoid (parasitized larvae). Percent 
survival of ullparasitized larvae was not significantly different (P<0.30) among 
genotypes, although survival was reduced for all three PIs. For parasitized larvae, 
however, significant (P<0.10) differences in survival were apparent among geno
types. Survival of parasitized larvae reared on Davis leaves was significantly higher 
than that of larvae reared on either PI 227687 or 229358, and survival of 
parasitized larvae reared on PI 171451 was significantly higher than that of larvae 
reared on PI 229358. 

Within each genotype, percent survival was greater for unparasitized than for 
parasitized larvae (Fig. 1). Significant differences only occurred when Pls 227687 
(P<O.20) and 229358 (P<O.IO) were used as a food source for larvae. This 
indicated that use of genotypes with PI 171451 as a donor parent may be more 
compatible with use of M. croceipes in a biological control program. 



172 J. Agric. EnlomoL Vol. 1, No.2 (1984) 

100-r------------==-------... 
~ Unparasitized

II Parasitized 

... 75 
~ 
;: 
II: 
:l 
Ul 

I- 50 
Z 
W 
() 
II: 
III 
II. 

25 

Davis PI171451 PI227687 PI 229358 

SOYBEAN GENOTYPE 

Fig. I.	 Percentage of Heliothis spp. test larvae rcared on leaves of four soybean genotypes 
t.hat survived to pupat.ion (unparasitizcd larvae) or yielded a parasitoid (parasitized 
larvae). Percentages for unpnrasitized larvae were not. significantly different 
(P<O.30). For parasitized larvae, bars with the same leller represent percentages that 
were not significantly different (P<O.! 0). 

Developmental Time 
The developmental time of M. croceipes from oviposition to pupation (cocoon 

formation) when host larvae were reared on leaves of Davis soybean was the same 
for Dates 1 and 2 (Table 1), even though host larvae were larger on Date 2. This 
size difference was important, however, for host. larvae that were reared on the 
resistant soybean leaves. The larvae were large enough on Date 2 that. parasit.oid 
developmental time from egg to pupa was significantly faster by l-2 d than that of 
larvae parasitized on Date 1. 

Parasitoids from Date 1 developed 2·2.5 d faster in larvae that fed on Davis 
than on resistant soybean genotypes (Table 1). By Date 2, larvae that fed on PIs 
227687 and 229358 had attained sufficient size t.hat their parasitoids developed at 
the same rate as those from Imvae reared on Davis leaves. Only parasitoids from 
larvae reared on Pl 171451 developed more slowly. According t.o Beland and 
Hatchett. (1976), a longer developmental time caused by resistance might enhance 
the effectiveness of a natural enemy because exposure time would be longer. 

Date of parasitization had no significant effect on parasitoid developmental 
time from pupation to adult emergence. This developmental time was not affected 
by soybean genotype (P<0.30); the mean (±SE) was 8.0 (±0.2) d (n~87 parasitoids). 
Apparently, if a parasitoid survives to pupation, its subsequent development is 
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Table 1.	 Mean- developmental time (d) of M. croceipes reared from egg to 
pupa/cocoon on He1iothis spp. larvae reared on leaves of four soybean 
genotypes. 

Egg to pupa 

Soybean Date It Date 2t 
genotype n X ± SE n X± SE 

Davis 57 9.0 ± 0.3 a,x 29 9.2 ± 0.4 ab 
PI 171451 29 11.6 ± 0.4 b,x 27 10.3 ± 0.4 a,y 
PI 227687 25 10.9 ± 0.4 b,x 18 8.9 ± 0.5 b,Y 
PI 229358 32 11.1 ± 0.4 b,x 14 9.2 ± 0.5 ab,y 
- Me.ms ""jlh the slim" letter in u column (lI.hl or row (~Sl on' 1101 lIignificanlly ltirrermlt (1)<0.0.',). 
t Dille I (IGGurred when la""'llI' rll/lred on DUI'is reached CII. mid·~I)l:()nd in~l"r; Dnte 2 WM 1 dIaler. 

normal. Males emerged from cocoons (7.5±0.4 d) 2 d earlier (P<O.Ol) Lhan 
females (9.4±O.2 d). Numbers were too low to determine if there was an interaction 
of parasitoid sex and genotype of soybean fed to host larvae. 

Parasit.oid Weights 
Mean weights (mg) of M. croceipes pupae and associated cocoons are shown in 

Fig. 2. The significant weight differences indicated that resistance factors in PIs 
227687 and 229358 may reduce the quality of developing parasitoids. 

20"T"'-------------------r 

15 

10 

5 

o 
DAVIS PI 171451 PI 227687 PI 229358 

SOYBEAN GENOTYPE 

Fig. 2.	 Melin weigh,"" (mg) of M. cruc:eipes pupae and associated cocoons t.hat developed from 
Helin/his spp. larvae reared on leaves of four soybean genotypes. Bars with the same 
shnding represent. means thai were not. significantly different (P<O.Ol). 
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Mean weights of 13-d·old Heliothis spp. larvae are listed in Table 2. At 13 d, 
both unpar8sitized larvae and parasitoid larvae within their hosts are near maturity. 
Weight of parasitized larvae reared on Davis and PI 171451 leaves was only 0.4 
that of unparasitized larvae; whereas, on PIs 227687 and 229358 leaves, mean 
weights were not significantly different for parasitized and unparasitized larvae. 
Thus, parasitism did not cause sib'l1ificant l'cductions in lalval sizes at 13 d for the 
latter two genotypes, even though parasitized larvae were smaller (Table 2). 

Table 2.	 Mean- weights (mg) of 13-d-old I-1eliothis spp. larvae, parasitized by M. 
croceipes and unparasitized, reared on leaves of four soybean genotypes. 

Soybean Parasitized Unparasitized 
genotype n X+ SE n X ± SE 

Davis 43 101.3 ± 9.5 a,x 28 276.6 ± 11.8 a,y 

PI 171451 20 103.3 ± 14.0 a,x 8 2G 1.3 ± 22.1 a,y 
PI 227687 11 85.6 ± 18.9 ab,x 8 123.8 ± 22.1 b,x 

PI 229358 14 57.9 ± 16.7 b,x 29 7l.0 ± 11.6 C,X 

."lelln.~ with the Home leller in II w)lInlll lll.h,t") Or row (IJI) nrC not sil:llifiellntl~' different IP<o.n!». 

The effed of PIs 227687 and 229358 soybean on weights of unparasitized 
larvae was dramatic (Table 2). Larvae reared on PIs 227687 and 229358 were. 
respectively. ca. lh and % the weight of lan/se reared on either Davis or PI 171451 
soybean. Similar results were reported by Van Duyn et al. (l972) for resistance in 
soybeans to the Mexican bean beetle. Their results indicated that PIs 227687 and 
229358 were unsuitable food sources for beetle larvae, but that PI 171451 did not 
indicate the same level of antibiosis, The combined effects on host larvae of 
parasitism by M. croceipes and of feeding on resistant soybean leaves apparently 
were not additive. Otherwise, significant differences would occur between weights 
of parasitized and unparasitized larvae reared on leaves of each genotype, as well 
us among weights of parasitized larvae reared on the four genotypes. 

A similar pattern was observed in mean weight gain (mg) of parasitized and 
unparasitized bollworm larvae (Table 3), Weight gain was not significantly different 
among genotypes for parasitized larvae, but was for unparasitized larvae. Also. 
weight gain of parasitized '"'s. unparasitized larvae was significantly different for 
each genotype. 

Table 3.	 Mean- weight gain (mg) of l-I. zea larvae, parasitized by M. croceipes 
and unparasitized, reared on leaves of four soybean genotypes. 

Soybean Parasitized U~arasitized 

genotype n X ± SE n X ± SE 
Davis 42 66.7 ± 10.7 a,x 24 504.5 ± 14.2 a,y 
PI 171451 35 55.9 ± 1l.7 a,x 18 403.8 ± 16.4 boY 
PI 227687 29 53.1 ± 12.9 a,x 18 220.1 ± 16.4 d,y 
PI 229358 31 44.6 ± 12.5 a,x 14 307.4 ± 18.6 c,y 

Mean. with tht· S<lme INter (lI,b,c,.1l in a column are nol sil:nificantls different IP<O.IO I'arn~itized: 1'<0.01 unparn81ti1.edj. 
Menns ""ith the ~flIne letter (1,)'1 ill II rowan.. IIot slcnificantly "iffer~nt (1'<0.011. 
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Leaf Area Consump/.ion 
Parasitization of larvae by M. croceipes is known to reduce larval feeding 

(Lewis 1970). Leaf area consumption is important because major damage by 
Heliothis spp. larvae can be caused by foliar feeding; but larvae also cause major 
damage by feeding on fruiting forms. Selective feeding of Heliothis spp. larvae on 
soybean pods might avoid effects of foliar resistance on parasitoid survival. 
Whether foliage resistance also occurs in fruiting forms of the same plant is 
unknown. In Table 4, mean total leaf area (cm2) consumption is tabulated for 
parasitized and unparasitized larvae reared on the four soybean genotypes. The 
results followed the trend that was seen in previous Tables; results for larvae 
reared on Davis and PI 171451 soybean were similar, and results for PIs 227687 
and 229358 were similar. Parasitization of host larvae reduced leaf consumption, 
but only significantly for larvae reared on Davis and PI 171451. Because leaf 
consumption was the same for all parasitized larvae, yet not for all unparasitized 
larvae, resistance factors did not increase the detrimental effects of parasitization. 
In the absence of parasitization, use of resistant PIs 227687 and 229358 resulted 
in a significant reduction of larval feeding (Table 4). 

'fable <l. Mean· total leaf area (em:!) consumption of four soybean genotypes by 
H. zea larvae parasitized by M. croceipes and unparasitized. 

Soybean 
genotype 11 

Parasitized 
X ± 51' 11 

U':!Earmiith:ed 
X + 5E 

Davis 24 133.9 ± 10.6 a,x 8 236.8 ± 18.3 a,)' 
PI 171451 20 124.9 ± 11.G a,x 8 273.7 ± 18.3 a,y 
PI 227687 II 122.7 ± 15.l) a,x 8 140.6 ± J 8.3 b,x 

PI 229358 1 102.6 ± 51.9 a,x 9 117.9 ± 17.3 b,x.

:\lellJlll with ,ll{" slime l~lIer III.b) in" ,:,,11lmn arc nnl ~jgniric"n,ly difrer..n' 1/'<O.llll. Mt',ms with til<' SlIme leller (1S) in 
II row ur" nO! "igniricllnlJy .Iiffcrcm (1'<0.01 Dll\"is. I'r·171·1.~I: j'<O.10 1'1·:!:!711il7. I'r·~29:lr,I'l). 

Conclusion 
The main difference between paras ito ids from hosts reared on susceptible 

Davis and resistant PI 171 <l51 soybean was the longer developmental time of M. 
croeeipes in larvae reared on PI 171451 leaves. As mentioned earlier, this length
ened exposure to paras ito ids may result in higher parasitism rates. Another benefit 
of using resistant varieties may be a reduction in insecticidal kill of parasitoids 
because of less chemical usage. This indicates that biological control by M. 
croceipes may be compatible wit.h use of resistant cultivars developed by using 
genotype PI 171451. Use of PIs 227687 and 229358 soybean or other genotypes 
with the same resistance may have an adverse effect on the parasitoid population, 
and thus preclude any additional crop protection from parasitization of Heliothis 
spp. by M. c:roceipes. Further investigations into t.he adverse effects of resistant 
cultivars developed by using PIs 227687 and 229358 on fecundity, population 
dynamics, and biology of M. croceipes are being conducted. 
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ERRATUM 

The second paragraph on page 70 of the January issue (Vol. I, No. 1) was 
omitted and appears below. We apologize for this omission and any inconvenience 
it may have caused. 

To determine the influence of temperature on larval and pupal developmental 
times, C. decora larvae were monitored at six constant temperatures (12.8, 15.6, 
21.1,26.7,32.2, and 35.0, all ±U"C). Aft_r _dosion at 26.7"C, ftrst instars (2:1 h 
but ~ 4 hold) (n=162) were separately caged in petri dishes. Larvae were divided 
randomly into six groups of 27 laIVse each, and one group was placed at each of 
the six temperature regimes. Development and survival were monitored daily and 
prey were provided as necessary. 
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OBITUARY 

J£lJl£1 Rsk£W Jordon 
Iq31 - IQS4 

Dr. Jewel Askew Jordan was born June 
26, 1932, in Los Angeles, California; the 
daughter of William Jasper and Elmira S. 
Askew. She received a B.S. degree in Biology 
in 1953 from the Georgia State College for 
Women. Following graduation she taught 
General Sciences and Biology at Wrens 
High, Tifton Junior High and Commerce 
High Schools in Georgia. During this time 
she worked with other high school, college, 
and university teachers of biological sciences 
as co·authors of three versions of high school 
biology texts and teaching materials under 
the auspices of the American Institute of 
Biological Sciences. 

The Jorclans moved to Clemson, South 
Carolina in 1967 and Jewel began work on 

her M.S. in Zoology. Her thesis title was "The Effects of Triphenyltin Acetate on 
Albino Rats and Their Offspring" and she received her degree in 1971. Immediately 
thereafter. she began working toward her Ph.D. in Entomology which was completed 
in 1975. Her dissertation research was in the area of insect physiology and was 
entitled "Immunological Responses of Helioth~~ uirescens and Other Insect Pests to 
Biological Control Agents." 

Dr. Jordan joined the staff at Clemson University in 1975 as lecturer and later 
was promoted to Assistant then Associate Professor. During her first years in the 
Department of Entomology, Fisheries and Wildlife, she taught Insects and Man; 
General Entomology laboratories; and Introduction to Research. Dr. Jordan later 
taught Insect Morphology and Insect Taxonomy. From 1975-1984, she taught 
virtually every student in entomology in one or more courses and many other 
students from throughout the University. She always maintained high standards of 
instruction. Dr. Jordan also was the academic advisor for many of the undergraduate 
students in the Department. She constantly reminded the faculty of the importance 
of establishing and maintaining high standards for counseling both undergraduate 
and graduate students. 

Dr. Jordan was an excellent researcher, and while not employed in a research 
capacity at Clemson, her expertise in this area was an invaluable asset in both her 
teaching and counseling students. She was a leader by example and she constantly 
reminded the faculty and graduate students of the need to excel in all of our 
teaching activities. ' 

Dr. Jordan was a member of the South Carolina Entomological Society where 
she served as Historian, the Georgia Entomological Society, and the Entomological 
Society of America. 



On March 16, 1984, Dr. Jordan died in the Newnan Hospital in Newnan, 
Georgia. Entomology has lost a great teacher, set apart from good teachers by her 
ability to inspire. Her wise counsel, friendliness, and constant helpfulness was 
greatly appreciated by her students and fellow faculty members. Through her 
students, Dr. Jordan's influence will continue to affect the profession of Entomology 
and the lives of many people. She was a gentle person dedicated to the profession 
and a teacher who truly cared. 

Dr. Jordan is sunrived by her husband, Dr. Wright S. Jordan of Clemson, S.C. 
and one daughter, Reta, who is currently enrolled in the School of Law at the 
University of Georgia. 

Ruth L. Hays 
Ray Noblet 
S. B. Hays 
Clemson Urliuersity 



OBITUARY 

William 1lEnifY Cross 
11:)28 - 11:)84 

The world has lost a dedicated scientist 
and naturalist in the untimely death of 
'Villiarn H. Cross. Bill was killed in western 
Mexico in early April while on a collecting 
trip studying the ecology of the boll weeviL 
Those who knew Bill well can take some 
consolation in the fact that he died in his 
favorite pursuit - exploring exotic locations 
for insects and their host plants. 

Bill was born on December 10, 1928, in 
Baker County, Georgia, but grew up on the 
shore of Lake Jackson in Tallahassee, Florida. 
His interest in nature began early. His mother 
remembers that almost as soon as he could 
walk, he was turning over rocks to see what 
lived under them. Somewhat later, he began 
to collect the myriad dragonflies and dam· 
selmes that emerge from Lake Jackson and 

to observe the birds that live there. His extensive notes and collections reflect his 
early enthusiasm. 

Bill was salutatorian of his 1947 High School graduating class and attended 
Florida State University, earning his B. S. degree with honors in 1949 and his 
Master's degree in 1951 with his thesis on dragonflies. He attended the University 
of Georgia where he received his Ph.D. in 1956 with a broad ecological study of 
insects as his dissertation. 

He was an entomologist doing mosquito research in the Air Force from 1955 to 
1957 at Ramey AFB, Puerto Rico, and Fort Detrick, Maryland. After leaving 
military service, he worked on the USDA Screwworm Eradication program at 
Orlando and Sebring, Florida, until its successful completion in 1961. He then 
joined the USDA Boll Weevil Research Laboratory as it was being formed near 
Starkville, Mississippi, and was Biology and Ecology Research Leader there until 
his death. he served as adjunct professor in both the Entomology and Biological 
Sciences Department at Mississippi State University. He was major professor for 
ten Doctoral and nine Master's students and served on numerous other graduate 
students' committees. 

Bill was a member of Phi Beta Kappa, Phi Kappa Phi, Sigma Xi, and Gamma 
Sigma Delta. \Vhile with the screwworm program, he received an Outstanding Rat
ing and his team, a USDA Unit Award. He was a member of the group that 
received a USDA Superior Service Award in 1975 for the development of the boll 
weevil pheromone program. Bill was the 1980 recipient of the Mississippi Entomo
logical Association Award for research. He received a 1980 USDA Certificate of 
Merit for superior performance as leader of the Biological Evaluation Team in the 
Boll Weevil Eradication and Optimum Pest Management Trial programs, and his 
team received a USDA Unit Award in 1982. 



Bill's research accomplishments formed the basis for numerous symposia on 
the boll weevil and are further documented in over 70 scientific papers. An inter
nationally recognized authority on the ecology of the boll weevil, Bill traveled 
widely in Latin America and recently aided the Brazilian government in assessing 
the boll weevil problem there. His insistence that behavioral studies be carried out 
under natural conditions in cottonfields has resulted in many valuable observa
tions. 

Bill's contributions to systematic entomology are perhaps best exemplified by 
his tireless efforts at merging his creation, the ARS Cotton Insect Collection, with 
the collections of the MSU Entomology Department to form the Mississippi 
Entomological Museum. Bill was interim director of the museum until a full time 
director was found. This museum currently has the largest collection of cotton 
insects in existence. 

His broad interests included active participation in civic affairs. He was an 
experienced pilot, and since his first solo flight in 1970, Bill enthusiastically 
developed flying as a research tool. Bill was a past president and staunch supporter 
of the Starkville Lions Club. AffectionalLy known to young scouts as "Dr. Bug," 
Bill was an active member of Boy Scout Troop 45 for over a decade. More recently, 
Bill had been coordinating the Christmas Bird Counts of the Audubon Society for 
this area. 

Bill was well known for his youthful enthusiasm and methodical nature. Those 
of us who knew him as a friend remember him as a quiet, kind. and considerate 
person, a dedicated husband and father. He will be deeply missed. 

William L. McGovern 
Gerald H. McKibben 
James W. Smith 
Patricia R. Miller 
William L. Johnson 
Frank J. Benci 
USDA Boll Weevil Research Laboratory 
Mississippi State, MS 39762 
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EFFECT OF DIFLUBENZURON PLUS IRRADIATION 
TREATMENT ON MALE BOLL WEEVIL' FLIGHT' 

Jack W. Haynes and J. E. Wright
 
USDA, ARS, Delta States Area, Boll Weevil Physiology Research
 

P.O. Box 5367, Mississippi State, MS 39762
 

Abstract: Three days after lreotmenl (diOubenzuron + irradiation) the percenl flight of 
sterilized male boll weevils, Anthonomus grandis groT/dis Boheman, was 48.6% that of the 
untreated males. For the next 2 d flight activity of the treated males dropped to 22.8% of 
that. of the untreated males. 

Key Words: Sterilization, dinubenzuron, boll weevils, flight, irradiation. 

J. Agrie. Entomol. 1(3): 181·184 (July 1984) 

In some pest management programs insects are used for population sup
pression. It is essential to mass rear, sterilize and evaluate a high quality insect for 
this purpose. Performance of the sterilized boll weevil, Authonomus grandis 
grandis Soheman, has been reported by Earle and Simmons (1979), Villavaso et 
al. (1980), Haynes et al. (1981), and Wright et al. (1983). First, Earle and 
Simmons (1979) reported that a 20-min flight test where boll weevils sterilized 
with an acetone dip of 0.1 % diflubenzuron plus 10 krnds acute irradiation resulted 
in 86% less flight activity when compared to the control I-d posttreatment. Next, 
Haynes et al. (1981) found an acetone dip alone reduced flight activity of sterilized 
boll weevils by 50% compared to controls 1 d after treatment. In small field plots, 
Villavaso et al. (1980) reported that weevils sterilized with a diflubenzuron dip + 
irradiation were only 16.9% competitive. Finally, Wright et a1. (1983) sterilized boll 
weevils by feeding them a dinubenzuron-treated diet followed by irradiation. This 
procedure was used to sterilize boll weevils released in 1979 in the Boll Weevil 
Eradication Trial in North Carolina. 

Flight tests reported here were designed to more effectively measure the flight 
ability of the treated weevil for the first 5·d posttreatment. The first day is the 
most crucial since this is when the sterilized males must fly to the plants and 
begin normal feeding, pheromone production (McGovern et al. 1975), and mating 
(Wright et al. 1983). 

MATERIALS AND METHODS 

The standard Gast larval and adult diets, as described by Lindig et al. (1979), 
were used in these boll weevil studies. Five-hundred newly emerged adults were 
reared at the Robert T. Gast Rearing Facility, Mississippi State, MS, and held in a 
large cage where they were fed for 6 d on a diet containing lOO ppm of 
dinubenzuron before being irradiated with a 10 krad dose (1:17 Cs irradiator). 
Untreated weevils were fed on adult diet pellets. Twenty-five treated (T) (j X 
untreated (U) Q and 25 U (j X U Q were individually held from each of the'groups 
in 2.54 cm;1 boxes for 2-wk posttreatment and fcd normal adult diet. Eggs were 
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collected from these individual pairs five times at random during the 2·wk 
sampling period. Half the eggs collected were held for hatch for 7 d. and half \Vere 

placed in larval medium for F I adult emergence 2 wk later. Mortality was 
recorded daily during the 14-d test period. Egg hatch nnd mortality tests were 
conducted on a sample of the flight test weevils to ensure that total sterility had 
been obtained. 

The night tests were conducted in a heated room (30 ± 3°C) illuminated to ca. 
300 - 325 fe. Although the room temperature may have fluctuated as much as 6°e 
over the 2-wk test period it never varied more than 2°C during the 1 - 2 h of 
testing. Ten mixed sex weevils/tests, treated or untreated, were removed from the 
large cage and placed in 50-ml beakers. The lips of the beakers were lined with 
petroleum jelly to prevent escape of the weevils. The weevils were allowed 5 min 
for orientation, and placed on a platform (12.7 em Diam X 18.4 em high) inside a 
box (35 em long X 27 em wide X 10 em high). The number of weevils which flew 
from the platform in 5 min was recorded. Two tests were run simultaneously and 
10 tests constituted one replication. Different weevils were tested each day from 
each group for 5 d in order to obtain sufficient data for statistical analysis. It 
usually took 1 . 2 h to complete a replication. Five replications were conducted 
over a 6-wk period. Thus, 500 separate flight tests (T <1 and U (1) were conducted 
during this experiment. The data were analyzed using Duncan's new multiple 
range test. 

RESULTS AND DISCUSSION 

Male boll weevils fed the diflubenzuron-treated adult diet followed by acute 
irradiation as described in the methodology resulted in > 99% sterility when they 
were outcrossed to untreated females (Wright et aJ. 1980). Approximately half the 
T (J and none of U cf died during the 2-wk test period. 

Flight activity is one of the physiological indicators of vigor and general well 
being in winged insects. Several sterility treatments or extreme environmental 
conditions have been found to affect the level of flight activity in the boll weevil. 
For example, Haynes et al. (1981) found that 5 - 6 d after treatment, flight of 
weevils wns reduced by 66 - 90% when a diflubenzuron dip (50% H 20:50% 
acetone) + 100 krad acute irradiation dose was administered. Thus, we found 
flight activity to also be an effective means of measuring weevil locomotor activity 
following the diflubenzuron feeding (l00 ppm) + irradiation (10 krod) treatment. 
Although 5 min were allowed for the weevils to fly after being placed on the 
platform, most of the weevils usually flew within 2 - 3 min. When tests were 
conducted Elt temperatures of < 30°C, the percent flight was reduced. Therefore, 
the temperat.ure was measured and adjusted, if necessary, before initiating the 
t.ests. It was important to allow the weevils a 5-min orientation period after 
removing them from the feeding cages and placing them in the glass beakers prior 
to testing. U this orientation time were omitted, the percent night was often 
reduced as much as 50%. Haynes (I 98 L) also found that night of boll weevils fed 
100 ppm diflubenzuron diet (5 d) followed by L0 krad of acute irradiation was 
reduced by ca 50% in the following instances: when the flight surface was sand 
rather than clay; when the weevils were chilled prior to release at 3.3°C (2 - 3 h); 
or when the temperature of the night surface was> 53°C. 

The flight of treated weevils for the first 3-d posttreatment was about 50% that 
of the control in this study (Table 1). To illustrate, the night of T cf over the 3-d 
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period averaged 24.2% (range 20.6·28.7) as compared with 49.8% (range 43.3 
55.0) in U d. Obviously, feeding diflubenzuron in the diet + irradiation (Wright et 
al. 1980) was less debilitating to the weevils since 35.4% more flight was observed 
than when Earle and Simmons (1979) dipped weevils in diflubenzuron solution 
followed by irradiation. By the fourth day some effects of irradiation were noted 
since activity of the T d was ca. 33% of U d. On the fifth and final day of the test, 
irradiation sickness had reduced the flight of T d to only ca. 13% of the U d 

(Table 1). In a similar study Sharp (1980) found that a Caribbean fruit fly, 
Anastrepha suspensa Loew, which received a 10 krad dose of gamma irradiation 
prior to celosion had a 24% reduction in flight propensity over a 6·d period. She 
also found that irradiation caused a 22% deeline of night activity in male flies 
compared to untreated males and a 11% decline of flight activity in irradiated 
females compared to untreated female flies. As noted in earlier tests, Haynes et a1. 
(1981) found some reduction in flight activity in treated and untreated weevils 
which may have been due to increased contamination of the gut (Sikorowski 1975) 
during the 5·d testing period_ 

Table 1. Effects of a 6-d feeding of difiubenzuron (100 ppm) + 10 krads of acute 
irradiation on the ability of the male boll weevil to fly. Square fed post· 
treatment, Five replications of 10 tests/group/day. 

Weevils· 
tested 1 

% Flight on 
2 

indicated day posttreatment t 

3 4 5 

T<:J 
U<:J 

23.3 
55.0 

a 
b 

20.6 
43.3 

a 
b 

28.7 
51.0 

a 
b 

10.5 a 
33.0 b 

4.0 a 
31.0 b 

• T = trclltcd, U ... untrclited.
 
t The '>'lIlueR of treatcd lind untreatcd wce,>,il~ are significantly difrcrclIl IP < 0.051.
 

In summary, during the 5 d of testing the flight of T d boll weevils averaged 
17.4% as compared with 42.7% in U d. Thus overall activity of T d's was 40.7% 
of the U d in the laboratory. For the first 3·d posttreatment we observed 40% 
more flight activity when weevils were fed diflubenzuron in the diet rather than 
when they were dipped in a diflubenzuron solution using pure acetone in earlier 
studies. 
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Abstract: Field tests in 1978 demonstrated that the red imported rue ant, Solenopsis invicta 
Buren, could be successfully relocated by placing nnts and mound contents into a funnel. 
shaped hole 36 em deep and 46 em Dism. Relocation was temporary since relocated colonies 
were only active for 8 period of from 3 to 18 months following relocation. Colonies that were 
relocated in the spring or summer were less successful in reestablishment than those that 
were moved during the fall or winter. Likewise, colonies relocated in spring or summer 
declined at 8 more rapid fate than those relocated in fall or winter. Heavy rainfall 
immediately after relocation, especially in heavy soil types, was detrimental to successful 
colony establishment. Evening was found to be the best time to transfer colonies during the 
summer season. Ninety-five percent of those colonies that reestablished at new locations had 
viable queens present at the new site; ho.....ever. we were unable to determine if colony failure 
was due to lack of a viable queen. 

Key Words: Red imported fire ant, SolenopsLs inuicta Buren, colony relocation. 

J. Agric. Entomol. 1(3), 185·190 (July 1984) 

The red imported ftre ant (RIFA). Solenopsis inuicta Buren. has been reported 
to be an important predator with predaceous activities substantiated on horn fly 
(Bourne and Hays 1973), stable fly (Summerlin and Kunz 1978), tabanid spp. 
(Johnson and Hays 1973), lone star tick (Burns and Melancon 1977), alfalfa weevil 
(Morrill 1978). boll weevil (Sterling 1978), pecan weevil (Dutcher and Sheppard 
1981), cowpea curculio (Russell 1981), sugarcane borer (Negm and Hensley 1969), 
and bollworm (McDaniel and Sterling 1979). RIFA has also been reported to 
reduce populations of several other pests (Oliver et a1. 1979; Sterling et a1. 
1979). 

We were interested in the predatory activities of RIFA under field conditions 
with uniform coverage of the area. We had observed that mature RIFA colonies 
have large numbers of foraging workers and that colonies are relatively stable. 
Colonies move on occasion but the move is usually for relatively short distances 
from the original mound site (Hays et a1. 1982). Foraging workers tend to disperse 
fairly uniformly over a large area away from the mound which makes the 
predaceous behavior of RIFA potentially useful. To assess the usefulness of RIFA 
as a predator and to have uniform field coverage, one must be able to move entire 
colonies to desired locations. The objectives of our investigation were to test 
various methods of relocating colonies and to determine the conditions under 
which they would survive and behave as a nonnal RIFA colony. It was also 
important to determine if the queen would survive relocation and if normal 
behavior patterns were exhibited following the relocation. 

I HYMENOPT"~HA: Fonnicidnc. Tcchnic,,1 contribution No. 21;9, S.C. Al:ricultural "~Iperiment Stlltion. Clemson 
University. Received for puhliclltion 5 July 19B:J; lIccepled 14 November 198:1. 

2 I)cj>t. uf Entomology, LSU. Ulllon Rouge. LA 7080:1. fonner Grllrl. HIlN. AN~t. 
:.I Professor IIml Depllrtment' Hlllld. 
4 U.S. lonny. former Grad. Rei. Asst. 
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Moving RIFA colonies is not new; for years (since 1954) we have maintained 
'laboratory colonies for short periods. OUf experiences indicate that colonies could 
be successfully transferred from one location to another with subsequent normal 
behavior several months following relocation. Success seemed to depend upon the 
successful capture and transfer of 8 healthy queen. 

As early as 1904 consideration was given to importation of an ant species, The 
Guatemalan kelep ant, Ectatomma tuberculatum (Olivier), for predation purposes 
(Wheeler 1904). Recently Jones and Sterling (1979) moved RIFA colonies into 
their test plots by digging up and moving the entire colony. 

MATERIALS AND METHODS 

The ftrst phase of this work was begun in the summer of 1978. Three methods 
of relocation were tested: 1) Transportation and housing in containers. Above 
ground and underground portions of the mound were dug as quickly as possible 
and materials were placed in a 5·gal metal container. The container and its 
contents were moved to the new site as quickly as possible. At the new site 
several holes were made in the container near its base to serve as exit holes for 
the ants. The container and its contents were allowed to remain at the new site for 
the duration of the study. 2) Transportation in containers and released on soil 
surface. Ants and soil were handled as in No.1 except at the new site the contents 
were emptied on the undisturbed soil surface. 3) Transportation in containers and 
released in holes. This method was similar to No. 2 above except immediately 
prior to the actual transfer of the colony, holes were dug in the ground into which 
the contents were emptied. Holes were funnel-shaped, approximately 36 cm deep 
and 46 em Diam. Twenty colonies were relocated by each of the three methods. 
All were observed for activity at 2, 4, 6 and 8 wk after relocation. Based on results 
of this initial study, prepared holes were used for subsequent tests. 

The second phase of this study was to assess the effects of time of year and 
soil type on success of relocation. Tests were conducted in six different soil types 
representing very sandy to heavy soils (Dothan loamy sand, Coxville sandy loam, 
Faceville loamy sand, Lakeland sand, Goldsboro loamy sand, and Norfolk loamy 
sand). At each test location an inspection was made to determine the presence of 
active RIFA colonies. RIFA free areas were chosen to lessen competition from 
established colonies and to aid in identification of colonies moved following 
relocation. Only large mounds with broods present were selected for relocation. 
The distance of actual colony transfers varied from 0.25 to 3 lan. In the test area 
colonies were spaced at least 6 m apart. Twenty colonies were relocated at each 
test site. Talc was placed on the inside walls and top of the metal containers to 
minimize ant escape during the moving process. Care was taken not to disturb the 
colony prior to actual digging to enhance queen capture. Relocations were made in 
the morning. Weather conditions were monitored at each location, and ant activity 
was recorded monthly except during extremely cold weather. 

The third phase of this study was to determine if viable queens were surviving 
transfer. Previous observations indicated that it is virtually impossible to capture 
the entire worker component of the colony, especially during warm seasons, since 
foraging workers and those that escape during the digging process are left behind. 
The fact that some are missed or killed during the transfer operations does not 
appear to be critical to successful reestablishment. It is, however, very important 
that the queen be moved safely along with as many brood and worker ants as 
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possible. We knew from previous experience that the queen is seldom seen during 
the digging process; therefore, we used the presence of eggs and young brood as 
an indication of the presence of a viable queen. Active mounds were dissected 5 
wk posttreatment. Forty colonies were relocated using the previously described 
method, and transfers were made during the early morning. 

Transfer success was based on numbers of ants and their relative activity as 
compared to numbers and activity of undisturbed colonies in the adjacent area. 
The same control colonies were used throughout the study. Test colonies were 
disturbed by prodding the surface with a piece of wire. Ants in active mounds 
responded to this intrusion by swarming over the mound surface. Colonies in 
which few ants responded were classified as inactive. Erratic results were obtained 
when ant activity was checked on cold « O"C) or very hot days (> 32"C); 
therefore. after a colony was determined to be inactive, additional examinations 
were made at weekly intervals to verify the inactivity. 

The fourth phase of this research was to assess the importance of the time-of
day of actual colony transfer on relocation success. Twenty colonies each were 
relocated during early morning (8 - 10:00 AM), midday (12:30 - 1:30 PM) and 
evening (5·7:00 PM). Other procedures were as previously described. 

Data were subjected to analysis of variance, Duncan's multiple range test and 
general linear models procedures. 

RESULTS AND DISCUSSION 

Results of the three methods of relocation conducted in 1978 are presented in 
Table 1. Ants left in the containers moved out almost immediately after being 
placed in the new location. No colonies survived 8·wk posttransfer. Most colonies 
(65%) that were placed on top of the soil did not sunrive 4·wk posttransfer. Only 
30% were active by the end of the 8th wk. Colonies that were placed in prepared 
holes began immediately to reconstruct the mound and at the end of 8 wk 60% 
survived as active colonies with large numbers of workers present. Defensive 
reactions exhibited by workers in the relocated colonies were as aggressive as 
those of a normal colony. 

Table I. Relocation of RIFA colonies, Calhoun County, SC, 1978. 

% Colonies active after relocation t 

Relocation Method 2 wks 4 wk. 6 \Yk~ 8 wks 

Colony in 5-gal cans 30 15 5 o a 
Colony in pre*dug holes 60 60 60 60 c 
Colony on surface 35 35 30 30 b 
Colony not moved 100 100 100 100 d 

• Twenty roloniel/treatment. 
t	 Mean' in the roJumn not follo....ed by the lame leiter are signir.(antly different at the 0.05 level of Dunun', multiple 

range lelt. 

Ants in Lakeland sand, when compared to those in other soil types, had 
significantly (P < 0.05) better survival rates. This was true following excessive 
rainfall as well as hot and dry weather condilions. 
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Seasonal effects on successful colony reestablishment are presented in Fig. 1 
and 2. Colonies transferred during the warm months were the least likely to 
become established. The best results were obtained when colonies were relocated 
during the fall and winter months. Colonies that were moved during the spring and 
summer months had less success in becoming established, and colony activity 
declined at a more rapid rate than those moved during the fall and winter months. 
Severe weather conditions such as heavy rains (ca. 5 cm/24 h) immediately after 
relocation were detrimental. Colony reestablishment success was highest in sandy 
soils (Lakeland sand) where several colonies remained at their reestablishment site 
for 18 months. Colonies in the heavier soil types (Coxville sandy loam, Dothan 
loamy sand, Goldsboro loamy sand, Faceville loamy sand, and Norfolk loamy sand) 
seemed to have a more difficult job of restructuring the mound following rains that 
occurred immediately after relocation. Colonies that were relocated during 
morning 01' midday were about equal in relocation success. Colonies relocated in 
the evening were significantly (P < 0.05) more successful in reestablishment (Fig. 3). 
There were no noticeable differences in ant behavior or in mound reconstruction 
after the transfer. 
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Fig. 1.	 Relocation of RIFA colonies, effect of season of the year on success of 
relocation. Soil type: Lakeland sand, Elgin, SC. 

In the study to determine success of queen capture and transfer, 62.5% of the 
colonies remained in the relocation site 5 wk after transfer. Twenty-five colonies of 
those that remained at the relocation site were examined for presence of eggs and 
small larvae. Twenty-four of the 25 active colonies had viable queens. There was 
no way to determine if the colonies that did not survive had viable queens. 
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Fig. 2.	 Relocation of RfFA colonies, effect of season of the year on success of 
relocation. Soil type: Norfolk loamy sand, St. Matthews, SC. 
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Fig. 3. Effect.s of time of day of actual transfer of RJF'A colonies on success of 
relocation. Soil type: Dothan loamy sand, Blackville, SC. 
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CONCLUSIONS 

We believe the predatory behavior of RIFA may be useful for reduction of 
arthropod pests in some cropping situations, but in most instances natural 
infestations are scattered or non-existent. Introduction or augmentation will 
probably be necessary to establish desirable predator levels in agricultural 
habitats. 

We were not successful in relocating colonies that survived permanently in the 
new location; however, results were encouraging enough to warrant continued 
research concerning relocation and subsequent predatory behavior of relocated 
colonies. 
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Abstract: Utilizing a modified leaf disc technique, a series of studies was undertaken to 
determine the effects of fenvalerate and pcrmelhrin on Tetranychus url,icac Koch fecundity 
and rule of development. Penncl.hrin treated lima leaf discs were found to hove little or no 
effect on T urticae fecundity, whereas fenvulcrnt.c treated lima leaf discs significantly 
reduced T urticae fecundity. Tetranychus urticac reared on permethrin and fenvalerate 
treated lima plants and then placed on untreated lima leaf discs had a significantly higher 
fecundity t.han mites renred on unt.reated lima plants. Permethrin and fenvnlerate treated 
lima leuf discs also were found to shorten by 1 . 2 d the developmental period of T. urticae 
tuken from similarly treated plants. Studies suggest that increased fecundity and shortening 
of the developmental period may be t.wo of the factors involved in Panonycllus ulmi (Koch) 
outbreaks seen in the field following synthetic pyrethroid usage on apple. Studies were 
conducted under laboratory conditions at 23.0 ± 2.5"C, 30% RH and under laboratory 
light.. 

Key Words: T'wospotted spider mite, fenvalerate, permethrin, residues. 
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Resurgence of mite populations by agricultural chemicals has been a continuing 
problem since the first compounds were introduced for pest and disease control. 
On apple, tar oil (Massee 1929) and various applications of foliar sprays for minor 
element deficiencies (Thompson 1939; Holloway et a1. 1942) were the first 
materials to show the implications of agricultural sprays in mite increases (van de 
Vrie et a1. 1972). DDT was the first insecticide to be widely associated with mite 
increases on apple. Van de Vrie et al. (1972) list approximately 60 publications on 
the subject. Many other insecticides also have been involved. Currently, repre
sentatives of each major insecticide class (organochlorines, organophosphates, 
carbamates, etc.) have been implicated in caused mite outbreaks. 

In the past, most obselVers attributed these increases to the detrimental effect 
the materials exhibited on the natural enemies of the mites. Others attributed the 
increases to nutritional or subtle physiological effects produced in the host 
plant or in the mites themselves, which as a result, increased the reproductive 
potential of the mites (van de Vrie et al. 1972). Others also attributed increases to 
changes in mite dispersal and feeding behavior caused by irritating and repellent 
materials, particularly DDT. It was theorized that the dispersion caused by these 
materials resulted in the release of a higher reproductive potential not realized 
under crowded, more competitive conditions (Davis 1952, Attiah and Boudreaux 

I ACARI: Tetnmychidae 
2 Salories lind re~enrch 5ul'II0r1 provided by SIRte Rnd F'edcml Funds uPlJroprinted to the Ohio Agricultural Ileselm::h and 
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1964; van de Vrie et al. 1972). Several investigators indicated that all of these 
factors could be involved (Attiah and Boudreaux 1964; Saini and Cutkomp 
1966). 

Recently, a new class of insecticides, the synthetic pyrethroids, has become 
available for use in the apple orchard system. Although the pyrethroids have 
shown excellent results in controlling most insect pests, they too have been 
associated with numerous accounts of phytophagous mite increases and resurgences 
(Hall 1977; Hoyt et al. 1978; Zwick and Fields 1978; Hall 1979; AliNiazee and 
Cl'anham 1980; Reed and MOllzin 1981). Unlike in the past where only a few 
compounds from each major insecticide class were associated with mite increases 
and resurgences, almost the entire pyrethroid class has been implicated. Although 
the loss of predators due to pyrethroid toxicity (Lienk et a1. 1978; Roush and Hoy 
1978; Hoyt et al. 1978; Hall 1979; Rock 1979; Wong and Chapman 1979; Bower 
and Kaldor 1980; AliNiazee and Cranham 1980) and changes in dispersal behavior 
due to pyrethroid repellency (Penman and Chapman 1983; Iftner and Hall, 
unpublished data) have been found accountable for much of the increases 
currently being seen in the field following synthetic pyrethroid usage, there appear 
to be other factors involved. Field studies have revealed that there appears to be a 
rate-related phenomenon occurring, whereas, as the rates of several pyrethroids, 
fenvalerate and pemlethrin, were increased, distinct increases in phytophagous 
mites, particularly Panonychus ulmi (Koch) were recorded (Hoyt et al. 1978; Hall 
1979; lftner 1983). This rate~related phenomenon has been noted to occur even in 
the absence of predators. Field observations also have revealed that there appears 
to be a difference in the rate of development of P. ulmi populations on apple trees 
treated with pyrethroids versus those apple trees treated with various organo
phosphorous insecticides or those trees left untreated (Iftner 1983). In all 
instances where this difference was noted, mite populations on trees sprayed with 
the pyrethroids were found to be further advanced developmentally than mite 
populations on organophosphorous insecticide treated or untreated trees. Because 
of these two factors, laboratory studies were undertaken to determine the effects 
of fenvalerate and permethrin on Tetranychus urticae Koch fecundity and rate of 
development and how these factors may relate to the mite increases currently 
being seen in the field. 

The objectives of these studies were threefold: (1) to compare fecundities of 
mites reared on pyrethroid·treated foliage versus fecundities of mites reared on 
untreated or phosmet treated foliage; (2) to compare fecundities of mites reared 
for many generations on synthetic pyrethroid treated foliage, then moved to 
untreated foliage versus fecundities of mites reared only on untreated foliage, and 
(3) to compare the rate of development of mites reared on pyrethroid-treated 
foliage versus the rate of development of mites reared on phosrnet treated and/or 
untreated foliage. 

MATERIALS AND METHODS 

'I\vo pyrethroid insecticides, fenvalerate and permethrin (Ambush®), were used 
in the fecundity and rate of development studies. Phosmet, an organophosphorous 
insecticide, and water were used as a standard and as a control, respectively. 
Insecticides were applied at CWTent recommended lield application rates: fenvalerate 
2.4 EC (6.0 g AI/l00 liters); perme1.hrin 2.0 EC (6.0 g AI/l00 liters); and phosmet 
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50 WP (60.0 g AI/IOO liters). All insecticides were commercially fonnulated 
materials. 

1\vospotted spider mites, T. urticae, used in these studies were obtained from 
four laboratory cultures, each maintained on Henderson lima beans under a 
different spray regime (viz., fenvalerate, permethrin, phosmet and untreated). 
Approximately 15 generations of mites had developed on each culture before the 
various studies were undertaken. In maintaining the colonies, approximately 50% 
of the foliage was replaced every 4 d with the appropriate freshly-treated or 
untrealed foliage. All four colonies originated from a single laboratory colony 
which had no insecticide exposure for more than 6 yr and no previous exposure to 
pyrethroid insecticides. 

A modified leaf disc technique was used in all fecundity and rate of develop
ment studies. In this technique, 1.27 cm Diam leaf discs were removed from four 
different Henderson lima bean sources, each maintained under a different spray 
regime. To prevent disturbing the residue on the lower surface of the bean leaf, 
discs were removed from the foliage by positioning the cork borer on the lower 
leaf surface and I}ressing through the leaf into a handheld cardboard square (10 X 
10 X 0.3 em). 

Leaf discs were placed lower surface up in 35 mm Diam X 10 mm deep plastic 
dishes containing moistened cotton. Discs then were observed individually at 15 X 
lhrough a dissection microscope to check for the presence of mite eggs and motile 
forms. To ensure accuracy, all eggs and motile forms were removed using a #2 
black japanned insect pin. Water then was added to the dish to float the disc. 
With the aid of a fine camel hair brush T urticae from the different colony types 
were placed on the correct leaf disc type. Water was added daily to each plastic 
dish to replenish water lost to evaporation. This practice helped to keep the leaf 
discs fresh, and prevented mites from wandering off the leaf discs. 

Pots containing lima bean plants were sprayed with a hand-held, all-purpose, 
household sprayer (mister). Materials were applied to upper and lower surfaces 
until thoroughly wetted. Six pots, each containing four to five lima bean plants, 
were sprayed with each treatment. To ensure continuous treated foliage for 
colonies and the various studies, one set of six pots was sprayed with each of the 
four materials every 4 d. Henderson lima bean plants used in these studies were 
grown under greenhouse conditions in 10.2 cm Diam plastic pots containing 
Terralite@ 234 vermiculite. Four to five plants were grown in each pot. Below are 
the specifics for each objective. 

Objective J. Sixteen leaf discs were removed from each of the differently 
treated lima bean foliage types and placed in separate plastic dishes containing 
moistened cotton. On each of these leaf discs was placed one adult (guarding) 
male and one quiescent female deutonymph taken from a similarly treated mite 
colony (e.g., adult guarding males and quiescent female deutonymphs from the 
permethrin treated colony 1)laced on pennethrin treated discs). Males were used to 
ensure fertilization. Female mite emergence as an adult was regarded as the first 
reproductive day. The fecundity then was monitored for each mite for the first 16 
d of its adult life, with the number of eggs oviposited daily recorded and removed. 
Leaf discs were replaced every 5 d after first oviposition with fresh similarly 
treated leaf discs. This study was replicated two additional times. Data were 
analyzed using the Student's t·test. 
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Objective 2. Forty-eight leaf discs were removed from untreated lima bean 
foliage and placed in separate plastic dishes containing moistened cotton. Of these 
untreated discs, 16 discs utilized adult males and female deutonymphs taken from 
the colony treated with pennethrin, 16 discs utilized adult males and female 
deulonymphs taken from the colony treated with fenvalerate, and the remaining 16 
discs utilized adult males and female deutonymphs taken from the untreated 
colony, Males again were used to ensure fertilization. Female mite emergence as 
an adult was regarded as the flrst reproductive day. Fecundity was monitored and 
leaf discs were replaced as described in Objective 1. This study was replicated 
two additional times. Data were analyzed using the Student's t-test. 

Objective 3. Twelve leaf discs were removed from each of the differently 
treated lima bean foliage types and placed in separate plastic dishes containing 
moistened cotton. On each of the 12 leaf discs was placed one adult female taken 
from a similarly treated mite colony (e.g., females from the permethrin treated 
colony placed on permethrin treated discs). Females remained on their respective 
discs for 24 h to oviposit and then were removed. Eggs resulting from each female 
were counted. Eggs Bnd subsequent stages were monitored daily until adult 
emergence was complete. First adult emergence and percentage of female develop
ment were recorded. This study was replicated two additional times. 

'T'wospotted spider mite studies were conducted at 23.0 ± 2.5°C, 30% RH 
(laboratory conditions) and under laboratory light. 

RESULTS 
Objective 1. Table 1 gives the average cumulative numbers of eggs deposited 

during the first 16 d of adult life on treated and untreated lima bean leaf discs by 

Table 1. Average cumulative numbers of eggs deposited during first 16 d of adult 
life on treated and untreated lima bean discs by 7~ urticae females 
[rom similarly treated lima bean colonies. 

Reproductive Cumulative numbers of eggs/surviving female 
day· Untreated Phosmet Permethrin Fenvalerate 

I 0 0 0 0 
2 0.6 0.6 0.3 0 
3 2.3 2.2 3.1 0.6' 
4 7.7 7.5 9At 3.H 
5 15.4 15.6 17.6 8.6' 
6 24.4 25.3 27.2 15.2t: 
7 33.1 34.0 36.1 21.9' 
8 41.6 42.7 44.4 26.H 
9 49.8 51.8 52.6 34.3' 

10 56.7 60.1 61.0 39.8' 
11 65.8 68.3 69.2 45.2' 
12 76.5 77.1 78.3 51.6' 
13 86.0 86.9 86.4 56.2' 
14 97.4 96.1 97.2 63.4 • 
15 105.7 103.6 106.2 70.2' 
16 115.3 109.7 116.3 76.6' 

• Day of mile emergence Ilt adult regarded u lint feproducli1lc dny, 
t SignilicanU)' greater than untruted at P - 0.05 (Student', Hesll.
*Signilicanu:l" Ie.. than untreated at P - 0.01 (Student'" Hut). 
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SUrYlvmg T. urticae females from similarly treated lima bean colonies. In this 
fecundity study, mites from the fenvalerate treated colony had fewer eggs 
(significantly fewer at P = 0.01 after day 3) than mites from the other three 
colonies. Penman et al. (1981) also found an inhibitory effect of fenvalerate on T 
urticae egg production. No significant difference in fecundity was noted between 
mites from permethrin treated, phosmet treated and untreated colonies on their 
respective leaf discs. Only on day 4 did mites from the pennethrin treated have a 
significantly larger average cumulative egg per mite number. 

Although part of the reduced fecundity in the fenvalerate treatment can be 
explained by its negative effects on mite feeding and search behavior (litner 
1983), part of the reduced fecundity is also due to a change in egg laying behavior 
never before reported. Tetranyclws urticae females typically oviposit on the 
undersides of leaves, attaching eggs directly to the leaf surface, often against leaf 
veins (Fig. 1). This was the nonnal situation exhibited on phosmet treated and 
untreated discs. Although some eggs in the fenvalerate studies also were oviposited 
directly on the leaf surface, approximately 75% were suspended off the leaf 
surface by silken threads (Fig. 1). The suspending of eggs off the surface, an 
avoidance reaction to the irritating effect of fenvalerate, requires more energy then 
ovipositing directly on the surface. As a result, fewer eggs would be laid in a given 
time by mites on fenvalerate treated discs than by mites on pennethrin treated, 
phosmet treated or untreated discs. Approximately 5· 15% of all eggs in the 
permethrin studies were also found suspended off the leaf sunaces, with the 
highest percentage per day occurring during the colder laboratory temperatures. 
Very few « 1%) eggs were found suspended off the surface in the phosmet and 
untreated parts of that study. 

Objective 2. Table 2 gives the average cumulative numbers of eggs deposited 
by T urticae females from fenvalerate treated, permethrin treated and untreated 
colonies during the first 16 d of adult life on untreated lima bean leaf discs. In this 
fecundity study, mites from both pyrethroid treated colonies, when placed on 
untreated lima bean discs, produced larger numbers of eggs per mite over time 
than mites from the untreated colony. Mites from the pennethrin~treated colony 
produced significantly greater numbers of eggs per mite between day 3 through 
day 12 than mites from the untreated colony. By day 16, mites from the 
permethrin treated colony on untreated discs had produced on the average 12 
eggs per mite more than mites from the untreated colony. Mites from the 
fenvalerate treated study produced significantly greater numbers of eggs per mite 
between day 6 and day 11 than mites from the untreated colony. By day 16, mites 
from the fenvalerate treated colony on untreated discs had produced on the 
average si.~ eggs per mite more than mites from the untreated colony. Within day 
3 - 12 and 6 - II, mites from permethrin and fenvalerate colonies produced up to 
35 and 15% more eggs, respectively, than mites from untreated plants. No 
suspended eggs were noted in this fecundity study. 

In each replicate of the rate of development study, adults in the three 
insecticide treatments began emerging a full 1 - 2 d ahead of mites in the 
untreated studies. The percentage of adults in the insecticide treatments emerging 
before first adult emergence in the untreated treatments varied from 27 (9 - 45) %, 
20 (13·28) %. and 25 (12 - 39) % in the phosmet, permethrin and fenvalerate 
treatments, respectively. With adults emerging 1 ~ 2 d ahead in the insecticide 
treatment, total adult emergence was also completed 1 - 2 d ahead of the 
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Fig. 1.	 (Upper) Normal positioning of T. urlicae eggs. (Middle and Lower) T. 
urlicae eggs suspended from the leaf surface by silken threads as an 
avoidance reaction to synthetic pyrethroid residues. 
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Table 2.	 Average cumulative numbers of eggs deposited by T. urticae females 
from synthetic pyrethroid treated and untreated colonies during rust 
16 d of adult life on untreated lima bean discs. 

Reproductive Avg. cumulative numbers of eggs/surviving female 
day· Untreated Permethrin Fenvalerate 

1 o o o 
2 0.6 0.4 0.1 
3 2.3 4.61 2.5 
4 7.7 ll.H 8.8 
5 15.4 20.91 18.0 
6 24.4 31.41 28.31 
7 33.1 41.91 38.81 
8 41.6 50.3' 47.3' 
9 49.8 59.0' 56.6' 

10 56.7 67.8' 65.51 
II 65.8 77.21 74.1 t 
12 76.5 87.01 84.1 
13 86.0 94.4 91.3 
14 97.4 107.5 101.8 
15 105.7 118.3 110.8 
16 115.3 127.8 121.0 

• Day Qf mite emergence l1li adult regarded as flnlt reproductive day.
 
t Sil:llificpntJy ~rcater thlln untreated lit P - 0.05 (Student's Heat).
*Sil:llificpntly ~reater thltn untreated at P - 0.01 (Studcnt's !-teal).
 

untreated treatments. Although no analysis was done, it appears that some of the 
shortening of the life cycle occurs in each of lhe immature stages (larva, 
protonymph and deulonymph). 

In the T. urticae rate of development studies, total number of mites reaching 
adult stage and the percentage of those adults being female were very similar (no 
difference) in the permethrin, phosmet and untreated studies (Table 3). A 
significantly greater (P = 0.05) percentage of females did develop in the fenvalerate 
part of these studies. Although fewer mites reached adult stage in the fenvalerate 
studies, this reduction was due to fewer eggs being laid at the beginning of the 
studies and not to mortality within the studies. No difference in mortality was 
noted. 

Table 3. Total number of mites reaching adult stage with percent female in T 
urticae rate of development studies. 

T. urticae 

No. Mites reaching 
Material adult stage % Female· 

Fenvalerate 113 74.3 a 
Permethrin 212 62.3 b 
Phosmet 218 61.2 b 
Untreated 224 62.9 b 

• :'\Ieana followed by l4ITIe lellorcr llre not significant!}· diff~",nt a«'Ordin(: to Duncan'. new multiple range te.1 (P - 0.0:-'). 
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DISCUSSION 

It has been shown by Lewontin (1965) that a shift in the fecundity schedule to 
an earlier reproductive age has the effect of enlarging the intrinsic rate of increase, 
even if the total fecundity and longevity remain the same. Hence, those offspring 
produced early contribute more to the growth rate than those offspring produced 
later (Wrensch and Young 1975; Carey 1982). An increase in total fecundity would 
also cause an increase in mite numbers. In the T urlicae fecundity studies 
(Objective 2), it appears that both these phenomena are taking place. 

Lewontin (1965) also showed that rate of development is the most important 
single variable in infiuencing the intrinsic rate of increase. \\Trensch (1979) stated 
in terms of changes in the intrinsic rate of increase, a small change in the 
development rate can be approximately equal to a lO·fold change in total fertility. 
A shortening of the life cycle of 1 . 2 d over a number of generations as was seen 
in these studies could easily account for another partial or full generation of mites 
within a season. One extra generation could contribute to significant mite numbers 
depending upon conditions. A significant increase in the number of females being 
produced as was seen on fenvalerate·treated discs would also account for 
increases in mite numbers. 

Although tests studying the effects of fenvalerat.e and pennethrin on P ulmi have 
not produced increases in fecundity, short.er developmental periods have been 
demonstrated (Iftner 1983). In all of the P. ulmi rate of development studies, a 
number of mites on permethrin and/or fenvalerate treated discs showed a 1 - 3 d 
shortening of the life cycle when compared to mites reared on untreated discs. 
This reduction in generation time could explain part of the mite increases seen in 
the field. 

In Ohio, five complete broods of P. ulmi are the normal number plus mites that 
form partial sixth, seventh, and eighth broods. It is Quite possible that eight full 
broods do occur in Ohio, especially if temperatures arc near normal (Cutright 
1963). In these studies, the average generation time for P. ulmi on untreated discs 
was 13 . 16 d. Taking into account the five to eight broods a year and incorporating 
the 1 - 3 d shortening of the gencration time seen in our studies, it is very likely 
another parlial or full generation of mites is generated within the season on trees 
sprayed wit.h pyret..hroids. The shortening of the life cycle also explains the 
differences in rate of development seen in the field. 

From these studies on lima beans, it is suggested that the mite outbreaks on 
apple following pyrethroid treatments are also the result of two additional factors: 
(1) a shorter developmental period, and (2) an increase in the fecundity of mites, 
particularly in their early adult life. Combining these two factors with the release 
of mites from predation by their natural enemies and the higher reproductive 
potential resulting from dispersal away from treated areas more fully explains the 
rapid increase in mite num bel'S seen in the field. Further research is still needed 
to determine what physiological changes are causing these newly discovered 
influences, and whether these same influences are occulTing within P. ulmi 
populations that are experiencing outbreaks following synthetic pyrethroid field 
usage. 
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Abstract: Five replicated l'ield tests were conducted to evaluate the effectiveness of season
long applications of selected insecticide treatments against colton insects. In one test 
significant boll weevil, ArlthollOmus grandi.<; grandis Soheman, control was provided by 
cyperrnel hrio. Baythroid@ I(eynon- 4-f1 uoro-3- phenoxyp henyl)- melhy1-3-(2 ,2·dichloroethenyI)
2, 2-dimcthyl-cyclopropane-carboxylate/. fenvalerate, fenvalcrale + monocrotophos, pennethrin, 
Oucythrinatc. and perrnethrin + chlorpyriros. In a second test, the most effective treatments 
against the fall armyworm, Spodoptera frugiperda (J. E. Smith), were Alsyslin@ (2-chloro-N
f114-(trinuoromethoxy) phcnyl]-aminof carbonyll benznmide) and cypennethrin + chlordimeform. 
In all tests, all pyrethroids provided excellent bollworm, Heliothis zea (Boddie), and tobacco 
budwonn, H. uirc!>cens (Fabricius), control. as did EPN + methyl parathion mixed with 
methomyl and wilh chlordimeforrn, sulprofos, and Stauffer MV 770 (O-14-(chlorophenylthio) 
phenyl O·ethyl s-propyl phosphorothioatel). Addition of chlordimefonn to permethrin and to 
cypermethrin produced sizeable, although nonsignificant, yield increases oyer the pyrethroid 
alone. The microbial insecticides BudUw; lhuringiensi.'i Berliner nnd Baculouirus heliothis 
failed to provide season-long Heli(Jthis spp. control. In one test, addition of the feeding 
stimulant CoaxiS to B. hdiolhi.<; significantly increased yield. 

Key Word!;:	 Hcliothi.'i spp., boll weevil, insecticides, insecticide combinations, cotton, 
feeding stimulants, control. 
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Cotton in the southeastern United States is subjected to several extremely 
destructive insect pest species from seedling emergence to harvest, and intensive 
use of insecticides often is prerequisite to production of !l profitable crop. In 
South Carolina during 1982 cotton insects caused an estimated 19.4% yield 
reduction (Mitchell Roof, personal communication), even though growers spent 
approximately $1l2/acre ($277/ha) for inse~t control (Hammig and Jordan 1982). 
This emphasizes the critical need for continued research on all aspects of cotton 
insect management including pesticide use technolob'Y. 

Many relatively new pesticides, notably lhe pyrethroids, are very effective, 
especially against the bollworm, Heliolhis zea (Boddie), and tobacco budworm, 
H. uirescens (Fabricius) (DuRant 1977a,b, 1979; Hopkins et al. 1977; Hopkins and 
Moore 1980), but proper use of these chemicals requires much additional 
research, especially with tank mixes, pesticide-plant interactions, and insect 
resistance. Rajakulendran and Plapp (1982) found chlordimeform-pyrethroid 
combinations highly synergistic against the tobacco budworm in the laboratory, 
but recognized the need for field studies to verify their results. Brown et al. (1982) 
reported that high levels of methyl parathion resistance by the tobacco budwonn 
produced cross-tolerance to pyrethroids. Brown (1981, 1982) suggested several 
possible strategies for delaying development of resistance to the pyrethroids 

I	 Technic.l Conlrihuli{'l' No. 2166. Soulh CMolins Aj::rieulwral t:.perimenl 5lation. I'ublillherl hy permi... ion of tht 
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including alternation of insecticides and use of mixtures of two or more insecticides 
or insecticide·synergist mixtures. Microbial insecticides have been relatively 
ineffective against Heliothis spp. in South Carolina (DuRant 19778, 1979; Hopkins 
et al. 1977; Hopkins and Moore 1980), but addition of recently developed 
gustatory feeding stimulants to selected microbial agents has enhanced their 
effectiveness (Johnson 1982). 

Reported here are results of field studies conducted to evaluate selected 
insecticide treatments, alone and in various combinations, for control of cotton 
insects in South Carolina. 

MATERIALS AND METHODS 

Insecticides evaluated were acephate (Orthene@), azinphosmethyl (Guthion®), 
chlorpyrifos (Lorsban@), EPN, fenvalerate (Pydrin@), methyl parathion, mono
crotophos (Azodrin@), phosmet (Imidan@), sulprofos (BoIstar@), toxaphene, amitraz 
(Mitac"'), chlordimeform (Fundal"'), cypermethrin (Ammo"', Cymbush"'), methomyl 
(Lannate"'L, DuPont DPX 3247), permethrin (Ambush"', Pounce"', FMC 45801), 
nucythrinate (Pay-ofr"), Baythroid'" (cyano-4-f1uoro-3-phenoxyphenyl)-methyl
3-(2,2-dichloroethenyl)-2,2-dimethyl-cydopropane-carboxylate), Alsystin'" (2-chloro
N11I4- (trifluoromethoxy) phenyIJ-aminoJcarbonyllbenzamide), Upjohn U-56295 
(methyl N-IIIII(l,I-dimethylethyl) (5,5-dimethyl-2-thioxo-l, 3, 2-dioxaphosphorinan
2-yl)aminolthiol-methylaminoJearbonylloxYlethanimidothioate), Stauffer MV 770 
(O-14-(chlorophenylthio)phenyl O-ethyl s-propyl phosphorothioatel), and Union 
Carbide UC 62644. Biological insecticides evaluated were Baculovirus heliolhis 
(Elcar"',4 X 10' PIB/g) and BaciUus thurillgiensis Berliner (Dipel"', Abbott ABG 
6092 and ABG 6106, 16,000 IU mg potency; Thuricide"', 32,000 IU mg potency). 
Feeding stimulants evaluated were Coax@ (cottonseed flour-based) and Gustor:~ 

(soybean-based). 
Formulations tested were: acephate and Gustol (SP); Lannate L (WM); 

Thuricide (aequeous suspension); Alsystin (F); phosmet, DPX 3247, U- 56295, UC 
62644, Elcar, Dipel, ABG 6092, ABG 6106, and Coax (WP); all others (EC). 

Cotton varieties Coker 310 (1980) and Coker 315 (1981 - 82) were planted in 
Goldsboro loamy sand soil 21 (1980), 28 (1981), and 30 April (1982). All tests in 
any given year were located in the same field. Recommended agronomic practices 
were followed in all plots. Row width was 96.5 cm and plot size was 0.02 ha (10 
rows X 21.3 m). Four replicates of each treatment were arranged in a randomized 
complete·b!ock design. Treatments were initiated 15· 16 July (1980 - 81) and 7 
July (1982) when f/eliothis spp. and/or boll weevil (Anthonomus grandis grandis 
Boheman) population densities began increasing. Treatments were applied using a 
high-Clearance sprayer equipped with TX4 nozzles spaced at 48-cm intervals on a 
straight boom and calibrated to deliver 46.73 liters finished spray/ha at 4218 g/ 
em 2. Infestation data were recorded at ca. 4- to 10-d intervals throughout the 
season by whole-plant examinations of all plants in two 2.09 Iinear-m samples 
(0.0004 ha), one of which was on each of the two center rows of each plot. These 
randomly selected observation sites remained fixed throughout the season, i.e., the 
same plants were examined on all inspection dates. Heliothis spp. oviposition data, 
presented in Table 1 for 5-d intervals beginning 1.0 July, often were interpolated 
from actual obselvation dates. Yield data were obtained by machine-picking the 
four center I'OWS of each plot on 9 October, 29 October and 8 December, and 27 
October and 22 November in 1.980, 1981., and 1982, respectively. 
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Table 1.	 Heliothi1! spp. oviposition on cotton. Florence, SC. 1980 - 82.

Eggs/I00 terminals 

Date Test 1 Test 2 Test 3 Test 4 Test 5 
1980 1980 1981 1981 1982 

July 10 2 2 5 
July IS 2 2 6 7 10 
July 20 30 II 26 22 20 
July 25 36 21 30 20 10 
July 30 17 10 23 19 6 
Aug. 4 10 11 18 18 3 
Aug. 9 9 10 13 13 I 
Aug. 14 8 36' 13' I 
Aug. 19 64; 151 
Aug. 24 471 151 

- E:lCejlt III noted, blllled on count" in all plota.
 
t Inlerpola~d from counts in 1IIII'Iou 10-11 Aug.ut /llld in untruted plota only 17·20 Augu.t.
 
t Unllellted II10ta only.
 

RESULTS AND DISCUSSION 

Insect population pressures were relatively light during the 1980 growing season. 
HeJiothis spp. oviposition, negligible until mid-July, peaked the 4th wk in July at 
36 and 21 eggs/l00 terminals for Tests 1 and 2, respectively (Table 1). Heliothis 
spp. larval identification revealed the tobacco budworm to be the predominant 
species in the untreated plots on 3 July and the bollworm to be predominant on 
the June and August collection dates (Table 2). Regression analyses revealed 
highly significant linear relationships between all infestation data and yield for 
both tests (Table 3). A relatively low population of fall armyworm, Spodoptera 
frugiperda (J. E. Smith), larvae was present during August and September. 

Table 2.	 Species composition of Heliothis spp. (H. zea and H. uirescens) larvae in 
untreated cotton. Florence, se. 1980·82. 

%H. uirescens (No. larvae)-

Date 1980 1981 1982 

June 23·24 
June 30 
July 3 
July 7 
July 22 
July 24 ·26 
July 29 - 30 
Aug. 7·9 
Aug. 14 
Aug. 28 
Sept. 17 

44(68) 

54(37) 

11(63) 

72(64) 

17(77) 
16(81) 
15(77) 
13(71) 
40(40) 

3(61) 

88(65) 
80(73) 

57(75)' 
53(51)1 
62(42)1 
63(8)1 

- Fiut two inslara fOOt inl:luded. 
t Coller:lion .it.. treated wilh a2.int,hoamethyl (0.28 k(: AI/lui) 6, 9 ,Iuly. 
; Collection plola llealed ..ith SN-i2129 116 plolSl lind ninpnOlllnl'tlWI lr..... r plo!!;} (\1.14 11.26 lind 0.28 kg Altha, 

relll>edivel}·l. lind "ilh ~Illt,r"ro~ filII plotsl 11.68 kg Altha), 2:1. 26 .Iuly. 2. 6 AUI:Il~t. 



Table 3. Efficacy of selected insecticide treatments against the boll weevil and Heliothis spp. on cotton. Florence, SC. 
1980.' 

July 21 - 31 Yield (kg 
Rate % Damaged squares Heliothis spp. seed cotton/ 

Treatmentt (kg AI/ha) Weevils Heliothis spp. larvae/0.0004 ha hal 0.. 

Test I (11 applications, 15 July - 2 September J980) >
~ 

Fenvalerate 0.11 3.8 ab 0.9 a 0.3 ab 2504 a ~. 

Sulprofos 0.84 4.1 abc 1.0 a 0.3 ab 2250 ab '", EPN +MP+ 8 
chlordimeform * 0.84 + 0.84 + 0.14 3.2 a 0.6 a 0.2 ab 2205 be 3 

~ 
Sulprofos + Lannate 
EPN + MP + Lannatel 

0.84 + 0.14 
0.84 + 0_84 + 0.28 

4.3 abc 
3.3 a 

0.8 a 
0.4 a 

0.1 a 
0.1 ab 

2089 be 
1956 cd 

< 
~ 

Dipel + Elcar + Coax 0.28 + 70g + 1.68 6.4 a-d 1.5 abc 0.7 a-d 1782 de ;--

Elcar + Coax 
Dipel + Lannate 
Elcar + Lannate 
Dipel + Coax 

l40g + 1.68 
0.56 + 0_14 
l40g + 0.14 
0.56 + 1.68 

9.2 cde 
6.0 a-d 
6.7 a-e 
5.1 abc 

3.6 b-e 
2.4 a-d 
1.6 ab 
4.9 dog 

1.1 a-I 
0.4 abc 
0.7 a-d 
0.8 a-d 

1757 de 
1742 de 
1688 del 
1574 elg 

Z 
0 

w 

::; 
'" UC 626441 0.11 12.7 de 4.6 dog 1.4 c-f 1434 Ig 
~ 

Dipe! 0.56 8.2 a-e 8.0 g 2.3 I 1425 Ig 
Elear 140 g 6.4 a-d 7.3 efg 1.6 c-f 1411 fg 
UC 626441 0.022 15.7 e 6.8 elg 1.4 c-f 1400 fgh 
ABC 6106 0.56 8.0 a-e 4.1 e-f 1.3 h-f 1391 gh 
Dipe! + Elcar 0.28 + 70g 8.9 h-e 4.1 c-f 1.0 a-e 1355 gh 
ABC 6092 0.56 9.2 b-e 6.3 elg 2.1 el 1350 gh 
Untreatedt 14.6 e 7.8 fg 1.8 def 1116 h 
Coefficient of determination 0.5721 0.6681 0.6911 



Test 2 (10 applications, 16 July - 1 September 1980) 
Fenvalerate 0.11 3.9 0.6 a 0.4 ab 2298 a 
Cymbush 0.13 1.8 0.1 a 0.0 a 2281 a 
FMC 45801 0.11 2.4 0.4 a 0.1 ah 2268 ab 
Tox + MP + chlordimeforrn 2.24 + 1.12 + 0.14 3.2 1.7 a 0.3 ab 2241 ab 
Fenvalerate + amitraz 0.056 + 0.14 2.8 1.0 a 0.1 ab 2228 ab 
Flucythrinate + 

azinphosmethyl 0.045 + 0.28 1.4 0.9 a 0.3 ab 2192 ab 
Fenvalerate + Lannate 0.11 + 0.14 2.3 0.0 a 0.0 a 2158 abc 
Flucythrinate + 

azinphosmethyl 
Pounce 

0.056 + 0.28 
O.l! 

1.0 
2.8 

0.7 
0.6 

a 
a 

0.1 ab 
0.8 b 

2156 abc 
2130 abc 

D 
c: 
'" Pounce + MP 

Ambush + Lannate 
0.11 + 0.56 
0.11+0.14 

2,5 
4.8 

1.0 a 
1.5 a 

0.4 ab 
0.6 ab 

2126 abc 
2115 abc 

:> 
Z 
:-:3 

Ambush 0.11 :3.0 0.6 a 0.4 ab 2098 abc '" Pounce + Lannate 0.11 + 0.14 2.3 0.3 a 0.1 ab 2088 abc i? 
b 

Cymbush 0.067 3.1 0.4 a 0.0 a 2062 abc " 
Pounce + Tox 0.11 + 2.24 3.9 0.4 a 0.3 ab 1982 be ~ 
Tox + MP + amitraz 2.24 + 1.12 + 0.14 3.3 1.2 a 0.5 ab 1882 cd 

0 
0 
~ 

Ambush/MP§ 0.11/0.56 5.6 0.9 a 0.4 ab 1696 d '" 0 

Untreated 7.8 7.0 b 1.4 c 1429 e >; 
Coefficient of determination 0.6391 0.5361 0.4871 
• Ml'lIflS within columJl~ followed hy the same letter do not diffn 8i1:nifi~lInlly at the :>7r le~'1'1. 1)unCllfl·S multiple r8n~e test. ,\b.~ence of letters denotes llonsignificlince.
 
~ TOJ: = touphene. MP - methyl parathion.
 
.. '\7.inphosmethyl (0.28 kg AUhIl) added to All tnatments in Test 1 except these.
 
§ Ambush alternAted with 1\11' (Ambush applied 21. 28 ,July, S, 18 August, 1 September).
 
~ Sil,'llificllnt CQrrelatioll at the I'il. level.
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Test I. Fenvalerate (0.11 kg AI/ha) produced the highest yield of seed cotton, 
2504 kg/ha (Table 3). This was significantly higher than for all other treatments 
except 5ulprofos (0.84 kg AI/ha). No significant yield increases were produced by 
these treatments (kg AI/ha): ABG 6096 (0.56), ABG 6106 (0.56), DC 62644 (0.02), 
and Dipe! + Elcar (0.28 + 70 g). Coax (1.68 kg/hal significantly increased yields 
for Elcar and for Dipe! + Elcar, but not for Dipel. Methomy! (Lannate L) at 0.14 
kg Allha significantly increased yield for Dipel, but not for Elcar or sulprofos. 
Differences in yield and infestation data among Dipe!, ABG 6092, and ABG 6106 
lacked significance. UC 62644 appeared relatively ineffective against both the boll 
weevil and Heliothis spp. 

Addition of 8zinphosmethyl to most of the treatments in this test was necessary 
because of the known ineffectiveness of sulprofos and the microbials against the 
boll weevil. Combinations containing EPN + methyl parathion (0.84 + 0.84 kg All 
hal appeared slightly superior to those containing azinphosmethy! (0.28 kg AI/ha) , 
and significantly superior to UC 62644, for weevil control. Although the microbial 
treatments were decidedly inferior to fenvalerate and the organic phosphates, the 
feeding stimulant Coax appeared to enhance the efficacy of both Dipel and Elcar. 
Addition of Coax to Elcar produced a significant increase in yield and non· 
significant decreases in Heliothis spp. damage to squares and larval populations. 
Addition of Coax to Dipel resulted in a significant decrease in Heliothis spp. larval 
populations, a nonsignificant decrease in square damage, and a nonsignificant yield 
increase. Coax significantly increased the yield for the Dipel + Elcar treatment. 
Use of feeding stimulants with microbial agents probably would be practical in 
early-season control programs in which Heliothis spp. populations were lower than 
observed in this test. Many researchers also believe that elimination of the boll 
weevil as an economic pest would reduce our dependence on chemical pesticides 
and create a situation in which biological control would be more feasible. 

Test 2. All treatments increased yield significantly and decreased Heliothis spp. 
larval populations and damage significantly compared to the untreated check 
(Table 3). Fenvalerate (O.ll kg AI/ha) and Cymbush (0.13 kg AI/ha) produced the 
highest yields of seed cotton, 2298 and 2281 kg/ha, respectively. Treatments 
producing yields significantly lower than these were Pounce + toxaphene (0.11 + 
2.24), toxaphene + methyl parathion + amitraz (2.24 + 1.12 + 0.14) and 
Ambush/methyl parathion (0.11/0.56). Low weevil populations rendered the 
differences among treatment means (percent weevil-damaged squares) nonsignificant 
as determined by analysis of variance. 

Lannate failed to enhance the efficacy of fenvalerate or pennethrin (Pounce 
and Ambush). Neither met.hyl parathion nor toxaphene increased the effectiveness 
of Pounce. Amitraz was ineffective in enhancing the efficacy of fenvalerate, and 
significantly less effective mixed with toxaphene + methyl parathion than was 
chlordimeforrn mixed with this combination. The apparent failure of several 
pesticide mixtures to increase yield over that produced by the pyrethroids applied 
alone possibly was because the pyrethroids alone, at the rates used here, were 
providing an extremely high degree of control. Hopkins et aL (1977) found that 
Heliothis spp. F 3 populations above one larva/100 squares, or more than 5% 
damaged squares, were required to produce yield losses. Infestation data for this 
test indicate that these thresholds in most instances were not exceeded. 

Boll weevil pressure was light and Heliothis spp. pressure was moderate 
throughout most of the 1981 growing season. Heliothis spp. oviposition began 
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increasing in mid-July and peaked at 64 (19 August) and 22 (20 July) eggs/IOO 
terminals for Tests 3 and 4, respectively (Table 1). The sharp increase in Heliothis 
spp. oviposition in Test 3 in August compared to Test 4 possibly occured because, 
even though these data are for untreated plots only, the poor performance of many 
treatments in Test 3 had resulted in delayed plant maturity and increased 
vegetative growth, creating a more favorable environment for the moth population. 
Also, the treatments in Test 3 possibly were less effective against the moths than 
were those in Test 4. These phenomena could have created larger moth populations 
in t.he plots adjacent to the untreated plots in Test 3, subjecting these plots to 
relatively higher populations of ovipositing moths. Heliothis spp. larval identification 
revealed the tobacco budworm to be the predominant species in the untreated 
plots on 7 July and the bollwonn to be predominant during the remainder of the 
season (Table 2). Regression analyses revealed highly significant negative linear 
relationships between all infestation data and yield, and, highly significant positive 
linear relationships between earliness and yield, for both tests (Table 4). During 
August and September, a relatively low population of fall armyworm larvae was 
present. 

Test 3. Fenvalerate (0.11 kg AI/ha) and MV 770 (0.84 and 0.56 kg AI/ha) 
produced significantly higher yields and a greater degree of earliness than the 
other treatments (Table 4). Treatments (kg AI/ha) producing no significant yield 
increase compared to the untreated check were Thuricide + Elcar (0.28 + 70 g), 
Thuricide (0.56), and Thuricide + Elcar + Gustol (0.28 + 70 g + 1.12). 

Gustol failed to increase efficacy significantly for acephate, Thuricide, and 
Elcar. Four rates of Gustol (0.28, 0.56, 1.12, and 2.24 kg AI/ha) produced no 
efficacy response when added to Elcar (140 g/ha). The poor performance of 
Gustol compared to the 1980 perfonnance of Coax probably was due to the 
relatively higher Heliothis spp. population and more frequent precipitation in 1981, 
which created unfavorable conditions for season-long use of microbial agents. 
Johnson (1982) reported that neither Gustol nor Coax proved significantly better 
than the other against Heliothis spp. 

U 56295 + methyl parathion, acephate, and DPX 3247 were more effective 
than the microbial treatments but less effective than fenvalerate and MV 770. 
DPX 3247, a slow-release polymer formulation of methomyl, produced leaf 
reddening similar to that observed previously for an equivalent rate of Lannate 
(DuRant 1977b). 

Test 4. All treatments were effective except phosmet, which failed to control 
Heliothis spp. (Table 4). The low weevil populations prevented determination of 
differences in efficacy among treatments against this pest even though nine 
treatments significantly reduced weevil damage. The addition of chlordimeform to 
Ambush and of monocrotophos to fenvalerate produced sizeable, although non
significant, yield increases over those for these pyrethroids alone at the same 
rates. Addition of chlorpyrifos to Ambush and of phosrnet to fenvalerate produced 
little or no yield response. 

Test 5. Heliothis spp. and fall annyworm I)ressures were moderate and boll 
weevil pressure was heavy during the 1982 growing season. Hefiothis spp. egg 
counts peaked at 20/100 plants on 20 July, followed by a gradual decline until 
mid·August (Table 1). Heliot.his spp. larval identification revealed the tobacco 
budworrn to be the predominant species throughout the season, but this ratio 
could have been biased because during July and August larvae had been collected 



Table 4. Efficacy of selected insecticide treatments against the boll weevil and Heliothis spp. on cotton. Florence, SC 1981.' 

July 22 - Aug. 10 % Worm- % Yield Total yield ,.. 
Rute '7v Damaged squares Heliolhis spp. damaged bolls at 1st (kg seed 

Treatment t (kg AI/ha) Weevils Heliothis spp. laIVae/O.0004 ha July 22 - Aug. 26 picking cotton/hal '!1" 
f)' 

Test 3 (14 applications, 15 July· /8 September 1981) 
Fenvalerate* 0.11 4.7 a 5.2 a 3.2 a 10.2 a 93.0 a 2746 a '" "bMV 770 0.84 4.9 a 7.7 ab 5.7 abc 11.4 ab 90.7 ab 2732 a 3 
MV 770 0.56 3.9 a 12.1 abe 4.8 ab 12.6 ab 87.6 abc 2231 b ~ 
U 56295 + MPt 0.76 + 0.56 6.8 ah 15.5 ede 8.1 n-d 17.3 a-d 78.9 cd 1802 c < 

!2.U 56295 + MP;- 0.50 + 0.56 6.4 ab 14.3 bed 7.6 a-d 23.1 def 76.8 de 1568 cd ,...DPX 3247 0.56 4.0 a 12.0 abe 7.3 abc 14.4 abc 87.3 abc 1548 cd 
Acephnte + Gw.tol 0.84 + 1.12 4.3 a 16.9 c-f 11.3 cde 24.0 def 67.7 e 1466 cde Z 

~ Acephurc 0.84 6.8 ab 22.0 def 11.1 cde 24.5 def 73.8 de 1428 cde 
w 

Elcar + Gusto! l40g + 0.28 7.6 ab 20.3 def 8.7 a-d 19.2 b·e 81.7 bed 1110 def 
Elcar + Gusto! 140g + 2.24 7.8 ab 20.3 def 11.9 de 23.2 def 82.6 bed 1061 ef <0 

00 
Elcar + Gusto! 140g + 1.12 7.3 ab 18.3 c-f 9.3 bed 21.3 c-f 81.7 bed 1026 ef "'-
Elcar + Gusto! 140g + 0.56 6.9 ab 19.9 def 9.9 bed 25.2 def 78.4 ed 992 ef 
Elcar 140g 8.1 ab 23.1 ef 12.2 de 28.0 ef 76.1 de 930 f 
Thuricide + Gustol 0.56 + 1.12 8.2 ah 22.7 ef 10.1 bed 27.1 ef 77.8 d 918 f 
Thuricide + E!car 0.28 + 70g 6.9 ab 23.4 ef 11.1 cdc 29.5 f 75.2 de 844 fg 
Thuricidc 0.56 8.5 ab 24.2 f 16.5 e 30.2 f 75.8 de 820 fg 
Thuricide + E!car 

+ Gusto! 0.28 + 70g + 1.12 11.9 b 21.9 def 10.1 bed 24.8 def 74.5 de 805 fg 
Untreated-* 5.7 a 31.1 g 13.5 de 42.6 g 76.0 de 424 g 
Coefficient of determination 0.377' 0.873# 0.694# 0.749# 0.489# 



Test. 4 (J 1 applications, 16 .July -.9 September 1981) 

Ammo 0.067 3.4 abc 4.2 ab 2.8 abc 7.4 .b n:3.4 ab 3286 a 
Cymbush 0.067 4.5 abc 4.8 abc 2.7 ab 6.3 ab 94..1 ab :~264 a 
Cymbush 0.09 2.9 ab 4.:3 ab 2.1 a 6.4 ab 94.4 ab :1237 a 
Baythroid 0.022 2.4 a 4.7 ab 2.1 a 8.0 abc 91.7 abc :3201 a 
Ambush + 

chlordimcform 0.11 +0.14 3.8 abc 4.6 ab 3.0 abc 8.3 abc 93.9 ab :lO26 ab 
Fenvalerate 

+ monocrotophos 0.056 + 0.69 2.0 a 4.0 ab 2.8 abc 6.2 ab 93.9 ab 2832 abc 
Pounce 0.11 3.0 ab 5.1 abc 3.6 abc 8.9 abc 91.1 be 2766 abc 
Flucythrinate 0.0281 2.8 ab 7.0 be 3.8 abc 9.4 abc 93.3 ab 2745 abc 
Fenvalerate 0.11 1.9 a 3.2 a 2.2 a 5.9 a 94.4 ab 2723 abc 
Ammo 0.045 2.0 a 4.9 abc :l.3 abc 6.8 ab 94.8 a 2697 abc 
Ambush 0.11 3.7 abc 6.8 be 4.8 cd 9.7 be 89.6 c 2666 abc 
Ammo 0.022 2.8 ab 6.4 be 4.3 be 8.8 abc 93.3 ab 2538 be 
Ambush + chlorpyrifos 0.11 + 0.56 3.1 ab 6.7 be :l.6 abc 8.5 abc 92.4 abc 2505 be 
Flucythrinat.e 0.O45~ 3.6 abc 4.3 ab 3.3 abc 7.7 abc 93.3 ab 2453 be 
Fenvalerate + phosmet 0.056 + 0.84 4.0 abc 7.7 c 6.2 d 11.0 e 86.5 d 2408 be 
Fenvalerate 0.056 4.:l abc 4.2 ab 3.8 abc 9.2 abc 93.1 ab 2356 c 
Phosmct 0.84 5.7 be 26.1 11.0 36.4 75.7 732 
Untreated 6.4 c 28.0 9.0 41.9 76.4 405 
Coefficient of determination 0.541 # 0.877#" 0.853# 0.890· 0.830# 

• Me~n5 "';thin columnH follow'!d lJy the ~lIn'" leller do not differ ~ignificantJy ~t the 5';.; In,·el. DUllclln's multiple rall~l.' test. Ah~enc.. of letler~ denotl.'s excJu~ion from annly~i~ of 

VllfilinCl.'. 
t !\ll' = methyl parathion. 

~ Alinpho~me,hyl (0.28 k~ Altha) lidded to ~Jl treatments in Test :3 l.'xcept these. 
§ First aPl1lication Al O.U4:' kJ:: AUha. 
~ Fir~t application al O.021l k~ AUho. 

# Sil:J1ificant oolTeJ3\ion III the l~; level. 



Table 5. Efficacy of selected insecticide treatments against the boll weevil, Heliothis spp., and the fall armyworm on cotton. 
Florence, SC 1982.' 

% Damaged squares Larvae/0.0004 he % Worm % Yield Total yield 

Rate Weevils He1lothlS spp. Heliothis spp. Fall armyworm damaged holla at 1st (kg seed 
Treatment t (kg AIlha) July 16· Aug. 6 July 26 - Aug. 6 July 26· Aug. 3 Aug. 3· AUK". II July 29· Aug. 16 picking cotton/ha) 

Test 5 (J 1 appficaUoru 7 July - 7 September 1982) ,.. 
Baythroid 
Bllythroid 
Cymbush 

0.045 
0.022 
0.067 

14.0 
17.2 
20.4 

3.4 ab 
5.4 ahc 
3.0 eb 

1.9 
2.3 
2.9 

2.B ,b, 
6.1 e 
3.6 ,., 

3.7 a 
7.8 be 
6.9 ab 

95.6 
94.9 
94.3 

3408 a 
3227 ab 
3095 abc 

> 
~ 

~. 

" Ammo + 
ehlordimeform 

Ammo 
0.045 + 0.14 
0.067 

25.6 
23.6 

2.0 a 
5.6 abc 

... 
2.9 

2.3 ,b 
4.7 b·, 

'.B ,b 
6.6 ,b 

96.3 
94.5 

3053 ,·d 
2946 b·, 

l'l•:; 
3 

Alsyslin 0.56 30.4 5.6 abe '.2 1.3 a 6.1 ab 95.7 2831 b·e ~ 
Ambush 
Flucythrinllte 

0.11 
0.045 

20.3 
19.2 

9.2 cde 
8.0 bed 

3.1 
3.2 

4.0 a·e 
5.0 h·e 

11.0 cde 
12.2 de 

94.4 
95.1 

2802 b-e 
2770 ede 

< 
!2. 

Fenvalernte 0.11 25.6 5.0 abc 2.' 3.4 ,., 8.6 bed 95.2 2759 ede 
Ammo 
Fenvslerate + 

0.045 21.7 7.5 a·d 2.3 • .4 ,d, 11.6 ede 93.0 2706 ede Z 
? 

ehlorpyrifos 0.056 + 1.12 18.9 7.9 bed 3.7 3.0 s·d B.' b, 94.0 2593 deC '" Ambush + MP 
Fenvalerate + 

0.11 + 0.56 21.7 11.7 de 3.' 5.7 de 12.7 e 93.3 2516 ef ;; 
00 

ehlorp)TiCos 0.056 + 0.56 21.2 13.8 e 2.7 6.2 e 13.3 e 95.6 2228 f ~ 

Coefficient of delennination 0.084 0.723* 0.058 0.130 0.656* 0.084 

• Mun~ ",ithin C1llumns followed by the llllme letter do not differ significantly at the 5'k level Duncan'. multiple renge teat. Absence of letters denotes Tlonsignificlnce. 
t MP "" methyl plrsthion. 
1: SignificsnL correlstion at the 1% level. Absrnce of 1: denote. nonailmificance st the 5% level 
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from treated plots (Table 2). Frequent rains in July decreased the effectiveness of 
the treatments and created favorable conditions for high weevil populations. 

Bayt.hroid (0.045 kg AI/ha) produced t.he highest. yield of seed cot.t.on, 3408 kg! 
ha (Table 5). This was significantly greater than yields for all other treatments 
except. Bayt.hroid (0.022 kg AI/ha), Ammo + chlordimefonn (0.045 + 0.14 kg AI/ 
hal, and Cymbush (0.067 kg AI/ha). The lowest yield, 2228 kg, was produced by 
fenvalerate + chlorpyrifos (0.056 + 0.56 kg AI/ha). Unt.reated cott.on in an 
adjacent field produced 1716 kg. Weevil damage data lacked significance, but 
percent weevil-damaged squares was high, ranging from 14.0 to 30.4. Alsystin 
provided the best fall armyworm control, followed by Ammo + chlordimefonn 
(0.045 + 0.14 kg AI/ha) and Bayt.hroid (0.045 kg AI/ha). Regression analyses 
revealed highly significant negative linear relationships between yield and wonn 
damage to squares and to bolls. Addit.ion of chlordimeforrn (0.14 kg AI/ha) t.o 
Ammo (0.045 kg AI/ha) produced a sizeable, although nonsignificant., yield 
increase over that for Ammo alone at t.he same rate. This, along with the results 
for Ambush + chlordimeform (Test. 4, 1981), support. the Rajakulendran and 
Plapp (1982) report of synergism between chlordimefonn and several pyrethroids 
against the tobacco budworm. 
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Ab.<;(racl: A field investigation was conducted in Brunswick County, NC, to determine 
environmental factors thnl regulat.e the distributional patterns of Solerwpsis inuicta Buren, 
the red imported fire ant, foraging in a soybean field. Although S. iflvicta was observed to 
forage during the day and night, foraging activity diminished at night. The impact of some 
environmental factors on distribution patterns of foraging ants was assessed with standard 
multiple regression analyses. Foraging activity on soil was most strongly influenced by air 
and soil temperatures while foraging on soybclln plants was predominantly. related to air 
temperature. More ants were found foraging on the soil than on soybean plants. The 
proportion of ants foraging on t.he soil relat.ive to soybean plants did not change significantly 
over each 24 h sample I>eriod. 

Key Words: Solerwpsis irwicla, foraging, fire ants, distribution. 
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Solenopsis invicta Buren, the red imported fire ant (RIFA), is distributed across 
the southeastern United States and currently inhabits ca. 93 million ha from Texas 
to North Carolina (Canter 1981). A large-scale chemical control program has been 
directed toward the RIFA, but the program is controversial because a thorough 
evaluation of the economic importance of the fire ant had not been conducted 
before the initiation of the control program. 

The role of the RIFA in agricultural ecosystems has not been completely 
determined. The RIFA is recognized as an important predator in cotton (McDaniel 
and Sterling 1979; Sterling et al. 1979), sugarcane (Reagan et al. 1972), and 
soybeans (Whitcomb et a1. 1972), but the RIFA is also associated with reduced 
soybean seed yields (Adams et al. 1976, 1977, 1983; Apperson and Powell 1983; 
Lofgren and Adams 1981). The mechanism of reduction has not been completely 
elucidated. Mechanical interference with harvest caused by RIFA mounds accounts 
for only a small portion of these losses. Smittle et al. (1983) injected soybean 
plants with 32 P and subsequently recovered radioactive ants from the base of the 
plants which suggests that the RIFA feeds on soybean roots. The reduction of 
beneficial insects may also be a factor in the lovl"ering of seed yields since the 
diversity of predator ant species in Florida soybean fields (Whitcomb et a!. 1972) 
and populations of predator carabid beetles in Louisiana soybean fields (Brown 
and Goyer 1982) are reduced by the RIFA; however, Sterling et a!. (1979) showed 
that the RIFA has little effect on predator abundance in cotton. 

The objectives of our inv.estigation were to characterize the foraging activity of 
the RIFA on soybean plants and on the soil, and to assess the impact of some 

1 HYMENOPTER": Formicidnc 
2 Puper !\o. 1l1l20 of th~ JOllnl1ll Series of tbe N<lrlh Carolirm Agri~. Hcs. Sen.... ftaleil:h. Heceived for puhlicntion 6 
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environmental factors on distribution of foraging ants. A better understanding of 
foraging activity may provide insight into the importance of the RIFA in the 
soybean ngroecosystem. 

MATERIALS AND METHODS 

Experiments were conducted from July to September, 1982, in 8 6.1 ha farm 
field near Bolivia, Brunswick Co. NC. The "Ransom" variety of soybeans (Glycine 
ma.t: (Linnaeus) Merril1) was planted during the week of 12 July. Planting had been 
delayed by heavy rains. Metolachlor (Dual@) and metribuzin (Lexone@) were 
applied as preemergence herbicides and the field was cultivated for additional 
weed control at 2, 3, and 5 wk after planting. Sampling was carried out in a 0.1 ha 
plot located in a corner of the field, bordered by woods on two sides and soybeans 
on t\VO sides. 

RIFA Sampling Procedures 
To determine periodicity of foraging and to evaluate the degree to which 

foraging occurs on the soil and on soybean plants, ant activity was assessed with a 
combination of direct observations and beat sheet samples. 

Samples were taken along 2 m of row at 10 sites within the plot. The soil 
under the soybean plants of two I-m sections of rows and the furrow in between 
were carefully inspected. Soybean plants were examined, beginning at the ground 
level and proceeding up the mainstem. Visual counts of RIFAs on the soil and on 
plants were recorded separately. ,"Vhen the soybeans were at the full bloom stage 
(Fehr and Caviness 1977), the dense foliage made thorough visual observations 
difficult. After the visual counts of ants on the soil were made, the mainstem and 
foliage were inspected, and the soybean plants were then vigorously shaken over a 
1-01 2 beat sheet. When walking to each sample site and when placing the beat 
sheet, care was taken to avoid disturbing the soybean plants. Care was also taken 
that weeds were not sampled. All arthropods collected on the beat sheet. were 
placed in plastic cups containing ethanol or placed on ice in a cooler. Samples 
were sorted in the laboratory, and RIFAs were identified and counted. Collection 
sites were chosen randomly except that no site was resampled during the same 
sample period. 

Samples were taken every 4 h for a tolal of seven sampling intervals during 
each 24-h period. The 24-h samples were taken on five different dates with beat 
sheets used on the last three dates. Sampling was carried out at various stages of 
plant growth as classified by Fehr and Caviness (1977). Samples were taken at 
stages V6 (fifth trifoliate developed, 9 August), R1 (beginning bloom, 19 August), 
R2 (full bloom, 26 August), R3 (beginning pod, 1 September), and R5 (beginning 
seed, 28 September) to determine if distributional patterns of foraging ants 
changed with the phenology of the soybean plants. 

A separate experiment was conducted to examine the distribution of foraging 
RIFAs on soybean plants. Cotton wicks saturated with a 10% sucrose solution 
were attached to plants at heights of 15, 30, and 45 em in an area of the soybean 
field where the RrFA was active. Sucrose has been shown to be a highly 
acceptable food (Ricks and Vinson 1970) to which the RIFA will recruit workers 
(Wilson 1962). Thirty plants of uniform height were chosen for each height 
regimen and a total of 90 plants was baited. The baits were placed on the plants 
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in the morning at ca. 1000 h and the plants were examined at the end of 1 and 4.5 
h and the numbers of ants present and wicks occupied were recorded. The soil, 
within a 6·cm radius of each plant stem, also was examined and the presence and 
numbers of ants noted. 

Abiotic and Edaphic Parameters 
Measurements of air and soil temperatures, relative humidity, and soil moisture 

were taken during each sample period for correlation with RIFA foraging activity. 
An Extech@ Model 1200 digital thermometer was used to measure air and soil 
temperatures. Readings were taken at each sample sileo Air temperatures were 
measured ca. 3 cm above the soil surface and soil temperatures were taken by 
pushing the probe just under the surface. Relative humidity readings were taken 
with a Bacharach@ sling psychrometer. A single reading was taken during each 
sampling interval. Soil samples for moisture determination were taken from the 
soil surface with a Hoffer sampler at each observation site. Soil samples were 
weighed to the nearest 0.1 g in the field after collection, then brought back to the 
laboratory and dried to constant weights. Values for soil moisture were calculated 
on a dry weight basis. 

Statistical Analyses 
For correlation with temperature and moisture data. the number of ants 

counted on soil or plants at each time interval was transformed to a percentage of 
the total number of ants counted on the soil or the plants during the 24 h of each 
sample date. The percentage of ants was used as the dependent variable in 
statistical analyses. Data were analyzed with the stepwise regression procedure of 
the Statistical Analysis System (SAS) (Helwig and Council 1979). The stepwise 
regression procedure was used to find the best correlation (P :S 0.1) of the 
percentage of ants with temperature, moisture. and time variables, and interactions 
of all variables. The multiple correlation coefficient (R 2) was used as a measure of 
the predictability of the statistical models developed by the stepwise regression 
analyses. 

To determine the proportion of ants foraging on the soil and on the plants over 
the 24-h observation period, the numbers of ants counted on the soil and the 
plants were combined, and the percentage of ants on the soil and on the plants 
was calculated for each time interval. The data were grouped in 2·h time intervals 
and means for the five sample dates were calculated by time interval. The 
percentages of ants on the soil and on thc plants during cach 2-h period were 
analyzed with an analysis of variance test using the general linear models 
procedure of SAS to determine if there was a significant change in the proportion 
of ants on the soil and on the plants over the 24 h. The -mean percentage of the 
total ants observed foraging the soil and on the plants for each sample date was 
analyzed with the Duncan's multiple range test procedure of SAS to determine jf 
the proportion of ants on the plants changed significantly with the phenology of 
the soybean plants. 

RESULTS AND DISCUSSION 

Peak foraging activity by the HIFA occurred between 1000 hand 1200 h 
(EST). The RIFA was observed to forage during the day and night with a decrease 
in activity at night (Table 1, Fig. 1). Approximately 2 . 3 and 5 - 7 % of the total 
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Table 1. Red imported fire ant foraging activity on plants and soil during 24.h 
periods in a soybean field in Brunswick Co., NC. 

Mean no.- and %-t (± S.E.) of ants foraging on 

Plants Soil 
Time (EST) n Mean % Mean % 
0600

0800 6 12.3 ± 2.2 30.8 ± 6.1 41.3± 19.1 69.2 ± 6.1 
1000

1200 7 36.2 ± 5.3 29.8 ± 3.4 88.7 ± 16.5 70.1 ± 3.4 
1400

1600 6 20.7±4.2 32.5 ± 5.6 55.7 ± 22.2 67.5 ± 5.6 
1800

2000 5 12.2 ± 2.6 32.1 ± 8.2 33.6 ± 14.1 67.9 ± 8.2 
2200

2400 5 11.6 ± 4.8 24.8 ± 8.1 32.6 ± 14.6 75.1 ± 8.1 
0200

0400 5 16.4 ± 9.7 33.0 ± 6.8 24.2± 10.1 67.0 + 6.8 
- I'rrcrnlagf'1 do nol COrn!SIJoOnd 10 melln numhers bl'<:"nuse thr IlrrCO!ntllG'n "'-ere calculolrd by IIIlmlllr dun and Ihrn 

1I,·craged. 

t Si/:nificunt II' ::so 0.051 difrerences by IInllly~il or ,·tlnlll":" lelill ...·ere nul round. 

number of ants were observed foraging at night. on plants and soil, respectively 
(Fig. I). 

Tables 2 and 3 present multiple regression analyses of RIFA activity on the 
soil and soybean plants. The best predictive model (R 2 = 0.189) of foraging 
activity on the soil showed a linear re!ationshil> between air and soil temperatures 
and RIFA foraging activity (Table 2). The interaction of several parameters (soil 
temperature X soil moisture, air temperature X soil moisture) also were found to 
influence foraging activity. The best predictive model (R 2 = 0.503) of foraging 
activity on plants is shown in Table 3. Air temperature, the most significant 
variable, showed a linear relationship with foraging activity. The interactions of 
soil moisture X humidity, soil temperature X humidity, soil moisture X time of 
day the samples were taken, and humidity X time also were strongly related to 
RIFA foraging activity. Generally, foraging on t.he soil was most strongly influenced 
by soil moisture and temperature, and foraging on soybean plants was innuenced 
by air temperature, humidity, and soil temperature. The models of foraging 
activity are significant (P 5 0.05), but their predictability is low, indicating that 
there are other factors which influence foraging activity. 

A higher percentage of anls (mean ± S.E.) was found on the soil (69.2 ± 2.8) 
than on plants (30.8 ± 2.8). The percent of the total ants observed foraging on the 
soil and plants during each 2-h sample period did not change significantly (P ~ 0.05) 
over the diel (Table I). Although significant (P ~ 0.05) differences were found 
between the five sample dates, the percentage of the total ants foraging on plants 
or soil over each 24-h sample period could not be related to the phenology of the 
soybean plants. 

Foraging on the soybean plants was confined to the lower 20 cm of the 
lTIainstem. Ants were rarely seen on the foliage and low numbers were found on 
the beat sheet. When sugar·saturated wicks were attached to soybean plants in an 
area where the RIFA was observed to be actively foraging, RIFAs were not found 
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Fig. 1.	 Periodicity of foraging of red imported fire ants on soil and plants in a 
soybean field in Brunswick Co., NC (Vertical bars = SE). 

Table 2.	 Multiple regression analyses of effects of some abiotic variables on red 
imported fire ant foraging activity on soiL 

Model - Activity on Soil 
Error 
Corrected total 
Air temperature (XI) 
Soil temperature (Xz ) 

Soil temperature X 
Soil moisture (X3) 

Air temperature X 
Soil moisture (X.1) 

Soil moisture X 
Time (X,) 

Time of day (X.J 
EQUATION: 

y ~ -2.26 + 17.24X I 

DF 
6 

27 
33 

1 
1 

1 

1 

Analysis of variance 
F 

4.30 

14.38 
13.05 

9.56 

9.34 

3.86 
3.23 

Probability 
>F R2 Value 

0.0036 0.489 

0.0008 
0.00 [2 

0.0046 

0.0050 

0.0599 
0.0835 

17.38X 2 + 1.05X;\ - 0.99X 4 - Q001X, + 0~1X. 



KJDD and	 APPERSON: Foraging or Red Imported Fire Anls 2] 7 

Table 3.	 Multiple regression analyses of effects of some abiotic variables on red 
imported fire ant foraging activity on plants. 

Analysis of variance Probability 
DF F >F Rt Value 

Model - Activity on Plants 
Error 
Corrected total 
Air temperature (X ,) 
Soil temperature X 

Humidity	 (X,) 
Soil moisture X 

Time (X,,) 
Soil moisture X 

Humidity (x.,) 
Humidity X Time (X;,) 
EQUATION: 

Y = -13.87 + 2.079X 1 

5 
28 
33 

I 

0.019X, 

5.68 0.0010 0.503 

25.01 0.0001 

9.84 0.0040 

8.65 0.0065 

8.43 0.0071 
7.81 0.0093 

O.OOIX" + 0.016X, + O.OOOIX, 

on the sucrose baits at the 45 em height and were only found on three wicks at the 
30 em level 4.5 h after the baits were placed on the plants (Table 4). Ants were 
never found on the plants above the level of the sugar wicks. We conclude that the 
RIFA forages primarily on the surface of the soil. 

Table 4.	 Occurence and abundance of red imported frre ants on soil and sucrose 
baits attached to soybean plants: 

Total No. of antsOccurence of ants 

Baits Soil Bails SoilHeight of bait (em) 
I Hour Observation 

3 442 1515 
0 15 0 6630 
0 17 0 76.5 

4.5 Hour Observation 
20 166 5715	 8 

3 15 16 3130 
0 18 0 5345 

.. Thin)' llllllll~ wt'rp b"i'''d a1 I'lich ht'lllhi rl'll impn. 
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IN SOUTH CAROLINA' 

Michael D. Hammig'" Johnny W. Jordan". and R. P. Griffin'
 
Clemson University, Clemson, SC 29631
 

A./lstract: South Carolina and North Carolina cotton growers hove adopted an area-wide cost 
sharing program to eliminate the boll weevil as an economically harmful pest. This study 
presents estimates of the economic impact of this program on cotton growers in South 
Cnrolinn. Projected payback periods and rAtes of return on investment nre derived from 
survey datil on historical pest control requirements. On nverage, the eradication program 
should produce benefits greater tll/m costs by the fifth year. The average rate of return on 
investment will be about 40%. Annual savings will.vary from about 89 to about. $53 per acre 
($22 - $131/ha, respectively). 

Key Words: Boll weevil, eradicotion, area-wide pest control, economic evaluation. 
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A referendum was passed in January 1983 by cott.on growers in South Carolina 
and southern North Carolina to adopt a federally operated program to eliminate 
the boll weevil (Anthonomus grandis grandis Boheman) as an economically hannful 
pest in this area. A similar program has been in effect in a part of northern North 
Carolina since 1978, and the 1983 referendum will ext.end the boll weevil 
eradication region to the Georgia border. This paper presents an analysis of 
grower costs and returns of the program based on alternative estimates of program 
effectiveness. 

Control of the boll weevil has been a major factor affecting t.he success of 
cotton production for several years. Heretofore each grower has been responsible 
for his own pest control decisions. Expenditures for pest control have varied 
among growers depending on the strategies undertaken to control pests and pest 
infest.ation levels. Adoption of the boll weevil eradication program would shift the 
responsibility for control of one pest - the boll weevil - away from individual 
growers and into the hands of a single agency. Animal and Plant Health Inspection 
Service (APHIS). Costs to growers will be equally shared, on a per acre basis. 
among aU cotton growers during the time the program is in effect. 

The pOlential economic benefits from this program will be realized over a 
period of several years. Since the grower receives little or no benefits the first 
year, the initial investment will not be recouped the first year. If the program is 
successful all insecticide applications for boll weevil control will be eliminated 
after the second year. However, biologists are uncertain as to the effect of boll 
weevil eradication on insecticide usage targeted for other pests. It is generally 
assumed there will be some reduction in need for chemical control as a result of 
population buildups of beneficial insects. This could be particularly important for 
bollwonn control (Heliolhis spp.). Thus, economic ramifications of the program will 

COLEOPTEHA: Curcu!ionidae 

2 Tedmieal contrihution ~o. 2164 of the South Carolina AJ:ric. ~:Xlll. Stll" Cl..m~on Uninnoi!}". Received for puhlication 16 
,Iune 1983; accepled l~ February 198~. 

:1 Departmenl o[ Agriceltnrnl Economics and Huml Sociulogy. 
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depend not only on pest control savings from reduced boll weevil control, but 
savings from other control needs as well. The analysis presented in this paper is 
based on estimates of time required for growers to recoup the cost of the program, 
including interest on the investment, and estimated rates of return to investment 
in the program. The estimates arc derived under alternative scenarios of the 
effectiveness of the program, and alternative levels of the savings of the growers 
based on past experience of outlays for insect control. This approach examines the 
potential change in the cash flow of the grower and the number of years required 
for growers to break even. 

DATA COLLECTION 

To evaluate the economic ramifications of the program, a mail survey was 
conducted to obtain data on costs of cotton insect control during the years 1980 
and 1981. These survey results provide base historical data on insect control 
practices that were being utilized prior to the boll weevil referendum. These data 
are used here to estimate potential economic benefits of boll weevil eradication to 
growers in South Carolina prior to program implementation. Later, they will 
provide a basis for evaluating the effectiveness of the program in future ex post 
analyses. 

The mail Questionnaire was sent to 545 cotton growers in South Carolina, and 
233 responses were received. From those responses, 148 provided useful data on 
insecticide usage in 1980 and/or 1981. 

SURVEY RESULTS 

Comparisons of numbers of growers, acreages. and yields between those 
growers represented in the survey and state totals are presented in Table 1. The 
actual number of cotton growers in South Carolina is not known with certainty. 
and that number fluctuates from year to year. However, we estimate that the mail 
survey results represent about 27% of the growers in the state. The proportion of 
total acreage represented by the mail sampleismuchhigher.beingover40%.Itis 
important to note that the farmers represented in these results reported average 
yields higher than state averages estimated by the Crop and Livestock Reporting 
Service. Thus, the respo~se to the mail Questionnaire represents about half of the 
total production of cotton in South Carolina in 1980 and 1981. 

Table 1.	 Comparison of cotton production represented by the survey to the total 
for South Carolina, 1980 - 1981. 

Survey total State total· 

Numbers of growers 1980 143 545 
1981 145 545 

Total harvested acres of cotton 1980 49,179.9 120,000 
1981 51,181.5 118,000 

Average yield per acre (pounds) 1980 432.5 304.0 
1981 705.5 667.0 

" Swtl.' total numher of lo:1'Owers i~ as~umed equal 10 lhe numher of nallle~ on th ... li~t of cotton growers Obl'lined from 

ASeS office~. Acreago lind yield figure~ e<Hne from the USDA CroJl "nd LivCRlock Hel'orling S... rvice. 
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There were three major categories of insecticide treatments reported: treat· 
ment. for boll weevil, treatment for bollworm, and a combination treatment 
targeted for both. Per acre costs of cotton insect control, and estimates of state 
total expenditures for cotton insect control al'e presented in Table 2. Costs of 
chemicals are taken from Hammig and .'ol·dan (1982a). Application costs are 
based on the average Ilumber of times applications were made and the proportions 
of acreage treated by air and ground equipment. Scouting costs are based on 
commercial scouting rates. It is assumed that growers who do their own scouting 
value t.heir time at the same rate as commercial scouts. Finally, estimates of total 
expenditures state'...·ide for cotton insect cont.rol are extrapolated from the average 
numbers obtained in the surveys. Estimated annual expenditures for cotton insect 
control were S10.8 million and $12.5 million in 1980 and 198 L, respectively. This 
is indicative of the importance of insect control to cotton production in South 
Carolina. 

Table 2.	 Average per acre cost of cotton insect control, South Carolina, 1980· 
1981, measured in 1982 dollars. 

1980 1981 

- dollars-
Chemical cost 

Boll weevils per acre 11.02 16.67 
per application 2.08 2.17 

Bollworms per acre 44.89 49.46 
per application 5.34 4.08 

Bollworm/boll weevil pel' acre 10.78 14.52 
per application" 2.57 2.42 

'rotal chemical cost 66.69 80.65 
Application cost per acre t 18.62 20.89 

per application 1.88 1.88 
Scouting cost per aCl'e~ 4.55 4.55 
Average total cost of insect 

control per acre 89.96 106.09 
Estimated total expenditures 

for cotton insect control 
in South Ca!'otil1a~ 10,783,200 12,518,620 

" A\'{,rIl~" "o~t I'{'r llllillicalioll is bu~"d on th{' lIlimber of limes ea"h pest ...·ll~ tll'1:el,~d in 11 spray IreOlmCnl. For c~llmple. 
if a ""llOn growa Wl.'re 10 npply fivl.' ill.il.'cticide lr~Ulmelll~ in " sc,,~on. oue only for holl wee,·ils. one only for hollwonns. 
and thre{' ..... ilh boJlwonn lllld holl w"evil chemicals mixed. "\'e,,,~u dlCmie,,1 "Osls pH "!llllicnl;"" .....o"ld reflect four hol1 
....ee,·il '1I1d foor l)<)ll"'onn lIppliclltit>lls 

+	 Based 011 ProllUrtion of survey llcrCIII:C tr,,"tcd h)' IIir or ~lUu",1 applicalions. whllre the cost of ul.'rial application is $2.25 
mul Ihl" opernlill~ cost of ground llpplication is $1 ..~1l [leI' acre for t982. 

~ Bused on sur"ey results indiclllin~ IIl'proximulely !jQ';: of COllun ucrelll:C i~ SCOlll,:d. VIlIIIC~ shown her~ rl.'l'r~s~nt 

ronmll'rdal s"'H1tinl: Tall·S. 
~ E>lintllied 101,,1 ,wrClll:C of cotton ill Somh Carolinn is ~iven ill Tllble I. 

GROWER BENEFITS AND COSTS 

Tot.al eradication program costs estimated by APHIS are approximately $105 
per acre for the 3·yr eradication pOJtion of the program. The federal government 
\vilJ contribut.e 30% of program costs, HO annual grower costs are $25.00, S30.00, 
and $20.00 per acre, respectively, for the three crop years affected under the 
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program. For the program to be successful, a containment program must be 
maintained after the initial eradication phase to ensure against future boll weevil 
outbreaks. It is estimated that a containment program can be operated at a cost of 
$3 per acre per year. 

We estimate average insecticide costs for boll weevil control alone, at 1982 
insecticide price levels, to be $13.85 per acre. Since growers targeted boll weevils 
in an average of 6.5 sprays per year, average insecticide costs per boll weevil 
application are $2.13. Since about half the time growers used chemicals targeted 
for boll weevils in tank mixes with chemicals for other pests, we attribute 3.2 
times over the field specifically for boll weevil control. At the 1982 equipment cost 
of $1.88 per application, elimination of boll weevil control needs would reduce 
grower expenditures by an additional $6.02 per acre for a total savings in chemical 
and equipment cost of $19.87. Following the same procedure, we estimate 
chemical cost for bollworm control to he $47.18 per acre, or $4.79 for one 
application. For treatments targeted for both bollworms and boll weevils, chemical 
costs were $12.65 per acre, or $2.50 per application. 

Justification for public agency involvement in private decision making is 
generally based on an expected improvement for some of those affected, and on a 
prediction that accrued benefits will exceed the costs of the program. Economic 
analyses of pest control programs focus on the average costs of pest control, and 
benefit measures are based on average cost savings (Hammig and Jordan 1982b; 
Carlson and Suguiyama 1981). Though this analytic approach is quite practical and 
provides an estimate of the total net benefit.s of the program, the impacts of these 
programs may vary considerably among growers depending on the unique pest 
control requirements of each. The distribution of chemical usage among growers in 
the SUlV'ey is presented in Table 3. It is clear from the data in this table 

Table 3.	 Distribution of per acre chemical costs for cotton insect control on 
sample farms, 1980·1981. 

Target Average Standard 
pests cost· deviation Maximum Minimum n 

Boll weevils 
Bollworms 
Bollworm/boll weevil 
Boll weevils + Y.! 

(bollwonn/boll weevil) 
Total 

Boll weevils 
Bollworms 
Bollworm/boll weevil 
Boll weevils + Ih 

(bollwonn/boll weevil) 
Total 

17.21 
49.53 
35.79 

20.45 
68.40 

21.47 
54.63 
36.81 

25.10 
80m 

14.41 
26.28 
27.89 

14.99 
32.16 

16.42 
24.69 
33.76 

18.03 
34.03 

1980 
85.75 

131.25 
108.52 

85.75 
170.06 

/98/ 
120.05 
122.50 
131.01 

120.05 
169.27 

1.26 
5.04 
3.55 

1.30 
5.04 

1.30 
6,41 
3.55 

2.56 
8.88 

90 
106 
46 

116 
132 

100 
106 

47 

120 
132 

• A\'erll~e cosllI in Ihill luble are different from thost' in Table 2 because only those acres where" specified treO!n1l."111 wos 
used lire considered in finding the IlYcrllge. 
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that the desirability of a public boll weevil control program will depend on where 
one finds himself in the cost distribution. 

Given the program cost estimates and survey estimates for historical insect 
control requirements, a series of estimated payback scenarios was developed 
under alternative assumptions regarding program cost and effectiveness and 
alternative levels of grower savings. These scenarios are presented in Table 4. 
Cases I ·4 demonstrate the time required to realize a positive cash benefit from 
investment in the program and the estimated internal rate of return on that 
investment. 

Table 4.	 Payback period and internal rate of return from investment in boll weevil 
eradication on a per acre basis. 

Case l. Growers save boll weevil and Yl of bollwonn/boll weevil treatments. 

Year I Year 2 Year 3 Year 4 Year 5 Year 6 

Program cost 
LO grower $ 25.00 $ 30.00 $ 20.00 $ 3.00 $ 3.00 $ 3.00 

Cost savings 0 28.55 28.55 28.55 28.55 28.55 

Difference ·25.00 1.45 8.55 25.55 25.55 25.55 
Interest (15%) - 3.75 4.53 - 3.93 .68 0 

End of year balance -28.75 5.98 ·1.62 24.87 25.55 
Cumulative balance -28.75 -34.73 -30.lt 5.24 +20.31 

Rate of return = 41.3(/(' 

Case 2.	 Growers save boll weevil, III of bollwonn/boll weevil, 2 bollworm 
treatments. 

Year 1 Year 2 Year 3 Year" 

Program cost 
to grower $ 25.00 $ 30.00 $ 20.00 $ 3.00 

Cost savings o 41.89 41.89 41.89 

Difference -25.00 11.89 21.89 38.89 
Interest (15%) - 3.75 - 2.53 0 

End of year balance -28.75 9.36 21.89 
Cumulative balance -28.75 -19.39 + 2.50 

Rate of return = 76.3% 

Case 3.	 Growers save boll weevil and Ih of bollworm/boll weevil treatments, pre· 
program boll weevil control costs were $8.95 per acre. 

Year 1 Year 2 Year 3 Year 4 ... Year 20 

Program cost 
to grower $ 25.00 S 30.00 $ 20.00 $ 3.00 S 3.00 

Cost savings 0 8.95 8.95 8.95 8.95 

Difference -25.00 ·21.05 -11.05 5.95 5.95 
Interest (15%) 3.75 7.47 -10.25 -to.89 -52.21 

End of year balance ·28.75 ·28.52 -21.30 4.94 -46.26 
Cumulative balance -28.75 -57.27 -78.57 -83.51 -400.25 

Rate of return < 0% 
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Table 4. Continued 

Case 4. Growers save boll weevil and !h of bollworm/boll weevil treatments, pre
program boll weevil control costs were $52.53 per acre. 

Year 1 Year 2 Year 3 Year 4 

Program cost 
to grower S 25.00 $ 30.00 $ 20.00 S 3.00 

Cost savings 0 52.53 52.53 52.53 

Difference -25.00 22.53 32.53 49.53 
Interest (15%) - 3.75 .93 0 

End of year balance -28.75 21.60 32.53 
Cumulative balance -28.75 - 7.15 25.38 

Rate of return = lO7.2% 

From a theoretical viewpoint it seems logical that errective suppression of boll 
weevils will induce an incrense in cotton yields; however, Carlson and Suguiyama 
(1981) found no statistically significant yield increases as a result of the North 
Carolina trial eradication program. Therefore, we do not include a positive yield 
effect here. 

Case 1 is a baseline estimate representing the intended direct program impact.. 
In this case cotton growers save all insecticide expenditures on boll weevil control. 
This includes all applications specifically for boll weevils and approximately one
half of the combined bollworm/boll weevil treatments. Bollworm/boll weevil 
chemical savings of $6.33 and equipment savings of $2.35 added to boll weevil 
control savings given above result in an annual benefit of $28.55 per acre from 
reduced pest control expenses. 

Since program costs exceed benefits for the first 2 yr, program participation 
must be financed from fundH generated from sources other than that year's cotton 
crop. We assume these funds are borrowed at [J 15% interest rate, or that the 
grower sacrifices a 15% return on internal funds used to pay program costs. 
Change in the cash now of the grower is depicted in each year's end of year 
balance. This is based on the following calculations: (1) find the difference 
between program benefits and costs, (2) apply that difference to the balance at the 
end of the preceding year, (3) calculate the interest charge based on the deficit at 
the end of the previous year, (4) calculate cumulative yem··end balance by 
summing program benefit/cost, interest expense, and preceding year·end balance. 
In Case 1 this procedure indicates that the cost of the program plus interest will 
be fully paid in the fifth year. 

Implicit in this analysis is that the containment program remains in effect over 
the investment recovery period. Without a containment program to follow, the 
eradication program results in a negative nei benefit by the end of the third year. 
However, with a containment program maint.ained at a cost of $3.00 per acre per 
year, program benefits continue beyond the third year and the positive net benefit 
is realized after five years of program operation. 

Internal rate of return on investment can be calculated based on the annual 
cash flow given by the end of year balance. Using a 20-yl' planning horizon, where 
annual benefits of $25.55 are realized over the period from year 5 through year 
20, the internal rale of return is 41.37r. 
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Case 2 represents a situation where boll weevil eradication results in a 
secondmy effect of decreased need for chemical control of Heliothi.<; spp. populations. 
If growers could save applications of insecticide against bollworm as a result of the 
effects of the boH weevil program in addition to the savings obtained from the 
elimination of the need for insecticide applications for boll weevil control, an 
additional $13.34 cost reduction would be realized. Under this scenario investment 
in tbe program would provide a positive net gain by the third year. Over a 20-yr 
period, with similar benefits each year, the rale of return on investment would be 
76.3%. 

Cases 3 and 4 take into account the distribution of expected gains from the 
eradicat.ion program. From the 1981 figures in Table 3, it is evident that 
approximately 66% of growers incurred costs of boll weevil control in that year 
between $5.05 and $37.89 per acre (one standard deviation from t.he average). 
Similarly, 66% of expenditures for bollworm/boll weevil combined control fell in 
the range of $3.05 to $70.57. On average, rates of return and pay-off period under 
reasonable assumptions of program efficacy are as given in Cases 1 and 2. 
However, many growers will confront potential returns that are much different. 

The manner in which chemical use was reported in the mail survey makes it 
difficult to isolate expenditures specifically for boll weevil control. Since we have 
no way of knowing the proport.ion of bollworm/boll weevil chemical applications 
that. is actually targeted for bon weevils, we l1ssume that half is for boll weevils 
and the other half for bollworms. Therefore we assume total expenditures for boll 
weevil control are approximately those given in Table 3 under boll weevils + lfl 

(bollworm/boll weevil). According to the 1981 figures, 66% of South Carolina 
cotton growers spent between $7.07 and S43.13 for chemicals to cont.rol boll 
weevils. In addition to chemical costs, growers also incur application costs. For 
those on the lower end of the range of chemical expenditure, equipment costs 
would also be relatively small. The opposite is true of those with high chemical 
costs. Thus we assume total costs of boll weevil control to range from $8.95 to 
$52.53 for the majority of cotton growers. The implications of these cost variations 
are shown in Cases 3 and 4 (Table 4). Case 3 demonstrates a situation where 
growers who were experiencing little need for boll weevil control prior to the 
eradication program are forced to pay program costs which exceed their usual boll 
weevil control costs. If these growers continue to grow cotton they must absorb 
net losses from participation in boll weevil eradication. Since annual interest costs 
are greater than pest cont.rol savings, the cumulative net balance grows increasingly 
more negative over time. This assumes that future boll weevil pressures and 
control costs remain constant. 

The opposite extreme is represented by Case 4. The growers in this group 
typically incur high costs for boll weevil control. For them, the eradication program 
provides significant benefits because program costs are considerably less than they 
would expect to pay to control boll weevils by themselves. In this case all program 
costs are paid by the third year and t.he rate of return on investment is over 
100%. 

Growers who typically apply n late·season insecticide treatment for boll weevils 
will derive a measurable benefit from the eradication program in its first year. Our 
surveys indicate that the majority of South Carolina growers do not follow this 
practice, so in all cases first-year benefits were assumed to be zero. For those 
growers who would save a late season application the first-year benefit of about 
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$4.00 per acre would not affect the number of years required for the payback 
period, but the rate of return in Case 1 would increase from 41.3% to 47%. 
Changes in the other cases would be similar. 

SUMMARY AND CONCLUSIONS 

Economic analysis of community pest control programs is fundamentally an 
issue of comparing program costs to program benefits. In the case of boll weevil 
eradication in South Carolina this comparison has been made based on historical 
data of pest control use by cotton growers and expected savings resulting from 
region-wide suppression of the boll weevil. On average, it was shown that benefits 
will exceed costs if the boll weevil is eliminated as an economically hannful pest 
and even if no secondary benefits of reduced need for bollworm control are 
realized. It was then shown that since pest control practices and needs vary among 
growers in the state, measuring benefits of the program from individual perspectives 
will reveal dramatic contrasts. The observed distribution of boH weevil control 
expenditures for 1980 and 1981 indicates that effects of the eradication program 
will range from large losses for those who expect to have relatively little need to 
control boll weevils, to large gains for those who would anticipate high annual 
outlays for boll weevil control. 

This study shows that simply looking at average effects of area-wide pest 
control may mask dramatic impacts on selected portions of affected growers. 
Other factors not included in this paper may also reveal important disparities in 
impacts of boll weevil eradication. For instance, there could be increased organo
phosphorous insecticide resistance in the boll weevil induced by intensified 
selection pressure. 01', there could be a loss of beneficial insects and possible 
elevation in status of minor pests during the initial period of increased insecticide 
use. Regional differences in pest control needs may be very important. Land 
tenure, rental agreements, and length of planning horizon will also influence the 
individual desirability of participation in regional pest suppression programs. Also, 
if the program is successful, cotton production would be expected to become more 
profitable than other cropping alternatives. This may increase cotton production in 
many areas of the state, thus changing traditional cropping patterns. More 
importantly, it could improve the competitive position of South Carolina cotton 
producers relative to other major cotton producing areas in the United States. 
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Abstract: The effects of infestation by the sweetpotato weevil, Cylas formicarius elegantulus 
(Summers), on yield in 12 sweet potato cultivars were compared. Significant reductions in 
yield were demonstrated by comparing weevil-free fields with infested fields. Only one 
cultivnr, W 101, showed no significant reduction in yield due to weevil infestation. The 
avcmge yield reduction of 69% WIlS probably cllused by a number of factors; however, 
mortality of infested plants was the major contributing factor. 

I(ey Words:	 Swectpotnto weevil, yield reduction, sweet potato, Cylas formicarius 
elegantulus. 

,I. Agric. Entomol. 1(3): 227-230 (July 1984) 

Although moderate levels of resistance of sweet potato varieties to infestation 
of the sweetpotato weevil, Cylas formicarius elegalltulus (Summers), have been 
demonstrated, complete immunity does not exist (Mullen et al. 1980). Jones et al. 
(1983, 1984) released varieties, Resisto (fonnerly W 125) and Regal (formerly W 
152), with moderate levels of resistance to the sweepotato weevil as well as a wide 
range of other insect pests and diseases. Little has been done to examine the 
effed of sweetpotato weevil infestation on yield. Cockerham et a1. (1954) observed 
that the effects of weevil infestation on yield were minimal. Similar results were 
reported by Talekar (1982) for C. f formicarius (Fabricius) in Taiwan. However. 
Pillai and Nair (1981) reported yield losses of 10 to 100% due to weevils. 
Subrarnaniam et al. (1977) and Pillai et al. (1981) reported losses of 35 ~ 70% 
depending on the season. Mullen et aJ. (1981) found that severe crown damage, 
especially in varieties like Centennial, resulted in significant reductions in yield. 

This study was conducted at the Plant Introduction Station in Savannah, GA. 
to determine the effects of sweetpotato weevil infestation on yield of various sweet 
potato cultivars. Yields in infested and non-infested fields were compared. 

MATERIALS AND METHODS 

T\.."elve sweet potato lines were examined in each of two fields to determine the 
effect of weevil infestation on yield. Eight experimental lines and the commercial 
varieties, Jewel, Centennial, Resisto, and Regal, were used. Resisto (Jones et al. 
1983) and Regal (Jones et al. 1984) are new commercial varieties with moderate 
levels of weevil resistance. Six plots were planted in each field and each consisted 
of five hills each of three or four experimental lines and either Jewel, Centennial 
or both. Each plot consisted of five rows and five columns with a total of 25 hills. 
The spacing between plants was 0.7 m. Each variety was represented in two plots 

I COLEOPTERA: Curculionidllc
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in each field for a total of 20 hills. In addition, in each field two plots of 25 hills 
each were planted in either Jewel or Centennial. The two fields were planted 
approximately 150 m apart. All plantings were from vine cuttings, and standard 
horticultural procedures were followed. Seventy·seven days after planting, 25 pairs 
of sweetpotato weevils were released at random in each plot in one field. No 
weevils were released in the other field. 

The sweet potatoes were harvested 145 d after planting. The roots in each plot 
were weighed and evaluated for severity of weevil damage. The percentage of 
infested roots in each line was determined, and the severity of damage to the plant 
and to the crowns was determined and rated according to the level of weevil 
damage. The rating system for severity and for the crown damage was a 1 - 5 scale 
with a score of 1 indicating no visible damage and a score of 5 indicating severe 
damage. Mean yields of weevil-free and weevil· infested fields were compared with 
Student's t - test. A multiple regression analysis was used to compare the role of 
the various factors contributing to yield differences. Abbott's formula (Abbott 
1925) was used to calculate mortality of sweet potato plants due to sweetpotato 
weevil infestation. 

RESULTS AND DISCUSSION 

The effects of sweetpotato weevil damage on total yield in mixed plantings of 
12 lines are given in Table 1. No weevils or damage were found in the weevil-free 
field. A multiple regression analysis showed that the primary factor contributing to 
yield reductions was mortality of plants caused by weevil infestation. The severity 
of root infestation and the percent of infested hills weI1'! contributing factors. 
Crown infestation was found to be the least important factor. However, plant 
mortality was the result of the combined effects of crown damage and the severity 
of the damage. Because the roots are storage organs, the severity of root infestation 
was not considered as an important factor in yield reduction. 

Weevil infestation caused significant reductions in yield of all lines except 'l,V 
101. The high crown index of 4.9 indicates that \V 101 is tolerant of crown injury 
and thus crown injury had only a moderate effect on yield. Varieties, Resisto and 
Regal, which had previously been listed as having good levels of weevil resistance 
(Mullen et a1. 1982, Jones et aL 1980) produced large numbers of roots even when 
exposed to weevil injury. In both lines the severity and crown indexes were low. 
Cultivar W 151 had the highest yield with over] 200 g per hill, but the yield was 
reduced 85% by weevil damage. Damage to W 151 was severe, as indicated by a 
severity index of 3.2 and a crown index of 3.4. Root production in W 186 was 
eliminated in all but one hill when weevils were present. Only 13% of the roots 
produced by MK 8 were infested by weevils, but the total yield was reduced by 
78%. This yield reduction in spite of low damage indicates that MK 8 is not very 
tolerant of weevil damage and that even low levels of infestation will result in 
reduced yield. 

Pure stands of Centennial and Jewel had large reductions in yield (Table 1). 
Although the yield of Jewel in weevil-free and weevil-infested plots was smaller 
than in the mixed plots the percentage of reduction was similar. Reduction in the 
yield was similar in mixed stands and in pure stands. Centennial has been 
considered highly susceptible while Jewel has some resistance to weevil damage 
(Mullen et al. 1980, 1981). 



Table L Effects of sweetpotato weevil infestation on yield in sweet potato plots. 

Mixed stand 

Yield (g/hill)" Percent hills with raots t 

Percent Mortality due 

Line 
Non 

infested Infested 
Percent 

reduction 
root 

infest. 
Non 

infested Infested 
to weevil 
infest. * 

Severity 
Index§ 

Crown 
Index§ 

:s: 
c 
t"" 

Resisto (W 125) 
W 101 
W 113 
W5-75 
W 186 

729 a 
238 a 
259 a 
216 a 
381 a 

280 a 
182 b 
36 a 

101 a 
17 a 

62 
23 
90 
53 
95 

47 
21 
80 
27 
60 

90 
60 
50 
50 
70 

60 
60 
30 
50 
10 

33 
0 

40 
0 

86 

2.1 
3.1 
3.0 
1.8 
3.0 

1.8 
4.9 
2.8 
2.0 
3.0 

t"" 

'"z 
en 
<•:!
" ~ 

W 151 1202 a 175 a 85 42 90 50 44 3.2 3.4 S 
W 131 490 a 95 a 81 33 70 40 43 3.0 3.3 0<: 
MK 8 283 a 62 a 78 13 60 30 50 1.8 2.3 

0 
0 

W 185 
Regal (W 152) 
Centennial 
Jewel 

760 a 
657 a 
672 a 
478 a 

133 a 
374 a 
215 a 
132 a 

83 
43 
68 
82 

27 
36 
54 
22 

50 
80 
60 
72 

40 
100 
72 
52 

20 
-2511 
-201 
28 

3.1 
2.6 
3.7 
2.3 

4.3 
1.9 
3.8 
2.3 

~ 
0 

" en•0 

:!
"0 

Mean 513 ± 83 132 ± 29 69 39 67 49 25 2.7 3.0 
0.-
S 

Pure stand n 

Centennial 585 a 293 a 50 58 72 72 0 3.9 4.0 "c: 
Jewel 427 a 89 a 80 30 60 48 

• Yield dirrl'Tence~ "ithin each line followed by th" ~lIme letter &t' difft-rent III the 95'7< l"vel based on the Student's t· teRI. 

20 2.1 2.0 <> 
"• 

t Ten hilJ5 per line Cltct'pt for Centennial and Jewel which hlld 25 hills eDeh. 
~ Percent mortality due to weevil infestation as calculated by Abbott's formula. 
§ 1 = No visible darnllge. 

:; - High damllgc. 
~ Survival of plllntSl in infestt'd plots was higher thlln in the control pk>tg. 

'" '" '"' 
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Differences in yield resulting directly from infestation by the sweetpotato 
weevil are difficult to measure. Talekar (1982) found that the amount of damage, 
especially to enlarging roots, did not influence yield. However, he did not compare 
the yield of infested plots with that of non-infested plots. Talekar·s (1982) 
conclusion that the amount of damage has little effect on yield is substantiated by 
his findings that some severely weevil-damaged crowns were thicker. indicating 
that adventitious growth had replaced the damaged tissues allowing for proper 
development. The data presented here indicate that, although some lines are able 
to repair damaged tissues, severe damage to the upper parts of the plants, 
especially the crown, may result in mortality of infested plants with a corresponding 
reduction in yield throughout the field. 
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AbMract: Fenitrothion [(O,O-dimetbyl O-(4-nitro-m-tolyl)phosphorothionte] and pennethrin 
[(3-phenoxyp henyl) methyl (±)-3 -(2 ,2·die hloroethe nyl) -2,2 -di methyl eye!opropanecarboxyIatel 
were more toxic than malathion when tested against Indianmcal moth larvae, Plodia 
ifllerpuTlclella (Hiibner); almond moth larvae. Cadra cauteUa (Walker); black carpet beetle 
larvae, AUagellus unicolor (Brahm); and cigarette beetle adults, Lasioderma serricorne 
(Fabricius). Fenitrothion was also morc toxic than malathion against red nour beetle adults, 
Tribolium castan€um (Herbst). Permethrin was less toxic than malathion to adults of T. 
castaneum and T. confusum Jacquelin du Val. 

Key Words: Permcthrin, fenitrothion, cigarette beetle, red nour beetle, confused flour 
beetle, Indianmeal moth, almond moth, black carpet beetle, toxicity, topical 
application. 

J. Agric. Entomol. 1(3), 231-235 (July 1984) 

The only insecticides registered and labeled for use as grain protectants in the 
United States are synergized pyrethrins and malathion. Because pyrethrins is an 
expensive formulation, difficult to analyze, and must be imported, it is rarely used 
on grain. The effectiveness of malathion has decreased rapidly in recent years due 
to the development of physiological resistance in insects throughout the grain 
industry (Zettler 1982, Beeman et al. 1982). Control failures are likely to increase 
unless some replacement insecticide can be found, 

Two relatively new and promising insecticides were tested against several 
species of stored-product insects to determine their effectiveness as suitable 
replacements for malathion. Permethrin [(3-phenoxyphenyl)methyl (±)-3-(2,2
dichloroethenyl)-2,2-dimethylcyclopropanecarboxylatel and fenitrothion 10,0-dimethyl 
O-(4-nitro-m-tolyl)phosphorothioatej were promising in preliminary residue and 
direct-contact toxicity tests against confused flour beetle adults, Tribolium 
confusum Jacquelin du Val, and black carpet beetle larvae, Attagenus unicolor 
(Brahm, 1791) (senior synonym of Attagenus megatoma IFabricius, 1798J; 
Mroczkowski 1968). Both insecticides are reported by the suppliers to have low 
mammalian toxicity; the acute oral LD50 to rats is 2000 mg/kg for pennethrin and 
800 mg/kg for fenitrothion, Therefore, followup tests with these compounds were 
conducted to establish LD values for several species of stored·product insects, 

MATERIALS AND METHODS 

The test insects were insecticide susceptible laboratory strains. Their average 
weights and ages when tested, and insect rearing media were as follows: adults of 

\	 This poper reports the re~ultl\ of rCKcnreh only. Mention of II pesticide in this paper docs not constitutc a reoommendstion 
for use h)' the U.S. DepnrlnlCnt of Al:ricultllrc. Heceived for puhlication 6 October 1983; Ilccepted 16 Murch 1984. 
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the cigarette beetle, Lasioderma serricorne (Fabricius), 1.9 mg, 1 to 7 d old, were 
reared on a 50:50 mixture of white Oour and cornmeal containing 5% of brewer's 
yeast; adults of the red flour beetle, T. castaneum (Herbst), 2.7 mg, and confused 
flour beetle, 2.8 mg, were 7 to 14 d old and were reared on the diet described by 
Harein and Soderstrom (1966); larvae of the Indianmeal moth, Plodia interpunctella 
(Hubner), 19.5 mg, and the almond moth, Cadra cautella (Walker), 16.7 mg, were 
active last instar larvae and were reared on the diet described by Boles and 
Marzke (1966); and larvae of the black carpet beetle, 7.6 mg, 3 to 5 months old, 
were reared on Purina Laboratory Chow@ meal containing 5% of brewer's yeast. The 
insects were reared and the tests were conducted at 27 ± 1°C and 60 ± 5% RH. 

Several concentrations of each insecticide were prepared as acetone solutions. 
The insects were anesthetized with carbon dioxide in a Biichner funnel for periods 
not exceeding 5 min (Young and McDonald 1970). They then were held individually 
with a vacuum needle while 0.5 1-1 liter of acetone solution of the insecticide was 
applied to the dorsal surface of the thorax by means of an ISCO@ Model M 
automatic microapplicator. One hundred insects of each species were treated at 
each dosage leveL Malathion was included as a standard for comparison. For the 
controls, 100 insects were treated with 0.5 jJ. liter of acetone. 

After treatment, the insects were placed in clean containers without food and 
held at 27 ± 1°C and 60 ± 5% RH. The toxicities of the insecticides were 
determined by the number of dead and moribund insects observed 5 dafter 
application for Dour beetle adults, cigarette beetle adults, Indianmeal moth larvae, 
and almond moth larvae, and 14 d after application for black carpet beetle larvae. 
Insects that responded only feebly when probed lightly were recorded as moribund 
and those that did not move were recorded as dead. Probit analyses of the dosage
mortality data were performed as described by Daum (1970). This method of 
analysis made corrections for natural mortality among the control insects. 

RESULTS AND DISCUSSION 

Generally, both test insecticides performed better than did malathion in the 
direct-contact toxicity tests (Table 1). Fenitrothion was more toxic than malathion 
to all species of test insects except the confused flour beetle adults and was more 
toxic to adults of both species of nour beetles and cigarette beetles and larvae of 
black carpet beetles than was pennethrin. Permethrin at all LD levels was more 
toxic than malathion to the larval stage of the Indianmeal moth and the almond 
moth and at the LD50 was more toxic than malathion to cigarette beetle adults. 
Permethrin was less toxic to adult nour beetles than was malathion and was less 
effective than malathion against cigarette beetle adults at the LD95 . Permethrin 
was better than fenitrothion against the two species of moth larvae except at the 
LD95 level for the Indianmeal moth; however, the flat slope of the regression line 
for permethrin against the Indianmeal moth indicates that populations of these 
insects could develop resistance to permethrin quite rapidly. On the whole, the 
slopes of the dosage-mortality regression lines for fenitrothion were steeper than 
were those for permethrin, a situation which suggests that all insect populati.ons 
were more homogeneous and thus more uniformly susceptible to fenitrothion than 
to permethrin. 

Permethrin has previously been shown to be ovicidal to the webbing clothes 
moth, Tineola bisselliella (Hummel), and larvicidal to first instar black carpet 
beetles (Sry et at 1980). In addition, it is extremely toxic to malathion-re~istant 



Table 1. Relative susceptibilities of six species of stored product insects to three insecticides.
 

Probit analysis data- Insecticide
 

LD(,u (95% CLI) LD" (95% CL I) Slope + SE Fenitrothion Permethrin Malathion 

7.1 (6.6-7.5) 17.7 (16.0-20.0) 4.13 ± 0.27 T. castaneum 
9.1 (7.9·10.1) 31.1 (26.1-40.1) 3.07 ± 0.33 A. megatoma 
14.0 (12.6-15.3) 49.0 (41.6-61.1) 3.01 ± 0.25 A. megatoma 
14.1 (13.3-14.9) 32.2 (28.5-38.0) 4.59 ± 0.38 L. serricorne 
14.3 (12.6-16.3) 66.1 (52.3-88.9) 2.48 ± 0.18 A. megatoma 
29.0 (26.1-31.6) 91.6 (79.0-112.0) 3_29 ± 0.29 T castaneum 
32.0 (27.8-36.6) 186.9 (143.9.264.4) 2.14 ± 0.17 C. cautel/a 
35.3 (32.7-38_0) 103.4 (90.8-122.2) 3.53 ± 0.25 T confusum 
42.0 (36.4-48.1) 402.5 (305.5-570.8) 1.68 ± 0.11 P. interpunctella 
46.0 
49.2 

(42.9-49.2) 
(42.8-565) 

157.7 (138.0·185.5) 
316.0 (244.3·439.2) 

3.07 ± 0.17 
2_04 ± 0.14 

T confusum 
P. interpunctella 

79.8 (71.9-87.6) 246.8 (212.9-299.0) 3.35 ± 0.26 L. serricorne 
92.1 (85.4-99.8) 218.8 (188.2-268.4) 4.38 ± 0.38 L. serricorne 
1493 (134.3-164.2) 406.7 (351.9-491.7) 3.78 ± 0.32 C. cautel/a 
179.9 (157.0-205.6) 1416.6 (1084.9-1991.2) 1.84 ± 0.13 T. castaneum 
362.9 (318.7-410.9) 1795.5 (1386.9-2573.6) 2.38 ± 0.22 P. interpunctella 
864.2 (789.8·943.6) 5699.4 (4583.9·7502.5) 2.01 ± 0.13 T confusum 
2726_1 (2432.5·3038.3) 8570.1 (7200.4-10755.7) 3.31 ± 0.27 C. cautella 

- LD value.' upre8s~d liS peg/g. 
t CL = Confidl'n~~ limits. 
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strains of T. castaneum (Zettler and Jones 1977) and P. interpunctella (Zettler 
1978). Furthermore, its relative nontoxicity to the two species of Tribolium can be 
overcome by synergism with methylenedioxyphenyl compounds such 8S piperonyl 
butoxide (pratt et al. 1981). In addition, pennethrin has been shown (Gillenwater 
et al. 1978) to be more effective than malathion against the rice weevil, Sitophilus 
oryzae (Linnaeus). when protective treatments were made to either corn or wheat 
in laboratory small-jar tests. 

In a l-yr simulated warehouse study, fenitrothion was shown (Kirkpatrick et al. 
1983) to be superior to malathion as a grain protectant when tested against 
several species of stored-product insects. Although fenitrothion is registered for 
use as a grain protectant in Australia and is quite toxic to flour beetles (Williams 
et a1. 1982), it must be used in combination with other insecticides if populations 
of Rhyzopertha dominica (Fabricius) are present (Desmarchelier 1977) because of 
high levels of organophosphate cross·resistance found in Australian insects. With 
the exception of malathion· resistance, such high levels of cross·resistnnce do not 
occur in American strains of stored-product insects (Zettler 1978). This conclusion 
is supported by the data presented here which show that all species of insects 
tested were quite susceptible to fenitrothion. 

These facts and the general broad spectrum of insecticidal activity exhibited by 
fenitrothion coupled with the low mammalian toxicities of the two would warrant 
further testing of permethrin and fenitrothion in large·scale field evaluation trials 
as grain protectants. 
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Abstract: Field observations and trap testing of Caribbean fruit flies, Anastrepha suspcnsa 
(Loew), indicated that fly capture could be increased by designing traps to take advantage of 
behavioral patterns of the target species. Observations revealed that flies arc attracted to 
colored fruit and tend to land on the under surfaces of leaves. Trap testing demonstrated 
that fluorescent orange stripes and yeast hydrolysate increase attractiveness of a standard 
disposable unbaited, white paper trap, and that application of an adhesive to the under 
surface of the trap increases efficiency of capture. When fruit was abundant, traps of this 
design caught five times as many mes as similarly baited, standard white paper sticky traps 
and half as many mes 8S either standard glass olfactory traps or standard winged, visual, 
baited, sticky traps. Use or such striped disposable traps may be justified by their low cost 
and easy use. 

Key Words:	 Anastrepha suspensa, caribbean rroit ny, insect trap, tcphritid fruit ny, 
behavior. 

J. Agric. Entomol. 1(3): 236-248 (July 1984) 

Inexpensive but effective survey traps are constantly needed for early detection 
of infestations of tephritid fruit flies or for certification of fly-free areas or both. 
Traps now used attract fruit flies with food lures (e.g., McPHAIL TRAP; Newell 
1936; Steyskal 1977; Burditt 1982), synthetic attractant (e.g., JACKSON TRAP; 
Harris et a1. 1971), or a combination of synthetic attractant and color (e.g., 
REBELL'" TRAP; Remund and Boller 1975). Use of those traps, however, is 
limited because they nre expensive, hard to handle, and/or not equally attractive 
to both sexes. Recently the use of color (Greany et a!. 1978) and pattern (Greany 
et a!. 1982) with unbaited traps increased fruit fly capture. 

The objectives of the present study were to: (1) identify, based upon field 
studies, features of traps that attract and capture the Carihbean fruit fly (caribfly), 
Anastrepha suspensa (Loew); and (2) design a trap, based upon those features, 
that could be economically and easily used. 

MATERIALS AND METHODS 

Field studies on a wild ny population were performed in 8 grove of common 
guava (I~idium guajaua Linnaeus) at the Institute of Food and Agricultural 
Sciences and Agricultural Research and Education Center at Homestead, FL, in 
mid-September and mid-October 1981. Temperatures ranged from 18 - 35°C 
during test periods. There was an abundance of fruit in all stages of development 
on the trees during the test periods. 

I DIPTERA: Tephritidae 
2 Mention of a commerd.R1 or proprietary product doe. not constitute lin endorf<ement by the USDA. Received for 

publicntion 3 October 1983; nccepted 21 March 19B•. 
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The field studies on wild flies covered three major areas: (1) observation of the 
response to colored, sticky traps; (2) tests of the capture effects of various trap 
features; and (3) tests of non-trap features that may influence fly capture. 

We observed and recorded over a 2-h mid-morning period the responses of 
wild rues to modified JACKSON TRAPS (Harris et al. 1971) (Fig. lB). We baited 
the traps with yeast hydrolysate and painted them in various patterns (described 
below for Test Series 1) with a fluorescent orange color (Sunset Gold No. 3103) 3 

of kno'fll attractiveness (Greany et al. 1978). Special attention was given to initial 

..c 

~---===~ 

Fig. 1.	 Types of traps used to catch Caribbean fruit nics: A, Jackson trap; B, 
modified Jackson trap; C. McPhail trap; D. Rebell trap. 

J Borden. 1m:... Columbus. QIi 43215. 
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landing site, activity on the trap, and ultimate fate (capture or escape) of flies 
visiting traps. 

Evaluation of the effects of a variety of trap features was based on the results 
of six series of tests. A summary of these test series is presented in Fig. 2, and 
details of trap designs used in each test series are described below. Individual test 
series often involved more than one trap feature, however, so evaluation of a given 
trap feature often utilized the results of more than one test series, as presented in 
Figs. 3 - 7. Trap features tested included (1) pattern in which fluorescent orange 
paint was applied to trap surface (Test Series 1, 2); (2) application of adhesive to 
the under surface of the trap (Test Series 2 - 6); (3) angle formed by the adhesive 
under surface of the trap (Test Series 4); (4) increase of adhesive surface by 
means of lateral projections (wings) or a double roof (Test Series 4); and (5) 
presence or absence of food lure (Test Series 5, 6). Specific tests to evaluate these 
features and to compare fly capture between the most effective experimental traps 
and standard fruit fly traps \JACKSON, McPHAIL (Fig. IC), and REBELL] are 
described below. In these tests all experimental traps were derived from JACKSON 
TRAPS; all adhesive trap surfaces were provided by Tacktrap® applied at a rate 
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Fig. 2. Summary of test series and fly capture per trap type. Dashed lines 
designate adhesive surfaces in this and in subsequent figures. 
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Fig. 3. Comparison of fly capture on traps with different color patterns. Brackets 
indicate whether differences between means are statistically significant 
(P '" 0.05) in this and in subsequent figures. 

of ca. 114 g per sq decimeter; and aU food lures. other than that used in the 
McPHAll.. TRAP. consisted of cotton wicks soaked in an aqueous yeast hydrolysate 
solution and were used with all traps unless stated otherwise. When striped 
patterns were tested the stripes (painted) and interstripes (unpainted) on a given 
trap were of equal width. 

In Test Series 1, four JACKSON TRAPS were prepared as follows: all white 
(stondard); insert and entire outer surface painted; insert and I-in. (2.54 cm) outer 
surface end stripes painted; and insert and alternating l-in. (2.54 cm) outer 
surface stripes painted. The upper surface of each insert was coated with 
adhesive. 

In Test Series 2, four JACKSON TRAPS were painted with stripes of ~, 114, 'h, 
or 1 in. (0.32, 0.64, 1.27 or 2.54 em) applied to the outer surface of the trap body 
and to the exposed surfaces of a double insert, i.e., one insert rested on the floor 
of the trap and a second insert was attached just beneath the floor of the trap. 
Both the upper and lower exposed surfaces of the double insert were coated with 
adhesive. 

In Test Series 3, a McPHAIL, a REBELL, a JACKSON, and three modified 
JACKSON TRAPS were used. The McPHAIL TRAP was baited with three 
pellets of a standard food lure (4 parts torula yeast:5 parts borax) dissolved in 300 
ml of water. The REBELL TRAP (Fig. ID) was baited with cotton wicks 3·cm 
long (two/trap) soaked in an aqueous yeast hydrolysate solution. In addition to a 
standard white JACKSON TRAP (Fig. 1Al, three types of modified JACKSON 
TRAPS also were tested: all-white trap with a double insert (double insert as 
described above for Test Series 2); trap with loin. (2.54 cm) fluorescent painted 
stripes on outer surface and insert; and similarly striped trap with double insert. 
All surfaces of tbe REBELL TRAP and all exposed surfaces of the JACKSON 
TRAP inserts, i.e., upper surface of single insert and both upper and lower 
surfaces of double insert, were coated with adhesive. 
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TEST 
SERIES 

TRAP 
TYPE 

Iv'EAN NO. FEMALES PERU..,.. UPPER 
SLl'lFACE SLl'lFACE 

1t£JJH NO. MAlLS PER 
UNDER UPPER 

Sl.<lI"/lCE SURFaCE 

A 
2 ~ 

""... " ".2 , ,2.& 0.8 , 

62 ~ L!:!...J ~ ~ST_ 

, ~ 10.4 ... 
"""'"	 

~ ~ 

.., 6.& ,, A	 .E... ~ 
STIl:lf'ES....
 

• ~ 
~ ~ ~ ~ 1/&''-( 

SHIftS 

~ ~ o....!:!!..... ~ ~ 
,",P"•
 

TEST t.'EAN NO. FEMALES PER p,£.QN NO. MALES PER 
SVlIES TRAP AOHESNE St.IRFlU:E AREA TRAP ADHESIVE SURFACE AREA 

B ~ D. ~ D. .,.... ..... ...... ...... 
2 •., 0.'"	 " 

~D. 
STRIPES SmlPES 

2 ., 6.8,	 2..2, 

AD.............
 
6 NO RXD NO FOOD
 

,2.8 0.1.,
 

AD. A~ 
wtt1£ WKTf;."" ...... 

6 FOOD FOOD ""'" moo 
1M !l2,	 2.2 0.8, 

Fig. 4.	 A, Comparison of ny capture on under v.'). upper surfaces; B, Comparison 
of fly capture per adhesive surface area on under us. upper surfaces. 

In Test Series 4, six modified JACKSON TRAPS were prepared as follows: 
noor and insert removed and I-in. (2.54 em) stripes painted on both upper and 
lower surfaces of the remaining roof, which was stiffened along one edge with a 
metal strip to maintain an angle of 600 (Fig. IB), 1200 or 180°, respectively; I-in. 
(2.54 em) stripes painted on outer surfaces of the trap body Ilnd on the exposed 
surfaces of a double insert; I-in. (2.54 em) stripes painted on outer surfaces of the 
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TEST MEAN NQ FEMAlES IIEAA NO. MALES 
SERIES ITRAP TYPE /TRAP TYPE 
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Fig. 5.	 Comparison of fly capture on traps with adhesive under surfaces formed 
into different angles. 
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Fig. 6.	 Comparison of fly capture on unbaited and yeast hydrolysate·baited 
traps. 

trap body, on exposed upper and lower surfaces of insert, and on exposed upper 
and lower surfaces of a rectangular wing attached to and extending ca. 4.5 em 
beyond the base of each side of the trap body; and Ooorless, 60° trap roof with I-in. 
(2.54 em) stripes painted on both upper and lower surfaces suspended ca. 11 em 
beneath an all-white, 60° roof of ca. 12.5 X 24.5 cm on a side. Adhesive was 
applied to the entire under surface of the 60°, 120°, and 1800 Ooorless traps; to 
both upper and under surfaces of the double insert trap; to the insert, lateral 
wings, and entire under surface of the winged trap; and to the under surfaces of 
both roofs in the double-roof trap. 

In Test Series 5, four modified JACKSON TRAPS were painted with J-in. 
(2.54 em) stripes on the outer surfaces of the trap body and on the exposed 
surfaces of a double insert. Adhesive was applied to both upper and lower 
surfaces of the double insert. Only two of the four traps were provisioned with a 
food lure, however, and only one of those and one of the unbaited traps were 
cleaned daily of insects and debris. 

In Test Series 6, two standard JACKSON TRAPS, two noorless 60° white trap 
roofs, and two Ooorless 600 trap roofs with l·in. (2.54 cm) stripes painted on both 
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Fig. 7.	 A, Comparison of fly capture by different trap types; B, Comparison of fly 
capture per adhesive surface area of different trap types. 

upper and lower surfaces were used. A food lure was provided in one of each pair 
of the three types of traps. Adhesive was applied to the upper surfaces of the 
JACKSON TRAP inserts and to the entire under surfaces of the JACKSON 
TRAP inserts and to the entire under surfaces of the floorless traps. 

We selected an experimental design in which a set of traps was rotated about a 
single guava tree (block) to maximize the number of tests and replicates (trees) 
that could be conducted at the limited number of trees with high fly populations 
(one or more flies observed by author when walking past tree). Trees were 
selected which were at least 7 m apart and separated by at least one tree 
containing no traps. Depending on the test series, four to six traps were positioned 
at eye level within the peripheral canopy of the tree at equidistant intervals. Each 
test series was replicated in five or ten different trees. 

Traps were checked daily at noon when fly activity generally was low (Burk 
1982); captured caribflies were recorded and removed with other debris, and all 
traps were rotated one position clockwise. Traps also were examined at dawn in 
order to remove debris or nontarget insects, pmticularly nocturnal moths that 
reduce the sticky surface area of the traps. 

Data for each test series were analyzed for significant differences in fly capture 
among the trap types within the series. Fly captures were not compared among 
traps in different test series. Data for the total numbers of flies captured by each 
trap, after it hod been rotated through all sites about the tree, were submitted to 
randomized complete block design analysis of variance and Duncan's multiple 
range test. 
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We also compared fly capture at different positions or sites about a host tree; 
over successive days of trapping; and, between traps examined and cleaned daily 
of all insects and debris and traps examined only after 4 d. 

A determination was made of the reproductive state (ovaries without distinct, 
elongate eggs us. ovaries with distinct, elongate eggs, 0.5 . 1.3 mm long) of female 
rues captured on the various traps. The flies were stored in 70% ethanol, 
dissected, and their reproductive state assessed on the basis of ovarian 
development. 

RESULTS AND DISCUSSION 

Field Observations of Fly Responses to Traps 
Factors that make traps attractive (number of flies alighting) and efficient 

(capture rate) were determined by observing flies visiting a striped JACKSON 
TRAP. Both sexes probed the trap surface with their mouthparts, and females 
also probed the trap surface with their ovipositors. These activities may suggest 
that flies are investigating traps as potential food sources and possibly as 
oviposition sites. Possibly the color and the food lure simulate the fly's natural 
food source and oviposition site (fruit) and enhance the attractiveness of a 
trap. 

During a 2-h observation period, flies showed a pronounced initial tendency to 
alight on the under surface of the trap (four of five males and all of six females). 
Capture was unlikely, however, if a Oy did not initially alight on an adhesive 
surface. Only one of ten flies that landed on the under surface of the trap was 
later caught on the adhesive insert. All flies that walked toward an adhesive 
surface abruptly turned away from it. Trapping efficiency could be increased by 
applying adhesive to an under surface of the trap where flies nonnally alight. 

Effects of Various Trap Features on Capture 
Color Pattern - We confIrmed the findings of Greany et a1. (1982), with 

laboratory-reared flies, and demonstrated that any addition of fluorescent orange 
color to white JACKSON TRAPS results in increased capture of wild flies of both 
sexes, presumably by increasing trap attractiveness. Preliminary tests of Test 
Series 1, conducted within field cages with marked wild, irradiated, and unirradiated 
laboratory-reared flies indicated that the preference for colored vs. white traps was 
similar for wild and laboratory-reared flies (Davis, unpubl. data). 

In Test Series 1 (Fig. 3), traps with alternating colored i-in. (2.54 em) stripes 
captured significantly more females than those with their entire outer surfaces 
colored. This suggests that contrast and edge effect enhance the stimulatory effect 
of the fluorescent color for female flies. 

In field cage tests (Davis, unpubl. data) a considerably greater proportion of 
wild females was captured than wild males. Those results and other studies 
showing a 1:1 adult sex ratio in the same wild fly population (Burk 1982) strongly 
indicate that differential attraction to color pattern and food lure was responsible 
for the predominance of females trapped throughout our present study. During 
this study both male and female flies commonly were observed feeding upon ripe 
guava fruit. As both an orange color pattern and a food lure are indicative of ripe 
fruit, the greater attraction of females than males to tTaps with those features may 
reflect the greater need of females for fruit as an oviposition site, as suggested by 
Greany et a1. (1978), or a greater need of females for ripe fruit as a food source. 
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Yellow-orange fruit, however, often does not remain intact long enough for larval 
development, and oviposition actually appears to be more common in green fruit. 
Ovipositing females may have greater nutritional needs and require more frequent 
feeding, however, than males, and thus may seek ripe fruit more frequently and 
hence be captured more frequently than males in fruit-imitating traps. This 
possibility is supported by data showing increased capture of females but not of 
males when traps are baited with a food lure (see section Food Lure). 

In Test Series 6 with traps consisting only of foofs with adhesive-coated under 
surfaces (Fig. 3), more flies were captured on striped than on all-white traps. Of 
haited traps, striped traps caught significantly more females (ca. 1.5 X) than all
white traps; and of unhaited traps, striped traps caught significantly more males 
(ca. 4 X) and females (ca. 4 Xl than all-white traps. 

Fly capture in JACKSON TRAPS, when outer surfaces and both upper and 
lower inserts were painted with one of four different widths of color stripes (IAi, lh, 
Y.!, 1 in.), (0.32, 0.64, 1.27, 2.54 em), indicated no clear-cut preference for a 
particular stripe width, especially for males (Fig. 3, Test Series 4). Apparently 
maximum attractiveness due to contrast and edge effects are achieved with 
relatively little striping. 

Under Surface Adhesive - lncreased fly capture on under us. upper adhesive 
[rap surfaces was demonstrated with double inserts. Generally mean captures of 
both males and females were significantly greater on the lower than on the upper 
surfaces of double insert traps (Fig. 4A, Test Series 2 - 5). The exact extent of 
such differences varied with trap type from 0- to 4-fold increases for females and 
from 2.5- to la-fold for males. Those data suggest that the tendency to alight on 
under surfaces is greater than on upper surfaces, and this tendency is greater in 
males than in females. 

Mean fly capture per unit of adhesive surface area was not significantly greater 
in traps with double inserts than in traps with single inserts (Fig. 48, Test Series 2), 
and generally not significantly greater in traps with adhesive under surfaces than 
in traps with adhesive upper surfaces (Fig. 48, Test Series 6). 

Angle Formed by Adhesiue Under Surface - Fly capture of males but not 
females on traps consisting only of foofs (floorless) was significantly affected by 
the angle formed by their adhesive-coated under surfaces (Fig. 5, Test Series 3). 
Most males were captured on 600 angle traps, and least on 1800 or flat horizontal 
surfaces. The higher profile of the 60 0 trap may make it more visible when viewed 
from the side by approaching flies, and may allow greate1' retention of food odor 
directly beneath the trap. Both effects would presumably increase the attractive
ness of the trap. 

Food Lure - Capture of females but not of males was significantly increased 
by t.he presence of a yeast hydrolysate food lure (Fig. 6, Test Series 5 and 6). 
These results support the earlier suggestion that ovipositing females may require 
more frequent feeding than do males and t.hus are captured in greater proportions 
than males at. fruit-imi[ating traps. 

increased Adhesiue Surface Area by Means of "Wings" or "Double Roof" - Fly 
capture was not significantly increased for either males or females by the 
increased adhesive slirface area resulting from the addition of lateral wing 
projections to a striped JACKSON TRAP, or the addition of a second atl~white 

roof (Fig. 7A, Test Series 4). The fact that neither feature significantly increased 
fly capture probably is due to the fact that the increased adhesive surface a1'ea in 
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both cases was less-than-optimally attractive. The lateral wing projections extended 
away from rather than around the food lure, and the second roof lacked color 
stripes, known to be more attTsctive than an all-white surface. 

Comparison of Fly Coplure by Differelll Traps 
Our results (Fig. 7A, Test Series 4) indicate that a trap consisting of a striped 

roof with adhesive-costed under surfaccs forming a 60° angle was equally or more 
effectivc than any other paper trap design, and simplest to make and use. 

Compared with a yeast-hydrolysate-haited white JACKSON TRAP, a similarly 
baited, striped, 60° angle trap caught 5 X as many females and 7 X as many 
males. Compared with an unhaited JACKSON TRAP, an unhaited, striped 600 

angle trap caught 30 X as many females and 40 X as many males (Fig. 7A, Test 
Series 6). The increased capture of female caribflies is of particular potential 
importance as factors promoting capture of female tephritid fruit flies in disposable 
paper traps have not yet been identified. Synthetic pheromone-baited JACKSON 
TRAPS tend to capture males primarily, and the capture rate of that sex by such 
traps already may be near a maximum level and not be affected by additional trap 
features. Features such as color pattern, under surface adhesive and food lure that 
increase capture rates of caribnies may similarly increase capture rates of females 
of other tephritid species. 

Although yeast hydrolysate-baited, striped, 60° angle traps were not tested 
within the same test series against either McPHAIL or REBELL TRAPS, indirect 
comparisons were made using data from two separate test series (Fig. 2, Test 
Series 3 and 4). Series 4 included the yeast hydrolysate-baited, striped 60° angle 
trap; Series 3 included both the McPHAIL and REBELL TRAPS; and hath series 
included a yeast hydrolysate-baited, striped, double insert trap. Direct comparison 
flrst was made between fly capture in the 60° and the double insert trap in Series 
4 and the percentage of increased capture by the 60° trap detennined. Fly capture 
in double insert traps in Series 3 was then increased by this percentage to provide 
an extrapolation of what a 600 trap might have caught in that same test series, and 
this extrapolation was compared with the actual numbers of flies caught by 
McPHAIL and REBELL TRAPS in that series. These indirect comparisons 
indicated that striped, 60° angle traps caught ca. 0.46 and 0.47 as many females 
and ca. 0.88 and 0.72 as many males as McPHAIL and REBELL TRAPS, 
respectively. Possibly the REBELL TRAP captured more flies than the striped 
60° angle trap because its area of adhesive surface is ca. 2.5 X as great. A 
conclusive explanation requires further direct evaluation. 

Although fly capture per trap is the most commonly and widely used basis for 
comparing trap designs, fly capture per unit of adhesive surface area may be a 
more valid test of the effectiveness of a trap design. Trap size per se can affect fly 
capture per unit of adhesive surface area and must be considered a potentially 
important trap feature Ie.g., capture of European cherry froit flies, Rhagoletis 
cerasi (Linnaeus), per cm2 decreases with trap size, Remund and Boller (1975)1. 
But simply greater total fly capture by a trap with greater adhesive surface area 
does not necessarily imply a more effective trap design. In the present study the 
striped 60° angle trap captured significantly more males and females per unit of 
adhesive surface area than did any other paper trap hut the one with the 1200 

angle design (Fig. 7B, Test Series 4). 
Within the Tephritidae both orientation to colored fruits or fruit models 

(prokopy and Coli 1978) and a landing preference for the under surfaces of leaves 
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(Burk 1982, Dodson 1982, Pritchard 1969, Prokopy and Hendrichs 1979) have 
been reported. Therefore, the trap features that we found superior might likewise 
increase capture of, and should be tested against, other tephritid species. 

Routine use of such a trap also may be warranted for detection of a species 
that, like the caribfly, is 8 host generalist for which no long-range natural or 
synthetic attractant is yet known. Certainly under the field condition (abundant 
fruit present) in this study, use of such 8 colored disposable trap would seem 
justified by its casy use and low cost of production. Reusable glass McPHAIL 
TRAPS cost ca. $11 each (WithereU 1982), are fragile, and have a life expectancy 
of ca. one trapping season. The disposable paper traps that we tested can be 
produced at a cost of ca. $0.45 each in quantities of 5,000, $0.25 each in 
quantities greater than 25,000. Under different field conditions, however, in which 
fruit was absent (Calkins, unpubl. data), the McPHAIL TRAP was considerably 
more effective than the paper trap in capturing wild and released laboratory· 
reared flies. Choice of trap under such circumstances would become a matter of 
cost analysis; i.e., are disposable traps more cost effective than McPHAIL TRAPS 
if used in whatever numbers required to provide the same degree of detection? In 
addition to trap effectiveness and trap density, duration of trapping is another 
factor that can affect detection success or failure and also should be considered in 
a cost analysis. 

Reproductive State of Females Coptured by Different Traps 
Of the females captured by the different traps, the proportion that were 

immature ranged from 9 to 47%. The proportion of immature females, however, 
tended to be higher in McPHAIL TRAPS (ca. 46%) than in most other traps. 
Pooled together, all other traps caught ca. 29% immature females. The higher 
proportion of immature females captured by McPHAIL TRAPS is presumably due 
to that trap's different type of food lure (torula yeast) and/or the different manner 
of its presentation (aqueous solution). 

In laboratory studies by J. L. Sharp of this laboratory (unpubl. data), however, 
fewer immature females than protein-deficient, mature females were attracted to 
protein hydrolysates. Those fmdings and our present data suggest that substances, 
other than immediate products of protein hydrolysis that may form through 
fermentation in an aqueous solution, but not on dry cotton wicks, may be 
responsible for the greater attraction of immature females to McPHAIL TRAPS 
than to the other traps tested. 

Daily us. Four-Day Trap Examination 
Daily examination and removal of all insects and debris from traps did not 

significantly alter total fly capture in striped, double· insert traps from that found 
in otherwise identical traps left undisturbed for a 4-d period (Fig. 2, Test Series 
5). That fmding indicates that data from traps maintained daily may be similar to 
data from traps that are examined less frequently or even weekly, which is typical 
of current trapping programs. 

Variation in Trap Capture Over Time - Regression analyses of the daily fly 
capture of each trap series showed that capture was usually greatest during the 
fLrst 24 h of trapping and tended to decline thereafter. That tendency was 
statistically significant in Test Series 3 and 4 (Fig. 2) (Series 3, r = -0.841, P ~ 

0.0006; Series 4, r = -0.686, P:5 0.0033), and was particularly pronounced for the 
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McPHAIL TRAP in which 50% of the total males and 35% of the total females 
were caught during day 1 of a 6-d trapping period. 

Those declines in fly capture may reflect an actual reduction in the population 
of flies near the traps due to trapping per se, or may indicate that attraction was 
greatest during day 1 of the tral>ping period. Reduced attraction after day 1 might 
be due to a loss of attractancy of the food lure as a result of loss of volatile 
components or appearance of repellent ones. Further study is needed to test these 
possibilities. 

Position Effecl- Although certain trap sites caught significantly more flies than 
others, no consistent pattern of high or low fly capture was apparent for any given 
compass point about the host tree (i.e" N, NE, E, SE, S, SW, W, N\oV), Variation 
in the numbers of flies captured at different sites may have been affected by such 
factors as proximity of ripe fruit and density of surrounding foliage. 

A position effect based on the coincidence of optimum light levels at certain 
compass locations about the host tree during periods of peak fly activity, would 
have been masked by recording fly capture on a daily us. short interval basis, Such 
an effect has been suggested by analysis of fly capture data taken at regular 2-h 
intervals throughout the day (J. Hendrichs. unpub!. data). 

CONCLUSIONS 

The combined results of field observation of caribflies and trap testing 
indicated that the incorporation of a fluorescent orange color pattern ph-in. (1.27 cm) 
alternating vertical white and color stripesl lind a food lure (yeast hydrolysate) 
increases trap attractiveness relative to that of otherwise identical aU-while or 
nonbaited traps, respectively; application of adhesive to the under surface increases 
trap efficiency (capture) of a standard disposable paper (JACKSON) trap baited 
with protein hydrolysate. Further changes in design, color pattern, and food lure 
might result in further increased fly capture and should be investigated. 

The fact that fly capture was increased more when color or food lure were 
added to a less attractive trap (e,g., unbaited or without color pattern, respectively) 
than to a more attractive trap (e.g., baited or with color pattern, respectively) 
indicates that the more attractive a trap is, the less its attractiveness can be 
increased by incorporation of additional attractive features. The extent to which 
capture of other species of tephritid fruit flies might be enhanced by incorporating 
such features as color pattern and food lure into currently used traps might be 
predicted on the basis of how attractive currently used traps already are. 

Our study leaves many questions unanswered about insect trapping, but 
reaffirms the value of behavioral observation in suggesting features that can be 
tested for their importance in attracting and capturing target insects. Such 
information should be given high priority in any trap-development project, 
particularly projects involving insects for which no higWy effective attractant is 
known. 
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Abstract: The cotlon cultivors Coker 304, McNair 220, and Pee Dee 6520 were grown for 3 
yr in a conventional- or 8 reduced-tillage system. Insect. damage was not significantly 
different between the tillage systems. Yields were erratic in the tillage systems, being lower 
in reduced-till plots the flrst 2 yr and equal the last year. Some differences were noted in 
yields between the cotton cultivars in different years. Grass and weeds became more 
prevalent in the reduced-tillage plots by the third year of the study. Overall cost estimates 
indicated conventional tillage did not offer any advantage over the reduced-tillage system. 

Key Words: Cultivars. insect damage, reduced tillage, conventional tillage, short-season 
production. 
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The concept of using early-maturing cotton cultivars to escape or reduce insect 
damage has been expounded since 1901 when Frederick Mally proposed the use 
of rapid· fruiting cottons and early stalk destruction to avoid boll weevil damage. 
Progress in developing suitable early-maturing cotton cultivars has been slow, 
largely due to the practice of using long-season high-yielding cultivars combined 
with multiple applications of insecticides. Insecticide resistance and cost have 
reduced the attractiveness of this type of cotton production, while several studies 
in Texas (Heilman et at. 1977; Namken and Heilman 1973) and in Missouri 
(Shepard 1982) have shoym short-season cotton production can be 8 viable 
alternative. 

Reduced-tillage crop production offers potential for conserving topsoil and 
reducing machinery costs. Several studies have shown cotton can be produced 
with reduced-tillage systems, but the techniques and herbicide management 
systems need considerable refinement before reduced·tillnge systems become 
practical ovcr wide areas of the cotton belt (Scott and Ford 1974; Cannon 1970, 
Porterfield and Davidson 1974; Roach 1981). Thc present experiments were 
designed to evaluate three cotton cultivars which mature earlier than most 
standard varieties ond which are adapted to the Southeastern United States for 
yield and insect damage levels in reduced- and conventional·tillnge systems. 

MATERIALS AND METHODS 

For a 3-yr period (1980 - 1982) three cotton varieties (Coker 304, McNair 220, 
Pee Dee 6520), which may mature up to 2 wk earlier than other standard varieties 

In cooperation .... ilh lhe Soulh Carolillli Agric. }o;zp. Sm. Recei\'~d fDr publiutiDn 7 July 1983: 8ccepled 29 March 1984. 

Mention of 1\ Ill'OprielllJ')' producl don not constitute eooDrsemenl by lhe USDA. 
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adapted to the Southeast, were planted on the Pee Dee Experiment Station, 
Florence, SC (a field station of the South Carolina Agricultural Experiment 
Station). Five 0.081-ha main plots of each variety were randomized in three 
blocks and split into 0.04-ha section for tillage treatments. The field soil was a 
Duplin fine sandy loam and a Varina loamy fine sand with 0 to 2% slope. The 1st 
year the entire field was prepared in the same manner - disked, 0.34 kg trifluralin 
per ha applied and disked in, then subsoiled to 35 em, bedded in 0.96-m wide 
rows and fertilized with 272 kg of 5-10-10 per ha in one operation, The cotton was 
planted 15 - 16 April (the first period when the soil temperature was above 15°C 
for 3 d) with a tWO-I'OW minimum tillage Colee planter with double-disk openers, 
and oversprayed with 2.8 kg nuometuron per ha. All plots were sidedressed with 
56 kg of CaNO;! (u highly soluble form of nitrogen and calcium with a short 
residue time) per ha on 4 June, with only the conventional-tillage plots being 
plowed. 

The insecticides azinphosmethyl (0.28 kg AI/ha), [e!lvalerate (0.12 kg AI/hal, 
and monocrotophos (0.56 kg AVha) were apl>!ied 8S single or combination sprays 
by a high-clearance sprayer as needed based on weekly field scouting. Sampling 
for insect damage was done one or two times per week by counting fruiting 
structures on three, 2-m-row sections per plot, and determining the number 
damaged by boll weevils, Anthonomus grandis crandis Boheman or bollworms 
IHeliothis zea (Boddie) and Ii. uirescens (Fabricius)J. Spray schedules were begun 
whenever boll weevil and/or bollworm damaged squares exceeded 5% of the total 
squares counted. Observations on plant populations, squaring rate, and rate of boll 
formation and opening were also made. All plots were defoliated with 0.23 kg of 
tributyl phosphorothioate per ha and machine harvested. 

The same land preparation, planting, sampling, insecticide spraying, and 
harvesting techniques were used the 2nd and 3rd years of the study, except the 
reduced-tillage plots were not disked or treated with nuomcturon. Instead, 
paraqu"at (0.06 kg AI/ha) was broadcast-sprayed over the reduced-tillage plots 
approx. 14 d prior to planting, and sidedress nitrogen was applied with cultivation 
in all plots. 

During all 3 yr of the study, the conventional plots were sweep-cultivated as 
needed, usually two to three times during the season. Spot treatments of the plots 
with glyphosate at recommended rates was perfonned in some plots for control of 
Bermuda grass. Beneficial insects were sampled by D-Vac@ machines each year by 
vacuuming whole plants in 7.6 m of one row per plot per week until insecticide 
sprays substantially reduced insect populations. Levels of insect damage, yields, 
plant populations, and rate of boll formation for the plots and varieties were 
analyzed by appropriate ANDV techniques and compared by Duncan's multiple 
range test at the 0.05 level. 

RESULTS AND DISCUSSION 

Since tiHage practices during the 1st year of the study were identical except for 
cultivation at sidedress, insect damage was not separated by tillage treatments. 
Boll weevil damage reached 5% in early June and insecticide applications began 
on 12 June. For the season, 11 spray applications of 8zinphosmethyl were applied, 
and during the period of 18 July to 8 August were combined with either 
fenvolerate (five times) or monocrotophos (5 times) for boll weevil, bollworm, and 
spider mite control. There were no signficant differences between boll weevil and 
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bollworm damage levels in the cotton plots (Table 1). There were significant 
differences in yields of seed cotton between varieties and between tillage systems. 
Coker 304 and McNair 220 yields were not different, nor were Coker 304 and Pee 
Dee 6520. McNair 220 yields were significantly greater than Pee Dee 6520. 
Overall yields between the tillage systems were significantly different, with the 
conventional-tillage plots producing approx. 118 kg/ha more seed cotton than the 
reduced-tillage plots. This was probably due to the method of sidedress nitrogen 
application since the CaNO;) remained on the soil surface in the reduced-tillage 
plots and was noi available to the plants except through rainfall infiltration. 

Table 1. Mean overall seasonal boll weevil and Heliothis spp. damage levels in, 
and seed cotton yields of, three cotton varieties grown under conventional· 
or reduced-tillage practices at Florence, SC in 1980. 

Mean % square damage* Seed cotton yields kg/ha 

Cotton Heliothis Boll Reduced Conventional 
cultivar spp. weevil tillage tillage X 
Coker 304 1.3 3.3 1714 1894 1804 ab 
McNair 220 1.5 2.6 1994 1906 1950 a 
PD 6520 1.6 3.7 1622 1724 1673 b 
X 1.5 3.2 1724 b 1842 a 

• :'Ilcan	 lIereenlul:e~ of lI(luHre domalte by epch insect for lhe period 27 Junc til ·1 Au!:uut. Mcons HCjlPrPlCd by Duncan's 

mull!!,lc rltllltc leul III 0.05 11"-1'1; no lettel'il indicple nnnsil:nifirPJlce. DHflln!:c by li11ft!:/) pJOtll nol ~cl'ftrftted durin/: 
1980. 

Total predator numbers of the most common predator groups reported by 
Roach (1980) (Geocorids, nabids, spiders, minute pirate bugs, coccinellids, 
lacewings, carabids, and ants) totaled 13,076/ha on 11 June in all plots prior to 
the first application of azinphosmethyl for boll weevil control. After one spray 
application on 12 June, the population was ca. 10,932/ha, but was practically 
eliminated by the third and fourth spray. This pattern of predator elimination was 
the same as that shown previously by Roach and Hopkins (1981) in North 
Carolina and South Carolina cotton fields. 

Maturity of the cotton varieties was not significantly different during 1980 
based on squaring rate, rate of boll formation, or rate of boll opening. The range 
of open bolls among the three varieties was 19 - 27% on ) 1 August, 37 - 45% on 
19 August, and 71·76% on 27 August. The cotton plots were defoliated on 28 
August and harvested 11 September, with all plots picking clean (above 95%) with 
one operation. Dry weather during July, August, and September probably held 
down yields and hastened plant maturity in all the cultivars. Rainfall for the 3
month period equalled 21.1 em wi1h 6.6 em of t.he total falling the last 2 d of 
September. For comparison, the long term avg amount of precipit.ation for this 3
month period was 43.9 em. 

During the 2nd year of the study, the cotton was planted 23 April, a week later 
than in 1980. Boll weevils again infested the cotton by mid·June and a 3- to 5-d 
spray schedule with azinphosmethyl was initiated 26 June. Thereafter, 15 
azinphosmethyl sprays were applied on a 3- to 5-d schedule, and, during the 
period 17 July - 2 September, fenvalerate (lO treatments) was added to the 



252 J. Agric. Entomol. Vol. I, No.3 (1984) 

8zinphosmethyl for bollworm control. Table 2 shows the mean percent square 
damage by boll weevils and bollworms for the July - August period in the cotton 
varieties and tillage systems. No significant differences were found in the amount 
of damage among varieties or between tillage systems. 

Predaceous insect numbers showed a similar pattern of decline, as was 
observed the previous year. On 14 July, the predaceous insect population after 
four 8zinphosmethyl sprays was B,OIB/ha, while in an adjacent untreated plot (0.4 
ha of McNair 220) the population was 19,029/ha. On 21 and 28 July, the number 
of predators was 4,757 and 2,310/ha, respectively, while the number in the 
adjacent untreated plot remained around lO,OOO/ha. This was after two fenvalerate 
+ azinphosmethyl sprays and the four previous azinphosmethyl sprays. 

As in 1980, the cotton varieties showed no difference in time of maturity, and 
all plots averaged 66% open bolls on 16 September. The cotton was harvested 7 
October and again picked above 95% clean with one picking. The seed cotton 
yields are shown in Table 2. There were significant differences among cultivars 
with McNair 220 having the highest yields, followed by Pee Dee 6520 and Coker 
304. Also, the conventional-tillage plots produced significantly more cotton than 
the reduced-tillage plots. 

In the 3rd year of this study, the cotton was planted 23 ApriL Boll weevils 
again required insecticide treatment during the pinhead square stage and boll
worms also infested tbe cotton by mid-June. Azinphosmethyl was applied 9 June 
and from 18 June to 23 August, 14 sprays of azinphosmethyl + fenvalerate were 
applied to the plots on a 3- to 5-d schedule. Table 3 shows the mean percent 
insect damage to squares during the period 1 July to 27 August. There were no 
significant differences between damage in the tillage systems, but Coker 304 had a 
higher boll weevil damage level than the other two varieties. Boll weevils were 
difficult to control during 1981 and 1982, and even with the high number of 
sprays, the infestation level exceeded 10% damaged squares for the entire season. 
The regular spray schedule again virtually eliminated the predaceous insect 
complex. Vacuum sampling indicated a pre-spray population of 9,l76/ha (14 
June), and levels of 5,032 and l,972/ha on 23 June and 1 July, respectively. 
Thereafter, very few predators were found in the plots and sampling was 
discontinued in mid-July. 

Yields of seed cotton from the plots are shown in Table 3. The cotton was 
harvested late (6 October) due to equipment failure, but open boll counts 
indicated ca. 50% open on 31 August and 75·80% on 14 September. The 
October harvest date did give better than 95% seed cotton harvest. Statistically, 
all three varieties yielded the same under both tillage systems, which was different 
from the first 2 yr of the study. However, yields were almost 100% higherj more 
favorable weather conditions may have been responsible for the increased yields. 

Plant development in the tillage systems was similar except for 1981, which 
was abnormally dry. In 1981, the plants in reduced-tillage plots appeared to 
mature earlier and were smaller in areas where grass and weed problems 
persisted. 

For the 3 yr of this study, neither pest nor beneficial insect populations could 
be related to changes in tillage systems. The necessity of early season boll weevil 
control obviously reduced populations of beneficial insects as well as the boll 
weevils. In the 3rd year of the study, bollworm infestation by the F , generation in 
June also necessitated earlier spraying. Normally, the F2 generation of moths, 



Table 2. Mean % seasonal square damage by Heliothis spp. and boll weevils, and seed cotton yields in three cotton cultivars 
grown under reduced- and conventional-tillage systems at Florence, SC. 1981. 

Mean % square damage- t 

Conventional tillage Reduced tillage Yields in seed cotton (kg/ha)! 

Cotton Heliothis Boll Heliothis Boll Conventional Reduced '" o 
Cultivar spp. weevil spp. weevil tillage tillage X > 

n 
:t

Coker 304 14.0 10.5 12.6 10.4 1198 982 1090 c •McNair 220 13.5 11.4 13.4 11.4 1648 1444 1546 a Q. " 
PD 6520 12.0 10.0 11.8 11.5 1530 1120 1324 b n 

CX 13.2 10.6 12.6 ILl 1458 a 1182 b r 
:;> 

- Mun damal(e ntinutu lor the period 2 July to 24 Aur;uJt \98!.
 
t Mt'an!I rollowed by the SArne leueTi Me nDt aiplificantl)' dilfel"l'nl at the O.Of) l,,~·el. DunClin'. multiple range I...SL ND letU'n indicate nonlli«nifieance. >
 

" 

Table 3. Mean % seasonal square damage by Heliothis spp. and boll weevils, and seed cotton yields in three cotton cultivars 
b1fOwn under reduced- and conventional-tillage systems at Florence, SC 1982. 

Mean % square damage"t 

Conventional tillage Reduced tillage Yields in seed cotton (kg/ha) t 

Cotton Heliothis Boll Heliothis Boll Conventional Reduced 
Cultivar spp. weevil spp. weevil tillage tillage X 
Coker 304 3.2 16.4 a 3.0 15.4 a 2504 2466 2486 
McNair 220 2.5 11.1 b 3.1 11.2 b 2688 2654 2672 
PD 6520 2.4 10.3 b 2.7 11.5 b 2158 2350 2254 
X 2.7 12.6 2.9 12.7 2450 2492 

- Mean dama!:e elitimlltt'li for the Jl~fiod 1 Jut)· 10 27 AU~'\Ist 1982.
 
t Mellns r..,Jl..,wed hy the 1I11me letters lift' nOI ~ignificanlJy different al the O.Oli Itv .. I, Duncon', multiple fange teaL No lett~rll indicate nnn8ignificance,
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which emerges in mid- to late-July causes the most damage in cotton in this 
area. 

It is difficult to put exact figures on dollar savings by reducing specific 
mechanical field operations but some estimates are available (Anon. 1980, Anon. 
1983). The cost of heavy disking was estimated between $4.03 and $5.55 per acre 
($9.95 - $13.71 per h8); light disking and herbicide application between $2.88 and 
$4.04 ($7.11 - ,9.98 per hal; cultivating row crops between $2.54 and $3.49 per 
acre ($6.27 - ,8.62 per hal; and picking cotton between $39.41 and S62.43 per 
acre ($97.34 - 154.20 per hal. These figures were based on diesel fuel cost of 
$1.25 per U.S. gallon. Thus, in our tests a reduction of one heavy and one light 
disking, two cultivations, and a second picking resulted in minimal cost savings of 
$51.40 per acre ($]26.96 per hal over a conventional production program. 8hort
season practices alone reduced the possibility of having to pick the cotton a 
second time, or a $39.41 per acre ($97.34 per hal savings. Obviously these cost 
estimates would be lower than were the 1983 costs or the cun'ent 1984 costs. 

Cotton yields in 1980 averaged 118 lb (53.5 kg) seed cotton or approximately 
45 Ib (20.4 kg) lint per acre less in the reduced tillage system; 276 Ib (125.2 kg) 
seed cotton or 105 Ib (47.6 kg) lint per acre less in 1981; and 42 Ib (19 kg) seed 
cotton or 16 Ib (7.2 kg) lint more in the reduced-tillage plots in 1982. For cotton 
selling at ,0.65 per Ib, this translates to ,29.25 less per acre ($11.84 per hal in 
yield in 1980, $68.25 less per acre ($27.63 per hal in 1981, and $10.40 more per 
acre ($4.21 per hal in yield in the reduced-tillage plots in 1982. Compared to a 
minimal savings of $51.40 per acre ($126.96 per hal in production costs by 
reduced tillage, conventional tillage did not show any economic advantage over the 
reduced-tillage system for the 3-yr period. 

Agronomically, the use of reduced tillage created some grass problems in the 
experimental area but the three cotton cultivars still produced a good cotton crop 
even though it was often less than the conventional-lillage system. The experi
mental design did not permit extensive changes in farming practices each year, but 
several changes in the reduced-tillage system would probably have been beneficial. 
For example, directed or over the top applications of selected herbicides such as 
sethoxydin would have minimized most of the weed and grass problems noted in 
this paper. Earlier-than-normal planting and crop maturity in our plots did not 
reduce insect problems nor the amount of insecticide required in this area. 
However, the earlier maturity of the cotton did allow an early and complete once· 
over harvest. Thus, savings were realized in land preparation and harvest cost in 
this system but insecticide and herbicide costs were essentially the same as 
conventional cotton-production practices. The selection of cotton cultivars for use 
in reduced-tillage systems is also an important factor, since, in our tests, the 
cultivar McNair 220 appeared to perform better overall under our climatic 
conditions than the other two cultivars. 

REFERENCES CITED 

Anonymous. 1980. What it costs to operate machinery. Progressive Fanner. June. Vol. 95. 
p. 34. 

Anonymous. 1983. Machinel)' operating costs. Doane's Agric. Rep. 46: 305. 
Cannon, M. D. 1970. Minimum tillage experiment.s at three locations, 1969. Univ. Ariz. Ext. 

Servo Pub. Feb. p. 19. 



ROACH and CULP: An EVllluation of Three Cotton Cultivars 255 

Heilman, M. D., M. J. Lukefahr, L. N. Namken, and J. W. Norman. 1977. Field evaluation of 
a short-season production system in lower Rio Grande Valley of Texas. Proc. Beltwide 
Callan Prod. Res. Coof. PI'. 80-83. 

Mally, F. W. 1901. The Mexican cotton boll weevil. USDA Farmers Bull. 130: 29 PI'. 
Namken, L. N., and N. D. Heilman. 1973. Detenninate colton cullivars for more efficient 

colton production on medium-textured soils in the Lower Rio Grande Valley of Texas. 
Agroll. J. 65: 953·956. 

Porterfield. J. G.• and J. ft.'1. Davidson. 1974. Minimum tillage for cotton production. Trans. 
ASAE. pp. 1121·1122. 

Roach, S. H. 1980. Arthropod predators on colton, corn, tobacco, and soybeans in South 
Carolina. J. Georgia Entomol. Soc. 15: 131-138. 

Roach. S. H. 1981. Reduced- vs. conventional-tillage practices in cotton and tobacco: a 
comparison of insect populations and yields in northeastern South Carolina, 1977 - 1979. 
J. Econ. Entomo!' 74: 688-69:>. 

Roach, S. H., and A. R. Hopkins. 1981. Reduction in arthropod predator populations in 
canon fields treated with insecticides for Heliolllis spp. control. Ibid. 74: 455-457. 

ScoU, H. D., and H. F. FOfel. 1974. Studies on minimum tillage for cotton. Ark. Farm Res. 
23(1): 1L 

Shepard, P. 1982. Short season production in f\'lissouri bootheel. Cotl.On Farming. Jan. Vol. 
26. pp. 20·29. 



LEAFMlNERS ON GREENHOUSE CHRYSANTHEMUM:
 
CONTROL OF CHROMATOMYlA SYNGENESIAE'
 
AND LIRIOMYZA TRIFOLII'·2
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Ab.~lract: Cypcrmethrin, methomyl, pyrazophos. pirimiphos-methyl, and triazophos were 
evaluated for control of Chromatomyia syngenesiae (Hardy) and Liriomyza tri{o/ii (Burgess) on 
greenhouse chrysanthemum. Pyrazophos and triazophos gave good control of both C. 
.'>Yrlgenesiae and L. trifolii larvae, but the former species was more susceptible to other 
insecticides used. Pryrazophos and triazophos also killed emerged C. syngenesiae adults. In 
addition to the above materials, permcthrin, methoprene, and 8D52618 were evaluated using 
two spray volumes tis. L. trifolii larvae. Spraying plants with a hand sprayer at 3168 liter/ha 
generally resulted in better L. tn/alii control than when plants were sprayed in a spray chamber 
at 1320 liter/ha. Effects of most materials evaluated us. L. tri{o/ii were seen in the larval 
stuge, but mortality in methoprene treat.ments did not occur until pupation. Significant pupal 
mortality also occurred with cypermethrin, permethrin. and methomyl in one experiment. 

Key Words: Chromalomyia syngenesiae, Liriomyza tri/olii. leafminers, chrysanthemum. 

J. Agric. Entomol. 1(3), 256-263 (July 1984) 

Chromatomyia (= PhyLomyza) syngenesiae (Hardy), the chrysanthemum leafminer, 
is a widespread pest in Europe and North America, and can cause severe injury to 
chrysanthemum (Spencer 1973). Liriomyza trifolii (Burgess) has been a serious 
pest of horticultural crops in Florida for over 30 years (Price 1983), and has 
recently become a problem outside of its native area, causing injury in Africa, 
Europe, and South America (van de Vrie and Dirkse 1982). Most past and current 
management efforts are based on insecticides, with both species sometimes 
difficult to control (Anon. 1980; Alverson and Gorsuch 1982; Gurney and Hussey 
1974; Parrella el al. 1982: van de Vrie and Dirkse 1982). 

Recent reports have indicated that L. tri{olii may be more resistant to 
pesticides than other common agromyzids, including L. sativae Blanchard and 
L. huidobrem;is (Blonchard) (Parrella el al. 1981). Price and Stanley (1983) 
speculated that use of certain pesticides could lead to L. tri{olii becoming the 
dominant leafminer species in an agroecosystem. Within L. trifolii populations, 
resistance to a particular pesticide is suspected to vary widely. Keil and Parrella 
(1983) reported a 35·fold difference in resistance to permethrin in two California 
L. trifo!ii populations. 

Results of experiments are reported which compare control of C. syngenesiae 
and L. tri{oiii larvae on chrysanthemum. Also reported are data comparing 
different spray volumes for L. trifoiii control. 

1 DlPTERA: ,\gromyzidne 
2 SlIlnnes snd reselttc"h support provid"'d by SUtte lind Federlll funds IIpprOllr1l1ted to the Ohio Al(rieullutlll He~eltrch and 
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Englund. 
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MATERIALS AND METHODS 

Chromatomyia syngenesiae control evaluations were conducted at the Glasshouse 
Crops Research Institute (GCRn, Littlehampton, England, and L. trifolii evaluations 
were conducted at the Ohio Agricultural Research and Development Center 
(OARDe), Wooster, OH. Insects of unknown pesticide resistance characteristics 
were used at both locations. Objectives were to evaluate different pesticides 
against eggs and different larval stages. 

Chromatomyia syngenesiae 
Potted chrysanthemum plants (Chrysanthemum X morifolium cv. 'Snowdon') 

were used. Plants were grown in 10 cm-Diam pots, watered as required with a 
solution including 200 ppm N, P, and K. For each leafminer age group, 30 plants 
ca. 41 em high, were exposed to C. syngenesiae adults for 48 h (10 plants in each 
of three cages, with each cage containing 50 C. syngenesiae adults). Treated stages 
were eggs, 2 - 4, 4 . 6, and 6 - 8 d·old larvae. The pesticides and rates included in 
experiments for C. syngenesiae control were: methomyl, 0.05% AI (Lannate® 25% 
WP), pirimiphos-methyl, 0.05% AI (Acetellic'" 25% EC), triazophos, 0.04% Al 
(Hostathion'" 40% EC), pyrazophos, 0.0225% AI (Afugan'" 30% EC, and 
cypennethrin 0.01% AI (Ripcord@ 10% EC). Sprays were applied on upper leaf 
surfaces to the point of run-off with a gas chromatography atomizer inside a spray 
chamber. After treatment, plants were kept in a plant growth room at 22°C. For 
efficacy us. eggs, the subsequent number of visible leafmines was recorded. Leaves 
were examined under a binocular microscope. Younger larvae were recorded as 
alive or dead, and older larvae as alive, dead, or pupated. Percent mortality was 
calculated for the larval stages, data were analyzed, and means separated by 
Duncan's new multiple range test. Leaves containing pupae were removed, 
arranged on the bottom of plexiglass cages and held for adult emergence. In 
contrast to L. trifolii, C. syngenesiae pupate within the leaf. Emerged adults were 
observed for any mortality caused by residual effects of pesticides. 

Liriomyza tn/olii 
Methods of infesting plants with L. trifolii were as described above, except that 

t.he exposure time to ovipositing adults was 24 hand cultivar 'Iceberg' was used. 
Plants were approx. 25 em high when treated. Treated stages were eggs, 4 - 5 d 
and 6 - 7 d-old larvae. Insecticides were applied with a compressed-air sprayer 
(300 gallA., 3168 liter/hal or in a spray chamber (125 gallA., 1320 liter/ha) 
(Research Instrument Mfg. Co., Guelph, Ontario). Sprays were applied to both 
upper and lower leaf surfaces with the compressed-air sprayer, and only to the 
upper surfaces with the spray chamber. Materials used and application rates 
(when different from those listed previously) were: triazophos, pyrazophos, 
cypermethrin (Ammo® 2.5 EC), permethrin, 0.025% AI (Ambush@ 2 EC), 
pirimiphos-methyl, 0.025% AI, methomyl 0.25% AI (not applied in spray chamber), 
methoprene 0.07, 0.26% AI (Minex'" 5 E), and SD 52618 85 WP 0.02, 0.04, 0.08 
AI. 

After treatment, plants were held in leafminer-free cages and the number of 
visible leafmines was recorded. When applications were made to plants containing 
older larvae, infested leaves were removed 24-h posttreatment and placed in paper 
envelopes (one envelope/plant) for pupal collection. When eggs and younger larvae 
were treated, plants were held in leafminer-free cages for 7 and 4 ct, respectively, 
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until larvae were almost ready to pupate; leaves then were removed and placed in 
envelopes as described above. Removed leaves were held for ca, 7 d at 25,5°C and 
80% RH. Pupae then were collected, placed in vials, and held for 14 d under these 
same conditions, when adult emergence was recorded. 

For the egg stage, data were recorded as with C, syngenesiae. Percent mortality 
was calculated in two ways for the larval stages as follows: percent larval mortality 
was calculated on the number of visible leafmines in relation to the number of 
pupae collected, and percent pupal mortality was based on the number of pupae 
collected in relation to emerged adults. Not all treatments were included in the 
pupal mortality tables because few or no pupae were collected. Mortality data 
(except for number of emerged adults) were subjected to arcsin transformation 
prior to analysis by Duncan's new multiple range test, but actual percentages are 
presented in the tables. 

RESULTS AND DISCUSSION 

Chromatomyia. syngenesiae 
Triazophos, PYI'8zophos, and pirimiphos-methyl all prevented egg hatch, or 

killed larvae before any visible leafmines appeared (Table L). All insecticides 
prevented pupation (i.e., killed larvae) when applied to 2 . 4 and 4 . 6 d·old larvae, 
so no adults emerged from these t.reatments. Also, all materials were effective 
against 6 ~ 8 d-old larvae, but some pupation occurred. When adults emerged ca. 
10 d later, the residual deposit of triazophos, cypermethrin, and pyrazophos on 
leaves was sufficient to kill them. 

Liriomyza tri[olii 
In the L. trifolii experiments (Tables 2 - 4), the relative effectiveness of a 

material was similar whether applied with a hand sprayer or when using the spray 
chamber, but there often was less mortality of all leafminer stages tested when 
using the spray chamber, especially with other larvae. This indicated that total 
spray volume and thoroughness of leaf coverage may affect results obtained with 
certain insecticides. In the spray chamber, upper leaves were wet while both upper 
and lower leaf surfaces were sprayed beyond the point of run~off when using the 
hand sprayer, 

When plants were thoroughly sprayed with a hand sprayer, 8D52618 and 
triazophos either reduced egg hatch, or killed larvae prior to formation of visible 
leafmines (Table 2). Most pesticides that were effective us. 4 ~ 5 d~old larvae also 
were effective us. 7 d-old larvae, with 8D52618, triazophos, and pyrazophos 
generally giving the best control (Table 3). An interesting aspect of these data is 
the comparison of Tables 3 and 4. Table 3 gives larval mortality (i.e., the no. of 
pupae us. the no. visible leafmines), while Table 4 shows pupal mortality (i.e., the 
no. of emerged adults us. the no. pupae collected). For most materials there is 
little difference in their effectiveness ranking, but for methoprene pupal mortality 
increased considerably. This chemical is expect.ed to act on the larval~adult 

transition, rather than directly on the larva. 
When the hand sprayer was used to apply pesticides to older larvae, all 

materials significantly increased pupal mOliality, These results agree with those of 
Parrella et al. (1982), who pointed out that the sampling method must be tailored 
to the mode of action of the pesticide. The same could probably be said for the 
application method. 



Table 1. Chromatomyia syngenesiae egg, larval, and adult mortality on chrysanthemum. Littlehampton, England. 1981. 

Age group' 

2-4 Day 4 - 6 Day 6-8 Day 

Rate Egg % % % 
Treatment (% An L L D Mortality L D P Mortality L D P Mortality A 

Untreated 0 3.4 1.6 0.4 14 a 4.2 0.6 5.3 7 a 0 0.8 11.9 7 a 34 
Triazophos 0.04 0 0 1.1 100 b 0 8.2 0 100 b 0 13.2 1.4 92 b 61 
Cypennethrin 0.01 4.4 0 3.3 100 b 0 20.8 0 100 b 0 7.7 2.1 80 b 91 
Methomyl 0.05 3.2 0 8.3 100 b 0 15.2 0 100 b 0 7.1 3.0 76 b 10 
Pyrazophos 0.02 0 0 2.3 100 b 0 11.9 0 100 b 0 11.1 1.3 92 b 61 
Pirimiphos-methyl 0.05 0 0 4.9 100 b 0 17.9 0 100 b 0 7.3 3.0 72b 12 

• Means of 10 lcavu/trelltment; L = live larvae. D - dead larvae. P "" pupae, A - emerged aduJu (total). Means in each column followed by the 80me letter are not significantly different 
(P - 0.05) acoordinr.: to Duncan's new multiple range lelL
 

t Adults emefjl:ed but died due to residual depolit on leavell,
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Table	 2. Liriomyza trifolii egg and/or young larval mortality on greenhouse 
chrysanthemum. Wooster, Ohio. 1982. 

No. leafmines 

Rate 
Treatment (% An Hand sprayer- 8pray chamber-

Untreated 0 38.0 a 18.4 a 
Permethrin 0.025 43.4 a 19.6 a 
Cypennethrin 0.01 18.2 b 16.2 a 
Methoprene 0.26 18.0 b 16.5 a 
Mcthomyl 0.25 9.2 b 
Methoprene 0.07 8.6 b 16.5 a 
Pyrazophos 0.02 7.8 be 5.4 a 
8052618 0.02 7.6 be 12.2 a 
Pirimiphos-methyl 0.025 5.6 be 10.9 a 
8052618 0.08 0.2 e 10.6 a 
Triazophos 0.04 0.0 e 17.5 a 
8052618 0.04 0.0 e 8.1 a 
-!lund sprayer, mellns of five replications (300 goVA, 3168 liter/hll); apro}' chamber, mellns of 10 repliClltions (125 gIiVA. 

1:120 liter!ho); meons ""ilh II leiter in comm"" nrc not significantly different {P - 0.051. uccordinK to Dunclin's new 
llIultiple ranl:e test. 

Although pyrazophos and triazophos were effective in killing both C. syngenesiae 
and L. tri[olii larvae, there was little relationship among the other pesticides used 
at both GCRI and OARDe. Chromatomyia syngenesiae was apparently susceptible 
to all pesticides tested. Methomyl controlled C. syngenesiae but was ineffective us. 
L. tri[olii, despite being used at a 5 X stronger concentration. Methomyl has been 
implicated in previous leafminer outbreaks in the United States, so the lack of 
control was not surprising (Oatman and Kennedy 1976). These results are the ftrst 
comparative data which demonstrate that C. syngenesiae is more susceptible to 
pesticides than L. tri[olii. 
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Table 3. Liriomyza trifolii larval mortality on greenhouse chrysanthemum l Wooster, Ohio. 1982. 

Mean % mortality of 4 - 5 and 7 d·old larvae-

Rate 4·5 d-old larvae 7 d-old larvae 
Treatment (% An Hand sprayert Spray ehamberl Hand sprayed Spray chambed 

S052618 0.02 92.9 a 74.6 a 81.5 b 47.6 b 
SD52618 0.04 100 a 82.0 ab 97.9 a 33.2 be 
S052618 0.08 100 a 90.2 a 96.3 a 55.4 b 
Triazophos 0.04 100 a 71.4 a 97.4 a 79.5 a 
Pyrazophos 0.02 100 a 89.5 a 91.2 a 35.8 be 
Methoprene 0.26 38.8 b 8.0 be 12.3 cd 15.5 ed 
Methoprene 0.07 31.2 be 24.9 b 0 d l.5 d 
Methomyl 0.25 23.0 bed 19.4 e 
Cypermethrin 0.01 7.2 d 0 e 0 d 0 d 
Permethrin 0.025 12.6 ed 3.9 be 0 d 5.3 d = o 

Pirimiphos-methyl 0.025 27.0 be 2.2 c 10.0 ed 0 d 
Untreated 0 12.9 bed ?_.0- e 0 d 2.0 d 

- Mum of five Il.'pliClltion.; number. in filch rolumn ""ilh • I~lter in common Iln' not significsolllly different (P - 0.05). according to Duncan', new mullip!l' range 1l':~I, pt'rt't'nl mon'!;I)· bllSl'd on 
original no. of ,~sible lcafminu 1.". no. pupae rolletled. ArCllin tnnJfonnal;on WllS used prior to analysis, bUI aClu.1 Pl'rCl'ntagcs flT1!'lI!ntl'd. 

t :100 csUA. 3168 !ilerlh,.

*125 ~aIIA, 1320 Iilu/ha. 
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Table 4. Liriomyza trifolii pupal mortality on greenhouse chrysanthemum, Wooster, Ohio. 1982. 

Mean % pupal mortality after treatment of 4 . 5 and 7 d·old larvae-

Treatment 
Rate 

(% An 
4 - 5 d-old larvae 

Hand sprayert Spray chamber: 
7 d-old 

Hand sprayer t 
larvae 

Spray chamber: !'-

SD52618 
SD52618 

0.02 
0.04 

#1 
# 

13.9 
# 

e # 
# 

46.2 
36.1 

a 
a 

>
:g.
o 

SD52618 0.08 # # # 47.2 a '" Triazophos 0.04 # # # 69.0 a "o 
Pyrazophos 0.02 # # # 62.5 a ~ 
Methoprene 0.26 51.9 a 66.0 ab 88.8 a 59.1 a 
Methoprene 0.07 40.0 ab 67.6 a 61.3 b 32.9 a ~ 
Methomyl 0.25 18.1 e - 42.1 be -
Cypermethrin 
Permethrin 

0.01 
0.025 

36.6 abc 
28.2 abc 

29.2 
35.4 

e 
he 

44.9 
30.6 

be 
e 

27.9 
40.7 

b 
a 

z 
p 

'" Pirimiphos·methyl 
Untreated 

0.025 
0 

26.2 be 
19.3 be 

17.9 
33.0 

e 
e 

32.6 e 
11.7 d 

30.7 
38.3 

a 
a u; 

'" 
- Mellnl of five replicationB; numbers in nch column with a letter in common ar!! not Bignificlntly different (/' ~ O.OS), according to Duncan'. new multiple ranj:ll teBt, percent mortality hnled on .:: 

originlll no. or PUPIe coUecled VI. no. emeTJed adula. Arclin tr.nlfonnation W/lS used prior to anelYlil. but actual perCentAges an" pres.ented. 
t 300 laVA, 3168 Iiter!h•. 
: 12S ,aVA, 1320 liter{h•. 
§ 'fNatment. marked with an -1f: produced few or no pupae. 
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PERMETHRIN EAR TAGS EVALUATED IN FOUR STATES 
FOR CONTROL OF THE HORN FLY' AND FACE FLY'" 

R. W. Miller', R. D. Hall', F. W. Knapp', R. E. Williams', 
K. E. Doisy" F. Herald " and C. A. Towell' 

Abstract: Ear tags, molded by two different commercial manufacturing processcl'l, containing 
6 - 10% permethrin, and cis:trans isomer ratios of 40:60 or 52:48 were evaluated in 
Maryland, Missouri, Indiana, and Kentucky. In Indiana and Kentucky different color tags 
were also evaluated. With the exception of Indiana. where hom fly, Haemalobin irritans 
(Linnaeus), populations on control cattle were small, all tags provided 95% or greater cont.rol 
of the hom nies. With the exception of Missouri, tags that contained 8 or 10% pennethrin 
with an isomer ratio of 52:48 were as effective against face flies. Musca Qu.lumnalis DeGeer, 
8S were the commercial tags marketed in 1982 which contained 10% pennethrin with an 
isomer ratio of 40:60. In trials in Indiana and Kentucky the color of tags did not affect 
efficacy. In Kentucky trials, reducing the perccnlage of plasticizer or stapling a commercial 
tag onto existing noninsecticidal ear lags lowered efficacy. 

Key Words: Ear tags, horn fly, face fly, cattle, permethrin, 

J. Agric. Enlomol. 1(3), 264-268 (July 1984) 

Ear tags impregnated with permethrin insecticide have been evaluated for 
control of hom flies, Haematobia irritans (Linnaeus), and face flies, Musca 
autumnalis DeGeer, (Knapp and Herald 1980; Williams and Westby 1980; 
Williams et al. 1981). Tags tested in those trials contained 5 or 10% permethrin 
with 8 cis:tcans isomer ratio of 40:60. Williams and Westby (1980) and Williams 
et aI. (1981) reported good-to-excellent control of the horn fly with either the 5 or 
10% permethrin tags. The 5% tag provided little or no control against the face ny, 
whereas the 10% tag provided 30 - 50% control. Knapp and Herald (1980) 
obtained an average 75% reduction in face flies with 10% permethrin tags. 

The present study was conducted to determine the effects of various combi
nations of percentage of active ingredient, isomer ratios, color, and manufacturing 
processes on the efficacy of permethrin ear tags. The results of tests conducted in 
Indiana, Kentucky, Maryland, and Missouri are reported. 

MATERIALS AND METHODS 

A description of the different pennethrin-polyvinyl chloride ear tags tested is 
presented in Table 1. Details of the two commercial manufacturing processes used 
to mold the tags is proprietary information. Tags were attached to both ears of 
beef cattle with a Y-Tex'" applicator, on the dates indicated in Table 2, In cow-calf 

1 DlPTERA: Muscidlll!
 
2 This Illlper repons thc rr.sults of research only. Mention of a !Imllrietal)' product or II pesticide does not. conatitute n
 

recommendntiOIl b)' the USDA, nor does it iml,ly rel:illtmtion under FlFRA 118 IImended. Thill relle~h wu aupported hy 
NC-154 and the Burroughs Welkome Co. Reeei'-ed for publiclltion 10 October 1983: Iluepled 26 April 1984. 

3 Li\'estock 'nncu l.aboratory. A,,'l'il:Ultur.1 En';mnmen!sl QUlllity In;;titute, AilS, USDA, Deltaville. MI) 20';05. 
4 Depanment of Elllomolol:)', Univerlity of Mi5MlUri, Columhin. MO 65211. 
5 Deportment of Entomology. Univenil)· of Kenlucky, LC1inl:lon, KY 40546.0091. The in"esligation in this paper (No, 

83·7·176) ia in conn«"tion with" I'rojed of the Kentucky Agricultural "~II>eriment81 Slalion and ill IlUhlished with 
Ilppr1l\·,,1 of the director. 

6 Dellonment of Jo:nlomolojp', Purdue University. Wf'st Lllfnyelle. 1:\ 4';90';. ,Journal pOller No. 9640. 
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Table 1.	 Description of permethrin ear tags used in study with cattle in four 
slates, 1982. 

Commercial 
% Active Cis:trans manufacturing 

Tag type ingredient isomer ratio Color process 

A 10 40:60 Orange 1 
B 10 52:48 Orange 1 
C 8 52:48 Orange 1 
D 6 52:48 Orange 1 
F 8 52:48 Green 1 
G 8 52:48 Blue 1 
H 8 52:48 Yellow 1 
J 10 40:60 Orange 2 
K 10 52:48 Orange 1 
8 10 40:60 Orange 2 
Y 10 40:60 Orange 2 

- All tllp oontaiDed 38" dioctyl pthalau plasticizer, which the elCtptiOD of "J" tap which oontaintd 30'lo. 

Table 2. Locations included in study, times of treatment, cattle number and type, 
and ear tag treatment applied for control of horn flies and face flies, 
1982. 

Dates 
lags No. cattle Breed(s) of Tag 

8tate attached per treatment cattle types· 

Indiana 9 July 20 Charolais X Angus F,H,K,S,Y 
Kentucky 28 June - 2 July 23 - 35 Mixed G,H,J,S,Y 
Maryland 29 May - 11 June 12 - 44 Mixed A,B,C,D,Y 
Missouri 28 - 30 June 24 - 30 Mixed A,B,C,D,Y 

• See Table I (or (ormulations or pennelbrin in diHtrtmt ugl. 

herds, only the cows were tagged. For the "S" treatment, a 75 X 50 mm portion of 
a "Y" tag was stapled onto the back of a cattle identification (ill) tag, with 12.5 
mm of the 50 mm dimension extending below the ill tag. 

Once a week after the tags were attached, face flies and hom flies were 
counted on 15 of the cattle in the Missouri herds and on 10 of the cattle in each 
of the respective herds in the other states. Face flies were counted on the entire 
face and horn flies on one side of the cattle. 

Fly counts were converted to IOglO (n + 1) before statistical analyses by 
analysis of variance within each trial. Counts were analyzed as monthly means for 
July, August, and September and as an average over the 3-month period. 
Differences between individual means within each trial were tested by Duncan's 
multiple range test. 

After the end of the trials in Indiana, Kentucky, and Maryland, three ear tags 
were removed from cattle in each treatment group and sent to Burroughs 
\Vellcome Company for pennethrin analysis by gas liquid chromatography. 
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RESULTS AND DISCUSSION 

Because no significant trends were apparent in the fly counts during the 3
month period, only the total average fly counts are presented in this paper. All 
tags essentially eliminated horn flies from the cattle over the entire 3~month 

period (Table 3). With the exception of the "S" treatment in Kentucky, efficacy of 
the tags against horn flies did not differ. 

All of the tags reduced face fly populations on the treated cattle; however, their 
efficacy against face flies differed (Table 4). In Maryland, face fly numbers were 
similar on cattle with tags containing 10% permethrin (commercial manufacturing 
process 1) with either 8 40:60 or 52:48 cis:traos isomer ratio. The efficacy of these 
two tag types and ones between types and containing 8% permethrin (52:48 
cis:trans) did not differ. All of the cattle with these tags had fewer (P < 0.05) flies 
than cattle with the commercial "Y" tag containing 10% pennethrin (40:60 
cis:trans). Tags containing 6% permethrin (52:48 cis:trans) gave the poorest face 
fly control in Maryland. 

Results with the same tags in Missouri differed somewhat from the results in 
Maryland (Table 4). In Missouri, the commercial "Y" tag gave the best control. 
Results with the the other tags did not differ significantly althougb the percentage 
of active ingredient ranged from 6 to 10%. The reason for differences between the 
effectiveness of tags in Maryland and the effectiveness of those in Missouri was 
not apparent. However, at each location only one herd had average counts greater 
than nine flies per face. Because all other herds had counts below seven flies per 
face, most tags provided a reasonable degree of face fly control. 

In Indiana, face fly counts were generally Iowan all cattle, including the 
untreated controls. All ear-tagged cattle had significantly fewer face flies than the 
controls (P < 0.05); however, results with the various tag treatments were not 
significantly different (Table 4), perhaps because all of the cattle in this test were 
on a single research station and some of the flies may have moved between the 
various treatment herds. 

In the Kentucky trial, the numbers of face flies on cattle with the "J" tags 
containing a reduced percentage of plasticizer did not differ significantly from the 
number On cattle with nO tags (Table 4). Cattle with the stapled On "S" tags had 
significantly fewer face flies (14) than did the untreated cattle (20.4); however, an 
average of 14 flies per face does not indicate satisfactory control. Tags containing 
8% permethrin (52:48 cis:trans) provided significantly better control than did the 
commercial "Y" tags. 

Tags colored blue, green, and yellow were tested to determine if dyes used to 
color the tags adversely affected efficacy. Data from Indiana and Kentucky (Table 
4) show that these tags were as effective as the standard orange-colored uy" 
tag. 

Table 5 shows the release rates of permethrin from the various tags. Although 
there were too many variables to analyze these data statistically, the following 
trends were observed: (1) the average release rate from the tags increased as the 
percentage of permethrin in the tags increased, and (2) tags on cattle for 84 d 
released permethrin at a higher rate than did tags on cattle for over 100 d. 
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Table 3,	 Average hom fly counts, in four states, on control cattle and on cattle 
with ear tags containing various formulations of permethrin, 1982-, 

State 
Tag type I Maryland Missouri Indiana Kentucky 

None 145.5 a 73.7 a 14.8 a 237.1 a 
A 0 b 0.6 b 
B 0 b 2.7 b 
C 0 b 0.6 b 
D 0.9 b 0.1 b 
F 1.9 b 
G o c 
H 2.5 b o c 
J o c 
K 2.3 b 
S 1.7 b 10.2 b 
y 0.1 b 0.2 b 2.0 b o c 

- Within. colWlUl, lIlelllS not toUMo'ed by • nllllfDOll letter ditt~ .It tbe 5~ level ecronlinl to Duncan'a lIlultiple rUlle .." 
t See Table 1 tor formub.tiooa of permethrin in difTerent tap. 

Table 4.	 Average face fly counts, in four states, on control cattle and on cattle 
with ear tags containing various fonnulations of permethrin, 1982-. 

State 

Tag typeI Maryland Missouri Indiana Kentucky 

None 16.2 a 13.2 a 10.4 a 20.4 a 
A 2.9 d 6.9 b 
B 4.0 d 9.1 b 
C 3.6 d 5.6 b 
D 9.6 b 4.9 b 
F 5.2 b 
G 4.5 d 
H 4.6 b 3.8 d 
J 15.7 ab 
K 5.2 b 
S 4.8 b 14.0 b 
y 6.3 c 3.3 c 4.6 b 6.9 c 

• Within I colulIln, lIlelllS oot tol/owed by • rolllmon letter dilfer al the 5% level Il:rordinl to Doncen'a multiple ranI' 

t See T.ble 1 for tormulation. ot pennethrin in different tap. 
...L 
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Table 5. Release rates of permethrin from ear tags while on cattle, 1982. 

% Permethrin No. days % Permethrin Avg. release 
Tag type' initial on cattle final rate (mg/day) 

A 10 146 6.25 2.6 
B 10 158 5.51 2.9 
C 8 191 4.85 1.7 
D 6 156 3.95 1.3 
F 8 84 6.06 2.3 
G 8 109 5.82 2.0 
Ht 8 1I3 6.48 1.4 
Ht 8 84 5.39 3.1 
J 10 III 7.83 2.0 
K 10 84 7.16 3.4 
St 10 1I9 7.13 1.4 
St 10 84 7.00 2.0 
Y 10 156 6.01 2.4 
yt 10 III 7.44 2.2 
Yt 10 84 6.45 4.0 

• See Table 1 (or rormulation' or pennethrin in different tag•.
 
t Til!:' on KenWcky tatLle.
 
:I: Tllgs OJ! IndiaD. altle.
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Abstract: The modified Cook's Technique which digests the skin and fcathers of birds was 
used to detennine northern fowl mite, Ornithonyssus syluiarum (Canestrini and Fanzago), 
density on 25 pullets Crom various poultry producers in Pennsylvania. The average numbers 
of northern fowl mites and eggs per bird were 5.0 and 0.4. respectively. These data indicate 
that pullets are potential sources of infestation when they are moved into layer houses. 

Key Words: Ornilhonyssus sylviarum. northern fowl mite, pullets. 

J. Agric. Entomol. 1(3), 269·272 (July 1984) 

The northern fowl mite, Ornithonyssus sylviarum (Canestrini and Fanzago), is 
the primary ectoparasite of chickens in the United States (DeVaney 1978). The 
mite is a hematophagous permanent ectoparasite going through a five· staged life 
cycle: egg, larva. protonymph, deutonymph, and adult. Only adults and proto
nymphs are blood-feeders (Sikes and Chamberlain 1954; Baker et al. 1956). Adult 
female mites lay only two to five eggs, but fast development rates allow 
populations to increase rapidly (Cleveland 1923; Lancaster 1960). While research 
findings are not in complete agreement, large mite populations on chickens have 
been shown to decrease egg production, cause anemia, loss of condition and in 
some cases, death (Wood 1920; DeVaney 1979; Lancaster and Simco 1980). 

Previous evidence suggests that wild birds, escaped hens and rodents in 
poultry houses, contaminated clothing of workers, conveyer equipment, eggs and 
egg flats are potential sources of mite dissemination (Foulk 1964; Hall and Turner 
1976; Turner 1978). In a mail survey of commercial poultrymen in Pennsylvania, 
producers suggested that mites were brought into flocks by pullets (Collison and 
Lemke 1982). Foulk (1964) examined La started-pullet flocks during the spring 
and summer of 1963 and 1964. None of the flocks were found to be infested with 
northern fowl mites. However, mites were collected from two pullet transportation 
trucks and their respective lots of crates in the summer of 1963. A mite infestation 
was detected in a newly-caged mature started-pullet flock soon after it was 
delivered hy one of the infested trucks. Hall et al. (1978) found that pullets 
coming into production were highly susceptible to mite infestations. In order to 
have a successful control program, the identification of potential sources of 
infestation is essential. Because pullets may be a potential source of mites, our 
study was conducted to determine whether or not northern fowl mites could be 
isolated Crom pullets as they were moved onto farms. 

1 ACARI: r..hCfonyuidae 
2 Authoriz~ for publication .. paper No. 6H9 in the joumal aerie. of The Pennsylvania SLlIte Uni.'erllit), Al;ricultural 

E"'p.t.rimtnl Stillion. Rtctiv~ for publication 13 December 1983; accepted 24 April 1984. 
3 PTnenl addre...: Department of EnlOmololO'. ClemllOn Univeraily. CltmlOn, SC 29631. 
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MATERIALS AND METHODS 

1\venty·five, 20 wk-old pullets were obtained randomly on five dates during 
1980 - 1982 from various commercial poultry producers in Pennsylvania and the 
University poultry Carm (Table 1). Birds were obtained before they were moved 
into caged housing, thus assuring no contamination from possible infestation 
sources on the farms. 

Birds were killed with chloroform, placed in plastic bags and frozen. Each 
pullet was thawed, skinned, and the skin was cut into eight sections: head, neck, 
breast, back, wings, lower vent, upper vent, and thighs. Each piece of skin was 
then digested according to Cook's Technique (Cook 1954) as modified by Kim 
(1972). A 5% KOH solution was used instead of 10%. After digestion, the solution 
remaining was passed through a 0.180-mm screen to collect mites which were not 
digested by this technique. The material left on the screen was washed with water 
into petri dishes. Mites found on each skin section were counted under a 
dissecting scope (200 X). This method is an effective way of determining mite 
populations on chickens (Lemke 1982) and was used to calculate the total number 
of mites and eggs found on each pullet. 

RESULTS AND DISCUSSION 

Northern fowl mites were obtained rrom 13 or the 25 pullets (Table 1). 
Infested birds were found at all five locations and supported a total of 124 mites 
and nine eggs. Populations on individual birds ranged between 0 and 58 mites 
with an overall mean of 5.0 mites per bird. With the exception of one heavily 
infested pullet, mite populations varied between 0 and 12 per bird. White Leghorn 
pullets from the University poultry farm, where our mite research was centered, 
yielded significantly more mites than birds from any other location. Mite eggs were 
found on only four of the pullets and only one gravid female mite was found. The 
overall mite population consisted of 58 nymphs and 66 adults. 

Mites were found on all eight body regions of the bird, with the majority being 
found on the lower vent and breast sections (Table 2). Eggs were found only on 
the lower vent (eight) and upper vent (one). No other poultry ectoparasites were 
present on the birds. 

Data from this study support the conclusion of several commercial poultrymen; 
i.e., pullets can serve as a source of infestation. Even though only a few mites were 
found, they ultimately could serve to initiate a severe outbreak within the house. 
'l'wo months after the pullets were caged at Rheems, PA, a severe mite infestation 
was noted. Matthysse et al. (1974) found that new infestations of mites on caged 
hens beginning to lay increased exponentially to a peak, usually within 9 to 10 wk, 
but in some cases as early as 7 wk. 

The small number of eggs found on the pullets is an indication that the mite 
populations were just becoming established. These data may support the contention 
of Hall et. a1. (1978) that young pullets become more susceptible to northern fowl 
mite infestations near the time of initial egg production. 

These fmdings suggest that poultrymen may need to treat started-pullet flocks 
soon after they arrive on the farm, especially if they have often experienced a 
serious mite outbreak within a few months of housing a new flock. 



Table 1. The mean number of northern fowl mites and eggs found on 25 pullets from five different locations in Pennsylvania, 
1980 - 1982. 

Breed/ No. of Date No. birds Mean no. Mean no. Transformed means· t 

strain birds obtained Location with mites mites eggs mites eggs 

White Leghorn 4 19 Oct. 81 University Park 4 22.0 ± 12.05 0.0 ± 0.0 1.22 a 0.00 b 
Shaver 5 9 Apr. 82 Rebersburg 4 1.8 ± 0.66 0.2 ± 0.2 0.39 b 0.06 ab 
Fayoumis 4 19 Oct. 81 University Park 2 3.0 ± 2.7 1.8 ± 1.44 0.35 b 0.28 a 
Shaver 4 24 Feb. 82 Martinsburg 1 2.3 ± 2.3 0.3 ± 0.3 0.25 b 0.08 ab 
Dekalb 4 28 Oct. 80 Lancaster 1 1.0 ± 1.0 0.0 ± 0.0 0.17 b 0.00 b 
Hyline 4 22 Oct. 80 Rheems 1 0.5 ± 0.5 0.0 ± 0.0 0.12 b 0.00 b 
Overall 25 13 5.0 ± 2.35 0.4 ± 0.24 

• Uats were lrnnsfonn(>d using [agiO (~ + 1).
 

t Monn~ within columns followed hy the 38m!:' Jetter llrc not significlltllly different lit Ihe 0.05 It.-vel Dccording to Duncon's new multiple TlInge tcst.
 

Table 2. The distribution of northern fowl mites on pullets in Pennsylvania, 1980 - 1982. 

Breed/ 
strain 

No. of 
birds Head Neck Breast 

No. of mites/body section 
Back Wings L Vent U Vent Thighs 

White Leghorn 
Shaver 

4 
5 

5 
0 

9 
2 

28 
I 

14 
4 

4 
0 

13 
1 

7 
0 

8 
1 

Fayoumis 
Shaver 

4 
4 

0 
1 

0 
5 

1 
0 

0 
0 

0 
1 

9 
2 

2 
0 

0 
0 

Dekalb 4 2 0 1 0 1 0 0 0 
Hyline 
Overall 

4 
o_0 

0 
S 

0 
16 

0 
31 

0 
18 

0 
6 

0 
25 

0 
9 

2 
11 
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EUROPEAN CORN BORER': RATE OF SECOND-GENERATION 
LARVAL MORTALITY IN SORGHUM HYBRIDS COMPARED 
WITH INBRED LINES OF MAIZE DURING ANTHESIS 2 

W. D. Guthrie', S. Dharmalingam', J. L. Jarvis', D. Kindler', 
R. E. Atkins', C. T. Tseng', and D. Zhou 7 

Abstract: The role of second-generation European corn borer (ECB), Ostrinia nubilalis 
(Hubner), larval survival was determined by dissecting plants 3, 6, 9. 12, 15, and 35 dafter 
egg hatch (infestations with ca. 200 eggs/plant were made during anthesis). Larval survival 
was much greater on the susceptible inbred line of maize, Zea mays Linnaeus, at most 
dissection intervals than was larval survival on four sorghum, Sorghum hieolor (Linnaeus) 
Moench, hybrids and two resistant maize inbreds. Larval mortality was rapid on the four 
sorghum hybrids and on the two resistant maize inbreds within 6 d after egg hatch. This high 
rate of larval mortality represents a high degree of antibiosis against first- and second-insUlt 
larvae of a second-generation Eca infestation. Feeding sites were determined for 33,690 
second-generation larvae. The majority of larvae fed on sheath-collar tissue through 35 d 
after egg hatch on sorghum plants and through 15 d after egg hatch on maize plants. 
Resistance in sorghum to second-generation ECBs as in maize, t.herefore, is resistance to 
sheat.h-collar feeding. 

Key Words: Ostrinia nubilalis, European corn borer, sorghum, maize. 

J. Agr;c. Entomol. 1(3): 273-281 (July 1984) 

During the period of egg deposition by second-generation European corn 
borers (EeB), Ostrinia nubilalis (Hubner), in the Maize Belt states, maize, Zea 
mays Linnaeus, is in various stages of anthesis. The initial establishment by first· 
instar larvae is primarily on sheath and collar tissue (Guthrie et a1. 1970). 
Resistance to second-generation ECBs is, therefore, primarily sheath-collar f~eding 

resistance. Resistance to sheath-collar feeding in maize by second-generation 
ECBs is polygenic; at least seven genes are involved [short arms of chromosomes 
I, 3, and 5 and long arms of chromosomes I, 2, 4, and 8 (Onukogu et al. 1978)1. 
and the type of gene action is primarily additive, although resistance is partially 
dominant (Jennings et al. 1974a,b; Sadehdel-Moghaddam et al. 1983). 

Infestations in sorghum, Sorghum bicolor (Linnaeus) Moench, by the ECB have 
been reported by several investigators in several countries (Caffrey and Worthley 
1927; Hodgson 1928; Huber et al. 1928; Thompson and Parker 1928; Babcock 
and Vance 1929; Dicke 1932; Clark 1934; Hsu 1936). European corn borer 
infestations in Korea usually ranged from 15 to 30%; during four seasons (1928
1932), 981,175 larvae were collected from sorghum plants (Clark 1934). Painter 
and Weibel (1951) found that stalk breakage from ECB tunnels was most common 
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2 Joint contribution: Com )nacoeu Rl!lIurch Unit. Unitei:l States Department or Apic:ultun, Apic:ultUTBI Rewan::h Servicl!. 

I.Ild Journal Piper No. J·1l267 of the 10Wll Agriculture and Hom" Economic. Esperiment Station, Ames 50011 llIld 
Anbny 50021. Project 2513. Receivt'd for publication 5 DC'(:i!mbel 1983; accepted 29 March 1984. 
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just above the flag leaf and in or just below the head. The cavities from larvae 
feeding in the stalks of sorghum occupied more of the diameter of the stalk and were 
shorter, compared with cavities in maize because of the more slender stalk. 

In Massachusetts, Hodgson (1928) found that the kafir types of sorghum 
contained the least larvae per infested plant, reterita varieties contained the most, 
and the hegari and milo varieties usually were intennediate. Dicke et al. (1963) 
evaluated several varieties of sorghum for resistance to second-generation ECBs. 
Artificial infestations (60 - 80 eggs/plant) were made during anthesis. The hest 
method for evaluating relative degrees of resistance was to split the stalk from the 
seed head to the top node and count the cavities in the peduncle area. Number of 
lrovse was 8 poor index because many larvae had disappeared by the time of 
examination. Peduncle cavity counts were highly correlated with both number of 
sheath lesions and total stalk cavity counts (sheath lesions sometimes were 
difficult to identify after the leaves were dried and broken). In general, the kafir 
and feterita varieties were low in numbers of sheath lesions, cavities. and larvae. 
The kaoliang types were low to moderate. The durra, shrock, and hegari varieties 
were moderately heavy to heavily infested, and the milo types were among the 
more heavily infested varieties. 

The genetics of resistance to second-generation ECBs in sorghum is not 
known, but several genes probably are involved. Progress has been made in 
breeding for resistance in sorghum with recurrent selection in 8 1 lines from two 
random-mating populations (Atkins et al. 1983). The purpose of our study was to 
detennine the rate of second-generation larval mortality in four sorghum hybrids 
compared with three inbred lines of dent maize (two resistant to sheath-collar 
feeding and one susc~ptible to sheath-collar feeding) and to determine second
generation larval feeding sites in sorghum. 

MATERIALS AND METHODS 

During this 3-yr study, the four genotypes of sorghum (P846, P8475, P8680, 
and P8324) and three of maize (B86, B52, and B73) were planted (in 1981 on 15 
May, in 1982 on 2 June. and 1983 on 17 May) in randomized blocks consisting of 
6-row plots. Each row was 3.3-m long with 100 em between rows; stands were 
thinned to ca. 10 cm between plants when plants were ca. 15 cm high. Ten plants 
in each row were artificially infested with eight egg masses of ECB (ca. 200 eggs)/ 
plant during anthesis. The infest.ations were made in two applications of four 
masses, each spaced 1 d apart. Egg masses, incubated to near hatching, were 
pinned through the midrib under the middle four leaves at anthesis. 

Infestation and egg production techniques were reported by Guthrie et aL 
(1971). Larval survival on the sorghum and maize genotypes was determined by 
dissecting ten plants in each plot 3,6, 9, 12, 15, and 35 d after egg hatch. Larval 
feeding sites also were recorded. The plants in each of the dissection intervals 
were taken at random from each plot in a split-plot arrangement. The seven 
genotypes were on the whole-plot area, and the six dissection intervals were on the 
split-plot area. Four replications were used each year. Plot means were used for 
analysis of variance. 

RESULTS AND DISCUSSION 

The analyses of variance showed highly significant differences between geno
types and dissection intervals in 1981, 1982, and 1983. In 1981 and 1983, the 
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interaction of dissection intervals X genotypes also were highly significant, 
indicating that the differences in larval mortality among genotypes were not the 
same at aU dissection intervals. 

The perfonnance of fOUf sorghum hybrids and three maize inbred lines for 
each dissection interval of 3, 6, 9, 12, 15 and 35 d after egg hatch, which measures 
the rate of second-generation larval mortality, is of greatest interest, and the data 
are recorded in Tables I, 2, and 3 for 1981, 1982, and 1983, respectively. The 
data on the main effect of genotypes and the main effect of dissection intervals are 
of little interest and are not recorded. 

Table 1.	 Mean number of second-generation European corn borer larvae/plant by 
genotype and dissection interval. Ankeny. Iowa, 1981'", 

Dissection intervals t 

Genotypes 3 6 9 12 15 35 

Sorghum 
P846 14.0 3.0 2.6 1.3 0.7 1.4 
P8475 10.6 11.2 2.1 1.4 1.0 1.9 
P8680 3.4 2.5 1.3 1.1 1.4 1.4 
P8324 19.4 2.8 4.3 0.6 1.5 1.5 

Maize 
B86 18.1 14.8 5.5 8.0 8.8 5.7 
B52* 
B73 39.5 18.4 27.3 18.5 15.6 8.5 

LSD 0.05 

Any two means between 
dissection intervals 
for the same genotype 4.8 

Any two means between 
genotypes for the same 
dissection interval 2.7 

'"lnfellied during anthellill. 
t Numbl'f of daya planlll were dillSl'ded afler eeg hatch; each plant wa_ intl'llted "'ith eight eltl~ masse_ lca. 200 egg_). four 

replications of ten plants each ror each enU)'. 
t 852 "'81 not evaluated during 1981. 

ECB larval survival was much greater on the susceptible inbred line of maize 
(B73) at most dissection intervals than was larval survival on the four sorghum 
hyhrids and the two resistant (B86 and B52) maize inbreds (Tables I, 2, and 3). 
The four sorghum hybrids were as resistant to second-generation ECB larvae as 
were the two resistant inbred lines of maize. Larval mortality was rapid on the 
fOUf sorghum hybrids and on the two resistant maize inbreds within 6 d after egg 
hatch. This high rate of larval mortality represents a high degree of antibiosis 
against the fIrst- and second-instar larvae of a second-generation ECB infestation. 
There appeared to be differences between years at some dissection intervals in 
larval mortality on genotypes which were probably due to differences in weather 
conditions during the growing season. 
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Table 2.	 Mean number of second·generation European com borer larvae/plant by 
genotype and dissection interval. Ankeny. lows, 1982'. 

Dissection intelVslst 

Genotypes 3 6 9 12 15 35 

Sorghum 
P846 6.9 9.3 3.7 3.8 2.8 1.5 
P8475 7.8 7.3 4.9 5.1 3.8 3.2 
P8680 3.0 2.2 1.9 2.7 2.0 0.6 
P8324 10.9 12.2 5.6 2.7 2.6 1.8 

Maize 
B86 20.0 9.0 8.5 6.9 9.5 8.0 
B52 14.7 13.3 10.7 8.1 7.4 6.4 
B73 36.8 26.9 24.8 22.7 19.3 15.7 

LSD 0.05 

Any two	 means between 
dissection intervals 
for the same genotype	 7.2 

Any two	 means between 
genotypes for the same 
dissection interval	 9.1 

• ["fested during anthnis. 
t	 Number of days plants were di5llccled after eel: hatch; each pl"nt WM inreated with eillhl cgr. mllUCll (co. 200 eggs), four 

replications of ten 11]llntA each for ench entry. 

Feeding sites were determined for 33,690 second·generation larvae (Table 4). 
The majority of larvae fed on sheath-coUar tissue through 35 d after egg hatch on 
sorghum plants and through 15 d after egg hatch on maize plants. Some larvae fed 
in the peduncle of sorghum plants 35 d after egg hatch and in the stalk of maize 
plants 35 d after egg hatch. These data confirm previous data on larval feeding 
sites in maize (Guthrie et al. 1970); i.e., the initial establishment by flIst-instar 
larvae is primarily on sheath-collar tissue. Resistance in sorghum to second· 
generation ECBs as in maize, therefore, is resistance to sheath-coUar feeding. Fig. 1 
and 2 show sheath-collar feeding damage by second-generation ECBs on susceptible 
genotypes of sorghum and maize. 
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Table 3. Mean number of second-generation European corn borer larvae/plant by 
genotype and dissection interval. Ankeny, lowa, 1983-. 

Dissection intezv81st 

Genotypes 3 6 9 12 15 35 

Sorghum 
P846 9.8 10.2 5.6 3.2 1.0 0.4 
P8475 15.6 10.8 8.5 3.5 1.6 0.6 
P8680 7.4 5.7 4.3 2.2 2.0 0.2 
P8324 Il.l 6.0 3.0 2.1 1.2 0.7 

Maize 
886 10.l 9.9 9.2 5.8 5.5 2.8 
852 9.7 4.2 3.2 2.5 2.2 2.4 
873 39.3 26.2 26.3 23.3 20.4 19.2 

LSD 0.05 

Any two means between 
dissection intervals 
for the same genotype 3.1 

Any two means between 
genotypes for the same 
dissection interval 4.5 

- Infested during unthcsiR. 
t Number of dllYs plnnts were diNectud ufter eeg hutch; eoch Illont W/IS infelled with eight egg mune~ (co. 200 eggs), four 

reillicitlions of ten IlIDIlIs ench for uDch entry. 
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Table 4. Feeding sites of second-generation European corn borer larvae (averaged over 3 years) on sorghum hybrids compared 
with maize inbred lines. Ankeny, lows. 

Dissection Larval location (%) Total larvae 
Genotypes intervals CoUar Sheath Head Stalk Peduncle Midrib for 3 yr 

Sorglwm hybrids 
P846 3 83.6 14.0 2.4 0 0 0 1247 

6 69.1 23.7 7.2 0 0 0 854 ~ 

9 
12 

46.1 
46.4 

43.8 
47.7 

10.0 
4.3 

0 
0 

0 
0 

0.1 
2.6 

482 
323 

> 
'!1
fi' 

15 23.4 64.0 8.6 0 2.9 1.1 175 
'"35 8.6 73.4 10.2 1.5 6.3 0 128 ":; 
3 
"-P8475 3 81.9 15.5 2.6 0 0 0 1346 

6 80.0 15.5 4.6 0 0 0 1174 <: 
~ 

9 51.3 38.0 10.1 0 0.6 0 624 
12 41.8 54.1 3.5 0 0.6 0 373 z 
15 15.0 71.8 4.5 0 3.7 5.0 266 P 
35 23.0 40.0 15.8 0 14.6 6.6 165 '" 

~ 

'" P8680 3 69.0 27.7 3.3 0 0 0 541 '" -" 
6 58.5 34.1 7.4 0 0 0 414 
9 52.8 40.8 6.4 0 0 0 299 

12 41.0 46.4 11.3 0 1.3 0 239 
15 31.8 55.1 9.8 0 0 3.3 214 
35 15.9 46.6 3.4 15.9 10.2 8.0 88 

P8324 3 90.0 8.4 1.6 0 0 0 1658 
6 70.2 19.6 9.2 0 1.0 0 838 
9 60.3 30.4 8.0 0 1.3 0 514 



12 25.1 63.3 8.4 0 0 3.2 215 
15 37.4 41.8 15.5 0 1.0 4.3 206 
35 21.3 47.5 14.2 0 12.1 4.9 141 

Genotypes CoUar Sheath Tassel Stalk Husk Silk-ear 0 
co 

Maize inbreds -,l 
:I: 

B86 3 
6 

78.0 
79.9 

11.5 
11.2 

4.8 
0 

0 
0 

4.9 
6.2 

0.8 
2.7 

792 
1233 '"OJ 

9 
12 

57.2 
34.4 

20.3 
38.2 

1.5 
0.5 

0.3 
7.5 

12.4 
9.6 

8.3 
9.8 

718 
671 

~ 

• 
15 17.8 44.4 7.6 10.3 7.1 12.8 755 " 35 5.7 34.1 0 19.5 3.2 37.5 523 a 

" 0 

B52 3 68.5 16.9 4.1 0 8.8 1.7 930 
5 
co 

6 50.3 25.6 3.2 1.5 15.9 3.5 680 0, 
" 9 49.3 27.8 1.0 5.8 10.5 5.6 515 
'" 12 12.3 34.4 0 9.3 11.8 31.2 398 0, 

15 22.8 30.2 0 11.1 9.2 26.7 360 ~ 

35 3.2 27.1 0 23.2 8.9 37.6 314 ;: 
0 
;l 
"-

B73 3 81.2 13.4 0.3 0 4.3 0.8 3882 ~. 

6 79.9 10.8 0.1 0 7.6 1.7 2072 '" 9 69.3 15.2 0.8 3.0 8.3 3.4 2678 
0, 
~ 

12 44.5 28.5 2.2 10.7 8.7 5.4 2093 "" " 
15 19.7 44.9 0 7.7 9.9 17.8 1040 

_3 

35 1.7 19.7 0 73.0 0.5 5.1 1512 ;:
•;:r 
0 

~ 
~ 

'" 
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Fi~. 2. Sheath-collar feeding damage on a highly susceptible Fig, L Sheath-collar feeding damage on a susceptible genotype 
genotype of maize, of sorghum. 
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Ab,~tract: Polyvinyl chloride (PVC) ear tags contllining amit.faz as the sole active ingredient 
(AI) did not control face fly, Mu.<;ca autumnalii> DeGeer, or horn ny, Haematobia irrilans 
(Linnaeus), populations on pastured beef cattle. Permethrin (10% AI) incorporated into 
plastic ear tags containing 10, 15 or 20% AI amitraz suppressed face fly and hom fly 
populations in a manner similar to tags containing pennethrin alone. Increasing concentrations 
of amitraz did not appear to affect the fly control. Pennethrin PVC ear tags finished with a 
granulated surface which offered ca. 33% more area produced slightly superior control of 
these pest species, PVC plastic produced by two different manufacturers and used to 
construct ear tags containing permethrin did not change the fly control potential. 

Key Words: Ear tags, Musca autumnalis, Haematobia irritans, cattle, amitraz, permethrin, 

J. Agric. Enloma!. 1(3), 282·286 (July 1984) 

Cattle ear tags constructed of polyvinyl chloride (PVC) plastic containing 
fenvalerate or permethrin insecticide have been used extensively throughout the 
United States for control of face flies, Musca autumnalis DeGeer, and horn flies, 
Haematobia irritans (Linnaeus), on pastured herds. The ear tag approach to fly 
control evolved from trials employing dichlorvos·impregnated resin strips (Harvey 
and Brethour 1970) and has found favor with cattlemen because of its simplicity 
and the ease with which it can be integrated into cattle management practices. 
Numerous reports are available which detail the longevity and comparative efficacy 
of ear tags containing various concentrations of fen valerate or permethrin (Ahrens 
1977; Ahrens and Cocke 1979; Knapp and Herald 1980; Williams and Westby 
1980; Williams et a1. 1981). In general, results have indicated excellent suppression 
of hom fly populations and 50 to 75% control of face flies. 

The present study was conducted to determine: (1) the effect of various 
concentrations of amitraz when combined with permethrin and used for fly control 
on beef cattle by PVC ear tag formulation; (2) the efficiency of permethrin
impregnated ear tags having a tough, textured finish compared to that of standard 
smooth tags; (3) the relative efficacy of permethrin ear tags constructed of PVC 
obtained from two different manufacturers. 

MATERIALS AND METHODS 

Ear Tag Treatments. 
All ear tag treatments were assigned a code letter prior to the start of the 

experiment (Table 1). Tags containing amitraz alone or in combination with 

1 D1PTERA: MU6cidae 
2 Contribution of the Mi860uri Agrie. Elp. Sta., Journal Seriel No. 9534. 'I'hia ,,""Oril ,,"'01 aupported by Project.ll MO·152. 

MO·SI:!. NC·154 and the Burroughl Wellrome Co. Recei,'ed for publication 22 December 1983; accepted ~ May 
1984. 
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Table 1.	 Experimental and commercial plastic ear tags evaluated for control of 
flies on beef cattle in Missouri during 1983. 

Code letter 
assigned Active ingredients (AI) and ancillary information 

A
B
C
D 

Amitraz (l0% AI); granulated surface-
Amitraz (10% AI); permethrin (10% AI); granulated surface 
Amitraz (15% AI). pennethrin (10% AI); granulated surface 
Amitraz (20% AI); permethrin (10% AI); granulated surface 

S Permethrin (10% AI); smooth surface; PVC matrix no. 1 t
 

T Permethrin (10% AI); granulated surface; PVC matrix no.
 
U
V
Z 

Permethrin (lOf}:, AI); smooth surface; PVC matrix no. 2t 
Permethrin (lOrk AI); granulated surface; PVC matrix no. 2 
Permethrin (10% AI); smooth surface; commercial Co-Op@ brandt 

• Granuillted or "I*bbl",d" ~\lrfa", 1'l'(lduCf't1 ca. 33'1- mo~ eHf'cti"e aurfllce arn lhal that of amoolh·finiahed tags.
 

t I'VC plaslic u5f'd for lag mllnufaeturf' produced bS two npllI'ltf' lupplierL
 
; Fannlllnd Illdustrin. Inc.. KllnSal City. MO 64116; isomer ratio 55:45 CU·'ronlf.
 

permethrin were finished with a granulated surface which was rated by the 
manufacturer 3 to provide ca. 33% more surface area than that of comparable 
smooth-finished tags. 

All ear tags were applied using AHflexl!) pliers and buttons while the cattle were 
restrained in a squeeze chute. No attempt was made to sterilize the tags, buttons 
or pliers; however, aerosol antiseptic was sprayed on the ears of those animals 
which bled following treatment. 

Cattle Used, Location,') and Dates of Treatment. 
All cattle used during this study were beef breeds maintained on pasture for 

the summer season. Separate pastures were used for all treatments. Ear tags were 
applied at the following rates on the dates indicated. 

Boone Co. (central Missouri): A tags, 38 head were treated with two tags each 
on 13 June; B tags, 27 head were treated with two tags each on 23 May; C tags, 
26 head were treated with two tags each on 20 May; D tags, 28 head were treated 
with two tags each on 20 May; U tags, 40 head were treated with two tags each on 
29 June; V lags, 47 head were treated with two tags each on 23 May; and Z tags, 
75 head were treated with one tag each on 4 May. Proximate herds of 20 to 35 
head were maintained as untreated controls. 

Grundy Co. (northern Missouri): T and U tags were applied at the rate of one 
tag per head to separate herds of 32 cows and calves on 19 June. A proximate 
herd of ca. 30 head was untreated and served as a control. 

Crawford Co. (south~central Misssouri): On 28 June, 50 head were treated with 
two S tags each and 11 head were treated with two T tags each. An untreated herd 
was unavailable at this isolated site. 

Assessment of Fly Populations. 
Fly numbers on all treated and control herds were assessed weekly by direct 

visual inspection of 15 head selected at random. Face nies were counted on the 
entire face and horn flies on a single side of each animal chosen. All counts were 
made during mid-day using binoculars when necessary. Raw data were converted 

3 Wellcome Animal Hf'alth. !>20 Weill 2111 SlreeL Kansas City. MO 64108. 
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to common logarithms (n + 1) prior to statistical analysis; however, arithmetic 
averages were tabulated. 

RESULTS AND DISCUSSION 

Retention of all experimental ear tags and the commercial variety used as 
standard was good throughout the test period with no tag loss recorded. No 
obvious ear infections or necroses were detected during routine inspections of 
treated cattle and no other ill effects were observed among the test animals. 

Amitraz at a concentration of 10% active ingredient (AI) in PVC ear tags 
applied at the rate of two per head to pastured beef cattle afforded no control of 
face fly (Table 2) or hom fly (Table 3) populations. When amitraz (10 to 20% AD 
was combined with pennethrin (10% AI) in PVC ear tags, the average seasonal 
control of face flies ranged from 58.7 to 67.2% and the average seasonal control of 
horn flies from 95 to 97.3%. Linear correlation analyses did not demonstrate 
significant trends in fly control efficacy associated with the three concentrations of 
amitraz combined with permethrin, After ca. three months, the amitraz-permethrin 

Table 2.	 Average monthly face fly populations on beef cattle untreated or treated 
with insecticidal plastic ear tags. Boone Co., MO, 1983. 

Avg. no. face flies/face 

Treatment- May June July August September 

Untreated control 0.5 at 5.1 a 14.6 ab 12.3 a 
A 6.0 a 19.3 a 10.2 ab 3.0 a 
B 0.1 b 0.5 b 3.5 e 6.9 abc 3.4 a 
C 0.1 b 0.6 b 6.0 be 4.0 e 2.1 a 
D 0.1 b 0.4 b 7.0 be 6.1 be 2.1 a 
U 1.1e 3.1 e 1.6 a 
V 0.1 b 0.2 b 2.8 e 10.2 ab 7.7 a 
Z 0.1 b 0.5 b 3.0 c 3.7 c 1.0 a 

- See Table 1. 
t Averagu within columns not followed by a common letter are s;gnificontly different ot the 5% leyel by the analysis of 

yariance Ilnd Duncon's new multi]lle range te~tll. 

Table 3.	 Average monthly horn fly populations on beef cattle untreated or treated 
with insecticidal plastic ear tags. Boone Co., MO, 1983. 

Avg. no. horn flies/side 

Treatment- May June July August September 

Untreated control 30.3 at 33.0 a 36.5 a 17.5 a 
A 30.2 a 51.2 a 58.5 b 67.9 b 
B 0.2 b 0.4 b 2.3 b 2.0 e 0.1 b 
C 0 b 0.3 b 1.4 b 0.9 e 0.2 b 
D 0.1 b 0.7 b 3.6 b 1.0 e 0,1 b 
U 0.8 b 0.5 e 0.2 b 
V 0.3 b 0.1 b 1.0 b 1.8 e 0.1 b 
Z 0.5 b 0.3 b 1.4 b 0.5 e 0 b 

- See Tlllile I. 
t AYeragea within wlumn8 not followed by II cOII'mon letter nrc aignificantly different III tbe 5% le~'el lJy the Ilnlllysis of 

varinnce lind DunclIn'lI new multiple runge teStll, 
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tags were noted to lose some efficacy against face flies, but control of horn flies 
remained above 95% until the test was terminated ca. 4 months posttreat
ment. 

Experimental permethrin tags tested in central Missouri performed similarly to 
the tags containing amitraz-permethrin combinations. The average seasonal control 
of face flies was 77% and 49.3% for permethrin tags with smooth or granulated 
surfaces, respectively. The seasonal average horn Oy control produced by the same 
tags averaged 97.5%. Because the smooth-finished tags were installed ca. 1 month 
after the granulated variety, it is possible that their greatest insecticidal activity 
was present during the time of peak face fly populations, thus accounting for the 
differential in observed control between the two tag types (Tables 2 and 3). The 
commercial permethrin tags (treatment Z) produced a seasonal average of 79 and 
989'0 control of face flies and horn nies, respectively. The latter tags were applied 
at the rate of one per head ca. 2 wk prior to any other treatment in these 
studies. 

Granulated and smooth-finished permethrin ear tags performed in an almost 
identical fashion in northern Missouri, producing an average 7,1.5 to 78% control 
of face nies and 97% control of horn flies over a 3-month period (Tables 4 and 5). 
It appeared that the granulated surface initially facilitated release of the pennethrin, 
but this differential was not apparent subsequent to 2 wk posttreatment. 

Table 4.	 Average monthly face fly populations on beef cattle untreated or treated 
with insecticidal plastic ear tags. Grundy Co.. MO, 1983. 

Avg. no. face nies/face 

Treatment: July August September October 

Untreated control 21.5 at 15.1 u l.8 a 0 a 
T 3.5 b 4.1 b 0.7 ab 0.1 a 
U 8.6 b 3.l b 0.2 b 0.1 a 

- Sce Tnble I. 
t A\leml:l!g ..... ithin eulunll1s not full" ..... ed by II common leuer lire signifiClInlly differlmt lit th'i "'~ level by the analYllill of 

"ananre lind l)unclln's new lllullillie ran~e tests. 

Table 5. Average monthly horn ny populations on beef cattle untreated or treated 
with insecticidal plastic ear tags. Grundy Co.. MO, t983. 

Avg. no. horn nies/side 

Treatment- July August September October 

Untreated control 23.6 at 47.4 a 55.5 3 28.5 a 
T 0.3 b 2.2 b 0.1 b 1.8 b 
U 1.9 b 1.0 b 0 b 1.2 b 

- Sef Table I. 
t AVerlll:CM ",-jlh;n rolmnnM not followed by II cummon lelt"r a.... sigmfic/lnlly diff"rent lit the ".'1 level by the analysis of 

vllnanCll and Dunclln's new mllllil'le fling" tesl.!i_ 

A direct comparison of smooth and granulated surface tags containing pennethrin 
was made in south-central Missouri (Tables 6 and 7). Results indicated few 
significant differences in control of face flies or hom nies when counts were 
analyzed biweekly; however, the granulated tags were noted to produce slightly 
greater average seasonal control of face flies (ca. 28%) and horn nies (ca. 34%) 
than did the smooth-finished tag treatment. 
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Table	 6. Average face fly populations on cattle treated with insecticidal plastic 
ear tags. Crawford Co., MO, 1983. 

Avg. no. face flies/face 

Treatment- July August September 

S 
T 

8.8 at 
6.3 a 

6.5 a 
4.6 a 

0.5 a 
0.4 a 

• S~e Tahle l. 
t	 Awrogu within columns not followed by II common letter IIrc significllnlly different lit the 5~'; lenl by the 8nfllr8i.~ of 

variance lind nuncnn'~ new rnllitillle range leM•. 

Table 7. Average hom fly populations on cattle treated with insecticidal plastic 
ear tags. Crawford Co., MO, 1983. 

Avg. no. horn flies/side 

Treatment- July August September 

S 
T 

1.4 at 

1.0 a 
1.7 a 
1.0 a 

0.5 a 
0.5 a 

• See Tnule I. 
t	 A\'Cragcs within column. not followed by 0 common letter nrc oignificanlly different III th" 5'k IC'"f'1 h~' the IInnJ)'sis of 

""nance nnd Duncan's new multiple range (".IM, 

The results of these studies indicate that addition of amitraz to permethrin ear 
tags did not materially affect the face fly or horn fly control potential. Arnitraz 
alone in an ear tag formulation offered no protection against these pest flies. PVC 
plastic produced by two different manufacturers did not produce obvious 
differences in fly control efficiency when used to construct permethrin·impregnated 
ear tags. The addition of a granulated finish to PVC·permethrin ear tags offered a 
slight advantage in resultant performance against face flies and horn flies on 
pastured cattle. Because release of permethrin from PVC plastic may be a 
function of available surface area, the granulated tag design is worth additional 
investigation_ 
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AbMract: Two species each of Homoptera. Coleoptera and DiJ>lcra and eight species of 
Lepidoptera were exposed to infection by Heterorllabditis heliothidis (Khan, Brooks and 
Hirschmann) at teml>cratures of 24°C in the laboratory. Substantial mortality of larvae was 
obtained in most cases 48 . 72 h after nematode exposure; pupae and adults also were killed. 
This nematode appears to have good potential as a broad spectrum biological control agent; 
extensive field trials under varying climatic conditions as experienced in Newfoundland are 
still required to evaluate its true potential as an operational Ilcsticide. 
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Although a number of chemical pesticides have proved useful in controlling a 
variety of insect pests, growing antagonism by the pu blic sector to their use has 
initiated the search for viable alternative control strategies. A possible alternate 
control agent is the nematode Heterorhabdit.is he/iothidis (Khan, Brooks and 
Hirschmann) (Khan et al. 1976; Poinar 1979) which can be easily mass-produced, 
applied by conventional spray techniques and will actively penetrate both feeding 
and non-feeding stages of susceptible insects. In this study, the effectiveness of 
He. heliothidi.r; against 14 species of common Newfoundland insect pests was 
tested; the pests included the more importllnt agricultural species as well as 
insects attacking ornamental trees, lawns and pastures. Among this group of pests 
are several which are not easily controlled because the microhabitats created by 
them pose serious difficulties to the application of conventional pesticides in lethal 
quantities. While systemic insecticides have provided control for some of these 
pests, the broad scale use of such chemicals is not economically feasible. All tests 
reported herein were performed in the laboratory on insects from natural infestations 
as they became available. Some of the tests were carried out under simulated 
natural conditions. 

MATERIALS AND METHODS 

Heterorhabditis heliothidis, orginally supplied by Dr. Wayne Brooks 3, was 
reared by passage through larvae of the greater wax moth, Galleria mellonella 
(Linnaeus) (Dutky et at 1964). Infective nematodes were stored in water in plastic 
flasks at 24 ± 1°C until required. Test insects and their sources are listed in 
Table 1. 

I NE~IATODA: Heterorhabdilidae
 
2 Received fl»" publication 13 August 198:1; accepled 21 June 1984.
 
:\ Dept. or EntomoL. SC SlIlIe Uni~·.. Ralt'igh. SC 21630.
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Table 1. Source of insects used in susceptibility tests. 

Species Host plant Location 

HOMOPTERA 
Aphis cracca Vida cracea St. John's 
Spittle bug (Cercopidae) Solidago & Hieracium Manuel's River-

LEPIDOPTERA 
Artogeia (= Pieris) rapae Brassica spp. Brookfield farm t 
Euergestis pallidata Brassica spp. Brookfield fann t 
Croesia curuilineata Vaccinium spp. St. John's 
Harpipteryx xylostella Honeysuckle St. John's 
Coleophora serratella Betula paperi{era St. John's 
Leucoma salieis silver poplar St. John's 
Lambdina {isce/laria /iscellaria Picea spp. Can. For. Service; 
A privet leaf roller Amur privet St. John's 

COLEOPTERA 
Agriates bilineala lawn S1. John's 
Chrysomela {alsa Salex spp. Manuel's River-

DlPTERA 
7Ypula paludosa lawn St. John's 
Delia radicum Brassica spp. Brookfield farm t 

• Manuer. Rj,'er-15 km "-1'11 of 51. John'. on Trans-Canada Highway.
 
t Brookfield farm - Agriculture Canada Research Slalion, 51. John'•.
 
t Can. Por. Service - Canadian Poresll')" Seoice, 51. John'.,
 

The susceptibility of the insect pests was determined using either purely 
artificial or simulated natural systems. 

Artificial systems 
(a) Petri dishes (100 X 20 mm) were lined with Whatman No.3 filter paper to 

which was added 3 ml of water containing various dosage levels of infective He. 
heliothidis (Finney et 01. 1982). Control dishes had 3 ml of water only. Test 
insects, usually 10 per dish, were added and the petri dishes sealed with parafilm 
to prevent water loss. Insects tested in this system were: cercopids (spittle bugs) 
removed from their spittle masses; larvae and pupae of Euergestis pallidata 
(Hufnagel); pupae of Croesia curvilineata (Kearfott); larvae of Harpipteryx xylostella 
(Linnaeus), Artogeia (= Pieris) rapae (Linnaeus), Leucoma salids (Linnaeus), 
Chrysomela [alsa Brown, Agriotes bilineata (Linnaeus). Delia radicum (Linnaeus) 
Iformerly Hy/emya brassicae {Bouche}1 and Tipula paludosa Meigen. 

(b) Petri dishes were lined with filter paper as above, but host plant foliage 
with target insects on it were placed in the dish. Infective nematodes in varying 
doses were applied by spraying the foliage, insects and filter paper with 3 ml of an 
aqueous solution of the nematodes from a hand sprayer. The dishes were sealed 
as described. Aphis cracca (Linnaeus), Lambdina fiscellaria fiscellaria (Guemfe) 
and Ha, xylostella were treated in this way. 

Simulated nalural systems 
(a) Either larvae or pupae were collected on their natural foliage and dosed by 

spraying a suspension of nematodes either in water or in a solution of 2% glycerine 
from a hand sprayer. Each twig was held apex down in a widemouth container and 
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sprayed to run-off and the total volume applied measured. The volume of spray 
run-off also was measured so that the size of the dose of nematodes could be 
calculated. The sprayed twig was then placed in a plastic bag (rom which the base 
of the stem extended and was secured in the plastic bag by a rubber band. The 
exposed stem was pushed through a crosswise cut in the lid of an ice cream 
container and cut under water in the bottom of the container, which was then 
secured to its lid. Alternatively, the treated foliage, insects and water container 
were placed in a 60 X 60 X 60 cm plexiglass box; two or three sets of foliage and 
insects could be placed in the same box. Insects treated by this method were 
cercopids within their spittle masses, Coleophora serratella (Linnaeus), Cr. 
curvilineata and an unidentified privet leaf roller (possibly Tortricidae). 

(b) Soil-inhabiting insects were treated by placing them in 1000 ml of soil in 22 
X 22 X 5 em plastic dishes. Varying dose rates of infective nematodes were 
sprayed onto the soil, a layer of grass placed over the soil and the plastic lid of the 
container snapped into place. Larvae of Ag. bilineata and T. paludosa were treated 
in this system. 

Controls were used throughout for each treatment. All tests were conducted at 
24 ± 1°C except for two tests at 10°C carried out on Ha. xylostella and Co. 
serratella. Mortality of the test insects was checked 48 to 72 h later in most cases, 
but after 6 to 14 d in the wireworm experiments. Death resulting from nematode 
infection was determined in most cases by noting the characteristic orange 
coloration of the cadavers. Insect cadavers also were dissected to detennine the 
presence and stage of the nematode. At the end of the experiments involving D. 
radicum, E. pallidala, Ag. bilineala and T paludosa, non-mobile larvae were 
placed in modified White traps at room temperature. The modified traps consisted 
of 5 X 2.5 em capped plastic vials. A pad of three layers of Whatman No.1 filter 
paper cut 2 mm in Diam less than that of the vial was dropped into the base of 
each vial. Water was added to half the height of the soaked pads and a cadaver 
placed on each. Water in the traps was replenished as necessary 'and sampled for 
the presence of the emerged infective stages of the nematode. 

RESULTS 

HOMOPTERA 

Alfalfa aphid, Aphil; cracca (Aphididae) 
Clusters of aphids on their host plant were placed in petri dishes; 404 wingless 

aphids were exposed to a dose of 75 nematodes/insect. Forty-eight h later, 78% 
contained nematodes while 34% of 408 control aphids sprayed with water alone 
were dead. Some winged aphids also were present in both test and control 
samples; 8 of 19 (42%) of those treated contained nematodes after 48 h; 8 of 97 
(8%) in the control sample died in the same period. 

Spittle bugs (Cercopidae) 
Initially, immature bugs were removed from their spittle masses. Ten bugs 

were placed in each of two petri dishes and treated with 900 nematodes/insect; 48 
h later, 95% of the treated insects were dead and contained developing nematodes; 
none of the 10 controls died. In a second experiment, 44 bugs in their spittle 
masses on natural vegetation were sprayed with 5,500 nematodes/insect delivered 
in 40 ml of water from a hand sprayer. One·hundred percent mortality resulted 
after 48 h; all 13 control insects treated with 46 ml of water survived. 
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LEPIDOPTERA 

Hemlock looper, Lambdina fiscellaria fiscellaria (Geometridae) 
Twenty-nine prepual stage hemlock loopers on their natural foliage were placed 

in petri dishes and exposed to a dose of 484 nematodes/insect applied with a 
hand sprayer. Within 48 h, 100% of the treated insects had died while all 10 
control larvae survived. Seven of the prepupal loopers pupated between time of 
exposure and examination 48 h later; all seven were infected but it is not known 
whether they were infected in the prepupal or pupal state. 

Satin moth, Leucoma salieis (Lymantriidae) 
In each of three petri dish experiments, exposure of two replicates of 12 

insects to doses of 625, 1250 and 1800 nematodes/insect resulted in mortality of 
46, 58, and 79% respectively. In the control experiments, all 36 caterpillars 
survived. Some problems were experienced in the protocols which arose from 
overcrowding these large caterpillars in small, airtight petri dishes. As the insects 
rapidly exhausted the available oxygen, they became motionless and after 48 h, 
without dissection for the presence or absence of nematodes, it was impossible to 
determine the cause of death. Future tests with this size of insect should be 
carried out under simulated natural conditions. 

Imported cabbageworm, Artogeia (= Pier~,,) rapae (Pieridae) 
The caterpillars of this pest were arbitrarily divided into small, medium and 

large sizes. Five replicates of 10 small larvae per petri dish were each exposed to 
dosages of 60, 600, 900, and 1800 nematodes/insect. One~hundred percent 
mortality was achieved at all dosage levels; only one of 25 controls died. Similarly, 
200 medium larvae were exposed to dosages of 15, 30, 60, 120, 300, 900 and 1800 
nematodes/insect. All exposed larvae died but none of the 45 control larvae 
succumbed. Large larvae were exposed to dosages of 7, 15, 30, 60, 120, 330, 600, 
900 and 3600 nematodeslinsect. All 305 caterpillars so treated died while all 55 
controls survived. Doses as low as seven nematodes/insect were equally effective 
as those of 900 - 3600 nematodes/insect; however, it should be noted that infection 
with seven nematodes/insect required 168 h (7 d) to kill 100% of the test sample. 
In all experiments with all caterpillars, it was noted that the nematodes were 
reproducing at the time the caterpillars were dissected. 

Purplebacked cabbageworm, Euergestis pallidata (Pyralidae) 
Caterpillars, arbitrarily divided into small, medium and large sizes, were tested 

in petri dishes. Three replicates of small larvae totalling 58 individuals were all 
killed following exposure to 1850 nematodes/insect; none of the 10 controls died. 
Similarly, 30 medium larvae died following exposure to 600 nematodes/insect 
while none of the 10 controls died. Fifty large larvae, in replicates of 10 larvae, all 
died following exposure to a dosage of 180 nematodes/insect while one of the 12 
controls also died. Eleven pupae were exposed to a dose of 140 nematodes/insect 
and one became infected; none of the seven controls died. The nematode 
developed, reproduced and cycled in both larvae and pupae of this species. 

Birch casebearer, Coleophora serratella (Coleophoridae) 
The larvae of the birch case bearer were tested on their host foliage under 

simulated natural conditions. In all, eleven treatments involving 739 insects were 
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carried out, using dosage rates ranging from 1000 to 7000 nematodes/insect. An 
overall mortality of 64% was achieved, ranging from 39·79% per test. There was 
no correlation between the size of the dose of nematodes and the mortality 
experienced. In two control experiments where the insects were sprayed with 
water only, no mortality occurred among the 31 and 53 insects involved. In an 
experiment carried out at 10°C on 71 case hearers, it was noted that on dissection, 
in 10 cases the nematodes had exsheathed following penetration of the larvae. In 
an additional 12 larvae, although nematodes were found within the case, they had 
not penetrated the lEuval body. None of the remaining 49 case bearers had 
nematodes associated either within the case or the larva. 

Blueberry leaf tier, Croesia curuilineata (Tortricidae) 
Blueberry leaf tiers in their ties on the host foliage were tested under 

simulated natural conditions. Two dose rates of nematodes were sprayed on the 
host foliage - 630 and 1800 nematodes/insect - and a control sample received 
water only. In the fLrst treatment, mortality due to nematode infection occurred in 
84% of the 50 treated insects; in the second treatment, 98% of 59 tiers were killed 
but none of the 50 control larvae died. In a further test, 50 pupae which had 
exited their ties prior to pupation were placed in each of three petri dishes. The 
first 50 pupae were treated with a dose of 180 nematodes/insect in aqueous 
solution, the second dish with a dose of 360 nematodes/insect, while the third 
group was treated with water only. Mortality of 54% was achieved in each of the 
treated samples; 12% mortality was experienced in the control group. 

Honeysuckle leaf roller, Harpipteryx xylostella (Yponomeutidae) 
Ten replicates of 10 larvae/petri dish (100 larvae/test) were exposed to doses 

of 900 and 1800 nematodes/insect. The mortality 48 h later was 100 and 99%, 
respectively. Six of the 100 larvae used as controls also died. In an additional 
experiment, 100 larvae on t.heir host plant foliage in petri dishes were exposed to 
1800 nematodes/insect, and then maintained at IO°C. After 120 h (5 d), nonc of 
the larvae showed the characteristic orange coloration denoting infection by the 
nematode. These larvae then were placed at 24°C for a further 48 h following 
which time 98% had succumbed to the nematode infection. 

Unidentified leaf roller of privet (possibly Tortricidae) 
The susceptibility of this leaf roller to nematode infection was tested under 

simulated natural conditions. Nematodes were applied to the target insects in their 
leaf rolls by spraying the foliage with an aqueous solution of nematodes. In all, six 
treatments, ranging from 260 - 1350 nematodes/insect were used against a total of 
243 insects averaging 40 leaf rollers per test (range 24·56); 196 larvae (84%) 
were killed by the nematode. There was no correlation between the dose rate and 
the mortality achieved. Twelve pupae, removed from their leaf rolls, were sprayed 
with a dose of 44 nematodes/pupa in an aqueous solution in petri dishes; three 
were killed by the nematode while none of the 16 controls sprayed with water only 
was affected. 

A further test was carried oul in which 30 test insects in their leaf rolls were 
sprayed with a dosage of 340 nematodes/insect in a 2% glycerine-water solution. 
All 30 leaf roller caterpillars were killed by the nematode although none of the 16 
controls sprayed with 2% glycerine-water only was affected. Similarly, 16 pupae of 
the leaf rollers were treated with the same dose rate in the same carrier solution; 
12 of the treated insects died, all 10 controls survived. 
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COLEOPTERA 

Chrysomela {also (Chrysomelidae) 
Susceptibility tests were performed on both larvae and adults; both stages are 

phytophagous. Ten replicates of 10 larvae each were exposed to doses of either 
150 or 300 nematodes/insect on their natural foliage in petri dishes. Mortality was 
detennined as 87 and 91 %, respectively, after 72 h for those treated with 20% 
rnOitality among the controls. Exposure of fouf replicates of 10 adult insects to 
either 390 or 1500 nematodes/insect resulted in 90% mortality in each case. Four 
of the 26 (15%) control adult beetles also died. 

Wireworm, Agriotes bilineata (Elateridae) 
[0 a preliminary experiment, five replicates of 25 wirewonns/petri dish were 

exposed to a dosage of 180 nematodes/insect. As only 10% of the exposed 
wi.reworms appeared to be dead and showed the characteristic orange coloration 
denoting infection 6 d after treatment, all experimental and control larvae were 
dissected to detennine the presence or absence of the nematode. Nematodes were 
found in 68% of the treated wirewOlms, infection ranging from 44 . 100% in the 
various replicates. As many as l44 developing nematodes were found in a single 
host but in only one instance had a nematode matured to the stage at which it 
produced eggs, indicating a protracted development within this host. None of the 
controls had died but seven contained an unidentified parasitoid (which rapidly 
burst in the aqueous solution in which the wireworms were dissected) and two 
harbored unidentified mermithid nematodes. Ten of the treated wireworms also 
harbored the parasitoid which appeared to be co-existing with He. heliothidis. 

In a second experiment under simulated natural conditions, 100 wireworms 
were added to each of four containers of soil. Two containers were treated with a 
dosage of 350 nematodes/cc or soil (35 nematodes/larva), one container with a 
dosage of 210 nematodes/cc of soil (21 nematodes/larva), and the fourth was the 
control. The soil in each container was kept equally moist. After the addition of 
the wireworms to each container, a layer of grass was placed on top. Fourteen d 
later the treated wireworms were recovered and dissected to detennine the 
presence or absence of nematodes. Not all wireworms were recovered. In the 
containers with 350 nematodes/cc of soil, 56 (32%) of the 176 wireworms 
recovered were dead; 44 of these were infected by the nematode which had 
developed into females. In the test with 210 nematodes/cc, 20 (22%) of the 89 
wireworms recovered were dead; 16 contained mature nematodes. Two of the 81 
controls recovered were dead. 

DlPTERA 

Cabbage maggot, Delia radicum [formerly Hylemya brassicae! (Anthomyiidae) 
Tests on cabbage maggots were conducted on third-stage prepupat larvae of 

which more than 50% fonned puparia during the course of the experiment. 
Prepupal cabbage maggots were exposed to three different dosage levels of 
nematodes, viz. 20, 40 and 120 nematodes/maggot. [n the first test, 80% of 40 
larvae were infected following exposure; in the second test, 88.5% of 98 larvae 
died due to infection. In the third test, there were eight replicates of 10 larvae per 
petri dish. A mean mortality of 80% was achieved. None of the controls died. The 
nematode cycled through this host. 
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European crane ny, 7Ypula paiudosa (Tipulidac) 

In tv.'o petri dish trials, five replicates of 10 larvae/dish (total of 50 larvae) 
were each exposed to a dose of 120 and 450 nematodes/insect. After 144 h, 
mortalities of 89.8 and 95.9%, respectively, were recorded; only 17% of the control 
group of 50 larvae were dead. Some difficulty was experienced in these trials as it 
was found that the larvae had a tendency to eat one another. One larva in each of 
the test trials and four larvae in the control group were cannibalized. 

In a second experiment conducted under simulated natural conditions, 50 
crane ny larvae were added to soil in plastic containers. In the first container, a 
dose rate of 450 nematodes/cc of soil (7000 nematodes/insect) was applied; in the 
second, a dose rate of 210 nematodes/cc of soil (4200 nematodes/insect) was 
applied, and a third container served as a control. Two wk following infection, the 
crane flies were recovered and a mortality count perfonned. In the first container, 
31 larvae were recovered of which 30 (96.7%) were dead and contained cycling 
nematodes. In the second container, all 34 (100%) of the recovered larvae were 
dead and contained developing nematodes. Only four of the 37 (10.8%) larvae 
recovered in the control container had died. Again, considerable difficulty with 
cannibalism was experienced, with 19, 16, and 13 larvae cannibalized in each 
container, respectively. 

DISCUSSION 

The high mortality experienced with the use of He. heliothidis against this 
variety of homopteran, lepidopteran, coleopteran and dipteran pests in the 
laboratory clearly indicates that this nematode has excellent potential as a broad
spectrum biocontrol agent. The results also indicate that this nematode is effective 
against a variety of insects living in cryptic habitats. The cercopids living within 
their spittle masses are effectively shielded from the environment but the 
nematode penetrated the spittle and caused substantial mortality. The birch 
casebearer larva spins a protective sheath about. the body, leaving only a small 
terminal opening through which the head protrudes; the head is normally buried in 
the leaf parenchyma. The larva is only vulnerable to attack by the nematode at the 
narrow lip where the protective case is appressed to the leaf surface. The 
blueberry leaf tier lives within a protective envelope of foliage at the tip of the 
new year's growth. The larva leaves the tie immediately prior to pupation, which 
occurs in the soil. The privet leaf roller is similar to the blueberry leaf tier in 
forming a protective envelope of foliage held together by loose webbing. \Vithin 
this microhabitat which contains growing branch tips (the larval food source), the 
naked larvae grow and eventually form unprotected pupae. The high mortality 
achieved using this nematode against these cryptic-dwelling lepidopterans indicates 
their effectiveness in circumventing mechanical barriers while seeking their targets. 
In contrast, the effectiveness of topically applied chemical pesticides is largely 
negated in these circumstances. Systemic insecticides, although highly effective 
against such insects, are economically unfeasible for large-scale application. 

Soil-dwelling insects such as wireworms, crane Oy larvae and cabbage maggots 
can also be considered to be living in cryptic habitats. The success of He. 
heliothidis against. wirewonns and crane nies under simulated natural conditions 
suggests future potential as biocontrol agents. 
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Although most tests were conducted against larval stages of pest insects, some 
tests were carried out with both pupal and adult forms. Mortality among the test 
samples of pupae of the purplebacked cabbagewonn, blueberry leaf tier and a 
privet leaf roller were not as high as with the larvae (except when using 2% 
glycerine + water solution against the privet leaf roller). The fact that mortality 
occurred indicates that this nematode can and does penetrate and kill non-feeding 
stages of target insects. The high mortality (90%) among adult Ch. falsa shows 
that the nematode is effective against the adult stage. 

White trap assessment to determine if the nematode developed, reproduced 
and cycled through the insect host was only carried out on the purplebacked 
cabbagewonn, the cabbage maggot, the wireworm and the crane fly. Normally, 
following the death of the insect host, infective nematodes will eventually gain 
access to the external environment 8S demonstrated by the White trap assessment 
fOf the first two species. However, although cadavers of both wirewonns and crane 
fly larvae contained infective nematodes, the latter were unable to penetrate the 
thick cuticle and escape, and in the White trap assessment, no infective stages 
were found in the surrounding water. 

In tests in which a wide dosage range of nematodes/insect was used, there was 
no indication of a correlation between mortality achieved and dosage applied. In 
the case of the imported cabbage worm, Ag. rapae. doses as low as seven 
nematodes/insect were equally as effective as those of 900· 3600 nematodes/ 
insect. However, it should be noted that infection with seven nematodes/insect 
required 168 h (7 d) to kill 100% of the test sample. 

These nematodes are especially susceptible to dehydration. For potential field 
use against foliar pests, a hygroscopic carrier solution should enhance the action of 
the nematode. Applications of nematodes in a 2% glycerin-water solution were 
more effective than application of nematodes in water alone against both the larval 
and pupal stages of a privet leaf roller, suggesting that the hygroscopic agent did 
enhance success. 

Heterorhabditis heliothidis was effective when used at temperatures of 24 ± l°e. 
On two occasions, tests were carried out on Co. serratella and Ha. xylostella at 
10oe. In the fanner case, although nematodes were found within the case of the 
birch case bearer, they had not penetrated into the larval body and indicated that 
the activity of the nematodes had been reduced at this temperature when 
compared to that of 24°e. This observation was further conflftlled by results with 
Ra. rylostella in which no larval mortality was experienced at 1DoC. However, 
when the insects were placed at 24°C for a further 48 h, 98% mortality was 
obtained. This latter result shows that while the infection process apparently does 
not proceed at 10°C, the process is not destroyed and will continue when more 
optimal temperatures prevail. 

Under labofatory conditions, He. heliothidis may well be considered as a viable 
alternative to the chemical pesticides currently in use. However, extensive field 
trials under 8 variety of climatic conditions and detennination of their persistence 
in the environment must be conducted before their true potential as operative 
pesticides can be evaluated. 

ACKNOWLEDGMENTS 

The authors gratefully acknowledge the field and laboratory assistance of Misses C. 
Craig, J. Harding, H. Mellor, nnd f\'fr. J. Barr. The provision of insects by Dr. K. P. Lim of 



FINNEY and BENNETT: Heterorhabditis heliothidis (Nematoda) 295 

the Canadian Forestry Service and Mr. Ray Morris of Agriculture Canada made some of 
these tests possible. The Department of Forest Resources and Lands of the Province of 
Newfoundland and Labrador funded a portion of these studies. 

REFERENCES CITED 

Dutky, S. B.. J. V. Thompson, and G. E. Cantwell. 1964. A technique for the mass 
propagation of the 00-136 nematode. J. Insect Pathol. 6: 417-422. 

Finney, J. R., K. P. Lim, and G. F. Bennett. 1982. The susceptibility of the spruce budwonn, 
Choristotleuro {umi/erano {Lepidoptera: Tortricidae}, to Heterorhabdilis heliothidis (Nematoda: 
Heterorhnbditidae) in the laboratory. Can. J. Zoo!' 60: 958-961. 

Khan, A., W. M. Brooks, and H. Hirschmann. 19i6. ChromollCma heliolhidis n. gen., n. sp., 
(Steinemematidae, Nematoda), a parasite of Heliothis zea (Noctuidae, Lepidoptera) and 
other insects. J. NematoL 8: 159-168. 

Poinar, G. D., Jr. 1979. Nematodes for Biological Control of Insects. CRC Press, Boca 
Raton, FL. 27i pp. 



FIELD EFFICACY AND PERSISTENCE OF A NUCLEAR 
POLYHEDROSIS VIRUS OF THE VELVETBEAN 
CATERPILLAR' IN SOYBEANS' 

R. M. Beach 3, G. R. Carner, and S. G. Turnipseed
 
Department of Entomology
 

Clemson University
 
Clemson, SC 29631
 

Abstract: Five small-plot tests with a nuclear polyhedrosis virus of the velvctbean caterpillar, 
Anticarsia gemmatalis Hubner, were conducted in soybeans in South Carolina during 1979 
and 1980. Virus rates ranging £rom 5 to 40 larval equivalents {LE)/ha were tested and 
compared with an insecticide standard (carbaryl at 560 g AUha). Control of A. gemmatalis 
larvae ranged from 59.3 to 86.4% at 14 d post-application with rates of 20 LE/ha. Control 
levels were not increased by the higher rate of 40 LE/ha. and application rates of less that 
20 LE were less effective. After 21 d, control was generally higher in virus treatments than 
after 14 d. 

Soil bioassayed from lest areas receiving virus applications indicated that low levels of 
virus were present in the soil. Levels of virus capable of causing 13% mortality in bioassayed 
A. gemmalalis larvae were detected from a location 16 months after application. However, 
naturally-occurring A. gemmatolis larvae collected rrom these locations the year after virus 
applications showed no symptoms or mortality due to virus infections. 

Key Words: Nuclear polyhedrosis virus, velvetbean caterpillar, Allticarsia gemmatalis, 
microbial control, persistence or virus. 

J. Agric. Entomol. 1(3): 296-304 (July 1984) 

The nuclear polyhedrosis virus (NPV) of the velvetbean caterpillar, Anticarsia 
gemmatalis Hubner was first isolated from field populations of its host in Brazil 
(Allen and Knell 1977; Carner and Turnipseed 1977). It is currently under 
investigation to determine its potential as a control agent for populations of A. 
gemmatalis in the southeastern United States. 

There can be two approaches to the use of viruses in insect pest management. 
The first approach is the use of viruses as microbial insecticides for short-tenn 
(one growing season) suppression of pest populations. The primary example for 
this is the NPV of the com earworm, Heliothis zea (Boddie), and the tobacco 
budworm, H uirescens (Fabricius), which has been used successfully against these 
two pests in cotton, com, sorghum, and soybeans (lgnoffo and Couch 1981). The 
second approach involves the introduction of a virus into an area for long-tenn 
suppression of pest populations. A promising candidate for this approach has been 
the NPV of the soybean looper, Pseudop/usia includens (Walker) which was 
introduced from Central America into areas of Arkansas and Louisiana (Young and 
Yearian 1979). A basic requirement for this approach is that the virus must be 
able to persist in the soil and reinfect populations the following year. 

I LEPIDOPTERA: Noetuidae 
2 Thill publiulion ...... lIupporled Ihrough a granl from the American Soybnn Anodation. Technicaloontribulloa No. !201 

of the S. C. Al:ricultural Elperimenl Station. Pub1i!hed by penniMion of the director. Heceived for IlubliclItion 15 
Septembu 1983; lIcceplt!<! 3 MllY 1984. 

3 Pruent addre..: Unh'enity of Gtoorgia Coastal Pillin Elperimenl SUllion, Ilepartment of t:ntomololO' and Fish..ri ..a, 
Tifton. GA 31793. 

296 



297 BEACH el a!.: NPV of Velvetbean Caterpillar 

The two approaches described above are being evaluated in South Carolina 
with the NPV of A. gemmatalis. The objectives of this study were to test different 
rates of the NPV as a microbial insecticide in small-plot tests and determine its 
ability to overwinter and reinfect populations under the environmental conditions 
which occur in South Carolina. 

MATERIALS AND METHODS 

Microbial Insecticide Tests 
Five small·plot tests were conducted during 1979 and 1980 to determine the 

efficacy of the virus against A. gemmatalis in soybeans. Treatment rates for the 
virus ranged from 5 - 40 LE/ha (LE ~ larval equivalent; 1 LE = 6 X 10' 
polyhedral inclusion bodies). Virus suspensions for all tests were prepared by 
macerating diseased larvae in distilled water and straining the material through 
cheesecloth. In four of the five tests an insecticide standard (carbaryl, 80% at 560 
g AI/ha) was included as one of the treatments; untreated checks were included in 
all tests. Treatments for each test are presented in Tables 1·5 for Tests 1· 5, 
respectively. 

Experimental plots were organized in a randomized complete block design with 
four replications. Each plot consisted of six soybean rows 96.5 em apart by 9.1 m 
long, with treatments applied to the middle four rows; the two outside rows served 
as buffer zones. Treatments were applied during late evening hours using 
knapsack sprayers delivering 61-74 liters/ha at 3.5 kg/em' in Tests 1 and 2 and 
54.54 liters/ha at 3.5 kg/em' in Tests 3 - 5. 

Treatments in each test were evaluated by sampling larvae of A. gemmatalis in 
the test plots at 14 and 21 d post-application by bending soybean foliage over a 1
m groundcloth and shaking the foliage vigorously (Turnipseed 1974). Live A. 
gemmata.lis larvae falling on the groundcloth were divided into three groups: small 
(ftrst and second instarsL medium (third and fourth instars) and large (fifth 
instars). Three samples were taken at random from the middle four rows of each 
ploL Larval numbers in the test plols immediately prior to application were 
determined by taking 10 samples at random in the test area. 

Virus Persistence in Soil 
In 1979, virus suspensions were applied to soybean fields infested with A. 

gemmatalis larvae at three locations on the Edisto Experiment Station near 
Blackville, SC, and at one location on n farm near Allendale, SC. In 1980, two new 
locations on the Edisto Experiment Station received virus treatments. The oreas 
treated at each location were small (ca. 8 X 16 m) and were situated in a field 
corner or other position which could be marked and easily located the following 
year. Crude virus suspensions were applied using knapsack sprayers and at the 
same volumes as used for the small-plot tests. Virus concentrations were 20 or 40 
LE/ha as shown in Table 6. 

Soil samples were collected from ca. the top 2.5 em of soil with the area of 
each sample equal to the length and width of a trowel blade (7.5 by 13.0 em). 
Fifteen samples were taken nt random in each plot and were mixed together to 
produce one large sample for each location. The soil was placed in plastic bags 
inside brown paper bags for transport Lo the laboratory where the soil was air
dried for a brief period. Large pieces of rock and debris were removed and 
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samples were stored in plastic bags at 24°C until A. gemmatalis larvae were 
available for bioassay (1 to 2 wk). At this time, 1200 ml of dried soil were added 
to 650 ml of 0.02% Triton X-I00 solution and mixed for ca. 2 - 3 min. Larger soil 
particles were allowed to settle for 30 min and the decanted supernatant then was 
placed in a Sorval RC2B Superspeed Ultracentrifuge and spun at 270 g for 5 min 
to remove additional large particles remaining in the soil suspension. Resulting 
pellets were discarded and the remaining supernatant was spun at 3020 g for 20 
min. All supernatant was discarded after this step and the pellets were combined 
and resuspended in 100 ml of distilled water. 

Final suspensions from soil samples were bioassayed by placing 0.1 ml on 1 
cm' blocks of pinto bean diet (Greene et a!. 1976). Inoculated blocks were placed 
singly into individual plastic petri dishes lined with moistened filter paper, each 
containing one third inatar A. gemmatalis larva obtained from 8 laboratory colony. 
Larvae were maintained in a rearing chamher at 26.7 ± 2°C and 50 ± 10% RH 
and were provided with fresh uninoculated diet after they had consumed the 
inoculated blocks. Two-hundred larvae were bioassayed for each of the soil 
samples collected on 18 May 1980 at Locations 1 and 2, and 100 larvae were 
bioassayed for each of the remaining samples. Dates when soil was sampled at 
each location are shown in Table 6. 

Fluid from dead larvae which had symptoms of NPV infection were examined 
for polyhedra under the light microscope. Any cadavers which did not contain 
polyhedra were not counted as virus mortality. 

Field populations of A. gemmatalis were sampled from sprayed plots the year 
after virus application to detennine if the pathogen could recur without reappli
cation. Larvae were collected by bending soybean plants over a I-m groundcloth 
and shaking the foliage. Larvae were placed into individual plastic cups provided 
with artificial diet and were checked for virus symptoms until pupation. One 
hundred larvae were collected at each location on each date. Collection dates for 
each location are shown in Table 6. The location near Allendale, Set was not 
sampled for A. gemmatalis the following year since this field waS planted with corn 
in 1980. 

RESULTS AND DISCUSSION 

Microbial Insecticide Tests 
In Test I, pretreatment counts averaged 19 larvae/m, and consisted mostly of 

small and medium larvae. AU virus and chemical treatments reduced A. gemmataJis 
populations after both 14 and 21 d (Table 1). No differences were noted between 
the carbaryl treatment and the two highest virus rates after 14 d. After 21 d, the 
lowest virus rate (10 LE) showed a significant increase in control compared with 
14-d counts. Slight increases in control occurred at the two higher virus rates. 

Pretreatment counts in Test 2 were much higher (30.22/m) and over half of 
these were small larvae (Table 2). The most effective treatments were those with 
the 20 LE rate. Although numbers of A. gemmatalis larvae in check plots were 
slightly lower after 14 d than at the beginning of the test, 85.1 % of these larvae 
were third ins tar or older and considerably more defoliation was observed in these 
plots than in treated plots. After 21 d, no differences were found among any 
treatment means due to very low numbers of A. gemmatalis in all treated and 
check plots. Numbers of larvae were reduced by 85.4% in cbeck plots from the 
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Table 1. Efficacy of an NPV and carbaryl against a field population of Anticarsia
 
gemmatalis in Bragg soybeans, 1979 (Test I, Blackville, SCl. 

Mean no. larvae per meter" 

Treatment Rate/ha Large Med. Small Total % Control 

Pretrealment - 22 Sept. 
0.90 8.50 9.60 19.00 

14 d post·application 
Virus 10 LEt 0.33 b 1.75 b 4.08 a 6.17 b 71.3 
Virus 20 LE 0.33 b 0.75 bc 1.83 b 2.92 bc 86.4 
Virus 40 LE 0.00 b 0.25 c 1.42 b 1.67 c 92.2 
Carbaryl 560 gl 0.08 b 0.00 c 0.83 b 0.92 c 95.7 
Check 6.67 a 8.83 a 5.50 a 21.50 a 

21 d post·application 
Virus 10 LE 0.00 b 0.50 b 1.00 b 1.50 c 84.1 
Virus 20 LE 0.00 b 0.08 b 0.75 b ·0.83 c 91.2 
Virus 40 LE 0.08 b 0.00 b 0.17 b 0.25 c 97.3 
Carbaryl 560 g I 0.17 b 0.75 b 3.42 a 4.33 b 54.1 
Check 3.17 a 3.17 a 3.08 a 9.42 a 

- Muns followed by Ih~ ume leU~r ar~ not licnifiunlly different st the 5'::- level, Dunnan's muhipl~ r.nlte t~IL
 
t ....: _ 1111',.1 equivlllt'nl (l I.E - G X 109 polyhedral inclusion bodies).
 
:: "Clive inltfedient/ha or 80% WP rormullllion.
 

Table 2, Efficacy of an NPV against a field population of Anticarsia gemmatalis in 
Bragg soybeans, 1979 (Test 2, Blackville, SC). 

Mean no. larvae per meter-

Treatment Rate/ha Large Med. Small Tota! % Control 

Pretreatment - 29 Sept. 
4.00 8.11 18.11 30.22 

14 d post-application 
Virus 10 LEt 8.50 a 8.00 b 4.92 a 21.42 ab 16.6 
Virus 20 LE 3.25 b 3.67 b 0.75 b 7.67 c 70.1 
Virus 20 LEI 2.83 b 4.00 b 0.83 b 7.67 c 70.1 
Virus 40 LE 6.00 ab 4.92 b 1.17 b 12.08 bc 52.9 
Check 9.42 a 12.42 a 3.92 a 25.67 a 

21 d post-application 
Virus 10 LE 2.25 a 2.83 a 0.42 a 5.50 a 
Virus 20 LE 1.33 a 2.08 a 0.00 b 3.41 a 9.1 
Virus 20 LEI 0.25 a 0.08 a 0.00 b 0.33 a 91.2 
Virus 40 LE 2.50 a 2.50 a 0.00 b 5.00 a 
Check 1.83 a 1.92 a 0.00 b 3.75 a 

- MellM followed by tht' slime letter IIrO! not significantly different III Iho> 5':' lo>n-I, Duncan'. multillle rango> lest.
 
t LE _ ID~al filuivalent f1 I.E - G X I09 pol~'ho>dral inclusion bodiu).
 
: GUltol added at 1.12 kldha.
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previous week. This drastic decrease was caused by the fungal pathogen Nomuraea 
rileyi (Farlow) Samson in all test plots. 

In Test 3, all virus applications caused significant reductions after 14 d (Table 
3). Carbaryl was less effective than all but the lowest virus rate. Populations in 
check plots decreased slightly from the time of application and never reached 
economic levels due to the presence of N. rileyi in all plots. No differences 
between the check and treatments were found after 21 d, although numbers were 
slightly lower in virus- and carbaryl-treated plots than in check plots. 

Table 3. Efficacy of 8n NPV and carbaryl against a field population of Anticarsia 
gemmatalis in Ransom soybeans, 1980 (Test 3, Walterboro, BC). 

Mean no. larvae per meter-

Treatment Rate/ha Large Med. Small Total % Control 

Pretreatment - 21 Sept. 
5.43 6.86 8.57 20.86 

14 d post-application 
Virus 5 LEt 0.08 b 2.58 be 6.08 b 8.75 be 48.8 
Virus 10 LE 0.08 b 1.75 be 4.75 b 6.58 e 63.3 
Virus 20 LE 0.00 b 1.00 e 5.25 b 5.50 e 69.3 
Carbaryl 560 g' 0.92 a 4.17 ab 6.83 b 11.92 b 33.5 
Check 1.33 a 6.17 a 10.42 a 17.92 a 

21 d post-application 
Virus 5 LE 0.00 a 0.67 a 1.33 a 2.00 a 49.0 
Virus 10 LE 0.08 a 0.58 a 1.67 a 1.83 a 53.3 
Virus 20 LE 0.00 a 0.50 a 1.92 a 2.42 a 38.3 
Carbaryl 560 gl 0.00 a 0.67 a 1.92 a 2.58 a 34.2 
Check 0.33 a 1.08 a 2.17 a 3.92 a 

• Means followed by the ~Alne I!'tter ore not ~ignificalltly diffcrem al the 5',{, ICHI. Duncan'~ mulliple range lll~t.
 

t LE = lun'HI equi"olent (I LE - 6 X 10!! I'olyherlral induAion 1Jo<lil'~),
*Actiye ingrcdienl/ha (If 81l'):, WI' [ormulation,
 

Populations of A. grmmata/is were relatively low in Test 4 and almost doubled 
in the check plots during the first 14 d of the test. All virus treatments reduced 
numbers of medium and large larvae when compared to check plots (Table 4). 
Carbaryl was more effective than all of the virus treatments after 14 d. After 21 d, 
control in all virus treatments increased significantly and the 20 LE virus raie, 
while lower than carbaryl treatments after 14 d, was not statistically different from 
carbaryl after 21 d. 

In Test 5, control levels for virus applications were higher than in previous 
tests (Table 5). There were no differences in total numbers of larvae between the 
three virus rates after 14 d, nor was there a difference between the highest virus 
rate and carbaryL Numbers of larvae in control plots were greater than in aU other 
treatments. 

Ant.icarsia gemmalnlis numbers declined in virus-treated plots bet\'..·cen 14 and 
21 d at all three rates, while lan'al numbers in check and carbaryl plots decreased 
only slight.ly. As a result, all vir1.ls rates after 21 d were not different from the 
carbaryl treatment. 
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Table 4.	 Efficacy of an NPV and carbaryl against a field population of Anticarsia 
gemmatalis in ED73-371 soybeans, 1980 (Test 4, Blackville, Se). 

Mean no. larvae per met.er-

Treatment Rate!ha Large Med. Small Total % Control 

Pretreatment  28 Sept. 
:J.10 4.80 4.30 12.20 

14 d post-application 
Virus 5 LEt 2.33 b 5.00 b 2.83 ab lO.17 b 51.8 
Virus 10 LE 1.75 b 3.92 be 4.75 a l0.42 b 50.6 
Virus 20 LE 1.33 b 3.92 be :J.OO ab 8.58 b 59.3 
Carbaryl 560 gl 0.00 e 0.58 c 1.08 b l.58 c 92.5 
Check 4.92 a I 1.50 a 4.67 a 21.08 a 

2 I d post-application 
Virus 5 LE 0.67 b 4.75 b 0.92 be 6.33 b 60.4 
Virus 10 LE 0.25 b 3.17 be 1.50 ab 4.92 b 69.2 
Virus 20 LE 0.l7 h 1.75 cd 1.00 h 2.92 e 81.7 
Carbaryl 560 gl 0.42 b 0.67 d 0.33 e 1.42 e 91.1 
Check 2.50 a 11.75 a 1.75 a 16.00 a 

• Melln~ (ollnweri hy the ,lllme leller are nol signific:lIlltl)' different "I the 5'Ji levcl. J)uncal1'~ multiplc ran!:c test.
 
t I.E = larval e1luivalcnt (\ LE ~ Ii X lU(J IlOlyhcltral inclusion hodies).
 
:I: Activc ingredient/hu of flO';, WI' f<lrlllullltion
 

Table 5. Efficacy of an NPV and carbaryl against a field population of Anticarsia 
gemmatalis in Bragg soybeans, 1980 (Test 5, Blackville, SC), 

Mean no, larvae per meter-

Treatment Rate!ha Large Med. Small Total % Control 

Pretreatment  28 Sept. 
4.00 5.70 7.00 16.70 

14 d post-application 
Virus 5 LEt 1.67 b 1.75 b 3.08 ab 5.92 b 60.1 
Virus 10 LE 1.67 b 1.67 b :J.58 ab 6.25 b 57.9 
Virus 20 LE 0.67 be 1.33 b 2.00 be 3.92 be 73.6 
Carbaryl 560 g' 0.33 e 0.42 b 0.50 e 1.17 e 92.1 
Cheek 2.50 a 7.42 a 4.58 a 14.83 a 

2 J d post-application 
Virus 5 LE 0.25 b 2.17 b 0.83 ab 3.25 b 74.3 
Virus 10 LE 0.16 b 1.25 b 0.:J3 b 1.75 b 86.2 
Virus 20 LE 0.00 b 0.92 b 0.58 ab 1.50 b 88.2 
Carbaryl 560 g:l: 0.08 b 0.25 b 0.00 b 0.33 b 97.4 
Check 1.42 a lO.OO a 1.33 a 12.67 a 

• MI'IlIlS followed hy Ih(O s"m~ lettcr are not 8;~nilil'llntly differl"nt ILl th ... f,'" ll'vel. I)UIlCIlII'S multiple rllnge te~t.
 
t L~: = lan'al c'l"ivlllenl (I I.E = r: X 10~1 polyllC,lnoJ indtlsion 11Odi,',;).
 

:t AniH' iUJ:redienl/IHl of 80',( WI' formulntion
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Considering results from all five tests, it was apparent that all of the vim3 rates 
tested caused significant reductions in A. gemmat.al~.::; populations. However, the 20 
LE rate appeared to be the most effective. An increase to 40 LE/ha did not result 
in a significant increase in control, and the level of control dropped at. the lower 
rates of 5 and 10 LE/ha. 

In two of the four tests with carbaryl, cont.rol levels were equal for the 20 LE 
treatment and the chemical insecticide treatment after 14 d. In one test (Test 4), 
carbaryl gave better control than the virus, and in the other (Test 3) carbaryl was 
not as effective as the virus. After 21 d, control levels in carbaryl and 20 LE virus 
treatments were equal in three of the four tests. In the other test (Test 1), carbaryl 
was not as effective as the virus. We recognize that the 14- and 21-d sampling 
times were more suitable for evaluation of virus applications and were not ideal for 
the proper evaluation of carbaryl treatments. However, the tests do demonstrate 
that, over a period of 2 to 3 wk, virus treatment.s can be as effective in reducing 
larval numbers as a standard chemical insecticide. 

In Tests 1, 4, and 5, control from virus applications increased between 14 and 
21 d post-application. This was probably due to the release of fresh virus from 
dead larvae. A similar trend would probably have occurred in the other two tests 
had not N. rileyi decreased population levels in all plots, including the checks. 
Thus, it appears that a single application of virus in South Carolina, if properly 
timed, would probably be sufficient to suppress A. gemmatalis populations 
throughout the remainder of the growing season. 

Virus Persistence in Soil 
Mortality levels of A. gemmatali.'i larvae treated with soil extracts are shown in 

Table 6. Control larvae from the same laboratory colony and reared under the 
same conditions as those used for bioassay exhibited no symptoms or mortality 
due to virus infection. 

A small percentage of larvae in all groups died of unknown infection or 
infections characterized by a darkening and hardening of the integument with body 
contents appearing yellow or milky in color. Two soil samples taken from soybean 
fields which had not received virus applications showed no virus mortality but did 
exhibit some mortality with the above symptoms present in all dead larvae. This 
infection may have been caused by the abrasive disruption of the larval gut due to 
ingestion of the final suspension from the soil samples with subsequent invasion 
by bacteria. 

Soil collected 6 months after virus was applied to soybean foliage at Location 1 
caused 29% mortality of test larvae (Table 6). However, this location had not been 
subjected to any tillage operations prior to this time. A drop in virus activity of 
the soil samples occurred aft.er tillage of this plot (second sample) in 1980 with 
only a slight decrease in activity being recorded after 8 additional months (third 
sample). 

A second location similar to the first received a virus application at one half 
the rate used at the first location. Soil samples taken from both locations at 8 
mont.hs post-application showed that Location 2 had slightly less virus activity 
remaining t.han Location 1 (Table 6). The small difference in mortality between 
Locations 1 and 2 indicates that lower rates could perhaps be as effective and 
probably more efficient in infecting A. gemmn/.nlis, with similar production of virus 
in host. tissues and subsequent releases of this virus to the soybean environment. 



Table 6. Locations of virus applications and percent mortality from bioassayed soil and from field-collected larvae of Anticarsia 
gemmatalis, 1979 and 1980. 

Pretreatment Virus Date soil Bioassay Date larvae Larval 
Location and counts rate collected mortality collected mortality 
application date (larvae/meter) (LE/ha) for bioassay (%) from location (%) 

1. Blackville SC	 24 March 1980" 29.0 20 Sept. 1980 0.0 
22	 Sept. 1979 19.0 40 18 May 1980 16.5 4 Oct. 1980 0.0
 

21 Jan. 1981 14.0
 ,.'" '"() 

:r2.	 Blackville, SC 18.1 20 18 May 1980 11.5 4 Oct. 1980 0.0 
22 Sept. 1979 

3.	 Allendale, SC 30.2 40 10 July 1980 11.0 z 
6 Oct. 1979 < '" 

o 
~ 

4.	 Blackville, SC 17.5 40 10 July 1980 20.0 27 Sept. 1980 0.0 
20 Oct. 1979 21 Jan. 1981 9.0 

5.	 Blackville, SC 12.2 40 21 Jan. 1981" 20.0 
27 Sept. 1980 

6.	 Blackville, SC 16.7 40 21 Jan. 1981" 15.0 
27 Sept. 1980 

• Soil 8ample~ collected before any tiUage opeT8tion~ in the tut plOL 
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Soil samples taken on the same date (10 July) at Locations 3 (Allendale, Se) 
and 4 (Blackville, Se) produced 11 and 20% mortality, respectively, when 
bioassayed. Virus activity appeared greater at Location 4 despite the fact that 
populations of A. gemmatalis had been higher at Location 3 at the time of virus 
application. Virus activity in soil samples bioassayed at Location 4 declined from 
20% mortality after 9 months to 9% after 15 months with no tillage conducted 
during this period. 

Bioassays of soil sampled from Locations 5 and 6 (sprayed in 1980) resulted in 
20 and 15% mortality, respectively. Soil was removed from these plots before any 
tillage operations were performed. 

The efficiency of the procedure used in these studies for recovering virus 
polyhedra from collected soil was not determined. However, use of this method 
has shown that the NPV may persist in the soil for periods of 16 months after 
virus applications to soybean foliage for the control of A. gemmatalis. Tillage 
operations may reduce the concentration of virus in the top layer of soil because 
mortality from bioassayed soil was usually greater at locations which had received 
no tillage than from locations that had been tilled. Young and Yearian (1979) also 
noted that tillage may have been a factor in reducing virus activity in tests 
utilizing the NPV of P. includens. 

Larvae of A. gemmatalis collected in 1980 from plots sprayed in 1979 at 
Blackville (Locations 1, 2, and 4) failed to show any symptoms of NPV infection 
(Table 6). This failure to reinfect the larvae the next year would indicate that it 
may be difficult to establish the virus as a natural control agent in South Carolina. 
This virus does function as a natural control agent in Brazil. However, A. 
gemmatalis populations in Brazil develop early in the growing season from 
individuals which ovenvinter in the area, whereas populations in South Carolina 
develop from migrating moths which do not arrive until late in the growing 
season. 
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Abstract: Horn nics. Haematobia irrilalls (Linnaeus), controlled for 2 yr with 8% fenvalerate 
catt.le car tags were difficult to control in the third year (1981) at the University of Georgia 
Alapaha Experimental Range (AER). Field data showed progressively poorer cont.rol over a 
4-yr period which stabilized in the fifth year (1983). Vcry poor horn fly control was realized 
with 7}lz% flucythrinate (another pyrethroid) cattle ear tags when used for the first time in 
1983 at AER. Flucythrinate tags gave very good horn fly control at two other sites in 1983 
where pyrethroid use had been limited. Suspected flucythrinate-fenvnleratc cross resistance 
and direct resistance to fenvalerate with resistance ratios of 35 and en. 40, respectively. were 
confinned in several laboratory tests. Rapid selection of resistant hom nies with pyrethroid 
ear tags and resistance management are discussed. 
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Pyrethroid impregnated cattle ear tags have offered highly effective and 
convenient long-term horn fly, Haematobia irritans (Linnaeus), control to United 
States cattlemen for about 4 yr. But many producers and entomologists in the 
southeastern United States have noted poor horn ny control with these slow 
release devices, especially after ca. two seasons' use. Pyrethroid resistance has 
been suspected. One of these horn fly control failures occurred in southern 
Georgia where fenvalerate impregnated cattle ear tags had been used extensively. 
The following account documents the progressive loss of control with fenvalerate 
ear tags and relates it to laboratory determinations of fenvalerate resistance. 
Flucythrinate cross resistance to fenvalerate also was studied. A secondary 
objective of this study was development of a simple method of resistance 
determination to reduce (1) handling of horn nics and (2) equipment necessary for 
tests. 

MATERIALS AND METHODS 

Fenvalerate, Icyano (3·phenoxyphenyl) methy]·4-chloro-alpha-(I-methylethyl) 
benzeneacetatel. 8% impregnated cattle ear tags were used at the University of 
Georgia Alapaha Experimental Range (AER), Berrien County, GA, from 1979 to 
1983. About 250 head of beef cattle are maintained at AER on 120 ha of 
improved pasture. Other pyrethroid formulations used at AER for horn fly control 
from 1980·1983 were permethrin, 1(3·phenoxyphenyl) methyl-cis, trans-3·(2,2. 
dichloroethenyl)-2, 2·dimethylcyclopropane carboxylate] impregnated cattle ear 
tags, and fenvalerate and permethrin pour-on formulations. Fenvalerate has 
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accounted for ca. 80% of the pyrethroid use in the eastern half of AER, where 
horn flies used in this study were captured. Flucythrinate. [cyano (3-phenoxyphenyl) 
methyl-4-(dilluoromethoxy)-alpha-(i-methylethyl) benzeneacetatel, 71>% impregnated 
cattle ear tags were used to tag one herd of 27 cows (2/cQw) in May 1983. 

Fenvalerate fonnulations used at AER were supplied by 8DS Biotech, 
Painesville, OH (formerly Diamond Shamrock Corp., Cleveland, OH). Permethrin 
formulations were supplied by reI Americas Inc., Wilmington, DE, or Philips 
Hoxane, Inc., St. Joseph, MO. Flucythrinate-impregnated cattle ear tags were 
provided by American Cyanamid Co., Princeton, NJ. 

Suspected pyrethroid-resistant horn flies at AER were collected by aerial net 
from corralled cattle. In most tests freshly captured females « 2 d) were used. In 
one test (12 September 1983) F, suspected resistant horn flies were reared after 
the method of Schmidt et al. (1976). Pyrethroid-susceptible horn flies were 
obtained from the laboratory colonies of the University of Florida, Gainesville, FL 
(UFL), and USDA-ARS, College Station, TX (USDA-CS-TX). All reared flies were 
used 3 - 6 dafter eelosion. Citrated beef blood was offered to hom flies from 
eelosion or capture until a test began. 

A test method was developed in which hom flies were exposed to pyrethroid 
residues, much as they would be in a field situation. Handling of flies also was 
minimized. Flies were exposed to several concentrations of fenvalerate or 
flucythrinate residue expressed as Ilg/cm 2 to develop dosage mortality data. 
Technical fenvalerate (92.3%) from Shell Development Co., Modesto, CA, and 
flucythrinate (75.3%) from American Cyanamid Co., Princeton, NJ, were used to 
produce the residues in these tests. In all but one test reported here, four to seven 
residue levels were applied to 100-rom glass petri dish bottoms by evenly drying 1 
ml of a pyrethroid in acetone solution on its inside plane surface (62.2 cm 2). In 
one test fenvalerate residues on 9-cm filter paper disks were prepared in a similar 
manner and placed in lOO-mm plastic petri dishes. Residues were allowed to dry 
thoroughly and used within 2 d. Residue levels were chosen to produce near 0 to 
near 100% mortalily. In each test an appropriate number of flies was placed on 
acetone-treated surfaces as a check treatment. Suspected resistant (AER) and 
susceptible (UFL or USDA-CS-TX) horn flies in a given test always were exposed 
to residues produced from the same dilution scheme. Ten females were placed in 
each petri dish with one to three dishes for each level in a given trial. Wild-strain 
(resistant) hom flies typically survive and feed poorly under laboratory conditions 
when compared to laboratory adapted susceptible strains. A short test interval 
with no food was chosen to minimize this difference and achieve a better measure 
of the response to the pyrethroid being tested. Schnitzerling et al. (1982) while 
studying fenvalerate resistance in Haematobia irrilans exigua (DeMeyere) used a 
posttreatment period of 12 min to determine mortality. In studying resistance at 
AE R, flies unable to stand at 2 h were considered dead since preliminary tests 
showed this interval was adequate for determination of dosage-mortality response 
in horn flies. 

In some cases results from small trials producing nonsignificant regressions 
individually were formed into larger composite tests for a more powerful analysis. 
Daum's computer program for probit analysis (Daum 1970) was used to determine 
LC values and 95% confidence limits, and slopes of regression lines. 
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RESULTS AND DISCUSSION 

Fenvalerate-impregnated cattle ear tags gave very good horn fly control for the 
first 2 yr but control decreased considerably the third and fourth years (Table 1). 
One tag per cow gave practically 100% control I-d posttreatment in 1979 and 
1980. By 1983 a higher rate of two tags per cow gave only 68% control at 1 d. 
Duration of good control (~50/side of cow) was also greatly reduced between 
1979 and 1983, decreasing over 69% (Table 1). Longevity of control by fenvalerate 
tags was not available in 1981 and 1982 due to other control measures necessitated 
by other studies. These other treatments kept horn flies wen below 50/side. 

Table 1. Efficacy of pyrethroid-impregnated cattle ear tags for horn fly control at 
the Alapaha Experimental Range, Berrien County, GA, 1979 - 1983. 

Short term Posttreat time to 
Year Tags/cow control > 50 hom flies/side of cow 

8% Fenualerate tags 
1979 2 (I> cows) 100% @ 1 d 13 wk + 
1980 
1981 
1982 

1 
1 
1 

96% @ 

88% @ 

59% @ 

1 d 
1 d 
1 d 

12 wk 
- . 
- . 

1983 2 68% @ 1 d 4 wk 

7.5% Flucythrinate tags 
1983 2 70% @ 2 d 4 wk 
• Dlta "'rn not taken. 

Flucythrinate had not been previously used at AER but control also was poor 
with this tag in 1983. Horn fly control was similar to that with the fenvalerate tag 
(Table 1). This poor control, coupled with good control with fiucythrinate tags at 
two other sites in Georgia (~ 15 wk) where pyrethroid resistance had not been 
observed, suggests cross resistance between fenvalerate and flucythrinate. 

Results of laboratory tests in 1982 and 1983 repeatedly showed significant 
resistance ratios (R/S = resistant LC :-.oIsusceptible LC so) of ca. 40 for AER hom 
flies when compared to UFL or USDA-CS-TX strain hom flies (Table 2). Some 
tests (not shown) did not produce significant regressions for both populations, but 
all tests indicated resistance levels similar to those in Table 2. Typically, the level 
of pyrethraid that killed 100% of the susceptible population produced little or no 
mortality in the AER flies. This level of resistance was exhibited against fenvalerate 
which had been used at AER since 1979, and against flucythrinate, to which the 
AER horn flies exhibited resistance on fIrst exposure. Fenvalerate resistance 
developed over two or more years, and a control problem was very evident in early 
1982 (Table 1). 

Exposure of field-collected resistant and laboratory-reared susceptible female 
horn flies to serial levels of pyrethroid residues for 2 h provided data suitable to 
detennine valid dosage mortality responses. The method was convenient and gave 
reproducible results. Mortality in checks was usually zero. LC :-.ovalucs determined 
with this technique were very consistent from test to test when similar horn flies 
were used. Four tests with fenvalerate residues on glass are represented in Table 
2, and in three of these tests there is no significant difference (indicated by 



Table 2. LC 50 values, slopes of lines estimated by probit regression, and resistance ratios of resistant strain (AER) and 
susceptible strain female horn flies to residues of two pyrethroids expressed as ,Ltg/cm 2, 1982 and 1983. 

Test date(s) Compound Strain Flies/dose Substrate 

14 Aug. 82 Fenvalerate AER 
USDA·CS·TX 

20 
20 

Paper 

6 Jul. 83 Fenvalerate AER 
UFL 

10 
10 

Glass 

2, 3 Aug. 83 Fenvalerate AER 
USDA·CS·TX 

20 
20 

Glass 

15, 30, 31 Aug. 83 Fenvalerate AER 
UFL 

40 
50 

Glass 

12, 14 Sept. 83 Fenvalerate AER 
UFL 

30 
30 

Glass 

23 Sept. and 
5, 6 Oct. 83 

Flucythrinate AER 
UFL 

50 
50 

Glass 

LC 50t (95% confidence limits) 

10.983 (15.298·7.847) 
0.277 (0.360 . 0.212) 

0.187 (0.257·0.130) 
0.00542 (0.00767.0.00381) 

0.100 (0.128 . 0.0780) 
0.00178 (0.00225·0.00137) 

0.0287 (0.0351 . 0.0227) 
0.00162 (0.00188·0.00141) 

0.0615 (0.0749·0.0488) 
0.00146 (0.00171· 0.00124) 

0.0219 (0.0258·0.0183) 
0.000618 (0.000705·0.000541) 

Slope (SE) RIS; 

1.873 (0.26) ,..
39.6 

2.920 (0.4 7) > 
p'

4.365 (1.20) '" 34.5 
3.543 (0.82) 

SO"'" 
3 

3.135 (0.50) :<56.2 
3.342 (0.58) < 

:<
:2.741 (0.37) 

3.458 (0.36) 
17.7 z 

? 

'"' 3.772 (0.64) -::42.1 
5.046 (0.81) 00'"

~ 

2.832 (0.33) 35.4 
4.121 (0.46) 

• AER - Georgia Ahlpaha E_periment.1 Ranre; USDA-CS-TX - USDAlARS. CoUege St.tion, TX; m-L = Unh-usity of nunda_ Gainesville. FLo 
t J!g/cm 2 
:;: Ruistance /'8Itlo - I.e ~o relilltant populationILC ~O IUlceptible population. 
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overlap in 95% confidence intervals} in the LC flO values for the susceptible strain. 
The somewhat larger variation in LC ,,0 values for field-collected resistant horn 
Dies is at least partially due to the proximity of recent pyrethroid treatments to 
collection dates. LC 50 values taken in tests with fenvalerate residues on paper 
were higher t.han in tests with residues on glass. Residue's on glass were more 
available to the flies than residues on and within a filter paper disk. This lowered 
the apparent LC 50 value for the residues on glass. 

AER horn flies with a resistance ratio of ca. 40 to fenvalerate and flucythrinate 
were controlled very poorly with cattle ear tags impregnated with these materials. 
Duration of control was reduced from ca. 4 months to 4 wk. Interestingly this 
population has remained around 40-fold resistant to fenvalerate for a year or more 
(Table 2) and field control remained about the same from 1982 to 1983 (Table 1). 
A large increase in the resistance ratio which was anticipated in 1983 did not 
occur. This was in spite of steady selection with fenvalerate tags and pour-on 
treatments necessary to moderat.e horn f1y numbers. Immigration of susceptible 
individuals can slow the development of resistance (Taylor et a1. 1983) and 
immigration at AER may have been in a rough equilibrium with selection 
pressures. 

Previous to widespread pyrethroid cattle ear t.ag use, horn flies were considered 
to be readily controllable. Only (;\'10 previous cases of field resistance in horn nies 
have been documented; resistance to ronnel in Louisiana (Bums and Wilson 1963) 
and to stirofos in Georgia (Sheppard 1983). The report of Burns and Wilson was 
confirmed by Harris et al. (1966) who developed a resistance ratio of ca. 50 in a 
series of laboratory selections. Reports of horn fly resistance to pyrethroid ear tags 
became widespread in the southeastern United States about 2 yr after their 
introduction. 

In their present fonn, insecticide-impregnated cattle ear tags rapidly select for 
resistance in horn nies. ft is well established that persistent insecticides and 
formulations select more rapidly for resistance (Taylor and Georghiou 1982; 
Taylor et aJ. 1983; Georghiou 1980; Denholm et al. 1983; Georghiou and Taylor 
1977b). Also, each adult horn fly in a t.reated herd will almost certainly contact 
pyrethroid residues (no "refugia"), thus hastening the development of resistance 
(Georghiou and Taylor 1977a). 

A third factor that favors selection for resistance by current insecticide
impregnated cattle ear tags is their relatively low release rates. Calculations with 
figures reported by Miller et a1. (1983) show an average daily release rate of ca. 
2.0 mg/d for an 8% fenvalerate tag over a 6-month period. Two liters of a 0.0] % 
fenvalerate spray would deliver 200 mg, or 100 times as much as the average daily 
release rate for the tag. After 140 d the 8% fenvalerate tag releases less than 1 
mg/d (Miller et a1. 1983). These low doses presumably select for heterozygous 
resistant individuals and cause resistance to be functionally dominant and evolve 
rapidly (Georghiou 1980). 

Persons planning for hom fly control should be aware of the possibility of 
strong cross resistance between fenvalerate and Ducyt.hrinate. A slow-release 
device which provides high doses throughout the season could I'educe selection for 
resist.ance. A resist.ance management plan currently pract.icable is tagging cattle as 
late as possible with slow release devices to reduce selection for resistant horn 
flies. Early spring generations will not be selected, and late summer and fall 
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generat.ions will receive higher doses. Removal of tags afler they become apparently 
ineffective will allow survival of immigrating susceptibles. 
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Abstract: Ovipositional rate, fecundity, and adult longc\'ity differed among female potato 
learhoppers. EmpoascCl {obae (Harris), maintained at 27°C and reared on different hosts 
("Apollo', 'Buffalo' nnd 'Riley' alfalfa; 'Major' broad bean; 'Kenstar' and 'Kuhn' red clover; 
and 'Williams' soybean). A high ovipositional rate (7.6 eggs/femalc/2 d). high fecundity 
(136.9 eggs) and long adult survival (X = 36.1 d) were attained by leafhoppers on broad 
bean. A low ovipositional rate (0.6 eggs/femate/2 d), low fecundity (2.9 eggs) and shan adult 
survival (X = 10.6 d) occurred with leafhoppers on 'Kenstar' red clover. On 'Williams' 
soybean. the ovipositional rote and fecundity (2.2 eggslfemale/2 d and 30.5 eggs. respectively) 
were low, but adult sUlVival was relatively long (Y = 26.7 d). 

The number of eggs deposited per plant was detennined in a free-choice test among the 
same seven leguminous plants as above, using potted plants under greenhouse conditions. 
The alfalfa hosts were among the most preferred, while broad bean was among the least 
preferred for ovi)>osiUon. 

Key Words: Potato leafhopper, Empoasca fabae, alfalfa, broad bean, red clover. soybean. 

J. Agrie. Enromol. 1(4): 31l·317 (Oerobe, 1984) 

The potato Icafhopper, Empoasca [abae (Harris), is an important insect pest of 
forage and several other economic crops. It is essential that the biology of the 
potato leanloppcr bc understood so that sound management. decisions can be 
made. Eggs of the potato leafhopper are deposited inside plant tissues and are not 
visible from the outside. Simonet and Pienkowski (1977) described a staining and 
clearing technique t.o observe potato leafhopper eggs. Their method, unlike those 
available to previous workers, was satisfactory for use with fibrous stems such as 
alfalfa. Observations on reproduction by potato leafboppers were reported by 
DeLong (1938) and Decker et a!. (1971). Both studies, however, were based on 
indirect estimates (i.e., the number of nymphs successfully eclosing). Hence, 
neither fecundity nor rate of oviposition could be determined from their work. 
Simmons et al. (1984) found that different host plants arfected the rate of 
development of the potato leafbopper. Saxena et al. (1974), working with other 
species of Empoasca. demonstrated that the host plant affected both egg 
production and adult longevity. 

The investigation reported herein was undertaken to detennine the ovipositional 
rate, fecundity, and adult female survival of the potato leafhopper on selected host 
plants, and to test fol' ovipositional preference among these plants by the potato 
leafhopper. 
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MATERIALS AND METHODS 

The following host plants were used: three alfalfa (Medicago sativa L.) varieties
'ApoUo,' 'Buffalo,' and 'Riley'; broad bean (Vida. faba L.) variety - 'Major'; two 
red clover (Trifolium pratense L.) varieties - IKenstar' and 'Kuhn'; and soybean 
(Glycine max (L.) Merr.) variety - 'Williams'. 

Egg Production and Adult Longeuity 
To obtain a source of newly emerged adult females, potato leafhoppers were 

reared from egg to adult on each of the seven host plants at either 24°C or under 
greenhouse conditions. Adult female potato leafhoppers were placed in an 
environmental chamber within 24 h after emergence and were maintained at 27°C 
and a 15:9 (L:D) photoperiod until they died. Each female was caged on the plant 
variety on which it developed to adult. Thus, each female lived on 8 single host 
from the egg stage until death of the adult Two male potato leafhoppers, collected 
from a field of alfalfa, were caged with each female; the cage was then placed in 
the environmental chamber. 

About 9 cm of plant stem with leaves was inserted into the cage with ca. 5 em 
remaining outside. The uncaged portion of the stem was inserted into a vial of 
distilled water. Cages used in this experiment were constructed from 11.5 cm diam 
plastic petri dishes. A 10 cm diam opening was cut in the center of each lid and 
covered with 52 X 52 mesh screening. A 2 em hole was cut in one side to aHow 
the host plant to be inserted into and removed from the cage. Cotton was used to 
fill the space around the plant stem at the entrance into the cage. During the 
period preceding oviposition, all dead males were replaced. Host plants were 
replaced every 2 d. The number of eggs deposited during each 2-d interval was 
recorded for each female. Sample sizes for the ovipositional rate experiment were 
as follows: 20 - 'Apollo' alfalfa, 18 - 'Buffalo' alfalfa, 24 - 'Riley' alfalfa, 
15 - broad bean, 16 - 'Kenstar' red clover, 17 - 'Kuhn' red clover, and 10
'Williams' soybean. 

The total number of eggs deposited by each female was recorded every 2 d, 
starting on the first. or second day after emergence and continuing until death of 
the female. Observations of eggs in stems were made by direct counts, using a 
modified version of the lactophenol acid fuchsin technique of Simonet. and 
Pienkowski (1977). The modification provided for staining and clearing a large 
number of individual plant. samples in a relatively short period of lime and aUowed 
use of a smaller volume of staining and clearing solution. Test tubes were used to 
boil several samples simultaneously. Test tubes (each containing an individual 
plant sample, boiling chips, and the staining and clearing solution) were placed in 
a large beaker containing additional staining and clearing solution and boiling 
chips. The staining and clearing solution was included in the beaker so that heat 
could be conducted to the test tubes via the solution. 

Ouipositional Preference 

The seven kinds of host plants described above were tested for ovipositional 
preference under greenhouse conditions using potted plants. A Plexiglas@ cage 
was constructed with the top open and encompassing an area or 0.5 sq. m. The 
top was then covered with 52 X 52 mesh screening; t.he sides were 0.6 m high. 
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The bottom and sides were closed except for two 25 em diam sleeve openings in 
opposite sides. The sleeve openings were covered with stockinet which permitted 
hand entry into the cage. The cage was centered beneath two 40-watt fluorescent 
lamps which provided supplemental lighting to maintain a 15:9 (L:D) photo
period. 

A potted plant of each of the seven hosts was placed in the cage in a circular 
arrangement with equidistant spacing of plants along the circumference. Eleven 
replicates were established, with the arrangement of the plants among the seven 
possible locations being randomly chosen for each replicate. Plant height ranged 
among the replicates from 9 em to 23 em (usually 12 to 16 em), but differed by no 
more than 1.5 cm among plants within a given replicate. In an attempt to have 
similar biomass among the plants used for each replicate the following procedures 
were used. Three stems of each red clover variety and two stems of each alfalfa 
variety were left on the test plants, and the other stems were removed. The 
petioles of the alfalfa were removed except for a combined total of the upper 
seven on the two stems. Intact soybean plants of growth stage V2 to V3 (Fehr and 
Caviness 1977) were used. Si"ty female potato leafhoppers (collected from a field 
of 'Buffalo' alfalfa) were placed in the center of the cage, allowed to disperse, and 
left for 24 h. The stems then were cut at soil level and the staining and clearing 
techniques described earlier were used to determine the number of eggs which 
had been oviposited in each of the seven leguminous hosts. 

RESULTS AND DISCUSSION 

Egg Production 
There were significant differences (P < 0.05) in fecundity among potato 

leafhoppers whieh were maintained on different host plants (Table 1). Fecundity 
was high on broad bean (x ~ 136.9 eggs) and 'Riley' alfalfa (x ~ 87.4 eggs), but 
low on soybean (x = 30.5 eggs) and 'Kuhn' and 'Kenstar' red clover (Y = 42.1 and 
2.9 eggs, respectively). Highest fecundity for an individual potato leafhopper was 
400 eggs, which was attained on broad bean (Table 1). Previously, the highest 
fecundity reported for an individual potato leafhopper was 240 eggs on bunch 

Table 1. Fecundity and longevity of the potato leafhopper maintained on selected 
hosts at 27°C. 

Xd 
of adult Maximal 

X No. eggs female adult 
per female Maximal survival female 

Host plant n (± S.E.) fecundity (± S.E.) survival 

Broad bean 15 136.9 ± 32.0 a' 400 36.1 ± 5.9 a 94 
Riley (alfalfa) 24 87.4 ± 22.1 ab 325 29.7 ± 6.2 ab 98 
Apollo (alfalfa) 20 75.7 ± 22.7 b 286 27.4 ± 5.0 ab 85 
Buffalo (alfalfa) 18 73.6 ± 13.5 b 200 23.1 ± 2.3 ab 45 
Kuhn (red clover) 17 42.1 ± 11.8 bc 191 28.1 ± 4.5 ab 74 
Soybean 10 30.5 ± 9.1 be 68 26.7 ± 6.4 ab 54 
Kenstar (red clover) 16 2.9 ± 1.2 c 18 10.6 ± 2.1 b 29 
• Mcnns folla...ed by lhe same letter are not significllnu)" different, according to Dunclln's multiple range wst (P > 0.05l. 
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bean (DeLong 1938). That estimate, however, was not based on direct counts of 
eggs. 

Among the plants tested, the potato leafhopper had the highest average 
ovipositional rate on broad bean (7.6 eggs/female/2 d) and the lowest average 
ovipositional rate on 'Kenstar' red clover (D.B eggs/female/2 d). Among the other 
host plants, namely 'Buffalo,' 'Riley' and 'Apollo' alfalfa, 'Kuhn' red clover, and 
'Williams' soybean, the average ovipositional fates were 6.8, 5.8, 5.6, 3.0, and 2.2 
eggs/female/2 d, respectively. 

There were fluctuations in daily egg production, as illustrated with leafhoppers 
on 'Kuhn' red clover (Fig. 1). On each type of plant, oviposition began 4 - 6 dafter 
emergence. The number of eggs deposited per day then increased until 10· 12 d 
of adult age. Following maximal egg production, ovipositional patterns varied 
among host plants. On certain hosts, notably broad bean and soybean, a decline in 
average ovipositional rate preceded death of a large fraction of the experimental 
cohort (Fig. 1 and 2). This is illustrated by the decline in ovipositional rate on 
broad bean between about age 30 to 45 d (Fig. 2). After deatb of tbose individuals, 
egg production of the remaining population generally increased (Fig. 1 and 2). 

Adult Longeuity 
Female adult survival was relatively long (x = 36.1 d) on broad bean and 

relatively short on 'Kenstar' red clover (x = 10.6 d) (Table 1). In comparison, 
DeLong (1938) reported the adult longevity of the potato leafhopper to be 
between 30 and 34 d when it was reared on bunch bean, In this study, an 
individual female lived 98 d on 'Riley' alfalfa and another lived 94 d on broad 
benn. Maximal longevities of individuals on the other five legumes were shorter 
(Table 1). 

The rate at which the survivorship curve declined (Fig. 1 and 2) varied llmong 
host plants. On each variety of alfalfa, survivorship had declined to ca. 50% after 3 
wk. The remaining individuals on 'Buffalo' alfalfa died within 3 wk, while some of 
those on the two other alfalfa varieties lived much longer. On brond bean, survivor
ship remained about 50% for about 5 wk. Conversely, on 'Kenstar' red clover less 
than 50% of the adult leallioppers were alive only 6 d following emergence, 
Survivorship on 'Kuhn' red clover and 'Williams' soybean was comparable to that 
observed on alfalfa with 50% of the population surviving after the flfst 3 wk. 

Ovipositional Preference 
Free-choice tests among the seven legumes showed that the potato leafbopper 

exhibited an ovipositional preference (Table 2). Among the three alfalfa varieties, 
more eggs were laid in 'Buffalo' than in 'Apollo.' The number of eggs laid in 'Riley' 
was not different from either of the other alfalfa varieties. There was no difference 
in the number of eggs laid in the two red clover varieties nor between red clover 
and soybean. Significantly fewer eggs were laid in broad bean than in any alfalfa 
variety. This result was not expected because fecundity and longevity were as high 
or higher on broad bean than' other host plants tested in the previously described 
(no-choice) experirnGnts on fecundity and longevity. Kieckhefer and Medler (1964) 
reported that soybean was less preferred for oviposition than alfalfa (variety not 
indicated). However, they reported broad bean to be preferred over alfalfa, a 
result contrary to our findings in the open-choice experiment. It is not known why 
these results differ. 
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Fig. 1.	 Age-specific oviposition and survivorship of cohorts of mated potato 
leafhopper females per 2 d at 27°C. 

In summary, potato leafhoppers which lived on broad bean had long adult 
survival, high fecundity, and high ovipositional rates. However, broad bean was 
one of the least preferred plants for oviposition when leafhoppers had a choice of 
plants in which to oviposit. Yet, broad bean is a plant on which the potato 
leafhopper is commonly and easily reared in the greenhouse. Among three alfalfa 
varieties, the ovipositional rate was highest on 'Buffalo' (a variety commonly grown 
in Kentucky), but fecundity and adult longevity were the same as on 'Apollo' and 
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Fig. 2. Age-specific oviposition and survivorship of cohorts of mated potato 
leafhopper females per 2 d at 27°C. 
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Table 2.	 Ovipositional preference of the potato leafhopper in free-choice tests 
among selected leguminous hosts (n = 60 females per replicate). 

Host plant X No. eggs/replicate 

Buffalo (alfalfa) 42.5 a' 
Riley (alfalfa) 35.3 ab 
Apollo (alfalfa) 29.0 be 
Kuhn (red clover) 25.0 bed 
Soybean 24.5 bed 
Kenstar (red clover) 19.6 ed 
Broad bean 15.7 d 

• MeliTIS followed by the some leUer lire nul ~ignirkantly differcnl, ftcoording 10 DlInClln'g multiple range les! (P > 0.05). 

'Riley.' 'Kuhn' red clover, a nonpubescent variety not grown comercially in the 
United States, was comparable to alfalfa in its influence on egg production and 
adult survival of the potato leafhopper. Potato leafllOppers on 'Kenstar' red clover, 
a typical pubescent variety grown in the United States, and soybean had relatively 
low egg production. Adult survival was short on 'Kenstar' red clover, but relatively 
long on soybean. 

These results and the findings by Simmons et al. (1984) indicate that 
reproduction, survival, and growth of a colonizing population of adult potato 
leafhoppers will be influenced by host plants. For example, a population of potato 
leafhoppers in an alfalfa field might be expected to increase at a faster rate than 
in a crop of 'Kenstar' red clover. Therefore, host plants should be considered in 
developing pest management strategies for the potato leafhopper. 
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Abstract: Cabbage at I;wo locations in Florida and one in Georgia was sprtlyed postcupping 
with fenvalemte or pcnncthrin to control lepidopterous larvae according to visual damage 
thresholds and compared to cabbage sprayed weekly. Using a threshold of ~ 0.5 new hole or 
"window"/plant for spray decisions in small plots resulted in two to seven fewer applications 
with renvalerate without a significant loss in marketability. Results were similar with 
permethrin although marketability was reduced in Georgia. Spraying based upon a threshold 
of ~ 1.0 new hole or "window"/plant resulted in reduced marketability in two locations. 

Key Words:	 Cabbage looper. 7hchopfusia ni, diamondback moth, Plutella xylostella. 
imported cabbageworm. Pieris rapae. Artogeia rapae, cross-striped cabbage
worm. EIJergestis rimosa/is, pest management. threshold. fenvalerate, 
pennethrin, pyrethroid, cabbage. Brassicae olcrocca capitala. 

J. Agric. Entomol. 1(4): 318-322 (October 1984) 

Lepidopterous larvae are serious defoliators of cabbage in Florida and Georgia. 
The cabbage looper, 7hchoplusia ni (Hubner), is the most consistently damaging 
and difficult to control species in these states, However, the diamondback moth, 
Plul€/la xylosl€/la (Linnaeus), and the imported cabbageworm, Artogeia (= Pieris) 
rapae (Linnaeus), may also be present in damaging numbers, Lnsecticides are 
routinely applied every 3 - 7 d for control of these and other pests. As a result, 
resistance of the cabbage looper to parathion and endosulfan (McEwen and 
Splittstoessel" 1970), and methornyl (Davis and Kuhr 1974), has been reported. 

Greene (1972) found that delaying insecticide applications until there was 
~ 0,1 medium to large T. ni larva/plant did not result in reduced marketability of 
cabbage. However, counting larvae on the entire plant is time consuming, especially 
as the crop matures. Shepard (1973) de\'eloped a sequential sampling plan using 
Greene's threshold as the lower limit. This plan maintained accuracy with a 
savings in sampling time when T ni densities were low or high. Chalfant et a1 
(1979) utilized counts of new lepidopterous larval feeding holes on the head and 
four wrapper leaves 8S the criteria for insecticide treatment, Using a threshold of 
one to two new holes/plant, fewer applications of pennethrin were made with no 
significant reduction in percent marketability, Counting holes on the head and 
wrapper leaves is faster and easier to accomplish for both the experienced 
individual and the grower who has neither the time nor the training to identify and 

Florida Agriculturnl ~;Illcrirncnt Slat Ions Journal Series No. 3G23. Rccei\'ed for liubliclition? Novemher 1983; accepted 
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count larvae on whole plants. In a subsequent experiment, the threshold of ;;::: LO 
new hole/plant was not adequate in all test locations when marketability of 
managed cabbage was compared to that of cabbage sprayed once or twice weekly 
with permethrin, Bacillus lhuringiensis var. kurstaki Berliner (Dipel WP@), 
methamidophos or methomyl (Workman et al. 1980), A threshold of ::0: 1.0 new 
"window" (feeding damage on the undersurface of leaves leaving the upper cuticle 
intact) or hole/plant appeared advantageous to the ;;::: LO hole/plant threshold 
since cabbage looper larvae were detected in earlier instars. It was apparent that 
highly effective insecticides were necessary to utilize damage thresholds for 
making spray decisions and that the threshold was not the same for different 
insecticides. Workman et aL (1980) also demonstrated that treatments could be 
delayed until after cupping without reducing marketability since head leaves are 
not formed until cupping. Shelton et a1. (1983) compared the :2::. 1.0 new feeding 
site/plant threshold with three other thresholds and found that using this threshold 
required the least sampling time but resulted in the greatest plant injury. They 
suggested that the threshold should be lowered. 

The purpose of the present investigation was to compare the;;::: 1.0 new feeding 
site threshold with a lower damage threshold (2'::. 0.5 new feeding sites/plant) when 
using permethrin or fenvalerate, pyrethroid insecticides which are effective for 
control of T. ni and P. xyloslella (Schuster et aL 1978). 

MATERIALS AND METHODS 

Experiments were conducted in early 1980 on university research farms at 
Bradenton and Hastings, FL and Tifton, GA. Plots were 9.1 - 12.2 m long and 
consisted of double rows in Tifton and single rows in Florida. Cabbage transplants 
(cv. 'Rio Verde') were set 25 ~ 30 cm apart on 10 January, 14 March, and 29 April 
at Hastings, Bradenton and Tifton, respectively. No insecticide sprays were 
applied prior to cupping but plots were checked weekly for the presence of the 
cabbage webworDl, Hellula rogatalis (Hulst). This insect may reduce plant stands 
01' yields by tunneling and killing the buds of young plants (Reid and Cuthbert 
1971). Treatments consisted of two pyrethroid insecticides, permethrin, (Ambush@ 
2EC) and fenvalerate (Pydrin'" 2.4EC), applied according to damage thresholds of 
2'::. 0,5 and 2'::. 1 new hole or "window" on the heads plus four wrapper leaves. The 
first wrapper leaf was considered that leaf which could be separated from the head 
without being torn. A split plot design was used with insecticides as main plots 
and thresholds as sub-plots. Main plots were replicated seven to eight times in 
randomized complete blocks. A chemical check plot was maintained with weekly 
applications of the respective insecticides. A non-treated check plot was included 
for comparison of population densities and larval damage among the threshold 
sub-plots and among research sites. 

The insecticides were applied at 0.112 kg AI/ha in at least 468 liters/ha at a 
pressure of 1.8 - 3.5 kg/cm 2 , Hand-held or tractor mounted booms with 3 - 5 
hollow cone nozzles directed sprays toward the tops and sides of the plants. 

The number of new feeding holes or "windows" was counted weekly on 20 
plants from each plot. New damage was moist and had not developed callus tissue. 
An insecticide treatment was applied to individual sub-plots if the threshold was 
equalled or exceeded for that sub-plot. 1\venty plants/plot were harvested 14 
May, 15 - 16 May. and 19 June at Hastings, Bradenton. and Tifton, respectively. 
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Feeding damage by lepidopterous larvae was rated on the head plus four wrapper 
leaves of each plant using the system of 1·6 of Greene et al. (1969): I, no 
apparent damage; 2, 0 . 1% leaf area consumption with no head damage; 3. 2 - 5% 
leaf area consumption with no head damage; 4, 6 - 10% leaf area consumption and 
minor head damage; 5, 11 - 30% leaf area consumption with moderate head 
damage; and 6, over 30% leaf area consumption with heavy head damage. Under 
normal market conditions, heads rated 4 or above would not be marketable. The 
number of lepidopterous larvae also were counted on non-treated plants to 
determine the incidence and abundance of each species. 

RESULTS AND DISCUSSION 

The cabbage looper was the most abundant and damaging lepidapteraus pest 
present at all locations. Densities were low early in the experiment at Bradenton 
and Hastings but reached an average of 3.5 and 7.0 larvae/non·sprayed plant, 
respectively, by harvest. Cabbage looper l8IVae were less numeraus at Tifton. 
averaging 2.D/plant 2 wk before harvest. Larvae of the diamondback moth were 
numerous only at Hastings, increasing from D.5/plant 6 wk prior to harvest to 5.31 
plant at harvest. Counts averaged D.9/plant 2 wk before harvest at Tifton and 0.51 
plant at harvest at Bradenton. Other lepidopterous larvae present at harvest were 
the cross·striped cabbageworm, Euergestis rimosalis (Gueneel, averaging D.5/plant 
at Bradenton and the imported cabbageworm averaging O.5/plant at Hastings. 

The percent marketability of cabbage sprayed with fenvalerate according to a 
threshold of ~ 0.5 hole or "window"/plant was noL significantly different from 
cabbage sprayed weekly at each location (Table 1). Damage scores also were not 
different except at Tifton. The number of sprays was significantly reduced using 
this threshold compared to the weekly spray schedule. Results with permethrin 
were similar except that marketability was significantly decreased at Tifton. All 
cabbage sub-plots sprayed with either insecticide at the threshold of ~ 1.0 hole or 
"window"/plant had higher damage ratings and fewer marketable heads than plots 
sprayed weekly at Hastings and Tifton. 

The data demonstrate that a visual threshold of ~ 0.5 hole or "window"Jplant 
could be used to time sprays of fenvalerate or permethrin far control of 
lepidopterous larvae on cabbage. However, the results of using the threshold were 
not always satisfactory, as indicated by the reduced marketability of cabbage 
sprayed according to the threshold at Tifton. Population pressure may explain 
location differences, although densities of both the cabbage looper and diamondback 
moth 2 wk before harvest at Tifton were less than Lhose at Bradenton or Hastings 
at harvest. Damage may also have been inflicted to a greater extent prior to 
cupping at Tifton than at the other locations, particularly since plants were not set 
until late April. Cultural practices could also inDuenee results although these have 
not been evaluated. Differences in bias in separating new and old damage during 
scouting as well as in ruting damage at harvest could also influence results. 
Scoring damage as new if there is any question should help insure against losses 
of marketability. We have also observed that cabbage looper larvae sometimes 
remain feeding mostly on wrapper leaves even at high larval densities. At other 
times, even at low densities, a higher proportion of larvae are found feeding on the 
heads. This difference in feeding behavior could be a problem whether the visual 
threshold herein evaluated or the ISJVal threshold of Greene (1972) was utilized. 



Table 1. Damage ratings and marketability of cabbage sprayed with two pyrethroid insecticides applied according to three 
management thresholds in Florida and Georgia, 1980. en 

() 

:::c 
Bradenton, FL Hastings, FL Tifton, GA c en 

~Management X damage % mar- x o. of X damage % mar- x o. of X damage % mar X 1 o. of t=:1 
thre hold" rating ketable sprays rating ketable t sprays rating ketable sprays 

Fenualerate 0.112 kg AIlha 
Weekly pray LO at 99.4 a 5.0 a 1.0 a 100.0 a 10.0 a 1.2 a 100.0 a 5.0 a 
~0.5 1.2 a 98.7 a 2.7 bc 1.4 ab 95.6 ab 3.3 b 2.7 b 79.3 ab 2.9 b 
~ 1.0 1.1 a 99.4 a 2.2 c 2.0 c 87.5 bc 2.8 b 3.3 c 50.0 c 2.6 b 

o spray 3.9 b 28.7 b o d 5.2 dOd o c 5.1 d 0 d 0 c 

Permethrin 0.112 kg Al/ha 
V. eekly spray ).4 a 93.6 a 5.0 a 1.0 a 100.0 a 10.0 a 1.1 a 100.0 a 5.0 a 
~ 0.5 1.1 a 98.7 a 3.0 b 1.9 be 89.4 ab 3.3 b 3.4 e 51.4 c 3.4 b 0
~ 1.0 1.4 a 93.7 a 2.5 be 2.4 c 81.9 c 2.9 b 3.2 bc 64.3 be 2.9 b 

... 

o spray 3.9 b 28.7 bOd 5.4 dOd 0 e 5.1 d 0 d 0 c 

;:0 

• Thresholds were utilized weekJy rollo....ing cupping. The numbers refer to hole8 or undersurface fceding SCllr!; on the head of four wrapper leDves. 
t ClJbhDgC~ roted (our or highl'r "'ere nut [Duker.aule. l.)ala were transConned arcsine ../'A-I00 prior to onolY8iR. DAta are presented in the originol scalc. 
; h·fcnns 'Nithin columns followed by the same letter are not tlignificantly different 81 the P 0.05 level, Duncan's multiple range teaL 
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A reduction of two ~ seven applications of insecticide was realized using the 
threshold of 2: 0.5 hole or "window"jplant compared to the weekly schedule. 
Shelton et al. (1983) found that, of the action thresholds they evaluated, the 
threshold based on counting holes or "windows" required the least time. Thus, 
financial savings would result from reduced pesticide use as well as reduced 
scouting costs. However, the variability in marketability of cabbage treated 
according to the threshold at different locations under different conditions may 
preclude its widespread utility. Certainly, as with any threshold, the present 
threshold should be evaluated under local growing conditions and practices before 
being considered for implementation. 
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BACILLUS THURINGIENSIS 
FOR CONTROLLING LARVAE OF HOMOEOSOMA 
ELECTELLUM' ON SUNFLOWER',' 

C. E. Rogers," T. L. Archer,5 and E. D. Bynum, Jr." 

Abstract: Bacillus t.Jwringiensis (Berliner) formulated as Dipel@ WP and Thuricide@ 328 
significantly reduced (5% level) field populations of the sunnower moth larva, Homoeo50ma 
eleclulluTIl (Hulst), in sunnower on the Texas High Plains. However, the reduction of Ho. 
decleflum lm'vlll populations by B. IIlllringicnsis did not nlwn)'s result in increased seed yields 
due to eurly season stem infesl.utions by larvae of Cylinrlrocoplurus adspersus (LeConte) 
(Coleoptera: Curculionidae). Bacillus Ihuringiensis, III roles of 0.28 and 0.56 kg AI/ha, had no 
detrimental effects on either seed yield or on seed oil content. 

Key Words:	 Biological insecticide, He/ianll/us anflUU.~, pest management, Lepidoptera, 
sunflower moth, Pyralidae. 

J. Agric. Entomol. 1(4): 323-329 (October 1984) 

The sunflower moth, Homoeosoma eleclellwn (Hulst), is the most serious pest 
of sunflower, Helianthus annuus Linnaeus, in North America (Rogers and Kreitner 
1983). This pest causes economic losses of sunflower seed by larval destlUction of 
noral structures prior to ovule fertilization, burrowing through immature achenes, 
and injury to epidermal plant tissues, thereby exposing the capitulum to infection 
by Rhizopus spp. (Rogers 1978; Rogers et al. 1978). In some areas, the planting 
date for sunflower may be shifted to decrease seed damage by Ho. electellum 
(Rogers and Underhill 1983). In most areas, however, broad spectrum, synthetic 
chemicals are used for its control (Teetes and Randolph 1968; Carlson 1971; 
Archer et al. 1983; DePew 1983). A major disadvantage of relying on currently 
available chemical insecticides for control of the sunflower moth is that these 
materials also kill many species of natural enemies of the sunflower moth and 
other pests, honey bees, and other pollinators (KI'8use 1983; Parker 1981), The 
use of a pest-specific biological insecticide for controlling the sunflower moth 
should reduce losses in populations of beneficial insect species in sunflower, 
Therefore, we evaluated the efficacy of Bacillus thuringiensl:" (Berliner) for 
controlling larvae of Ho. electel/.urn in sunflower. 

MATERIALS AND METHODS 

General Methods 
All small-plot tests were planted on beds with 10 t.6 em centers, and were four 

rows wide by 7.6 m at Bushland, TX, or 9.1 m long at Lubbock, TX, with plant 
populations ranging from ca. 40,000 to 44,000 plants/ha. Trifluralin, at a rate of 

I LEPIDOPTErlA: I'yralidac 

2 AplJrQI'ed for publication as TA 18891 by tile Director, The Texas Agric. t:xl'. Sln.. Texas A&M Univ., Colt~ge Station. 
Received for publication 17 April 198.1; accepted 8 ,June 1984. 

3 Thi~ pllper report~ thc re~ult9 of research only. :>rlention of a peslicide doe~ not constitute II recl>mmCndlltion for use hy 
either thu U}iDI\ Or The Texas A~ric, F~x[l.Slll.. I\Or does it imply rellislrntion "nder FIF"RA B~ amended. 

.; USDA, "gric. Res. Serv.. Conservation Bnd Production Re~eareh Laboratory, P.O. Druwer 10, BII~hl"ml, 'I'X 79012 
r (currcmly local cd nl Ihc In~ucl Hi"lo~' IInl! POlmlnlioll :>rlnllllgemcni Rest'llreh Laboratory. Tifton. GI\ :11793). 
~ Texas Agric. l'xp. Stn., Allric. Res. lind EXI. Ctr.. Route 3. Luhhock, 'I'X 79·101. 
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1.14 kg/hat and anhydrous ammonia, at a rate of 112 kg/ha, were incorporated into 
the soil before planting. Plots also received a preplant or pre-emergence furrow 
irrigation, and onc or two additional furrow irrigations during the season when 
precipitation was inadequate to maintain plant vigor. The experimental design for 
small-plot tests was a randomized, complete block, with each treatment replicated 
three times. Five heads were harvested by hand from each treated or untreated 
plot on a predetermined date after an application, and were taken to the laboratory 
for dissection and tabulation of larval density data by the technique of Archer 
et al. (1981). At the end of the pollen-shedding stage, plants to be harvested were 
enclosed in bags to prevent extraction of developing seeds by birds. When plants 
became physiologically mature, heads from the middle 4 m (Bushland), or 10 
heads from the inner two rows (Lubbock) of each plot were harvested by hand. 
Harvested heads were taken to the lab for threshing and yield determination. All 
data were analyzed by analysis of variance, and treatment means were separated 
at the 5% level by Duncan's multiple range test 

1980 Tests 
Sunflower hybrid '896' was planted 7 April 1980 in unirrigated plots at 

Lubbock. When ca. 30% of the plants were in bloom (1 July), B. tJwringiensis and 
methyl parathion were each applied in 46.7 liters H20/ha by a hand-held sprayer 
with a CO2-propellant (Table 1). The second application of each of tbe treatments 
occurred on 7 July. On 14 July, five heads from each plot were harvested by hand, 
dissected, and the number of larvae recorded. Sunflower hybrid '894' was planted 
at Bushland 28 April 1980 (Test 1) and 14 May (Test 2). Treatments (Table 1) 
began on the day when all plants began shedding pollen Iplant development stage 
5.2, according to Schneiter and Miller (1981)!. and were applied by a hand-held, 
knapsack sprayer in 213 liters H20/ha. Test 1 treatments occurred on 9 July and 
14 July. The Bushland Test 2 received one application of each treatment on 22 
July. Heads from each test were hand-harvested 14 d after the first treatment, and 
were dissected to determine larval populations. 

1981 Tests 
Hybrid '894' was planted at Lubbock 27 April 1981. Application techniques 

were as those described above for the 1980 test, but began when 50% of the 
plants had bloomed. Bacillus thuringiensis treatments (Table 2) were applied 30 
June and 4 July in two treatment plots, or 30 June. 4 July, and 8 July in three 
treatment plots. Also, methyl parathion was applied 30 June and 6 July. A 4-m 
section of an inner row of each plot was harvested by hand on 16 July for yield 
detennination. Hybrid '894' was planted at Bushland 14 April 1981 (Test 1), and 
4 May 1981 (Test 2). Applications (Table 2) began when the plants were at 20% 
bloom, 2 July and 6 July in two treatment plots, or 2 July, 6 July, and 14 July in 
three treatment plots. Bushland Test 2 began when the plants were at 95% bloom. 
Each plot received a single application 15 July, except that a second Thuricide@ 
32B application was applied at a rate of 0.56 kg AI/ha on 20 July. All plots were 
harvest.ed by hand on 25 July for threshing and yield determinations. 

1982 Aerial Tests 
Hybrid 'NK 265' was planted at Petersburg, TX, on 10 May 1982 in soil that 

had been treated with 1.14 kg/ha trifluralin and furrow irrigated. Treatments were 



Table 1. Efficacy of ground application of Bacillus thuringiensis against larvae of the sunflower moth at Bushland, and Lubbock, 
TX (1980)". 

Treatment 
x 

Lubbock 
o. 

Bushland 
larvae/head X Seed yield (kg/ha) 

Bushland 
X % Seed oil 

content, Bushland 
(kg AIlha)t Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 

Dipel WP 0.28 22.6 ab 
Dipel WP 0.56 16.8 ab 1.8 b 0.1 b 781.1 a 1,332.8 a 38.4 a 43.1 a 
Dipel WP 1.12 0.4 b 685.0 a 41.5 a 
Dipel (ABG 6106) 0.28 5.8 b 
Dipel (ABG 6106) 0.56 16.6 abo 
Thuricide 32B 0.56 2.5 b 0.8 b 867.7 a 1,266.8 a 39.7 a 42.1 a 
Thuricide 32B 1.12 19.0 ab 1.1 b 638.6 a 41.5 a 
m-parathion 4EC 0.56 0.1 b 1,240.2 a 43.6 a 
m-parathion 4EC 1.12 5.0 b 0.2 b 837.8 a 37.7 a 
untreated 38.2 a 5.8 a 8.7 a 837.8 a 1,259.6 a 38.5 a 42.2 a 

• Means followed by different letters arr significantly different Bt the 5% level by Duncan's multiple range test. 
Dip.l formulated @ 16.000 lU/mg; Tburicide @ 8,000 IUlml:



Table 2. Efficacy of ground application of Bacillus thuringiensis against larvae of the sunflower moth at Lubbock, and Bushland, 
TX (1981). 

x o. larvae per head" X eed yield (kg/ha)" 

Treatment o. of Lubbock Bushland Lubbock Bushland 
(kg Al/ha)t treatments Test 1 Test 2 Test 1 Test 2 

Dipel WP 0.28 2 13 ab 24 b 1,487.4 b 1,141.3 ab 
Dipel WP 0.56 2 11 ab 9 b 1,061.8 b 978.9 be 
Dipel WP 0.2 3 4 b 14 b 1,419.0 a 1 039.4 ab 
Dipel WP 0.56 3 16 a 12 b 1,433.6 a 1,2 8.0 a 
Thuricide 32B 0.28 12.5 b 1,269.2 ab 
Thuricide 32B 0.56 10.7 b 1,401.3 a Z 
Thuricide 32B 0.56 2 8.5 b 1,278.2 ab ? 

Thuricide 32B 1.12 10.1 b 1,006.9 b 
m-parathion 4EC 1.12 2 6 b 8.0 b 1,496.3 a 1,200.0 ab 
untreated 0 16 a 362 b 88.1 a 1,389.9 a 737.0 c 1,052.2 b 

• ~1~1iru' followed by different letters D.re significantly different at the 5% level by Duncan's multiple range teSL 

t Dipe) rannul.ted iIY 16.000 IU/mg; Thuricide @ 8.000 IU/mg. 
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made by a Thrush 1200 aircraft mounted with 25 No.8 T-jet nozzles calibrated to 
deliver 28 liters H2 0/ha at 8 pressure of 2,817.6 g/em2: (40 psi) and a ground 
speed of 257.6 km/h. Dipel'" WP, at rates of 0.28 and 0.56 kg/ha and methyl 
I>arathion at a rate of 1.12 kg/ha, each were applied by aircraft on 7.4 ha (91.4 m 
X 425 m) from ca. 60 em above the plant canopy. Treatments were applied 9 July 
(ca. 20% bloom) and 15 July. Pour subplots (2 rows wide by 15.2 m long) in a 
randomized design within each treatment were used to ascertain efficacy and yield 
data. Pive heads were harvested 23 July to detennine posttreatment larval 
populations. A 4-m section of each subplot was harvested by hand on 27 August 
for yield determinations. 

Hybrid 'TX Triumph 448' was planted in Lorenzo, TX, 28 June 1982 on soil 
that had been treated with 1.14 kg/ha trinuralin and 1.12 kg/ha anhydrous 
ammonia. Treatments were applied by a Yero Turbine Thrush aircraft mounted 
with 72 No.3 whorl jet nozzles calibrated to deliver 46.7 liters H20/ha at a 
pressure of 5,634 g/cm 2 (80 psi) and a ground speed of 217.4 km/h. Plots were 
treated 29 August (ca. 20% bloom) and 3 L August from a height of 1 m above the 
plant canopy. Plots were harvested 7 October for yield determination. Treatments 
and other procedures were as those described above for the Petersburg test 

RESULTS AND DISCUSSION 

Larval populations of J-I. electellum were significantly reduced (5% level) by all 
formulations of B. thuringiemils, although responses to a specific treatment varied 
among tests (Tables I, 2, 3). Sunflower planted before mid-May in the southern 
Plains is subject to stem infestation by larvae of C.'ylindrocopturus adspersus 
(LeConte) (COLEOPTERA: Curculionidae) (Rogers et al. 1983). Our tests were 
not designed to control early season stem-infesting insects. Hence, due to the 
selectivity and placement of the treatments on the inflourescence of the plant, we 
presumed that yield responses to treatment for Ho. electellum control might be 
masked by the plant's response to C. adspersus larvae in the stems. Such an effect 
indeed was observed when treated inflourescences harbored small populations of 
Ho. electellum larvae. Larvae of C. adspersus in nearby plots at Bushland were 
shown to affect yield while these tests were in progress (Rogers et al. 1983). 

Table 3.	 Efficacy of aerial application of Bacillus thuringiensis against larvae of 
the sunflower moth at Petersburg, and Lorenzo, TX (1982). 

% Heads 
Treatment X No. larvae per head- infested 
(kg AVha)1 Petersburg Lorenzo (Lorenzo) 

Dip.1 WP 0.28 22 b 1.6 a 25 b 
Dipel WP 0.56 12 b 1.4 a 20 b 
tn-parathion 4EC 1.12 22 b 0.4 a 15 b 
untreated 50 a 2.2 a 65 a 
- MenllH ralluwed hy different letterH lire Hil:t1ificllnlly diffcrcnl III lhe b% leyel \,y DUllc/ln's lt1ulliple r/llll:c IOHl,
 

t 1)i1'cl ronnulatc<l @ 16,(100 IUlrn~,
 

All treatments of B, tllUringiensis at Bushland in 1980 and 1981 significantly 
reduced larval populations of J-I. eleclellum in sunnower (Tables 1, 2). Although the 
reduction of larval populations in the Lubbock 1980 test varied among treatments, 
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posttreatment larval populations in the plots recelvmg Dipel ABG 6106 WP at 
0.56 kg AI/ha and methyl parathion at a rate of 1.12 kg AI/ha were significantly 
lower than larval populations in untreated plots. Also, no yield response to 
treatments occurred at Lubbock in 1981 when there were only 16 or fewer larvae! 
head. Reductions of Ho. electellum larval populations by B. thuringiensis resulted 
in significant yield gains at Bushland in 1981, when larval populations were 
relatively higher than occurred at either Bushland or Lubbock in 1980. For 
example, untreated plots at Bushland in 1981 produced an average 737 kg seed! 
ha, compared with yields of from 979 to 1228 kg seed/ha for plots treated with B. 
thuringiensis. Oil content of seed ranged from 42.2% in untreated plots to 43.6% in 
treated plots, with no significant (P = 0_05) differences among treatments. 

In the 1982 aerial tests, both rates of Dipel reduced populations of Ho. 
electellum larvae at Petersburg (Table 3). At Lorenzo, a natural decline in larval 
populations had occurred prior to completion of the test, and the efficacy of the 
treatments could not be determined. However, significantly fewer heads were 
infested in the treated plots than in the untreated plots at Lorenzo following aerial 
applications of Dipel@ and methyl parathion. Both tests were conducted in 
commercial fields, where the farmer did not irrigate after flowering had begun, and 
yield responses appeared to be associated with field topography rather than with 
insecticide treatments. 

Our results with B. thuringiensis in small plots appeared to be in close 
agreement with the results of tests by Chandler and Heilman (1982), which 
demonstrated the efficacy of Dipel@ in controlling larvae of the sunflower moth. 
Neither Dipel';XI nor Thuricide formulations of B. thuringiensiB, at rates of 0.28 or 
0.56 kg AI/ha, adversely affected seed yield or seed oil content in our tests. 

In conclusion, B. thuringiensis, in the formulations and at the rates used, is an 
efficacious alternative to currently used synthetic chemicals for controlling larvae 
of Ro. electellum in sunflower. This microbial insecticide should he very useful in 
controlling larval populations of Ho. electellum in cases, such as hybrid seed 
production, where it is desirable to maintain high populations of pollinating or 
other beneficial insects. 
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Abstract: Fifteen crop plants were evaluated to determine performance and host preference 
of adult banded cucumber beetles (BCB), Diabrotica balteal.a LeConte. They were broccoli 
Bnd cauliflower (Cruciferae), potato, bell pepper and tomato (Solanaceae), bush bean, 
hyacinth bean, soybean, pca and peanut (Leguminosac), sweet corn (Graminae), beet 
(Chenopodiaceae), and three varieties of sweet potato (Convolvulaceae). In no-choice tests, 
greatest fecundity and longevity occurred on broccoli, cauliflower, and potato, even though 
equal or greater amounts of leaf tissue were consumed on soybean, three varieties of sweet 
potato, bell pepper, bush bean, and tomato. No eggs were laid on sweet corn, peanut, or 
hyacinth bean. In multiple·choice tests, broccoli, bell pepper, cauliflower, and bush bean 
were more preferred for feeding by BCB adults than poLato and the other plants, but BCB 
adults laid most eggs on potato, tomato, sweet corn, bush bean, and 'Morado' (sweet potato). 
Elytral color remained yellow for adults feeding on the legumes and on beet, but on the 
other plants the elytra turned green among various percent.ages of adults. 

Key Words:	 Diabrotica IJQlteata, banded cucumber hectic, host preference, resistance, 
fecundity, longevity. 

J. Agric. Entomo!. 1(4): 330-338 (October 1984) 

The banded cucumber beetle (BCB), Diabrolica balteata LeConte, has 
historically been a serious threat to potato production in Dade County, FL. The 
larvae feed on the tuber, causing the potato to be scarred or, if the damage occurs 
near harvest, subjecting the potato to infection by rot organisms. Until recently, 
BCB had been adequately controlled for the first 30 - 45 d of the crop by systemic 
insecticides applied to the soil at planting and, during the remainder of the season, 
by foliar insecticides applied to control the green peach aphid, Myzus persicac 
(Sulzer). With the development of economic thresholds for M. persicae, the number of 
sprays for it has been substantially reduced. Subsequently, damage to the tubers 
from BCB larvae has increased. It is not desirable to treat only for BeB adults 
because this involves the use of broad spectrum insecticides that often cause 
outbreaks of a secondary pest, the vegetable leafmincr, Liriomyza sativae Blanchard. 
Therefore, it would be highly desirable to reduce the BCB population by other 
means such as habitat manipulation, varietal resistance or use of trap crops. 

Preferences for varieties of corn, cantaloupe, cowpea, and sweet potato by BeB 
have been studied (Melhus et al. 1954; Cuthbert and Jones 1972; Overman and 
MacCarter 1972; Risch 1976). Overman and MacCarter (1972) studied 10 

I COI.EOP1'ERA: Chrysomelidue 
2 Received for publication II Febrollry 1984: accepted 26 Junl; 198·1. rloridn Agricultural Experiment SlationH .Iuumlll 

Serles No. 6374. 
3 Institute of Zoology, Academic Sinit'll Nllnkang, Taipei, Taiwan. RO.C. 
4 DcpL of Enwmolog)' and Nematolop', University of Florida, Ga;nes\·illr. FI. 321i11. 
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varieties of cantaloupe for host preference and found LA-39-1 was most preferred 
by the BCB adults. Jewel, Centennial, and Ll-193 varieties of sweet potato were 
susceptible to wireworm~Diabrotica-Systena complex which included D. balteata 
larvae (Cuthbert and Jones 1972; Jones et aL 1980). Da Costa and Jones (1971) 
found that varieties of cantaloupe containing cucurbitacin B were most attractive 
to BCB adults, followed closely by the varieties which contained cucurbitacin A. 
BCB adults have been found to feed on 56 species of plants (Teng 1983). In one 
of the few studies of host preferences, Risch (1976) found that bush bean was 
much more preferred than cowpea by BCB adults. Saba (1970) studied oviposition 
and egg viability of BCB adults fed on 22 families of plants. Harries (1975) found 
that bush bean, Phaseolus vulgaris Linnaeus, and soybean, Glycine max (L.) Merr., 
were preferred by D. balteata and that the beetles were rarely found on peanut, 
Arachis hypogaea L., cotton, Gossypium hirsutum L., rice, Oryza sativa L., or 
sorghum, Sorghum bicolor (L.) Moench. 

The objective of this study was to evaluate feeding and ovipositional suitability 
in a no-choice situation and feeding and ovipositional preferences in a multiple~ 

choice situation for several host plants by BCB adults. Preferences for these hosts 
were compared to that for potato to determine if a trap crop could be found for 
use in potato production. 

MATERIALS AND METHODS 

Feeding, Longevity, and Fecundity 
BCB adults were collected from bush bean, P. vulgaris, and lima hean, P. 

lunatus L., fields at Homestead, FL, and were held in 30.5 X 30.5 X 30.5 em wire 
mesh cages under laboratory conditions of 27°C and 50% RH. One thousand to 
fIfteen hundred adults were kept per cage (Cuthbert et aJ. 1968). Cabbage and 
squash served as host plants and cheesecloth served as oviposition substrate. Eggs 
were washed from the cheesecloth, then left on moist paper towels in a petri dish 
(25 X 150 mm) for 4 d Germinated corn, Zea mays L., seed, cv. Golden Bantam, 
was used to raise larvae in a crisper. Larvae (10 - 12 d old) were transferred to a 
crisper in which there was a mixture of genninated corn seed and peat, and were 
allowed to pupate in the peaL After 12 ~ 15 d, adults started to emerge. 

Of the 12 species of plants used in these experiments (Table 1), all except 
hyacinth bean, Dolichos lablab L., have been recorded as host plants of BeE. 
These greenhouse grown test plants were fertilized twice a week with a solution of 
20-20~20 (N-P~K) and were free from insecticides and fungicides. The plants were 
used at 1 to 2 months of age. 

All BCB tested were from the first generation of the laboratory colony. 
Separate pairs were kept in 100 X 15 mm petri dishes which were held upside 
down with smaU holes in the top to minimize moisture condensation. Wet 32
layered cheesecloth served as an oviposition site and to maintain moisture for the 
leaf. Pairs were given leaves of only one plant species or variety and each test 
plant was replicated 20 times. Fresh leaves were supplied every 2 ~ 3 d. For the 
first 11 d, a portable area meter was used to measure daily leaf consumption. 
Because leaf thickness of the plants varied, leaf area measurements were converted 
to leaf dry weight. This was done by measuring the area of several fresh leaves 
from each test plant, oven drying them overnight, and then weighing them. Based 
on this information, dry weight per em 2 of leaf area was calculated for each test 
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Table 1. Plants used in host preference studies of Diabrotica balteata. 

Scientific name Variety Common name 

Monocotyledoneae 
Graminae 

Zea mays L. 
Dicotyledoneae 

Chenopodiaceae 
Beta vulgaris L. 

Convolvulaceae 
Ipomoea batatas (L.) Lam. 
1. balatas (L.) Lam. 
1. balalas (L.) Lam.
 

Cruciferae
 
Brassica oleracea bolylis L. 
B. oleracea italica L. 

Leguminosae 
Arachis hypogaea L. 
Dolichos lablab L. 
Glycine max (L.) Merr. 
Phaseolus vulgaris L. 
Pisum satiuum L. 

Solanaceae 
Capsicium annuum gosBurn 

Sendt 
Solanum lycopersicum L. 
S. tuberosum L. 

Golden dant 

Detroit dark red 

Morado 
Picadita 
w·1l5 

Burpeeana 
De cicco 

Williams 
Sprite 
Miragreen 

California wonder 
Flora· Dade 
Caribou 

Sweet corn 

Beet 

Sweet potato 
Sweet potato 
Sweet potato 

Cauliflower 
Broccoli 

Peanut 
Hyacinth bean 
Soybean 
Bush bean 
Pea 

Bell pepper 
Tomato 
Potato 

plant. The adjusted data of dry food consumption, longevity (recorded every d) 
and fecundity (recorded every 4 d) were analyzed by analysis of variance, general 
linear model procedure, and Duncan's multiple range test for differences among 
plants. 

Multiple Choice Feeding 

The adult D. balteata used in this test were collected with a sweep net from 
yellow squash, Cucurbita pepo L., fields at Homestead, FL. The 12 plant species 
used in the first experiment (Table 1) also were used in this test. Each petri dish 
(57 X 10 mm) had 32-layered cheesecloth on the bottom and an excised leaf from 
one of the test plants. Sixteen petri dish bottoms (15 test plants and one 
cheesecloth-only check group) were placed randomly within a 30.5 X 30.5 X 30.5 
cm wire mesh cage and exposed to 100 adults (50 males and 50 females) to allow 
the beetles to choose their food and oviposition sites. The petri dishes were 
changed daily for 5 consecutive days. A portable area meter was used to measure 
the amount of leaf eaten. Leaf consumption and fecundity were recorded daily. 
This test was replicated three times. Analysis of variance, general linear model 
procedure, and Duncan's multiple range test were used to test for differences in 
preference among test plants. 
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RESULTS AND DISCUSSION 

No-choice Feeding 
In a no· choice situation, significantly more soybean was consumed by the BCB 

adults compared to the other host plants (Table 2). In comparison to potato, 
significantly greater amounts of soybean, the three varieties of sweet potato, bell 
pepper, bush bean, broccoli and tomato were eaten, whereas significantly lesser 
amounts of beet, pea, sweet corn, peanut and hyacinth bean were eaten. There 
was no significant difference between the amount of potato and cauliflower 
consumed (Table 2). 

Table 2.	 Leaf consumption and longevity by D. balteata when offered only one 
planl 

Plant Amount eaten (mg/d)' Longevity (d)' 

Soybean 13.1 a 21.7 e 
Morado (sweet potato) 10.0 b 21.3 e 
Bell pepper 9.0 be 55.1 e 
w-115 (sweet potato) 8.8 be 19.7 ef 
Picadita (sweet potato) 8.4 c 18.9 ef 
Bush bean 7.9 cd 35.1 d 
Broccoli 7.1 de 87.6 a 

Tomato 6.7 e 31.6 d 
Potato 6.5 f 87.5 a 
Cauliflower 5.2 f 64.6 b 
Beet 3.9 g 19".7 ef 
Pea 3.1 gh 31.1 d 
Sweet corn 3.0 gh 15.5 efg 
Peanut 2.2 hi 9.8 fg 
Hyacinth bean 1.8 i 7.7 fg 
• Meons 1101 followed by the some leller ore sicnificontly different (f' - 0.05) by Duncun's multiple runge lest. 

Saba (1970) found that the edibility of plants by BCB adults when offered only 
one plant fell into three groups: most preferred were sweet potato, beet, broccoli, 
peanut, soybean, pea and bush bean; intermediate preference was exhibited 
toward sweet pepper, tomato, corn and cauliflower; and least preferred was potato. 
Thus, the relative ranking of edibility for several of these plants is similar between 
our study (Table 2) and Saba's. However, there are some substantial differences 
between the two studies, especially for the edibility of peanuts and pea (high in 
Saba's study and very low in OUI' study), and potato (low edibility in Saba's study 
but intermediate in our study). Use of different host varieties (Saba did not 
indicate the varieties he studied) and different aged plants may have contributed 
to these differences. 

Mean adult longevity (Table 2) was greatest on broccoli and potato, but some 
BCB on cauliflower and bell pepper also lived greater than 100 d (Fig. 1). 
However, daily consumption of tomato, bush bean, the three varieties of sweet 
potato and soybean was greater than or equal to that of broccoli and potato (Table 
2). These results suggest that unfavorable, nutritional and/or allelochemical 
composition of the latter plants reduces BCB longevity in spite of considerable 
food consumption. The especially steep survivorship curves for BCB on hyacinth 
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Fig. 1.	 Adult longevity of Diabrotica balteata when fed on: [AI cauliflower (C). 
hyacinth bean (HE), morado (MO), picadita (PI), or tomato (1'); IBI bush 
bean (BB), peanut (P ), potato (PO), soybean (8B), or w-115 sweet potato 
(\\0; and IC] beet (B), bell pepper (BP), broccoli (BR), pea (P), or sweet 
corn (8C). 
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bean and peanut (Fig. 1) are associated with very low consumption of these plants 
(Table 2), suggesting that death through starvation occurred. However, this cannot 
be confirmed because the longevity of starved, newly emerged BCB adults was not 
determined. Although consumption of sweet corn, pea and beet was also very low 
(Table 2), a few adults on these plants were able to live longer than 50 d (Fig. 
I). 

Fecundity ranged widely, both between plant species and varieties and on any 
one plant species (Table 3). Greatest mean fecundity occurred for females on 
broccoli (where all females laid eggs), but high fecundity also occurred for some 
females on cauliflower, potato and, to a lesser extent, bell pepper. On these and 
the other plants, there were some females that never oviposiled (Table 3). No 
females on sweet corn, peanut or hyacinth bean oviposited, which was in accord 
with low consumption (Table 2) and greatly reduced longevity (Table 2 and Fig. 
1), on these plants. 

Table 3.	 Fecundity of Diabrotica balteata on different host plants when offered 
only one host plant. 

% Females 
No. eggs/female' laying 

Treatment Range Mean eggs 

Broccoli 205-1938 963.3 a 100 
Cauliflower 0-1581 594.1 b 90 
Potato 0-1067 570.5 b 77 
BeU pepper 0- 883 265.2 c 75 
Bush bean 0- 326 138.3 d 81 
Tomato 0- 362 111.9 de 73 
Morado 

(sweet potato) 0- 332 64.0 de 35 
Picadita 

(sweet potato) 0- 270 59.8 de 48 
Beet 0- 722 48.9 de 21 
Soybean 0- 144 38.1 de 40 
w-1l5 

(sweet potato) 0- 121 28.2 de 47 
Pea 0- 105 24.2 de 53 
Sweet corn 0 0.0 e 0 
Peanut 0 0.0 e 0 
Hyacinth bean 0 0.0 e 0 
• Me.... within. c:olumn not follo,,·ed by the ."me letter lII'e .ignific:antly different (P - 0.05) by Duncan', multiple r..nge .." 

Elytral Color Chonge 
The elytral color of newly emerged adults was yellow or olive. For adults 

feeding on Leguminosae (bush bean, pea, hyacinth bean, peanut and soybean) and 
Chenopodiaceae (beet), elytral color remained yellow, whereas green bands 
developed on the elytra of 5 to 100% of the adults feeding on the other plants 
(Convolvulaceae: the three varieties of sweet potato; CruciIerae: broccoli and 
cauliflower; Graminae: sweet corn; and Solanaceae: bell pepper, potato and 
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tomato} (Table 4). The change to green occurred fastest and in the greatest 
percentage of adults for BCB feeding on sweet potato (Morado and w-U5) and 
cauliflower; on the other plants. the change in color took longer to occur and less 
BCB exnibited the cbange (Table 4). 

Table 4.	 Elytral color change of Diabrotica balteata when fed as adults on 
different host plants. 

% Change from Mean No. d 
Plant yellow to green to change 

Chenopodiaceae 
Beet 

Convolvulaceae 
Morado (sweet potato) 
Picadita (sweet potato) 
w-115 (sweet potato) 

Cruciferae 
Broccoli 
Cauliflower 

Graminae 
Sweet corn 

Leguminosae 
Bush bean 
Pea 
Hyacinth hean 
Peanut 
Soybean 

Solanaceae 
Bell pepper 
Potato 
Tomato 

o 

100 
40 
97 

75 
100 

40 

o 
o 
o 
o 
o 

25 
25 

5 

1.7 
7.8 
5.2 

24.2 
5.4 

12.6 

10.4 
7.4 

12.0 

Multiple Choice Feeding 
When given a choice among all 15 species and varieties of plants, BCB adults 

consumed broccoli and bell pepper the most, followed closely by cauliflower and 
bush bean, and then potato and beet (Table 5). Low consumption of the other 
plants occurred, especially hyacinth bean and sweet corn. Because of high 
variability in ovipositional preference, only the values for potato and tomato were 
significantly different [rom the cheesecloth check (Table 5). However. in addition 
to these two plants, there seemed to be some ovipositional preference for sweet 
corn, bush bean and sweet potato (Morado) (Table 5). This apparent preference 
for sweet corn was especially surprising, because of the small amount of this plant 
eaten in the choice test (Table 5) and the overnJl poor performance on this plant 
in the no-choice test (Tables 2 and 3). Risch (1980) found that BCB larvae 
showed a preference for sweet corn over bean. 

CONCLUSION 

Overall, BCB did not show a particular specialization to, or preference for, 
plants in anyone family. The two species in the Cruciferae (broccoli and 
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Table 5. Leaf consumption and eggs laid per d over a 5-d period per cage in 
which 50 male and 50 female Diabrotica balteata. had the chance to choose among 
all the plants. 

Treatment Amount eaten (em 2)' No. eggs 

Broccoli 8.25 a 9.3 be 
Bell pepper 8.00 a 2.1 e 
Cauliflower 6.90 b 2.9 e 
Bush bean 6.35 b 11.3 abc 
Potato 4.53 e 24.8 a 
Beet 3.74 e 9.6 be 
Picadita (sweet potato) 1.33 d 8.8 be 
Tomato 1.22 de 20.5 ab 
Soybean 1.03 de 2.5 e 
Morado (sweet potato) 0.97 de 10.6 abc 
w-115 (sweet potato) 0.69 de 1.1 e 
Pea 0.52 de 0.0 e 
Peanut 0.27 de 7.9 be 
Hyacinth bean 0.04 e 0.0 e 
Sweet corn 0.02 e 15.4 abc 
Check 0.3 e 
• Meara within II «Ilumn not £ollo""1'!d by Ihe -amI! leuer ue .il;tl;ncM1Ii~· differrnt (I' - O.05) by DullCan'. mUltiple f'Ilnge 

Inl. 

caulinower) produced high fecundity and longevity in the no-choice test, and high 
consumption in the choice test, but little ovipositional preference was exhibited in 
the choice tesl BCB performance on bush bean tended to rank at the top of the 
Leguminosae, and reasonably high among all of the plants tested, whereas 
performance on hyacinth bean was so consistently low in both the no-choice and 
choice tests that we conclude it is probably not a food or ovipositional plant for 
BCB adults. Among the Solanaceae, longevity and fecundity of adults on potato 
and bell peppers were near the top of the list for all plants in the no-choice test 
In the choice test, these two plants were also readily consumed, but only potato 
was highly preferred for oviposition. Performance and preference for the three 
varieties of sweet potato among Convolvulaceae ranged rrom intermediate to low. 
The only member of the Chenopodiaceae tested, beet, supported intermediate 
BCB performance in the no*choice test and intennediate feeding and ovipositional 
preference in the choice test. Finally, longevity and fecundity on Graminae, sweet 
corn, was very low in the no-choice test, but ovipositional preference of BCB for 
sweet corn in the choice test ranked high. 

Several dramatic differences were observed in BCB performance between the 
no-choice and choice tests. For example, tomato supported only intermediate 
fecundity and sweet corn supported no oviposition in the no-choice test, whereas 
in the choice test these two plants seemed to be highly preferred for oviposition. 
Results such as these suggest that data from no-choice experiments are of 
questionable value in determining "relative host preference" of a particular insect 
species. 

No plant was more attractive than potato for BCB oviposition in the choice 
test, suggesting that none of the tested plants would be a good candidate for a 
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trap plant for ovipositing females. Field tests are needed to test this hypothesis. 
Judging by the high amounts of broccoli and bell pepper eaten in the choice test 
compared to potato, however, there is the possibility that these two species could 
serve 8S trap plants, attracting newly emerged adult BeB in search of food away 
from a potato crop. If adult females remained on these trap plants during most of 
the duration of their preovipositional period lea. 12 d at the least, at 27°C, (Teng 
1983)1. then possibly they could be treated in some manner to prevent their 
movement into the potato crop. Field testing of this hypothesis is, however, 
required before such a technique is recommended for BCB management on potato 
crops. 
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Abstract: In field tests, there were no significant differences in the number of adult western 
corn rootworms, Diabroticn uirgi{era uirgifera LeConte captured on sticky t.raps baited with 
freshly sliced Cucttrbita {octidillsirna rruit~ traps baited with dried, finely-ground C. (llldreana 
X C. maxima fruit, and unbaited controls. Further, there WilS no effect due to the presence 
of beetles actively feeding on either of the test matcrinls. The data suggest that no 
aggregation pheromone nor increased attraeti\'eness of bitter cucurbit. fruit result from such 
an interactive relationship. 
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The plant family Cucurbitaceae contains approximately 900 species in 100 
genera. Of these, at least 100 species in 30 genera have been shown to contain 
cucurbitacins_ Chemically, cucurbitacins are a group of about 20 oxygenated 
tetracyclic triterpenes. It is the cucurbitacins which are responsible for the 
characteristic bitter taste associated with most wild cucurbits. The extremely 
bitter t.aste of pure cucurbitacins in conjunct.ion with their high mammalian 
toxicit.y suggest that cucurbitacins function primarily os a plant defense mechanism 
in the bilter cucurbits (Melcalf et al. 1980). 

The association between Diabroticite beetles and Cucurbita spp. plants has 
long been recognized. Cont.ardi (1939) first described the compulsive Diabroticite 
beetle feeding behavior elicited by bitter cucurbits. Since that time numerous 
authors, including Chambliss and Jones (1966), and Metcalf et al. (1980), have 
investigated this relationship. Rhodes et a1 (1980) considered the accumulation of 
western corn rootworm (WCR) adults (Diabrotica uirgifera uirgifera LeConte) on 
exposed, sliced fruits of the cucurbit hybrids Cucurbita andreana X C. maxima 
and C. texana X C. pepo as evidence of \VCR oriented movements. They identified 
WCR as being "attracted" to the bitter cucurbit fruits. MelcaU et al. (1980) 
observed lhat cucurbitacins were responsible for arresting searching behavior and 
producing compulsive feeding by Diabroticite beetles. They further suggested that 
the relatively nonvolatile cucurbitacins may co-distill with water vapor from the 
plant to act as a true attractant. Pure cucurbitacin was characterized as a 
phagostimulant but nol as an attractant to WCR by Howe et a1. (1976). They 
attributed the lack of any attractant response by WCR to pure cucurbitacin to the 
low volatility and odorless characteristics of highly purified cucurbitll.cin. In 
attempting to account fOI" the rapidity with which large aggregations of western 
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corn rootworms appear on bitter Cucurbita spp., Howe et aI. (1976) suggested that 
while feeding on bitter cucurbits, the WCR may be induced to emit an extremely 
potent aggregation pheromone. 

In both laboratory and field tests with slices or homoginates of fresh Cucurbita 
spp. fruits, Branson and Guss (1983) could detect no significantly different 
olfactory responses of WCR between bitter or nonbittcr cucurbits. Further, in field 
tests, unbaited traps and traps baited with either bitter or nonbitter cucurbits 
captured similar numbers of WCR and northern corn rootworms (Diabrotica 
barberi, Smith and Lawrence). They did not., however, test for an aggregation 
pheromone or other type of increased attractoncy due to beetles actively feeding 
on bitter cucurbits. 

The objective of our experiments was to bioassay for the existence of 8 WCR 
aggregation pheromone or other increased attroctancy produced as a result of 
beetles actively feeding on bitter cucurbits. Also, we conducted tests to evaluate 
the oUactory response of WCR to fresh slices of bitter wild buffalo gourd, C. 
foetidi,<;sima, fruits. 

MATERIALS AND METHODS 

To assess the attractancy of C. foelidissima to WCR adults, we used methods 
similar to those described by Branson and Guss (1983). Trapping sites consisted 
of corn stalks stripped of leaves and cut off ca. I m above the soil surface. Traps 
were attached to the top of these com stalks. Traps consisted of a 473 cm:1 paper 
carton with 24, I-em Diam holes punched in the side of the carton. A slice (ca. 35 g) 
of freshly-cut fruit was isolated in each carton by a wire-screen container. The 
outside of each paper CUlton was coated with Stikem@. Two experiments, each 
comparing baited to unbaited traps, were conducted. The first test (seven 
replications) ran from 27 to 31 August 1983, while the second test (five replications) 
ran from 29 to 31 August 1983. Captured beetles were counted and removed at 
cn. noon each day in both experiments. 

The following trapping methodology was devised to bioassay for increased 
attractancy due either to emission of an aggregation pheromone or interaction 
between actively feeding beeLles and bitter cucurhits. As in the previous experiment, 
sites consisted of a corn SUlik stripped of leaves and cut orf ca. 1 m above the soil 
surface. A 473 cm 3 peper carton with a hole cut in the top was slipped onto the 
top of the corn stalk. A paper plate was wired to the top of the paper carton to 
provide a trap site platrorm in the corn field. Due to the strong arrestment 
response by beetles to bitter cucurbits, it was essential to avoid allowing direct 
contact of test beetles with the material to be evaluated. For this reason we 
created a double isolation system for the cucurbit materials tested. Each material 
tested was placed within n wire-screen cylindrical cage (13 cm tall X 7 cm Diam). 
The cage containing the test material was then placed within a larger wire-screen 
cylindrical cage (20 cm tall X 9.5 cm Diam). This double cage system, containing 
the test material, waS than placed on top of the trapping site platform. A 
Pherocon@ AM sticky trap was placed around the corn stalk directly below the 
attractant site to monitor the number of WCR beetles attracted (Fig. 1). 

Three separate tests, each consisting of primarily the same treatments, were 
conducted The materials tested were: (1) a 35 g slice of fresh C. foelidissima fruit; 
(2) 50 WCR beetles feeding on a 35 g slice of fresh C. [oetidissimo fruit; (3) 4 g of 
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__ SCREEN BARRIER 

STICKY TRAP 

Fig. 1.	 Trapping system u ed in field experiments to evaluate adult western corn 
rootworm olfactory response to cucurbits. 

dried, finely-ground C. andreana X C. maxima fruit; (4) 50 WCR beetles feeding 
on 4 g of dried, fmely-ground C. andreana X C. maxima fruit; (5) 50 WCR beetles 
alone; (6) an unbaited control. Unsexed beetles used in these tests were field
collected ca. 24 h prior to test initiation. The first test compared treatments I, 2, 
3, 4 and 5 over a 24-h sampling period from 8 to 9 August 1983. The second test, 
conducted [rom 11 to 13 August 1983, contained two, 24-h sampling periods, and 
included all SL,< treatmenLs Ii ted above. The third test was conducted during 15 
16 August 1983 and included treatments 1, 2, 3, 4 and 6. The fir t, second and 
thi.rd tests had four, six, and five replications, respectively. 

As a validation of the trapping system described above, trap catches at sites 
baited with a known W R attractant were compared to catches at unbaited sites. 
On 29 August we placed into a corn field, an experiment of tlu·ee replications 
comparing unbaited trap to traps baited with WCR sex pheromone, as described 
by Guss et aJ. (1982). The pheromone was contained within slow release fibers 
provided by Albany International. Individual hoUow fibers were 1.5 cm long and 
had an inside Diam of 200 p.m. Fiber were sealed at one end to produce a 
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capillary reservoir from which pheromone was released at a precise and constant 
rate. Ten fibers were used in each baited trap. 

All field tests utilized 8 completely randomized design. The number of replications 
varied from test to test but the spacing between trapping sites remained constant 
in all tests. Trapping sites were equally spaced within corn fields according to a 
gridwork, with each trap ca. 25 m from its nearest neighbor. All data were 
analyzed via standard ANOVA procedures. 

RESULTS AND DISCUSSION 

The objectives of this experiment were developed as a result of preliminary 
field observations on the potential attractiveness of bitter C. [oetidissima fruits to 
field populations of adult WCR. In these initial tests, 2.5 em thick, cross-sectional 
fruit slices from the central portion of gourds, which were about 10 em in Diam, 
were wedged into leafaxils of corn plants (one per plant) approximately one meter 
above ground level. The fruit slices were left undisturbed for 48 h. Field populations 
prior to test initiation were approximately 4 beetles/plant. After 48 h the flesh of 
the fruit slices had been completely consumed, leaving only the tough inedible 
rind. Each corn plant which had a fruit slice placed on it had approximately 30 
WCR adults moving about in a highly visible manner. This preliminary observation 
of highly visible aggregations of WCR adults could easily lead one to erroneously 
conclude a true attractant response had occurred, be it a response to fruit volatiles 
or an aggregation pheromone. 

In field tests designed to evaluate the attractiveness of C. [oetidi..">sima to WCR 
we could not demonstrate any significant olfactory attractiveness (Table 1). These 
data, although for a different cucurbit species, support those reported by Branson 
and Guss (1983). Data presented in Table 1 were obtained from field tests which 
employed paper carton traps similar to those used by Branson and Guss (1983). 

Table 1. Mean number of adult western corn rootworms caught/trap comparing 
paper carton traps baited with fresh Cucurbita [oetidissima fruit to 
unbaited traps. 

Mean number of beetles caught/trap· 

Days after initial trap placement 

1 2 3 4 

Experiment 1 
Unbaited 
Baited with fruit slices 

13.3 
20.7 

7.9 
17.3 

8.6 
12.7 

10.7 
10.9 

Experiment 2 
Unbaited 
Baited with fruit slices 

10.8 
17.4 

10.8 
11.6 

• No aigniricanl diffCTcnccR were observed. (ANOVA, P > 0.05). 

Field tests designed to assay the validity of our trapping methods in the 
aggregation pheromone experiments yielded the following results. Traps baited 
with slow release fibers containing WCR sex pheromone had an average catch of 
125.7 beetles/trap while unbaited sites averaged only 19.3 beetles/trap. These 
results convinced us of the validity of this method. 
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With data collected from three separate field tests, we could not demonstrate 
any statistically significant olfactory response to either of the cucurbit materials 
tested or beetles feeding on such materials. Trap catches for sites baited with 
fresh C. [oetidissima fruit or dried C. andreana X C. maxima fruit did not differ 
from unbaited trap catches. Further, there was no effect due to the presence of 
beetles actively feeding on either of the test materials (Table 2). 

Table 2.	 Olfactory response of adult western corn rootworms to fresh Cucurbita 
(oelidifisima fruit slices and dried finely-ground C. andreana X C. maxima 
fruit. 

Mean number of beetles caught/trap· 

Treatment Experiment number 
(material traps were 1 2 3 
baited with) Day 1 Day 2 

Fresh cucurbit 54.8 115.7 110.3 65.2 
Fifty beeUes feeding on 

fresh cucurbit 61.3 119.2 108.5 76.8 
Dry cucurbit 54.7 113.8 85.5 59.2 
Fifty beetles feeding on 

dry cucurbit 51.3 102.5 88.8 66.2 
Unbaited control 67.6 138.2 73.6 
Fifty beetles alone 59.5 130.2 126.8 
• No signiFicanl differences were olJscl'\icd. (ANOV,\, P> 0.05). 

During the course of previous research into the various Diabrotica spp.· 
Cucurbita spp. interactions, investigators have frequently failed to design experiments 
capable of clearly delineating between attractant and arrestant responses by 
Diabrotica spp. Dethier et al. (1960) defined an attractant as a substance which 
causes insects to make oriented movements towards its source. The term attractant 
has often been used to describe the behavior of insects that are aggregated, 
regardless of the mechanism responsible for the aggregation. This is well illustrated 
in one of Dethier's earlier papers (l955). In that study, Dethier documented that 
sugar, which had previously been termed an attractant when describing its effect 
on black blow fly behavior. actually acted in an orthokinetic manner to produce fly 
aggregations. Sucrose has a vapor pressure so low that it could not possibly have 
acted as an attractant. Flies which encountered sucrose during the course of 
normally OcculTing movement were induced to slow down or stop locomotor 
behavior (orthokinesis) primarily due to stimuli received as a result of direct 
contact with the sucrose. Dethier et al. (1960) described an arrestant as a chemical 
which, upon direct contact, causes insects to aggregate as a result of undirected 
kinetic reactions, either by slowing down or st.opping of locomotor activity 
(orthokinesis) or an increase in the rate of turning (klinokinesis). Our experiments 
were designed to test only for attractant responses by WCR adults. 

\vCR adults have been described as being attracted to bitter Cucurbita spp. 
fruit (Rhodes et 81. 1980). In light of data presented herein, we can only conclude 
that, given the conditions of these tests, there is no WCR aggregation pheromone 
produced and also, there is no increased attl'actancy of bitter fruits due to any 
interactive relationship caused by actively feeding beetles. Fruits of bitter 
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Cucurbita spp. are, without a doubt, potent phagostimulants and arrestants of 
WCR adults, but appear to have no significant olfactory attractiveness to 
WCR. 

Several authors have suggested that the Diabrotica spp. - cucurbitacin interaction 
offers potential for ecologically sound pest management. It has been proposed that 
bitter cucurbit fruit may function ideally as either a bait in adult "VCR population 
monitoring traps, or as one component of an attract and kill, poisoned bait 
program for adult WCR population suppression (Rhodes et al. 1980; Metcalf et a1. 
1982; Briggs and Shaw 1983). The lack of attractancy of bitter cucurbit fruit to 
WCR as documented for C. texana and C. andreanQ by Branson and GUBS (1983), 
and for fresh C. foetidissima and dried, finely-ground C. andreana X C. maxima 
reported within this paper, in conjunction with the lack of a WCR aggregation 
pheromone as reported herein, are facts which should be considered when future 
investigators design and interpret population monitoring trap counts or poisoned 
bait adult suppression programs. 
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Abstract: Feeding boll weevils, Anthonomus grancJis grandis Boheman, a 5 ppm dillubenzuron 
diet Cor 5 d did nol significantly reduce mating of Lhe males for the first. week after 
trcatmenl Development of progeny from treated females mated with untreated males was 
reduced to about half that of the control. Concentrations of 10. 50. 100,200,500, or 1000 
ppm of diflubenzuron significanLly reduced the number of matiogs by an average of 30% 
over the control: development of progeny to the adult stage was reduced an average of 80% 
as compared with the control 
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crandis. 
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Sexual sterilization of boll weevils (Anlhonomus gran-dis grandis Boheman) has 
often been found to reduce mating frequency and sperm transfer, according to the 
method used. The results obtained with diflubenzufon have varied considerably 
due to the age of the weevil and/or the type of treatmenl For example, Villavaso 
et a!. (1977) and Earle et a!. (1978) found that 4·d·old adults dipped in 0.1% 
diflubenzuron followed by 10 krads of acute irradiation or dipped in 0.05 - 0.1 % 
diflubenzuron, respectively, had little or no effect on mating ability. When Earle et 
a!. (1979), Villavaso et a!. (1980) and Wright et a!. (1980) administered> 100 ppm 
of diflubenzuron and/or 10 krads of irradiation to weevils < 3 d old, they found 
mating was reduced by 50% or more. Finally Haynes et al. (1979, 1981) reported 
that lowering the irradiation treatment to 6.6 krads or administering a 1:1 
acetone:water suspension dip containing 0.025 - 0.05% diOubenzuron followed by 
10 krads reduced mating by only 20 - 30%. 

Diflubenzuron, known for its effectiveness in preventing egg hatch, causes the 
weevil integument to not fully harden and thus affects mating in the males. Since 
boll weevils live < 7 d after irradiation it is imperative that difiubenzuron has a 
minimal effect on mating during this critical time. The competitiveness and 
longevity of the treated weevils reflects the treated male to nonnal male ratios 
needed in field releases. For example, if the males' competitiveness were doubled 
by decreasing the diflubenzuron treatment then the ratio of sterile males released 
in the field might be reduced by one half. Therefore, we conducted this study to 
determine the minimum effective level of diflubenzuron in the adult diet which 
would not affect male transfer of sperm to the female. 

MATERIALS AND METHODS 

The ebony strain (Bartlett 1967) of boll weevils used in these experiments was 
mass-produced at the Gast Rearing Facility at Mississippi State, MS. The newly 

1 COLEOPTERA: Cu""ulionid.e
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eclosed (24 h) adults were sexed and kept separately for 1 d prior to treatment 
Groups of 25 males and 25 females were held separately in 17.5 X 12.5 X 5 em 
boxes for each treatment. About 150 virgin femnles, individually held, and 25 
untreated males were fed fresh diet daily during treatment The treatment 
consisted of diflubenzuron (98% technical) mixed into the hot diet according to 
the methods of Roberson and Wright (1984) at 5, 10,50, 100,200,500, and 1000 
ppm. Both treated and untreated diet was formed into pellets, dipped in hot wax 
(to prevent drying), and refrigerated. Sufficient treated diet was prepared to feed 
the males and females in each of the 3 . 6 replicates. Fresh diet was prepared for 
each replicate. 

We conducted an analysis of variance using Duncan's multiple range test with 
concentrations of diflubenzuron ranging from 5 - 1000 ppm in order to determine 
whether significant differences (P < 0.05) existed between treatments and/or 
controls. The parameters used to measure the effects of these diflubenzuron
treated weevils were: spenn transfer of treated males to virgin females, treated 
adult mortality, and development of F) progeny. Data were collected 4 - 5 times 
during the first wk posttreatment with each of the parameters mentioned and thjs 
comprised one replication. After a 5-d feeding period 25 treated females at each 
dose level were mated, as a group, to 25 virgin males to determine sterility. During 
the fIrst wk posttreament eggs were collected 4 - 5 times. Mortality also was 
observed at this time. Approximately half the sample of eggs were held for hatch 
on moist filter paper (7-d check). The remaining eggs were implan.ted into larval 
diet for F) adult emergence (14 d later). To determine sperm transfer, 25 treated 
males were individually mated for 4 h (0900 - 1300) with virgin untreated females 
following treatment; 4 or 5 matings were made during this time. The last 2 - 3 
matings of the wk sometimes had only 22 or 23 pairs of weevils due to mortality. 
Several treated groups were tested simultaneously and each dose level of 
diblubenzuron evaluated was replicated 3·4 times. 

RESULTS AND DISCUSSION 

We found that feeding 10, 50, 100, 200, 500, or 1000 ppm of diflubenzuron 
significantly reduced the number of matings by the treated male to virgin 
untreated female by an average of 30% below the control. Since no significant 
differences were found between the 4 . 5 measurements of sperm transfer, a mean 
percentage for each dose of dinubenzuron was determined (Table 1). Feeding diet 
containing 5 ppm diflubenzuron resulted in 9.5% fewer males transferring spenn 
to the females than the control males, but this difference was not significant 
Feeding the 5 ppm diflubenzuron diet resulted in an average of 22% more mating 
than when weevils were fed the higher concentrations; this was significant at the 
5% level of confidence (Table 1). 

No significant differences were found between treated and control females in 
the number of eggs laid or adult mortality 7 d after treatment (Table 2). There 
were significant differences in egg hatch of T (treated) Q X U (untreated) d groups 
as compared with egg hatch of U <t X U Q. Egg hatch from females fed a 1000 
ppm treated diet was significantly lower than from those that received 5 ·500 ppm 
of diflubenzuron. The percent of adults emerging from treated diets was significantly 
lower (20 vs. 42%) than the control. We found 8 5 ppm treated diet resulted in 
significantly higher adult emergence than 10 ·1000 ppm diets. Even though feeding 
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Table 1.	 Effect of diflubenzuron treated diets on the male boll weevil's mating 
ability as measured by spenn transfer. 25 individually paired matings of 
T c! X U Qlrep. 

Concentration (ppm) of % Matings based on 
diflubenzuron Females sperm transfer 
in diet Replications dissected/rep. to females· 

o 6 116 84 ± 2.3 a 
5 3 l18 76 ± 3.1 a 

10 3 125 52±6.7 b 
50 4 119 51 ± 4.9 b 

lOO 4 113 55 ± 8.7 b 
200 4 112 50 ± 5.8 b 
500 3 117 56 ± 6.7 b 

1000 3 119 61 ± 5.0 b 
• Column	 muns followed b)' the SlIme letter lU"e not lignificantly different at the 0,05 le.·el by Duncan's multiple range 

telL. 

Table 2.	 Results of feeding female boll weevils a diet containing diflubenzuron for 
5 d. Sterility and mortality determinations of 25 pairs of T Q X U d at 7 
d posttreatment: 

Con. of 
diflubenzuron No. Eggs Egg Adult Adult 
in the diet reps, collected hatch emergence mortality 

ppm % 

0 6 65 ± 20.6 a 92.3 ± 6.4 a 42.0 ± 8.1 a 9± 6.1 a 
5 3 75±18.0 a 22.0 ± 4,5 b 22.0 ± 3.3 b 4± 5.4 a 

10 3 59 ± 22.5 a 27.0 ± 8.9 b 11.0 ± 4.9 c 8± 6.9 a 
50 4 63±31.9 a 16.3 ± 7.7 b 9.3 ± 7.6 c 14 ± 10.1 a 

100 4 58 ± 23.6 a 12.3 ± 8.5 b 7.0±4.1 c 11± 5.8 a 
200 4 50±26.1 a 19.9 ± 7.9 b 6.5±7.1 c 12 ± 6.9 a 
500 3 56 ± 29.2 • 23.0 ± 10.2 b 6.8 ± 4.7 c 8± 5.3 a 

1000 3 61 ± 35.4 a 0.0 c 0.0 c 8± 7.2 a 
• Column me.llll loUo"..ed by the lime letter Uti nol signifinmtly different lit the 0.05 leyel by l}\lnun'l multiple ran~e 
~, 

the 5 ppm diet resulted in an average of 15.2% more adults than the higher 
concentrations tested, adult emergence was still about 50% lower than the control 
(significant at 5% level of confidence) (Table 2). 

Earle et at (1979) noted that the cuticle of newly emerged weevils fed or 
dipped in diflubenzuron failed to completely harden for at least 3 wk after 
treatment, whereas normal weevils harden in only 2 - 3 d. The soft integument is 
especially noticed when weevils are pinned for dissection. This softening and 
general weakness of the cuticle might explain why some treated males trying to 
copulate with virgin females had poor body coo.'dinntion and often fell over when 
attempt.ing to mount the female. Often they were only able to partially insert the 
aedeagus into the female; thus, they failed to transfer sperm to the spermathecae. 
Frequently these uncoordinated, unsuccessful attempts resulted in evasive action 
by the females. Since the acdeagus is comprised of chitin, diflubenzuron apparently 
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weakens the structure and results in a lower percentage of males transferring 
sperm. 

The mating results indicated that the 5 ppm diflubenzuron treatment did not 
differ significantly from that of the control The efficacy for reduction in F I adult 
emergence was about one third of the other treatments, yet when compared to the 
control was about 50% effective. This increased mating with the 5 ppm 
diflubenzuron treatment over the other treatments apparently reflects less damage 
to the aedaegus and is an indication of healthier, more competitive weevils. 

REFERENCES CITED 

Bartlett, A. C. 1967. Genetic markers in the boll weeviL J. Hered. 58: 159-163. 
Enrlc, N. W., L. A. Simmons, S. S. Nilakhe, E. J. Villavaso, G. H. McKibben, and P. 

Sikorowski. 1978. Pheromone production and sterility in boll weevils: Effect of acute and 
fractionated gamma lrradiation. J. Eeon. Entomol 71: 591-595. 

Earle, N. W., S. S. Nilakhe, and L. A. Simmons. 1979. Mating ability of irradiated male boll 
weevils treated with diflubenzuron or penfluron. J. Econ. Entomol. 72: 334-336. 

Haynes, J. W., J. E. Wright, and E. Mattix. 1979. Fractionated VB. acute irradiation: The 
effects of treating adult boH weevils (Coleoptera: Curculionidae) at different ages. 
Entomo!. AppL Exper. 26: 61-66. 

Haynes, J. W., W. L. McGovern, and J. E. Wright. 1981. Diflubenzuron (solvent-water 
suspension) dip for boll weevils: Effects measured by flight, sterility, and spenn transfer. 
Environ. EnlomoL 10: 492-495. 

Roberson, J., and J. E. Wright. 1984. Production of holl weevils, Anthonomus grandis 
Boheman. In E. G. King, and N. Leppla Icds.], Advances and Challenges of Insect 
Rearing. USDA Tech. BulL pp. 188-192. 

Villavaso, E. J., N. W. Earle, and D. D. Hollier. 1977. Boll weevils: Field and laboratory 
assessment of mating ability and sperm content after irradiation with or without 
difluhenzuron treatments. J. Econ. Entomol 70: 562·564. 

VHlavaso, E. J., E. P. Lloyd, P. S. Lue, and J. E. Wright. 1980. Boll weevils: Competitiveness 
of sterile males in isolated field plots. J. Eeon. Entomo!. 73: 213-217. 

Wright, J. E., J. Roberson, and J. R. Dawson. 1980. Boll weevil: Effects of diflubenzurOll on 
spenn transfer, mortality, and sterility. J. Econ. Entomo!. 73: 803-805. 



TOXIC EFFECTS OF NOMURAEA RILEYI EXTRACT 
ON HELIOTHIS SPP. I,' 

Abdul K. A, Mohamed and Fred R. S. Nelson
 
Biology Department, Jackson State University
 

Jackson, MS 39217
 

Abstract: Toxic extract produced in uitro in submerged culture was extracted from mycelia of 
Nomuraea rileyi (Farlow) Samson by methanol and chromotographed in columns of Ottawa 
sand and silica gel with benzene-ethyl acetate 8S the eluent. Third-instar Heliothis zea 
(Boddie) and fl. uirescens (Fabricius) were treated topically, per as, and by intrahemocoelic 
injection with the extract In topical applications there were no significant differences (P = 

0.05) between t.he treated and control groups in either species. At the highest dosage (2.0 Jil) 
the mortality was 20.0 ± 5.0% in H. uirescens and 18.7 ± 4.8% in H. zea. A mortality of 
37.5 ± 6.2 and 45.5 ± 2% for H. uirescens and H. zea, respectively, was caused by the per os 
treatment at the 2.0 p.l dosage. These values were significantly higher (P = 0.05) than those 
of the control groups. Heliothis virescens larvae were more susceptible than H. zea when 1.0 
and 2.0 p.l of the extract were injectcd into the hemocoel For example, at 2.0 p.1, the highest 
mortality was 72.3 ± 8.7 and 51.3 ± 8.6% for H. viresccns and H. zea, rcspectively. Also, 
septicimin was detected in 30% of H. zea and 35% of H. virescens larvae treated by injection. 
Comparable control larvae were free of septicimia. 

Key Words: Toxic effects, Nomuraea riley;, extract, Heliothis spp. 
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A number of entornopathogenic fungi have been reported to produce mycotoxins 
active against insects. Destruxin excreted by Melarhizium anisopliae (Mechnikoff) 
Sorokin (Kodaira 1962) and beauvericin isolated from Pa.ecilomyces fumoso-roseus 
(Wize) Brown and Smith (Bernardini et aL 1975) were reported to have insecticidal 
activities. West and Briggs (1968) extracted a loxin from Beauueria bassiana 
(Balsamo) Vuillemin which was shown to be toxic against larvae of Galleria 
mellonella (Linnaeus). Yendol el a1. (1968) demonstrated toxin production by a 
strain of Entomophthora uirulenta Hall et Dunn. Hamil et al. (1969) identified a 
depsipeptide, beauvericin, from B. bassiana. 

Most reported toxicity studies with Nomuraea rileyi (Farlow) Samson. have 
dealt mainly with conidial treatments of the larvae (Ignoffo et al. 1976; Mohamed 
et al. 1977). The only reported study involving toxin extracted from this fungus 
was that by Wasti and Hartmann (1978) who found it to be active against larvae of 
the gypsy moth, Lymantria dispar (Linnaeus). The purpose of this study was to 
detennine the effectiveness of N. rileyi extract against larvae of Heliothis zea 
(Boddie) and H. uirescens (Fabricius). 

MATERIALS AND METHODS 

Insect Cultures 
Heliothis zea larvae used in this test were obtained from the Department of 

Entomology, Mississippi State University, Starkville, MS. Heliothis lJirescens larvae 

I LEPIDOPTERA: Nortu.id.~ 
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were obtained from the Bio-Environmental Insect Control Laboratory, Agricultural 
Research Service, USDA, Stoneville, MS. Larvae were reared on semi-synthetic 
diet (Berger 1963). The larvae and diet were contained in 30-ml plastic cups with 
cardboard lids. 

Fungal Cultures 
Conidia of N. rileyi were obtained from the Southern Field Crop Insect 

Management Laboratory, ARS, USDA, Stoneville, MS, where they were routinely 
produced on Sabouraud maltose agar with 1% yeast extract (Bell 1975). The 
original isolate was initiated from a field-collected H. zea cadaver. 

Nomuraea rileyi Extract 
The method of extraction was as described by Wasti and Hartmann (1978). 

Submerged still cultures of N rileyi were grown in ten I-liter flasks containing 
Sabouraud maltose broth plus 1% yeast extract. The broth in each of the flasks 
was inoculated with 1 ml of conidial suspension (4 X 109 conidia/ml) and 
incubated at 22.5°C. Toxin extraction was initiated when heavy mycelial mats had 
developed (12 d after inoculation). The broth from each flask was decanted and 
mycelial mats were pooled and washed with sterile distilled water. Mycelia were 
then removed by centrifugation at 1000 rpm for 15 min at DoC. The mycelia were 
extracted with 500 rol methanol, and the suspension was centrifuged for 15 min at 
5000 rpm at O°C. The supernatant was filtered twice with an additional 125 ml of 
methanol. 

The extract was concentrated in a flash evaporator (Buchner Instrument) in a 
water bath at 55°C to a volume of 100 ml. Then 150 rnl of ethyl acetate were 
added and the mixture was evaporated until an oily residue was fonned. The oil 
was chromatographed with benzene:ethyl acetate (19:1) as an eluent in a column 
containing 4 cm of Ottawa sand at the base, then by 100 em of silica gel and an 
additional 4 em of Ottawa sand at the top. The eluent was evaporated to dryness 
in the flash evaporator at 45°C. The extract was dissolved in 10 ml of methanol 
and stored at 40°C (7 d) until tested on Heliothis spp. 

Bioassays 
Topical and intrahemocoeUc treatments - The toxin extract was tested against 

third-instal' larvae of H. zea (avg. wt. 31.2 ± 6.3 mg) and H. virescens (avg. wt. 
29.9 ± 9.8 mg) by topical application, and by injection into the hemocoel with a 
micromanipulator (Model M.M 33, Brinkmann Instruments, Inc.). Dosage levels of 
2.0, 1.0 and 0.5 ,ul per larva were tested. For topical applications the extract was 
applied to the larvae dorsally. Control l8Ivae were treated identically with methanol. 
Larvae were then transferred to 30-ml plastic cups containing synthetic diet and 
kept at room temperature (25 ± 2°C). 

In the hemocoel injection treatments, larvae were immobilized with CO2 for 
several minutes. Then each larva received the respective dosage by inserting the 
needle at the base of the left metathoracic leg. Injections were performed under a 
stereo-binocular microscope (10 X power). Control larvae were similarly treated 
with methanol. Larvae were held individually in plastic cups as described above, 

Per os treatment - Nine hundred, third-instal' larvae (avg. wt. as above) each of 
Ii. zea and H. uirescens were placed individually in 30 ml plastic cups and starved 
for 15 h to ensure complete consumption of the diet plug offered after this time 
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period. Five-mm diet plugs were cut with a No.2 cork borer and placed individually 
in Petri plates lined with filter paper. The desired concentraion of the extract was 
administered to the diet plugs with a micromanipulator. Diet plugs for the control 
larvae were similarly treated with methanol. The surface of all the plugs was 
allowed to dry and then three groups of 150 larvae each per species were 
individually fed diet plugs with the respective dosage of the toxin extract. Identical 
numbers of groups and larvae for the control were fed with plugs treated with 
methanol. All groups were maintained at room temperature (25 ± 2°C) for 24 h. At 
the end of this period, 80 lalvae rrorn each group that had completely consumed 
the diet plugs were removed and placed in plastic cups containing diet for the 
remainder of the test. 

Observations were made every 12 h until all larvae pupated. All experiments 
were replicated four times (20 larvae/replicate). Data were analyzed by the 
analysis of variance and Duncan's new multiple range test (1955). 

RESULTS AND DISCUSSION 

The results of topical, per os and injection treatments of H. zea and H. 
virescens wit.h extract are summarized in Table 1. 

Topical applications resulted in no toxic activity to either species. There was 
no significant difference (P = 0.05) between toxin treatment and control groups at 
any dosage leveL Similarly, with per os treatment, the mortalities were low. The 
highest mortalities were 37.5 ± 6.2% for H. zea and 42.5 ± 2.5% for H. virescens. 
These values were significantly higher than those of the control (P = 0.05). 

Larvae of both species were more susceptible to the extract by injections. 
Injected larvae became immobile and were paralyzed for 9 - 14 h following 
injection. Control larvae were also temporarily immobilized but recovered completely 
in 30 to 45 min. This temporary immobilization was probably in response to 
puncture with the needle. Mortality in extract treated larvae of both species was 
observed as early as 48 h posttreatment with maximum mortality occurring at 84 
h. Also, at this time septicemia (mainly gram negative rods) was detected in about 
30% of H. zea and 35% of H. uirescens cadavers. Comparable control larvae were 
free of detectable bacteria. 

Heliothis virescens larvae were more sensitive to the extract than H. zea larvae 
(Table 1). The highest mortality at the 2.0 I-d dosage was 51.3 ± 8.6% and 
72.3 ± 8.7% for H. zea and H. uirescens, respectively, and at 1.0 j..LI, the mortality 
was 20.5 ± 4.8% and 71.3 ± 8.7%. respectively. Also, mortality in both species at 
the 1.0 and 2.0 j..LI dosages was significantly higher than that of the control groups 
(P ~ 0.05). 

These findings indicate that larvae of both species were more sensitive to the 
toxin by injection than by topical and per os application, Larvae of L. dispar 
showed similar sensitivity when injected with N. riley; toxin extract (Wasti and 
Hartmann 1978). The low toxicity that resulted from topical and per os applications 
in our study was not unusual. Steinhaus and Bell (1953) reported no act.ivity when 
larvae of G. mellonella larvae were treated with filtrates from B. bassiana. 
However, Wasti and Hartmann (1978) reported high mortality when L. dispar 
larvae were treated topically with N. rileyi toxin extract. According to Roberts 
(1981) such toxic actions from topical application al'e unusual with toxins from 
entornopathogenic fungi. 



Table 1. Effect of Nomuraea rileyi extract on third instar larvae of Heliothis zea and H, uirescens, 

Percent Mortality (± SD)· 

H. zea H. uirescens 

Dosage 

Topical application 
2.0 1'1 
1.0 1'1 
0.5 1'1 

Per os application 
2.0 J!I 
1.0 J!I 
0.5 J!I 

Intrahaemocoelic 
injection 
2.0 1'1 
1.0 1'1 
0.5 1'1 

Extract treated 

18.7 ± 4.8 Aa 
14.0 ± 3.7 Aa 
15.0 ± 5.0 Aa 

37.5 ± 6.2 Aa 
24.0 ± 15.3 Aab 
15.0± 4.0 Ab 

51.3 ± 8.6 Aa 
20.5 ± 4.8 Ab 
16.3 ± 2.5 Ab 

;..
Control Extract treated Control > 

13.7 ± 3.7 Aa 20.0 ± 5.0 Aa 
10.0 ± 2.5 Aa 16.2 ± 7.5 Aa 
11.3 ± 2.5 Aa 13.7 ± 5.0 Aa 

10.0 ± 2.5 Ba 42.5 ± 2.5 Aa 
10.0 ± 2.5 Ba 30.1 ± 1.2 Ab 
15.0 ± 2.5 Aa 22.7 ± 3.7 Ab 

18.7 ± 5.0 Ba 72.3 ± 8.7 Aa 
15.0 ± 2.5 Aa 71.3 ± 8.7 Aa 
16.3 ± 2.5 Aa 23.7 ± 2.5 Ab 

'9 
16.2 ± 5.0 Aa 

0 

,15.0 ± 1.2 Aa '" S
19.5 ± 2.5 Aa S 

:<. 
< 
:<.

12.5 ± 2.5 Ba ;-
10.0 ± 1.2 Ba Z 
16.2 ± 3.7 Aa ? 

~ 

'" "" ~ 

22.5 ± 4.0 Ba 
16.5 ± 4.6 Ba 
21.2 ± 5.0 Aa 

• Mull..II rollowed by the lame upper cue Idtu horizontally and the aame lower case letter vertically ror uch .IIpecie. do not dirfer ,ignificandy (P = 0.05) lIB determined by Duncan', multiple 
~nc" tuL Companlonl are mede for tach tr'utment aepaI1ltely. 
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Entomopathogenic fungi that overcome their host in a short time period are 
presumed to produce toxins. Therefore, those fungal strains with early production 
of rapidly acting toxins may be able to offer superior crop protection through 
microbial control (Roberts 1981). The mode of entry of fungi in insect hosts is 
mainly via the integument. Mohamed et a1. (1978) showed that it takes N. rileyi 
conidia 4 ·5 d to penetrate the integument of H. zea larvae and finally reach the 
hemocoel, at which time extensive mycelial development occurred. Death of larvae 
occurred 24·48 h later following extensive disintegration of the internal vital 
organs. It is possible that this rapid disintegration and death of the larvae are 
brought about by a toxic material excreted by the mycelia when they begin to 
develop extensively in t.he hemocoel. The principal active substance(s) in this 
extract has not been identified. 
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Abstract: Aflatoxin G, and several selected biosynthctic precursors (sterigmatocystin, 
versicolorin A, averufin, and norsolorinic acid) were incorporated into a meridic diet and fed 
to newly hatched, second-instar (5-d-old), and fourth~instar (S·d-old) larvae of the European 
corn borer (ECB), OSlrinia nubilalis (Hubner). Newly hatched larvae were affected by 
aflatoxin G, levels (32 ppb) that had no significant effect on second-instar larvae. whereas 
second·instar larvae were affected by nflatoxin G j levels (250 ppb) that had no significant 
effect on fourth-inst.nr larvae. Sterigmatocystin at 60,000 ppb was somewhat toxic to newly 
hatched, second· and fourth-instar larvae. Versicolorin A, averufin, and norsolorinic acid at 
60,000 ppb had no significant. effect on ECB larvae. 

Key Words: European corn borer, Ostrinia flubil(l/is, aflatoxin, precursors. 

J. Agric. Entomol. 1(4): 354-359 (October 1984) 

Infection of ears of maize, Zea. mays Linnaeus, by some strains of the fungus 
Aspergillus flauus (Link ex Fries) can result in contamination of the grain by 
aflatoxin. Contamination of maize by aflatoxin is most likely to be a serious 
problem in the southeastern United States, or in other locations, where warm, 
humid conditions favor development of the fungus (Lillehoj et a1. 1975; Shotwell 
et aL 1973). Fennell et al. (1975) demonstrated that A. flauuB infects ears of maize 
at a greater incidence when ears have been damaged by insects. Widstrom et aL 
(1975) investigated the relationship between aflatoxin contamination in ears of 
maize and infestations by the corn earworm, Heliothis zea (Boddie), the fall 
armyworm, Spodoptera {rugiperda (J. E. Smith), and the European corn borer 
(ECB) Ostrinia. nubilalis (Hubner); the greatest concentrations of aflatoxin occurred 
in ears infested by the ECB. 

McMillian et al. (1980) fed aflatoxin BI and aflatoxin GI to second- and fifth
instal' ECB larvae by pipetting toxin onto the surface of a laboratory diet. They 
found that 2.5 ,ug of aflatoxin B I per 10 g of diet caused significant effects on 
development. of second-instar larvae, but fifth-instar larvae were not affected by 
the same concentration of toxin; 2.5 /-lg of aflatoxin G l did not affect either 
second- or fifth~instar larvae. Jarvis et al. (1984) incorporated aflatoxin B l into a 
meridic diet and fed it to newly hatched secondo, and fourth-instal' ECB larvae. 
Newly hatched larvae were adversely affected by toxin levels (32 ppb) that had 
little or no affect on second~instar larvae, whereas second-instal' larvae were 
adversely affected by toxin levels (125 ppb) that had little 01' no affect on fourth
instal' larvae. 

The most common, important, and toxic of the aflatoxins is B I . The flIst 
compound in the pathway for biogenesis of aflatoxin B I is cyclized decaketide, 

I Joint contribution: United Slllle. Department of Agriculture. Al.'licuhurai ftescltl'Ch Se....ice. and ,Iournal Pope-r No. J·11250 of 
the lo,.,n Ab'liculture lind Home Economics Experiment Stlltion, Amu 50011. Project 2513. Recei"ed for publicntion 14 

l'ovember 1983; nccel'ted 14 ,luI)' 198·1. 
2 Com Insects Rescnrch Unit. USDA·ABS. Ankeny, IA 50021. 
3 Southern Regionlll Hcneurch Center. USDA-ARS. Ne"" Orlenns, LA 70179. 
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followed by norsolorinic acid, averantin, averufin, versiconal hemiacetal acetate, 
versicolorin A, sterigmatocystin, and the aflatoxin end products (Applebaum and 
Marth 1981). The toxicity of aflatoxin B} to fish, birds, and mammals has been 
well documented (Lillehoj and Zuber 1975). Sterigmatocystin has been shown to 
be toxic to rats (Holzapfel et al. (966), mice, ducklings (Lillehoj and Ciegler (968), 
and a mite, Tyrophagus putrescentiae (Schrank) (Rodriguez et aL (980). Although 
toxicity of other compounds involved in the biogenesis of aflatoxin B] has not 
been intensively studied, mutagenicity determination in the Ames salmonella 
microsome reversion mutagenicity test have identified the mutagenic potential of 
aflatoxin and sterigmatocystin with an indication of reduced versicolorin A effects 
(Wong et al. 1977; Dunn el. al. 1982). 

Older second·generation ECB larvae, especially those that infest ears, could 
ingest or come into contact with aflatoxin precursors. Newly hatched second
generation ECB larvae do not feed on maize kernels but become established on 
pollen accumulated in leafaxils, ear shoots, husks, and silks (Guthrie et a1. 1969). 
The warm, moist environment of leafaxils could provide a suitable medium for 
A. f1.avus; tlms, it is possible that newly hatched ECB larvae could be exposed to 
aflatoxin B] precursors. The purpose of our study was to determine the biological 
effects on ECB larvae of different instars when fed diets containing various 
concentrations of aflatoxin G] and its biosynthetic precursors. 

MATERIALS AND METHODS 

ECBs were reared in the laboratory on a meridic diet by using techniques 
described by Guthrie el. al. (1971) and Reed et aJ. (1972). Aflatoxin G1, 

sterigrnatocystin, versicolorin A, averufin, and norsolorinic acid at several concen
trations were dissolved in ethanol, diluted with dist.illed water, and incorporated 
uniformly into the diet. Solubility of the aflatoxin precursors at high concentrations 
was increased by heating the ethanoL A previous test showed that the concentration 
of ethanol used had no effect on ECB larvae. Concentrations of sterigrnatocystin, 
versicolorin A, averufin, and norsolorinic acid greater than 60,000 ppb could not 
be tested because amounts any greater would not totally dissolve in the amount of 
ethanol used. Cyclized decaketide, avera tin, and versiconal hemiacetal acetate 
were not tested because these compounds have not been isolated in the required 
quantities. 

ECB larvae were reared individually in 3-dram vials on plugs of diet containing 
various concentrations of aflatoxin G] and the aflatoxin precursors. Vials with 
larvae were placed in trays containing 17 vials per row; each row contained one 
treatment. A randomized complete-block design with five replications was used, 
with treatments randomized within each tray. Each tray consisted of a single 
replication. An analysis of variance for a randomized complete block design was 
calculated and the LSD values computed whenever the F -value was statistically 
significant. 

Newly hatched, second-instar (5-d-old), and fourth-instar (8-d-old) larvae were 
placed in vials containing concentrations of aflatoxin G1 or aflatoxin precursors. All 
tests were conducted at 27 - 28 c C and 80% RH in constant light. The criteria used 
in evaluating the treatment effects on the ECB were: (1) percent survival to 
pupation, (2) percent survival to adult emergence, (3) percent abnormal adults 
(moths with deformed wings), (4) days to pupation, (5) days to adult emergence, 
and (6) weights of female and male pupae. 
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RESULTS AND DISCUSSION 

As shown in Table 1, varied concentrations of aflatoxin G, in ppb, incorporated 
into the meridic diet, had a highly significant effect on the survival and 
development of the ECB. Percent survival to pupation and adult emergence, 
numbers of days to pupation and adult emergence, percent abnormal adults, and 
pupal weights of females and males were all significantly affected by the toxin. 
Larvae exhibited an instar·dependent sensitivity to anatoxin G1> Newly hatched 
larvae were affected by toxin levels (32 ppb) that had little effect on second-instar 
larvae, whereas second-instar larvae were affected by toxin levels (250 ppb) that 
had little effect on fOlll'th-instar larvae. Thus, the developmental stage of the ECB 
was a critical factor in sensitivity to aflatoxin G1• 

Sterigmatocystin at 60,000 ppb was somewhat toxic to newly hatched, second-, 
and fourth· instal' ECB larvae. At 30,000 ppb. this compound was slightly toxic to 
newly hatched but not to secondo, or fourth-instar larvae. Rodriguez et al. (1980) 
reported that sterigmatocystin was considerably more toxic to the mite, T 
putrescentiae, than was aflatoxin B1• However, Jarvis et al. (1984) reported that 
only 1% of newly hatched ECB larvae survived on a meridic diet containing 250 
ppb of aflatoxin BI . Thus, aflatoxin B, and anatoxin G, clearly exhibit enhanced 
toxicity to the ECB relative to sterigmatocystin. 

Most larval mortality did not occur immediately after ingestion of diets 
containing aflatoxin G, or sterigmatocystin. Many newly hat.ched ECB larvae 
survived 20 - 30 d on diets containing high concentrations of anatoxin G, or 
sterigmatocystin but died before pupating. Most second· or fourth-instal' larvae 
survived 25 - 35 d on diets containing high concentrations of these materials but 
also died before pupating. Although the effects of aflatoxin G l and sterigmatocystin 
on ECB larvae resembled those of aflatoxin B il higher concentrations of the Gl 

and sterigmatocystin were required to achieve an effect comparable to that of 
B,. 

The other aflatoxin precursors (versicolorin A, averufin, and norsolorinic acid) 
were not toxic to newly hatched, secondo, and fourth-instal' ECB larvae at 
concentrations of 60,000 ppb. 

The maximum aflatoxin B, concentrations (in ppb) that have been observed in 
maize are: leaves 24, stalks 146, husks 91, cobs 262, and kernels (entire ear) 
18,300 (Shot\vell et aL 1980). Concentrations of aflatoxin precursors that occur in 
maize plants under field conditions have not. been identified. However, ECB larvae 
probably would not be affected by \'ersicolorin A, averufin, norsolorinic acid, or 
sterigmatocystin under field conditions, although it is possible that concentrations 
of aflatoxin Gl could be present in sufficient. quantity to affect ECB larvae. 



Table 1. Relation of various aflatoxin precursors in 8 meridic diet to sUlVival and development of the European com borer. 

Pupal weight 

Material 
Dosage 
(ppb) 

Survival (%) 
Pupation Adult 

Number of d 
Pupation Adult 

(rog) 
Female Male 

Abnormal 
adults (%) 

~ 

> 

"' < 
Newly hatched laruae iii 

Aflatoxin G1 1,000 0 0 l!. 
500 24.7 15.3 28.7 37.0 57.5 58.4 33.3 ~ 
250 82.3 71.7 22.9 31.3 90.2 68.2 17.5 '" 125 

63 
32 
16 

84.5 
83.5 
84.7 
98.5 

78.8 
81.2 
83.5 
96.5 

20.3 
17.0 
16.3 
16.3 

28.7 
25.2 
24.4 
24.3 

91.5 
103.7 
106.6 
114.6 

71.0 
77.9 
79.7 
83.1 

6.0 
0 
0 
0 

;: 
:l 
2
>
::l 
= 

Sterigmatocystin 60,000 
30,000 

62.3 
88.2 

55.3 
87.0 

20.7 
17.2 

29.5 
25.8 

90.3 
105.8 

69.5 
80.0 

3.8 
1.2 

S•5' 

15,000 
8,000 

91.7 
96.5 

88.2 
96.5 

16.5 
16.0 

25.0 
24.3 

104.3 
106.0 

79.0 
78.7 

1.9 
0 

." 
;; 
n 
c 

Versicolorin A 60,000 97.6 95.3 16.5 24.9 113.3 84.8 1.3 ~ 
0 

Averufin 
orsolorinic acid 

60,000 
60,000 

98.8 
97.6 

98.8 
97.6 

16.4 
16.8 

24.9 
24.8 

116.6 
115.5 

84.6 
85.0 

1.2 
0 

~ 
0 

" 
Cantrol 0 98.8 97.6 16.2 24.4 116.5 83.1 0 '" c 
LSD 0.05 8.2 8.3 0.9 1.2 7.1 4.2 4.5 3 

" n 
0 

Second·instar larvae " (") 

Aflatoxin G. 2,000 0 0 0 

" "1,000 10.6 3.5 25.9 31.0 80.3 44.4 33.3 
'"500 41.2 32.9 22.5 31.4 80.3 60.7 14.3 0 
;; 

250 78.8 72.9 18.8 27.8 97.4 74.5 4.8 " 
125 90.1 88.2 17.7 25.6 99.7 79.7 2.6 

w 
on.., 



~ 

'" 
~ 

Table 1. Continued 

Pupal weight 
Dosage Survival (%) Number of d (mg) Abnonnal 

Material (ppb) Pupation Adult Pupation Adult Female Male adults (%) 

63 91.7 89.4 17.5 25.4 100.2 79.9 1.4 
32 97.6 96.5 16.3 24.2 114.2 82.3 0 

Sterigmatocystin	 60,000 76.5 72.9 18.4 26.7 100.3 72.0 2.9 ,."" 
30,000 91.7 91.7 16.2 25.5 114.6 83.5 0 ':1 
15,000 100 100 16.5 24.4 114.7 82.9 0 

0 

t'l 
Control	 0 98.8 98.8 16.2 24.4 115.1 82.9 0 0 

0
LSD 0.05	 10.8 10.5 2.0 2.3 7.8 8.2 3.7 3 

0 
~ 

<Fourth-instar larvae 
~ 

Aflatoxin G1	 4,000 0 0 
2,000 14.1 4.7 26.2 34.0 64.8 52.7 17.1 

:-
z 

1,000 58.8 41.2 21.3 29.7 71.0 57.4 5.8 p 
~500 92.9 80.0 18.9 26.7 88.0 70.6 1.3 

250 92.9 91.7 17.2 25.5 97.6 73.5 2.3 :D 
125 100 100 16.5 25.0 108.9 82.4 0 '" 

Sterigmatocystin	 60,000 80.0 77.6 18.5 26.7 100.0 75.1 1.5 "" 
30,000 95.3 95.3 16.9 25.2 109.0 82.9 0 
15,000 100 100 16.6 24.7 108.7 82.2 0 

Control 0 100 98.8 16.6 24.8 1l0.2 83.2 0 
LSD 0.05 7.0 10.3 0.7 0.8 6.2 4.5 3.0 
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Abstract: Piperonyl butoxide (PH) was applied as a tank mix with t.wo pyrethroid insecticides 
to tomato plants in the field to determine if insecticidal activity against the Colorado potato 
beetle (CPB), Leptinolarsa decemlineala (Say), is enhanced. In 1981, permelhrin and 
fenvalerate were applied at 0.056 or 0.224 kg AI/ha and 0.056 kg AI/ha combined with PH 
at 1:0, 1:1, 1:2 and 1:4 ratios (pyrethroid:PB based on kg AI/hal. For 1982, permethrin and 
fenvalerate were applied at 0.014, 0.056 and 0.112 kg AI/ha and each rate was combined 
with PB at 1:0, 1:1, 1:2 and 1:4 ratios. 

In 1981 and 1982, permethrin and fenvalerate were synergized by the addition of 
piperonyl butoxide as a tank mix. CPB damage ratings and larval counts decreased as the 
PH ratio increased. The greatest amount of PB synergism for both pennethrin Ilnd 
fenvalerate, as measured by plant damage ratings and larval counts, was observed with the 
high rate of pyrethroid (0.112 kg AVha in 1982) and the high ratio of PB (1:4, insecticide:PB)_ 
Thus, the degree of pyrethroid synergism obtained is at least partially dependent upon both 
rate of insecticide and insecticide:PB ratio. 

Piperonyl hutoxide as a pyrethroid synergist for CPS control in New Jersey is effective 
and can be utilized in a spray program for tomato production. 

Key Words: Colorado potato beetle, Leptinotarsa decemlineala, piperonyl hutoxide, 
synergist, permethrin, fenvalerate, tomato insect control. 

J. Agric. Entomo!. 1(4): 360-366 (October 1984) 

The Colorado potato beetle (CPB), Leptinotarsa decemlineala (Say), is a severe 
pest of eggplant (Solanum melongena L.), white potato (S. tuberosum L.), and 
tomato (Lycopersicon esculentum Mill.) production in New Jersey. The CPB is 
capable of completely defoliating these crops as well as directly damaging the 
fruit. The CPB has developed resistance to nearly aU insecticides registered for its 
control (Forgash 1981; Harris and Svec 1981), including a low level of resistance 
towards the newly registered pyrethroids perrnethrin and fenvalerate (Forgash 
1981). 

Insecticide synergists are potentially important pest management components 
because they may: (1) increase the cost effectiveness of insect control (Hewlett 
1961; All et a1. 1977), (2) increase insecticidal activity against resistant arthropods 
(Attia 1977; Attia el a!. 1980; Schuntner el a!. 1974), (3) increase nalural enemy 
survival (Plapp 1979; Rajakulendran and Plapp 1982) and (4) decrease environ
mental hazards because reduced toxicant dosages may be applied (Schulze and 

I COLEOM'ERA: Chrygomelidue 
2 Hutgera Reseorcn & Development Center. RD. #6, Box 232, Bridgeton. 1'.'.1 08302. Reeei\"ed for publication 5 April 

1984; occepted 23 July 1984. 
:l Dcpllrtmcnt of Entomology, Rutgcra Univcraity. Ne .... flnlns.....ick. NJ 089U:l. 
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Hansens 1975). Piperonyl butoxide (PB) significantly enhances the toxicity of 
certain insecticides because it inhibits microsomal detoxification enzymes 
(Wilkinson 1976; Georghiou 1980), and PB has synergized several pyrethroids 
against the CPB in laboratory studies (Forgash 1981). The experiments described 
here were conducted in the field with combinations of PB and pyrethroids to 
compare effectiveness of CPB control with different synergist:insecticide ratios, 
The results of these experiments, conducted in an area with highly resistant potato 
beetles, nre reported here. 

MATERIALS AND METHODS 

} 98} Studies 
Tomato seedlings (cv., Campbell 28) were transplanted on 3 June to a 

Sassafras sandy loam field at the Rutgers Research & Development Center in 
Bridgeton, NJ. Single row plots were 6.0 m long and 1.5 m wide and contained 13 
plants spaced at 0.5 m intervals. A guard row buffered each treated row and all 
treatment.s were replicated four t.imes in a randomized complete block design with 
a factorial arrangement of treatment combinations (two insecticides X four PB 
ratios). Pennethrin (Ambush 2EC) and fenvalerate (Pydrin 2.4EC) were applied at 
rates of 0.056 and 0,224 kg AI/ha. Each pyrethroid also was applied at a rate of 
0.056 kg AI/ha in combination with a 1:0, Ll, 1:2 or 1:4 ratio of pyrethroid:PB, 
respectively, based on kg AI/ha. All treatments were applied with a tractor
mounted boom sprayer equipped with a drop nozzle on either side of the row and 
one over the center calibrated to deliver 795 Iit.ers/ha at 17.58 kg/cm2• Plots were 
treated 17, 24 June; 3, 8, l5, 22, 24, 27 July; 7. 14, 18, 25 Augus~ and 4 
September. Sprays applied before 24 July were applied using a prepackaged, 
preformulated mixture of insecticide and PB (Fairfield American Corp., Medina, 
NY 14103). Due to the ineffectiveness of the preformulated mLxture (no reduction 
of CPB larvae were observed in any treatment), tank mixtures of insecticide and 
PB were initiated 24 July with Prentox PBO 8E. Data recorded were plant 
defoliation ratings and CPB larval counts. 

1982 Studies 
The 1982 field trials were similar to 1981 except that all t.reatments were tank 

mixed for the entire season and applied with a self-propelled high clearance 
sprayer with a drop nozzle on either side of the row and one centered over the row 
calibrated to deli ....er 636 litel's/ha at I-L06 kg/cm~. Tomato seedlings {ev.. Campbell 
28) were transplanted to a Sassafras sandy loam field on 25 May and single row 
plots were the same as in the 1981 trials. The factorial arrangement of treatment 
combinations were increased to include Iwo insecticides X three insecticide 
dosages X four PB ratios. Fellvalerate and permethrin were applied at rates of 
0.01·1,0.056 or 0.112 kg Af/hll and each rate was also combined with PB at four 
different ratios (1:0, 1:1, 1:2 or 1:-4 insecticide:PB. respectively, based on kg AlIha). 
Plots W£'l'e treated 3, 11, 18 June: 7 July: and 4 August. Data recorded included 
pbm( nefoliation ratings and lurnll counts. 

RESULTS AND DISCUSSION 

A lO-dass rnting scale (cb~s I = no dllnwge. clnss 10 = total defolilltion of 
leaf tissue) WllS used to €'valu<HC' the degree of dHlllHge l'Husect by Colomdo potato 
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beetle. Larval counts included total number of CPB larvae per 10 plants per plot 
An data were analyzed using the analysis of variance for a factorial arrangement of 
a randomized complete block design (Hicks 1973). Statistically significant differences 
were determined using Duncan's multiple range test. 

1981 Studies 
Figure I-A shows CPB plant damage ratings recorded 18 August. Plant 

damage decreased with an increasing PB ratio for both permethrin and fenvalerate 
although this decrease was much more evident with permethrin than with 
fenvalerate. Because CPB is more resistant to permethrin than to fenvalerate 
(Forgash 1981), these data suggest that the amount of synergism may partially 
depend on the insecticide and/or on the degree of insect resistance to that 
insecticide. Also, the 1:2 and 1:4 ratios of permethrin:PB treatments had 
significantly less damage than did the 1:0 or 1: 1 ratios (0.056 kg AI/ha permethrin). 
There were no significant differences in plant damage between plots treated with 
the high rate (0.224 kg A1/ha) of permethrin without PB compared to the low rate 
of permethrin (0.056 kg AI/ha) with a 1:2 or 1:4 ratio (insecticide: PB, based on 
kg A1/ha). Similar results were obtained with fenvalerate although the differences 
were not statistically significant. A higher degree of synergism was obtained using 
a greater ratio of PB to insecticide. 

1-A 18 Auguo. 1961 

Fig. I-A. Colorado potato beetle defoliation ratings aD tomato treated with PB
synergized fenvalerate and permethrin. Means followed by the same 
letter are not significantly different (P = 0.05, DMRT). Means for plants 
treated with PB alone at 0.224 kg AI/ha = 16.0 c. 

Figure I-B shows second generation CPB larval counts conducted on 20 
August For both fenvalerate and permethrin, the number of CPB larvae generally 
decreased as the ratio of PB with insecticide increased, although this difference 
was not always significant. There were no significant differences in l£u'Val counts 
between plots treated with the high rate of permethrin (0.244 kg AI/ha) without 
PB compared to the low rate of permethrin (0.056 kg AI/ha) with a 1:2 or 1:4 ratio 
(insecticide:PB, based on kg Al/ha); similarly, the 1:4 ratio (insecticide:PB) with 
the low rate of fenvalerate was as effective as the high rate of fen valerate without 



GHIDIU and SILCOX: Synergized Pyrethroids for Potato Beetle Control 363 

PB in CPB reduction, demonstrating synergism of both permethrin and fenvalerate 
with PB. 

1-8 20 Augusl 1981 

Fig. loB. Colorado potato beetle huval counts on tomato treated with PB-synergized 
fen valerate and permethrin. Means followed by the same letters are not 
significantly different (P = 0.05, DMRT). Mean for plants treated with 
PB alone at 0.224 kg AI/ha ~ 9.0 c. 

1982 Studies 
CPB plant damage ratings (percent defoliation) made on 11 August for 

permethrin and fenvalerate are shown in Figures 2~A and 2-B, respectively. All 

2-A 1\ Augusl 1982 39.00 

Fig. 2-A. Colorado potato beetle defoliation ratings on tomato treated with PB
synergized permethrin. Means followed by the same letter are not 
significantly different (P = 0.05, DMRT). Means for plants treated with 
PB alone at 0.448 kg AI/ha ~ 19.8 bod. 

treatments of insecticide and insecticide + PB resulted in significantly less 
damage than the untreated \Vhen permethrin or fenvalerate were applied with no 
PH (1:0 ratio), plant damage decreased slightly as the rate increased. With the 
addition of PB to either pennethrin or fenvalerate, the decrease in plant damage 
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Fig. 2-B.	 Colorado potato beetle defoliation ratings on tomato treated with PB
synergized fenvalerate. Means followed by the same letter are not 
significantly different (P = 0.05, DMRT). Mean for plants treated with 
PB alone at 0.448 kg AI/ha = 19.8 b-d. 

became more evident as the ratio of PB increased within each insecticide rate, 
except for the 0.014 kg rate of permetlu·in. Further, within each ratio of 
insecticide:PB group, plant damage decreased as the ratio increased. Also, the 
high rate of permethrin (0.112) with a 1:2 or 1:4 ratio (perrnetl-u'in:PB kg AI/ha) 
had significantly less damage than the low rates of permethrin with the same ratio 
of PB. Similar results were obtained with fenvalerate, although the differences 
were not statistically significant. Overall, these data indicate that less plant 
damage occurred as either the insecticide rates were increased or as the 
inseeticide:PB ratio was increased. The least amount of plant damage was observed 
in plots that had the highest insecticide rate (0.122 kg AI/ha) with the highest 
ratio (1:4) of PB for both permethJ'in and fenvalerate. 

Figures 2-C and 2-D show second generation CPB larval counts made 5 August 
for permethrin and fenvalerate, respectively. Fenvalerate was synergized at the 
0.056 and 0.112 kg AI/ha rate, but permethl'in was synergized only at the 0.112 kg 
rate despite increasing PS rat ios. These data suggest that PB synergizes 
fenvalel'ate more readily than permethrin in PB and that pyrethroid-resistant 
beetles have a greater tolerance for permethrin than for fenvalerate. Differences in 
pyrethroid synergism have been confirmed by laboratory assays (A. J. Forgash 
personal communication). Plants treated with permethrin or fenvalerate at the 
0.056 or 0.112 kg rate showed distinct trends for less plant damage and fewer 
CPS larvae as the rate of insecticide increased and the PB ratio increased. 

Results of this study have shown that reduced I'Htes of pyrethroid insecticides 
can be effective for CPS control if piperonyl butoxide is tank mixed as a synergist. 
This will not only result in the inihibition 01' CPB detoxification enzymes, but will 
also result in lower costs to the grower. 
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37.0 de 

15.2 ad 

15.7 ad 

13.1 ac 

Fig. 2-C.	 Colorado potato beetle larval counts on tomato treated with PB
synergized permethrin. Means followed by the same letters are not 
significantly different (P = 0.05, DMRT). Mean for plants treated with 
PB alone at 0.448 kg AI/ha ~ 31.1 c-e. 

2-0 5 August 1962 37.0 de 

Fig. 2-D.	 Colorado potato beetle larval counts on tomato treated with PB
synel'gized fenvalel'8te. Means followed by the same letters are not 
significantly different (P = 0.05, DMRT). Mean for planL<; treated with 
PB alone at 0.448 kg AI/ha ~ 31.1 c-e. 
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Abstract: Field lind laboratory cultures of soybean looper larvae, Pseudoplusia indudens 
(Walker), were evaluated for dosage response to selected insecticides. Permethrin, mono
crotophos, and renvalerate were most toxic followed in order of descending toxicity by 
methomyl, accphnte and methyl parathion. Field·collected larvae showed higher LDso values 
than laboratory-reared larvae treated with the same insecticide. 

Key Words: Soybean looper, Psclldoplusia inc/udens. selected insecticides, toxicity, log 
dosage probit. 

J. Agric. EntomoL 1(4): 367-370 (October 1984) 

The soybean looper (SBL), PseudopJusia incJudens (Walker), is a serious 
economic pest of soybeans in the southeastern United States. Chiu and Bass 
(1978) reported that the SBL had developed resistance to some chemicals which 
formerly had provided control. Base-line toxicity levels of various carbamate and 
organophosphate insecticides against SBL have been established by Chalfant 
(1969), Chiu and Bass (1978), and Livingston el al. (1978). Base-line data on 
response to the synthetic pyrethroids have not yet been established. This paper 
reports toxicities of selected insecticides topically applied to SBL larvae, 

MATERIALS AND METHODS 

Field and laboratory cultures of SBL larvae were maintained on a pinto bean 
meal synthetic diet similar to that described by Shorey and Hale (1965). The 
laboratory culture was established in autumn of 1980 from larvae that had been 
reared more than 18 generations by the Insects Affecting Man and Animals 
Research Laboratory, ARS, SEA, USDA, Gainesville, FL 32604. The field culture 
consisted of SBL larvae originally collected from soybeans in various locations in 
south Georgia during the autumn of 1981. In most instances no insecticide 
application had been made in t.he soybeans prior to SBL collection, These were 
reared through t1u'ee generations prior to treatment. Only larvae from the laboratory 
culture were t.reated in 1981, while in 1982 both field and laboratory·reared larvae 
were treated, The insects were reared at ca, 27 ± 2°C, ca. 60% RH, and a 15 h 
phorophase/9 h scotophase. Following treatment, larvae were returned to laboratory 
conditions under which they were reared. 
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Larval susceptibility to selected insecticides was evaluated using a method 
similar to the ESA Standard Test Method for detection of insecticide resistance in 
Heliothis spp. (Anon. 1970). Larvae selected for treatment had a weight range of 
25 - 40 mg in 1981 and 30· 40 mg in 1982. They were treated with ascending 
dosages of 97% tech. acephllte, 92.3% tech. fenvalerate, 98.7% tech. methomyl, 
92% tech methyl parathion, 77.5% tech. monocrotophos, or 97.9% tech. permethrin 
(47:53. cis:trans), all dissolved in acetone to make stock solutions. Stock solutions 
were then serialJy diluted to obtain the desired concentrations. One microliter of 
solution was applied to the dorsal thoracic region of each larva using a Microliter 
no. 705 (Hamiltoo Company, Reno, NY) hand-held applicator. In 1981 tests, 
larv&e were treated and held in l5-cm plastic petri dishes containing synthetic diet 
with all larvae from a given dosage kept in the same dish. In 1982 tests, larvae 
were treated and held individually in 30-ml plastic cups with synthetic diel For 
computing dosage-mortality lines, the number of replicates ranged from three to 
eight with a minimum of five dosages plus a control (acetone only) with at least 10 
larvae/dose. A larva was considered dead if it made no movement when prodded 
with a pencil point. Observations were made 72 h posttreatment and data were 
analyzed using probit analysis (Daum 1970). There was very little mortality in the 
control group and any that occurred was adjusted by Abbott's formula (Abbott 
1925). 

RESULTS AND DISCUSSION 

Permethrin was most toxic to SBL larvae from the laboratory culture and 
methyl parathion least toxic (Table 1). Methyl parathion and monocrotophos were 
not tested in 1982, but 1981 median lethal doses for methomyl and accphate were 
very similar to corresponding values found in the 1982 laboratory culture (Table 
1). Permethrin was again the most toxic insecticide tested in 1982, against both 
field and laboratory larvae. All insecticides tested were more toxic to the laboratory
reared larvae than to the field-collected larvae. Permethrin was ca. twice as toxic 
to laboratory larvae than field larvae, fenvalerate ca. 4-fold more toxic, methomyl 
ca. 7-fold more toxic and acephate ca. 3-fold more toxic to laboratory larvae. 

With the exception of pennethrin, each insecticide showed similar slopes of log 
dosage - probit mortality lines for both field and laboratory cultures, indicating a 
similar response to the insecticides by field and laboratory la.rvae. A comparison of 
slopes between laboratory and field-collected cultures treated with permethrin 
shows a slightly steeper slope in the field population. This indicates a more 
homogenous population of slightly less susceptible individuals in the field culture. 
Possibly this resulted because field populations had been subjected to permethrin 
applications and the more susceptible portion of the population had already been 
eliminated. 

Comparison of median lethal doses with values reported in previous studies is 
difficult since Chalfant (1969) used a different bioassay technique and Chiu and 
Bass (1978) used sixth-instar larvae. However, Chalfant (l969) found monocrotophos 
more toxic than methomyl, and methomyl more toxic than methyl parathion, in 
accordance with our findings. Chiu and Bass (1978) found monocrotophos less 
toxic than acephate, methomyl and methyl parathion, with acephate most toxic of 
the L4 materials they tested. The dosage-mortality slopes found by Chalfant 
(1969) and Chiu and Bass (1978) were generally similar to our values for the same 
chemicals, though all were steeper. 



Table 1. Median lethal doses for selected chemicals against laboratory and field cultures of PseudopllLsia includen.~ at 72 h 
posttreatment, Tifton, GA, 1981-82. 

No. LD5U 

Chemical Replications Culture (}.lg/g larval wt) 95% C.l. Slope± SE 

Acephate 
Acephate 

5 
7 

1981 lab 
1982 Jab 

20.34 
23.82 

15.98 
19.76 

26.63 
29.42 

2.40 ± 0.36 
1.98 ± 0.16 

Acephate 6 1982 field 73.95 58.89  96.02 1.89 ± 0.20 
Fenvalerate 5 1982 lab 3.52 1.49  24.11 0.73 ± 0.20 
Fenvalerate 
Methomyl 
Methomyl 

8 
3 
4 

1982 field 
1981 lab 
1982 lab 

14.87 
8.36 
7.58 

6.89 
0.23· 
5.16 

60.66 
154.49 

11.94 

0.84 ± 0.14 
0.75 ± 0.29 
0.90 ± 0.12 

'J x;:;. 
~. 

Methomyl 
Methyl parathion 
Monocrotophos 
Permethrin 
Permethrin 
Permethrin 

4 
3 
3 
6 
6 
8 

1982 field 
1981 lab 
1981 lab 
1981 lab 
1982 lab 
1982 field 

49.07 
601.25 

3.00 
0.23 
0.14 
0.27 

24.93  339.44 
344.38 - 2100.39 

0.91 - 5.48 
0.13  0.33 
0.01 - 0.55 
0.13  0.48 

0.80 ± 0.23 
1.61 ± 0.37 
2.44 ± 0.70 
1.49 ± 0.23 
1.10 ± 0.36 
1.99 ± 0.42 
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Although trends in development of resistance to insecticides by the soybean 
looper cannot be shown by this study, our data present base-line toxicities for two 
of the synthetic pyrethroids (fenvalerate and pennet.hrin) and relative toxicities of 
acephate, methomyl, methyl parathion and monocrotophos. 
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CHEMOSTERILIZATION OF EUROPEAN CORN BORER' 
ADULTS WITH DIFLUBENZUR0N2·3 
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Abstrad: Hatchability of egg masses from moth pairs of Ostrinia nubilalis (Huhner) originating 
from larvae reared on a meridic diet treated with 7.8 and 15.6 ppm of diflubenzuron was less 
than was hatchability of egg masses from moths originating from larvae reared on untreated 
diets. Only one sex of a cross originating from larvae reared on treated diet was sufficient to 
cause los9 of hatchability. Rearing larvae on treated diet for only 1 d was 8S effective in 
reducing subsequent egg hatch from the resulting adults as was rearing IlUY'ae on treated diet 
for 3, 5, 7. 9, or 11 d. 

Key Words: European corn borer, Ostrinia nubilalis, chemosterilization, dillubenzufon 
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European corn borer (ECB). Ostrinia nubiJalis (Hubner). is a major pest of 
corn, Zea mays (Linnaeus), and applications of conventional insecticides remain 
the primary defense for preventing economic damage. Insecticides are applied 
either for systemic activity at planting time (Edwards and Berry 1972) or as foliar 
treatments (Berry et aI. 1972; Harding et aI. 1968). Either technique is designed, 
however, to suppress the larval stage of the ECB. Investigations have shown, 
however, that female and male ECB can be sterilized by rearing larvae on diet 
treated with tepa and apholate (Harding 1967) or by dipping adults in an aqueous 
solution of metepa (Jackson and Brindley 1971). 

Diflubenzuron is regarded as an insect growth regulator because it interferes 
with cuticle deposition in immature insects (Mulder and Gijswijt 1973). It has also 
been used as a chemosterlizing agent for some insects (Elings and Dieperink 1974; 
Ivie and Wright 1978; Mitlin et aJ. 1977; Moore and Taft 1975; Moore et al. 1978; 
Oliver et al. 1977; Taft and Hopkins 1975; Verloop and Ferrell 1977). We, 
therefore, designed an experiment to determine if dinubenzuron has a chemo· 
sterilizing effect on the ECB. 

MATERIALS AND METHODS 

Our experimental design was a split-split plot with concentrations of dilluhenzuron 
85 the whole plot, number of days the larvae were allowed to feed on treated or 
nontreated diet prior to being transferred as the subplot, and moth crosses as the 
sub·subplot. Each treatment. was replicated fOUf t.imes. 

We used 7.8 and 15.6 ppm as our concentrations of diflubenzuron. In 
exploratory experiments we showed rate responses between 7.8 and 15.6 ppm of 

I LEPrDOPTERA: P)'Talidal'
 
2 Joint contribution: United Statu Department of Al:Ticulture, Agricultural Reaearch Service. and Journal Paper No.
 

J·9641 of the lown Agriculture end Home EconornicH Elperiment Stlltion, Amea 50011: Project 26L3. Itecnived for 
publicntion 9 April L9S4; accepted 24 .July 1984. 

3 Mention of • propriolliry producl doct not constilute an endOl1lemenl by the USDA or coopernting llgenciu. 
" I'reannl nddresH: College of Agriculture, RiYlll! Unh·crHity. Riynd, Saudi Arabia 
6 Com InaecU! Re~an::h Unit, USDA·ARS. Ankeny. lA SQO:l1. 

371 



372 J. Aerie. Entomol. Vol. 1, No.4 (1984) 

diflubenzuron as measured by viability of eggs aud the production of othen'lise 
normal moths. ECB diet was prepared as described by Lewis and Lynch (1969). 
The two concentrations of diflubenzuron were prepared in the laboratory by 
methods described by Harding and Dyar (l970). ECB diet was topically treated 
by adding 0.2 ml of the 7.8 or 15.6 ppm concentrations of diflubenzuron to ca. 5 
m1 of diet in 30 ml jelly cups. 'We introduced neonate larvae into a group of cups 
(one larva/cup) that had previously been treated with one of the concentrations of 
diflubenzuron. On day I, 3, 5, 7, or 11, 50 larvae from each concentration were 
transferred to untreated diet with a small brush and allowed to develop to 
pupation. Also, reciprocal transfers were made, i.e., larvae were transferred on day 
1, 3, 5, 7, or 11 from untreated to dinubenzuron treated cups. Larvae used as 
controls were transferred from untreated to untreated diet. 

As soon as the larvae pupated, the pupae were placed in individual jelly cups. 
Moths originating from larvae reared on untreated diet (U1j were crossed and 
identified as cross 1 = UT female X UT male. Moths originating from larvae 
reared on diflubenzuron treated (1') diet and then transferred to untreated diet 
were identified as T-UT. The following crosses were made and identified as 
follows: cross 2 = T-UT female X T-UT male, cross 3 = T-UT female X UT 
male, and cross 4 = T·UT male X UT female. 

Moths originating [Tom larvae reared on an untreated diet and then transferred 
to diDubenzuron treated diet were identified 8S UT-T. The following crosses were 
made and identified 8S follows: cross 5 = UT·T female X UT-T male, cross 6 = 
UT-T female X UT male and cross 7 = UT-T male X UT female. 

Approximately 20 pairs of moths of each of the crosses were placed in small 
cages (one pair/cage). These mating cages were screen-\vire cylinders, ca. 8-cm in 
height and 8-cm in Diam, with screen-wire bottoms and hardware-cloth tops (4 
mesh). Waxed paper was placed on top of each cage for oviposition. The waxed 
paper was changed each day. The larvae were reared and the egg masses were 
incubated at 27°C, 75 - 90% RH, and constant light 

Viability of ECB egg masses was determined a week later. A rating scale 
similar to that reported by Lewis et a1 (1971) was used where 1 = egg masses 
with 0% hatch, 2 = egg masses \vith 1 - 50% hatch, 3 = egg masses with 51 - 99% 
hatch, 4 = egg masses with 100% hatch, 5 = % egg masses that embryonated 
(blackhead stage) without hatching, and 6 = % egg masses that were sterile (no 
visual indication of larval development). 

Means were used for analysis of variance. The total sums of squares for 
percent.age of egg masses with 0% hatch, percentage of egg masses \vith 100% 
hatch, percentage of egg masses which embryonated without hatching, and 
percentage of egg masses which were sterile were each partitioned into components 
for replications (3 dJ.), concentrations of diflubenzuron (1 d.f.), error a (3 d.f.), 
number of days the larvae were allowed to feed on treated or nontreated diet prior 
to being transferred (5 d.f.). days X concentration (5 d.f.). error h (30 d.f.), moth 
crosses (6 d.f.), crosses X concentrations (6 dJ.), crosses X days (30 d.f.), crosses 
X concentrations X days (30 dJ.l, and error c (216 dJ.). 

RESULTS AND DISCUSSION 

There was no significant difference in viability of eggs produced by moths 
reared from larvae treated with 7.8 or 15.6 ppm of diflubenzuron. Therefore, the 



X 

FARAGALLA et a1.: Chemosterilization of European Corn Borer 373 

data in Table 1 were averaged over the two concentrations of diflubenzuron. The 
time interval that larvae were allowed to feed on dinubenzuron-treated diet and 

Table 1.	 Influence of dinubenzuron on F 1 European corn borer eggs (summed 
over concentration). 

Moth crosst 

Larval age- l 2 3 4 5 6 7 

Percentage of egg masses with 0% hatch 
1 0.0 15.3 31.3 15.3 23.0 22.6 16.0 20.6 
3 0.0 21.6 25.5 11.5 17.8 23.5 16.4 19.4 
5 0.0 26.9 18.8 14.1 14.8 19.5 18.9 18.8 
7 0.0 13.0 14.9 25.5 17.6 24.6 15.5 18.5 
9 0.0 21.3 19.6 21.5 21.5 23.9 16.1 20.7 

11 0.0 15.3 19.8 25.3 11.8 26.1 19.6 19.7 
X 0.0 18.9 21.7 18.9 17.8 23.4 17.1 

Percentage of egg masses with 100% hatch 
1	 77.5 8.6 5.4 13.0 17.1 18.1 19.6 13.6 
3	 88.5 13.2 5.4 19.4 15.3 19.5 26.8 16.6 
5	 89.3 18.0 12.5 27.9 31.4 23.4 31.5 24.1 
7	 93.8 7.0 21.1 21.6 24.5 15.8 20.4 18.4 
9 79.3 8.8 19.3 13.3 11.4 13.0 13.1 13.2 

11 84.5 23.0 11.5 23.4 23.0 24.4 21.9 21.2 
X 85.5 13.1 12.5 19.8 20.5 19.0 22.2 

Percentage of egg masses which embryonated without hatching 
I 0.0 12.8 20.5 13.8 14.3 12.1 7.0 11.5 
3 0.0 18.5 13.8 24.0 12.4 14.0 6.8 12.8 
5 0.0 17.4 10.9 15.1 8.8 13.6 10.6 10.9 
7 0.0 19.3 10.4 9.4 11.6 20.1 10.0 11.5 
9 0.0 5.9 16.9 16.5 15.6 17.3 11.4 11.9 

11 0.0 14.9 11.3 7.0 11.3 17.5 13.5 10.8 
X 0.0 14.8 14.0 14.3 12.3 15.8 9.9 

Percentage of egg masses which. were sterile 
I 0.0 30.0 40.6 35.9 35.3 30.0 37.6 34.9 
3 0.0 35.1 48.8 23.9 33.5 30.0 41.5 35.5 
5 0.0 25.6 33.4 20.5 29.6 27.6 23.4 26.7 
7 0.0 39.9 33.9 32.6 22.8 32.6 34.9 32.8 
9 0.0 52.4 41.5 31.4 33.0 35.9 43.9 39.7 

11 0.0 36.8 43.4 26.5 31.5 21.6 29.6 31.6 
X 0.0 36.6 40.3 28.5 31.0 29.6 35.2 

• Aile of larvue (d) when transferred (rom trealed diet to untreated diet or (rom unlreated diet to treoted diel 
t	 I - untreated (liT) female X untreated (UT) male 

2 - treated (T)·untrellted (trI1 female X treated rI)-unlreated (UT) mAle 
3 - T-UT femole X tiT molt> 
4 - T-UT mnle X UT femole 
5 - tiT·T (emilie X tiT·T mAle 
6 - tiT-T femAle X til' mule 
7 - ti'l'·T mule X UT (emole. 
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the order in which they were transferred, either from diflubenzuron·treated diet to 
untreated diet or from untreated diet to treated diet, was significant (P = 0.05) 
only in the 100% hatch and sterile categories. The order in which the moths were 
crossed was significant for percentage of egg masses with 0% hatch, 100% hatch, 
percentage of egg masses which embryonated without hatching, and percentage of 
egg masses which were sterile categories. Significant interactions between larval 
age X moth pair occurred only in the categories of 0% egg hatch, 100% egg mass 
hatch, percent egg masses which embryonated without hatching, and percentage of 
egg masses which were sterile. 

A summary of the influence of diflubenzuron on ECB F 1 egg masses is 
presented in Table 1. Although the larval age X moth cross interaction was 
significant for all categories, the data suggest these interactions were due primarily 
to the magnitude of response between the untreated female X untreated male 
cross as compared to the other crosses (2, 3, 4, 5, 6, and 7). Production of viable 
egg masses was reduced regardless of the length of time larvae were allowed to 
feed on the diflubenzuron-treated diet. Rearing larvae on treated diet for 1 d was 
as effective in reducing the percen~ge of nonviable egg masses as was rearing 
larvae on treated diet for 3, 5, 7, or 11 d. 

Production of viable egg masses was independent of moth crosses. In cross 2, 
both male and female moths were from larvae that were fed treated diet; however, 
production of viable eggs was similar to crosses 3 and 5 (females from treated 
larvae) and crosses 4 and 7 (males from treated larvae). 

The 1 - 50% and 51 - 99% hatch categories are not given in Table 1 because 
the time interval that larvae were allowed to feed on ditlubenzuron-treated diet 
and the order in which they were transferred, either from diflubenzuron-treated 
diet to untreated diet or from untreated diet to treated diet and the order in which 
the moths were crossed were not significant (P = 0.05). 

The results show that diflubenzuron is an effective chemosterilant of the ECB. 
These results, along with those of Faragalla et al. (1980), and Berry et al. (1980), 
demonstrate that diflubenzuron functions as a chemosterillant, ovicide, and 
larvicide against the ECB. 
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Abstract: The experimental insecticide SD 52618 15,6-dihydro-2-(acinitromethyI)4H-l,3
thil1zine,2:1 calcium saltl W£lS not highly toxic to Geocoris punclipes (Say) in small-plot field 
tests, but control of PseudoplusiQ iTlcludeTls (Walker) and Anlicarsia gemmatalis Hubner was 
obtained at all the rates tested. Greenhouse studies indicated that SD 52618 was non· 
ovicidal to eggs of G. punctipcs. Laboratory results revealed that adult predators could 
readily feed on soybean looper larvae that had been fed SO 52618 treated soybean foliage 
without significantly (P > 0.05) affecting predator survival. However, confinement of 
adult G. punclipes on SD 52618 treated soybean foliage in the laboratory resulted in 
significant (P < 0.05) predator mortality. 

Key Words:	 SD 52618. Big-eyed bug, Geocoris punctipes, Pseudoplusia inciudens. 
Anticarsia gemmalalis. soybean predator. 
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The ideal insecticide for use in any integrated pest management system would 
be selective for only the target species and have minimal adverse effects on the 
non· target and beneficial species. Data provided by the Shell Development 
Company led us to suspect that a new class of insecticides, the nitromethylene 
heterocycles (NMH), currently being developed by Shell, may have the advantageous 
characteristics described above. The NMH, SD 52618 !5,6-dihydro-2-(acinitromethyl) 
4H-l,3-thiazine,2:1 calcium saltl has plant systemic activity and has a broad 
spectrum of larvicidal and adulticidal activity, especially against lepidopterous 
larvae. Ross and Brown (1982) reported that a related NMH, SD 35651, inhibited 
the larval growth of fall annyworm, Spodoptera frugiperda (J. E. Smith), when the 
insecticide was incorporated in artificial diet. 

MATERIALS AND METHODS 

In 1981 at Tifton, GA, and in 1982 at Attapulgus, GA, tests were conducted to 
compare different rates of SD 52618 to recommended rates of the commonly used 
soybean insecticides permethrin, methomyl, and acephate. Insecticides were 
applied with a CO2 powered backpack sprayer calibrated to deliver 70 liters of 
water/ha. 

A randomized complete block design was used at both sites, with fOUf and five 
replications for 1981 and 1982, respectively. Insect numbers were monitored by 
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using a shake-cloth (1.8 m) in 1981 and a sweep net (38 cm Oiam.) in 1982. 
Populations of big-eyed bug, Geocoris punctipes (Say), soybean looper, Pseudoplusia 
includens (Walker), and velvetbean caterpillar, Anticarsia gemmatalis Hiibner, were 
monitored for their response to the insecticide applications. 

Laboratory and greenhouse studies were initiated to assess the impact of SO 
52618 on G. punctipes. Studies were conducted to determine: 1) the ovicidal 
activity of SD 52618 against G. pUllctipes, 2) the effects of predator feeding on 
soybean looper IllIVae thet had fed on SO 52618 treated soybean foliage, and 3) 
the contact toxicity of SD 52618 treated soybean foliage to the predator. SD 
52618 was tested in all studies at rates of 0.84,0.55,0.28, and 0.14 kg Aflha. A 
CO2 powered backpack sprayer was used to apply SD 52618 to greenhouse-grown 
soybean. Potted soybean plants were placed in rows and then sprayed at the 
desired rate to simulate field insecticide application. 

The ovicidal activity of SD 52618 against eggs of G. punctipes was evaluated by 
randomly attaching 10 eggs (1- 24 h old) on the upper surface of the leaflets of a 
greenhouse-grown soybean plant. Eggs were attached by means of a camel hair 
brush and a 10% solution of Plantguard@. After adequate drying time plants were 
then sprayed with the desired rate of SD 52618, placed in the greenhouse, and 
monitored daily to determine percent hatch. A total of 50 eggs was tested at each 
rate of SO 52618. 

Second· to third· instar soybean looper larvae were exposed to SO 52618 
treated foliage for 24 h and then provided as prey for adult G. punctipes to 
detennine the degree of predator mortality. Twenty soybean looper larvae were 
placed in petri dishes containing four to five SD 52618 treated soybean leaflets. 
The soybean leaflets were placed atop a piece of water· moistened filter paper to 
prevent desiccation. After 24 h both dead and living larvae were placed in a 9 cm 
petri dish with an untreated soybean leaflet atop a piece of water-moistened filter 
paper. A single adult G. punclipes then was placed in the petri dish and allowed to 
feed for three d. The condition of the predator was checked once each day. 
Checks consisted of soybean looper larvae that had fed on untreated soybean 
foliage. A tolal of 20 adulls was lesled al each rale of SO 52618. 

Contact toxicity of SD 52618 to G. punctipes adults was tested by placing a 
single treated soybean leaflet in a 9-cm petri dish. A piece of water-moistened 
filter paper served as a water source for the predator and prevented desiccation of 
the leaflet. Honey was provided as a food source, with a small drop smeared on 
the lid. A single G. punctipes adult was placed in each dish and its condition was 
checked once daily for 3 d. A lot",l of 30 adults was tested at each rale of SO 
52618. 

Females and males were tested separately in the t.reated prey and treated 
foliage tests. However, no significant differences were found due to the predator's 
sex in the initial analysis and data were therefore combined for subsequent 
analyses. Analysis of variance was used to evaluate the results of all tests. 
Duncan's (1955) Multiple range test was used to determine mean differences. 

RESULTS AND DISCUSSION 

When compared to the recommended rales of permethrin, methomyl, or 
acephate, SO 52618 at 1.10 kg Af/ha did not differ significantly in control of 
soybean loopers at Tifton in 1981. All insecticide treatments resulted in a 
significant reduction in soybean looper numbers when compared with the check. 
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Comparisons among different rates of SD 52618 for control of soybean loopers 
and velvetbean caterpillars are presented in Table 1. The three rates of SD 52618 
evaluated in 1981 had all significantly reduced P. includens larval abundance at 2 
d posttreatment (23 September), when compared to the check, but did not differ 
significantly from each other. A lower range of rates of SD 52618 was evaluated 
for control of A. gemmalalis in 1982. At 2 d posttreatment (25 August) all three 
rates of SD 52618 resulted in significantly fewer A. gemmatalis larvae than were 
detected in the check, but the rates did not differ from each other. Samples taken 
at 9-d posttreatment (1 September) indicated significant differences between each 
rate of SD 52618 with all three resulting in significantly fewer A. gemmatalis 
larvae than were in the check. 

Table 1. Comparisons between rates of SD 52618 for efficacy against Pseudoplusia 
includens and Anticarsia gemmatalis in soybean in south Georgia in 1981 
and 1982. 

P. includens/1.8 row-m in 1981" 

Rate (kg Al/ha) 22 September 23 September 

1.40 13.8 at 17.3 a 
1.10 16.8 b 12.3 b 
0.84 21.3 b 14.8 b 
Check 44.5 b 58.8 a 

A. gemmatalis/30 sweeps in 1982; 

25 August 1 September 

1.10 0.0 at 7.0 a 
0.55 0.0 a 15.0 b 
0.28 2.0 a 28.2 c 
Check 4.4 b 39.8 d 
·1'reatm~nUl applied 21 September at Tifton, GA. 
t Means within 8 column followed by n common leIter do not differ signif'iclll\tly ot the 0.05 level based on Duncnn'a 

(1955) multiple ranee test. 
~ TrelltmenUi Ilpplied 2:1 All~IlSl HI. Altflpulgus. GA. 

Numbers of G. punctipes were very low at Tifton in 1981 and comparisons 
among treatments were difficult to determine. In 1982, abundance ofG. punctipes 
ranged from 3.7 to 5.4 adults per 30 sweeps during mid-September. SD 526/8 
applied at the rates of 1./0, 0.55, and 0.28 kg AJ/ha did not result in significant (P 
> 0.05) reduction in G. punctipes numbers when compared to the check. 

In the greenhouse study there was no evidence that SD 52618 was ovicidial to 
G. punctipes. Percent hatch for eggs of G. punctipes treated with SD 52618 at 0.84 
kg AI/ha was 92, compared with 94 for untreated eggs. Allowing the predator to 
feed on soybean looper larvae, that had previously fed on SD 52618 treated 
foliage, did not result in significant (P > 0.05) predator mortality. Adults of G. 
punctipes that were allowed to feed on soybean loopers exposed to the SD 52618 
rate of 0,84 kg AVha had 95% survival compared to 100% survival for those 
predators feeding on soybean loopers not exposed to SD 52618. 
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Presented in Table 2 are the results of confining adults of G. punctipes with SD 
52618 treated soybean foliage. Significant (P > 0.05) predator mortality did occur, 
especially at the rates of 0.84 and 0.55 kg AUha. None of the adults survived the 
entire 3-d test interval at the two higher rates. 
Table 2. Percent survival of adult G. puncl;pes exposed to SO 52618 treated 

soybean foliage under laboratory conditions. 

% Survival 

Rate (kg Al/ha) Day I Day 2 Day 3 

0.84 6 a' 3 a o a 
0.55 13 a o a o a 
0.28 70 a 63 b 50 b 
0.14 90 b 76 be 56 b 
Check 100 b 100 c 93 c 

10	 M('aM rol)o,r,·td by a (Ommen leiter ,,:ilhin a column do not difrer .ignificantly at Ihe 0.05 len~1 ba$ll'd on Duncan'$ 

(1956) multiple Illlll:t telL 

In conclusion, field tests with SD 52618 indicated that it had little if any 
detrimental effect on G. punclipes populations on soybean, but did provide 
satisfactory control of the soybean looper and the velvetbean caterpillar. Greenhouse 
and laboratory studies revealed no ovicidal activity of SD 52618 to eggs of G. 
punctipes and no effect was observed when adults of G. puncUpes were allowed to 
feed on soybean loopers that had previously fed on SD 52618 treated soybean 
foliage. Since G. punctipes is known to search the soil surface as well as the plants 
in soybean it would be expected to encounter dead larvae in an insecticide-treated 
soybean field and could feed on them. The fact that significant (P > 0.05) 
mort.ality was not observed for this type of predator-prey encounter under laboratory 
conditions may be an important and desirable attribute of SO 52618. 

Exposing adults of G. punctipes to SD 52618 treated foliage did result in 
significant (P > 0.05) mortality under the confined system of a petri dish arena. 
Shepard et al. (1974) reported that Geocoris spp. moved along a temperature 
gradient within the soybean foliage with individuals concentrated in the upper 
strata during the morning hours and in the lower strata during the afternoon 
hours. This type of movement may explain the differences in survival of G. 
punclipes in the field and laboratory tests. 

SD 52618, a member of a new class of insecticides, the NMH, appeared to 
show considerable promise for use in soybean as a component in integrated pest 
management programs. 
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GENETICS OF GLUCOSE PHOSPHATE ISOMERASE 
AND GLUCOSE-6-PHOSPHATE DEHYDROGENASE 
IN ANTHONOMUS GRANDIS GRANDIS AND 
A. GRANDIS THURBERIAEI.2 

Andrew C. Terranova 3 and David T. North 4 

Abstract: Analysis of laboratory colonies of the boll weevil, Anthonomus grandi5 grandis 
Soheman, and the thurberia weevil, A. gmndis Ihurberiae Pierce, revealed six electrophoretic 
phenotypes of glucose phosphate isomerase (GPO and three electrophoretic phenotypes of 
glucose·6-phosphate dehydrogenase (C-G-PD). Single-pair crosses indicated that the variation 
for GPI is controlled by three codominant alleles at a single autosomal locus. Variation 
for G-6-PD is controlled by two codominllnt alleles at [l single autosomal locus. Data show no 
evidence of sex linkage for either locus and mating between genotypes is random. The boll 
weevil colonies were monomorphic for the Gpi- 172 ullele, whereas the thurberia weevil 
colonies were polymorphic with Gpi-J63 and Gpi·j81 as additional alleles. All laboratory 
populations were polymorphic for both G-6-PD aHcles (Gpd-150 and Gpd-J57). 

Key Words:	 Anthonomw; grail dis grandis Bohcman, Anl1lOrlOmus grandis thurberiae, boll 
weevil, thurberia weevil, Anthonomus grandis thurberiae, glucose phosphate 
isomerase, glucose-6-phosphate dehydrogenase, enzyme polymorphism, 
genetics, allozyme. 
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Glucose phosphate isomerase (GPI:EC 5.3.1.9) has been reported to be 
electrophoretically variable in the boll weeviL Anthonomus grandis gr'andis Boheman 
(Bartlett 1981; Bartlett et al. 1983; Terranova 1981a). Bartlett (1981) and Bartlett 
et al. (1983) reported a single locus containing three functional GPI alleles plus a 
null allelic from various naturally occurring boll weevil strains. Terranova (1981a) 
reported that a laboratory strain contained two GPI loci; one monomorphic, the 
other polymorphic. Both groups intimated that the phenotypes of the polymorphic 
locus confonned to a simple genetic model, but these descriptions are incomplete and 
evidence for the genetic basis of the variation was not given. Terranova (1981a) also 
reported that glueose-6-phosphate dehydrogenase (G-6-PD:EC 1.1.1.49) appeared 
monomorphic in the laboratory strain of boll weevil utilized in that study. 

The results of single-pai.r crosses of laboratory· reared colonies of the boll 
weevil and the thurberia weevil, A. grandis tlwrberiae Pi.erce, with regard to the 
inheritance of GPI and G·6- PD, are reported here. 

MATERIALS AND METHODS 

Inheritance of GPI and G·6-PD was studied from zymograms of parents and 
progeny of single-pair matings from laboratory colonies described previously 
(Terranova and North 1984a,b). See Table 1 for an abbreviated description of 
colonies utilized. 

I COLEOPTEIL\: Cun:ulionidne 
2 In cOOllernlion with the South Carolina At:ric. Exp. Stn. Heceived for l'uhlicntion ., MII~' 198~: Ilcce,lled 24 July 

1!.l8·1, 
3 COllon Production Rellellrch Unit. USD,\·AllS. P. O. Box 2131, Flurencl!. se 2950.1. 
4 Metaholism lind Ulldintion Research LnborIllO!)·. USD,\·ARS. P. O. LJox r;r.H. ~·l\rgo. ND 58102. 
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Table I.	 Gene frequencies, expected (EXP) and observed (OBS) heterozygosity 
of Gpi·/ and Gpd·/ from laboratory colonies of the boll weevil and the 
thurberiae weevil. 

Population gene frequencies· 

Locus Allele FL EB FT 1'3 T4 

Gpi-i 63 1.0 1.0 0.106 0.22 0.119 
72 0 0 0.74 0.76 0.881 
81 0 0 0.154 0.02 0 

HET(OBS) 0 0 0.385 0.4 0.19 
HET(EXP) 0 0 0.417 0.374 0.21 

n 106 47 104 25 42 

Gpd-i 50 0.84 0.872 0.614 0.763 0.318 
57 0.16 0.128 0.386 0.237 0.682 

HET(OBS) 0.245 0.213 0.429 0.368 0.273 
HET(EXP) 0.269 0.223 0.474 0.361 0.434 

n 106 47 70 38 22 
• f'L	 - Florence laborftlOry boll wee\il: established 1961 from Sotlth Carolina cOlton fields. 

EO - homozygou. ebon)'·mutant sIrain originally from Delta Stale Aren Hall Weevil Rnearth Laboratory, MiulsSippi 
Stau!', MS. 

IT - thurberill wee\'i!, coUecled in 198U from Santa Rita MoontoinJ, AZ. and reured at Florence, SC, 
T'J - thurberin "'of:viIR eollected in 1980 rrom Santa Rila MountAins, AZ, lind reared at Farco. ND. 
T4 - ltmroorin ,,'ef:vils collected in Ill81 frum Molino Busin. CataHnu Mountuina, AZ. and rCllrcd III ~·Ilf"go. ND. 

Electrophoresis was performed on homogenates of whole animals at 5°C for 1.5 
h in 7% T. 3.3% C polyacrylamide slab gels using the discontinuous buffer system 
of Davis (1964) and equipment previously described (Terranova 1978). 

The assay mixtw'e for both GPI and G·6-PO modified from Brewer (1970) 
contained 10 mg MgCI2• 5 mg nicotinamide adenine dinucleotide phosphate 
(TPN), 5 mg nitro blue tetrazolium (NBT) and 0.5 mg phenazine methosulfate 
(PMSj in ]0 ml of 0.05 M tris-HCI buffer, pH 8.4. [n addition, the GPI mixture 
contained 2.5 mg of the substrate fructose-6-phosphate (F-6-P) and 10 units G-6-PO, 
whereas the G·6·PD assay mixture contained 20 mg of the substrate glucose-6
phosphate (G-6-P). Both the GPI and G-6-PO gels were incubated with the 
appropriate assay mixture for 60 min with procedures previously described 
(Terranova 1981a,b). 

The elecLrophoretic data present on diazo copies of the gels (Terranova 1980) 
were analyzed using a series of computer programs, GELDAT (Terranova and 
Smith. unpublished; Terranova and North 1984a), which utilized a Talos series 
600 Cybergraph@ digitizer and a Hewlett-Packard HP~85 computer. 

RESULTS 

Standardization 
Myoglobin and albumin were used as protein standards to determine variation 

of extrinsic gel factors (Terranova 1981a; Terranova and North 1984a). Myoglobin 
was used as the reference point (l00) for both the GPI and G-6-PD isozymes. The 
mean myoglobin to albumin mobility ratio (MIA) for all OPT gels was 0.645 with a 
coefJicient of variation (CV) of 2.08%, and the mean MJA mobility ratio for G-6-PO 
gels was 0.643 with a CV of 2.23% representing the reproducibility of the 
electrophoretic methods. 
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The mobilities of the bands in all crosses of GPI and G-6-PD. given as ratios of 
band migration distance to the myoglobin migration distance (X lOO) are given in 
Table 2. With the exception of band I for GPI, no minor mobility prol.ein variants 
were indicated for either enzyme system since the band variations did not greatly 
exceed those attributed to the gel-ta-gel variation. The 6.77% CV observed in 
band 1 of GPI gels, \\'hich was measured as representing a single band, indicated 
the existence of mobility variants. 

Table 2. Mobility ratio (X 100) of glucose phosphate isomerase (GPI) and 
glucose-6-phosphate dehydrogenase (G-6-PD) isozymes as referenced to 
myoglobin. 

Statistic 

Band n Mean SD cv% Band designation 

1 
2 

3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 

823 
192 
157 
751 

26 
17 
42 
84 
55 

50 
68 
37 
37 

55.39 
62.6J 
66.69 
70.76 
72.26 
75.89 
80.80 

JOO.34 
155.69 

50.3l 
56.98 
99.82 

155.76 

CPI 
3.75 
2.36 
1.95 
2.01 
2.18 
1.54 
2.13 
2.51 
4.12 

C-6-PD 
1.41 
1.6 
1.99 
3.89 

6.77 
2.78 
2.92 
2.84 
3.02 
2.02 
2.64 
2.5 
2.65 

2.78 
2.82 
1.99 
2.5 

artifact (see text) 
Cpi-I" 
Gpi_/ 631i2 (intermediate)
 
Cpi_I':lI8I (intermediate)
 
Cpi-I"
 
Opi_/ 72181 (intermediate)
 
Opi-/ 81
 

myoglobin
 
albumin
 

Gpd-I'" 
Gpd-I" 
myoglobin 
albumin 

Inlleruanee of CPI 
Excluding band 1, the zymograms of GPI indicated that both sexes of A. 

grandis grandis contain each of the allozymes. Homogenates of single weevils 
belong w one of six distinct electrophoretic phenotypes. These have either a single 
band with mobility values of 62.61 ± 2.36 (63), 72.26 ± 2.18 (72), or 80.8 ± 2.13 
(8I) or three-banded patterns consisting of two different bands of those named 
above plus a band of intermediate mobility (Table 2). These electrophoretic 
patterns indicate that GPI occurs as 8 climer. and that the intermediate band is a 
heterodirneric protein resulting from the combin8t~on of the two types of subunits. 

The observed phenotypes also suggest a single structural locus with corlominant 
alleles where the single-banded phenotypes are homozygotes and the tlu'ee-banded 
phenotypes are heterolygotes. The GPI locus is termed Cpi-] , and the alleles are 
termed Cpi_f GJ , Cpi_/ 72 , and Cpi_]81. 

The inheritance of Gpi-j is shown in Table 3. Homozygous crosses bred true. 
Crosses between two different homozygotes produced only heterozygous individuals. 
Back crosses of heterozygotes produced het.erozygotes and homozygotes in a 1:1 
ratio. Crosses between like heterozygotes produced heterozygotes and the two 
kinds of homozygotes in a 2:1:1 ratio, and crosses involving unlike heterozygotes 
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produced the rour dirrerent phenotypes in a 1:1:1:1 ratio. These data are 
consistent with the above hypothesis that GPI is dimeric and is encoded by a 
single, structural locus segregating three codominant alleles. 

Table 3.	 lnheritance of glucose phosphate isomerase (GPO and glucose-6-phosphate 
dehydrogenase (G-6-PD) in the boll weevil. 

Cross· No. of Progeny phenotypes Expected Goodness of fit 
Row female X male crosses AA AB AC BB BC CC ratio Chi 89 df Prob 

GPI 
BB BB 26 - 517 -

2 BB AA 3 68 -
3 BB CC 2 9 
4 AA CC 1 7 
5 BB AB 4 57 - 62 - 1:1 0.21 I 0_647 
6 AB BB 5 24 34 1:1 I.724 I 0.189 
7 AA AC I I - 2 1:1 0.33 I 0_564 
8 AC CC I I 1:1 0 I 1 
9 BB BC 3 12 10 ]:1 0.182 I 0.67 

10 AC AC I 5 - 9 2 1:2:1 1.375 2 0.503 
II AB AB I I 3 - I - 1:2:1 0.2 2 0.905 
12 AB BC 4 8 3 5 10 1: I: 1: I 4.462 3 0.216 
13 AC AB I 3 2 2 1:1:1:1 1 3 0.801 

G·6-PD 
14 AA AA 17 376 
15 BB IlB 4 - 105 
16 BB AA 5 - 142 
17 AA IlB 2 33 
18 AB AA 3 32 31 - 1:1 0.02 1 0.9 
19 AS Illl 1 32 - 15 - [:[ 6.15 I 0.01 t 
20 BB AB 1 14 - 11 - I: 1 0.36 I 0.55 
21 AB All 2 12 2:) - 7 - 1:2: 1 1.571 2 0.456 
• For GPI: 

AA _ (,'/>j./G:1/6:J 

AS _ (;/>1./ 6 :1/12 

AC _ (,'1'1.163/81 

BB - Gpi./i2172 
BC - Gpr.,'111H 
CC - Gp;·,81/81 

For	 G·G·PD: 
AA _ Gpd.,f,O/!ll) 
AS - Gpel.tr,O/o7 
BS _ G,Ht.tfI7/f,'. 

t SignifieDnl (I' < fl.Of" de~'Dlion rroln MendeliDIl lK"greglllion: see leS' r"r dllll:uuion. 

Inheritance of G·6·PD 
The zymograms of individual weevils assayed for G·6-PO Beth'ity showed either 

single bands with mobility values of 50.31 ± 1.41 (50),56.98 ± 1.6 (57) or a zone 
of activity cont.aining the 50 and 57 bands. Due to the high activity of these 
isozymes, clear separation of heterozygotic individuals did not always occur. 
Digitized values of the middle of these zones resulted in mobility values of 
55.3 ± 2.4 and a CV of 4.32%. 

Single-pair crosses (Table 3) show that in all but one ease, expected Mendelian 
inheritance is indicated_ The only exception was in a single cross between a 



384 J. Agric. Enlomol. Vol. 1, No.4 (1984) 

heterozygous female and 8 homozygous male (row 19) in which an excess of 
heterozygotes was observed. The reciprocal cross (row 20), however, was within 
Mendelian expectations. In Drosophila, G-6-PD is sex linked (Dickinson and 
Sullivan 1975) with two~banded heterozygotes seen only in females. This however 
does not appear to account for the discrepancy ·or the cross in row 19, since, if sex 
linkage were involved, three types of progeny would be indicated by the gel 
banding patterns; the 50 band, 50 and 57 bands, and the 57 band in a ratio of 
1:1:2. Thus, the deviation from Mendelian expectations in this case may be a rare 
chance deviation or the result of a recessive lethal at some other locus linked to 
the 57 allele (Rodell, personal communication). With the exception of the row 19 
cross, these data are consistent with the hypothesis that G-G-PD is conferred by 
two codominant alleles, termed Gpd_/ 50 and Gpd_/ f,7, coding for enzyme segregating 
at one structural locus (Gpd- I). 

The allele frequencies for CPT in a random sample of the five weevil colonies 
used for the inheritance studies are shown in Table 1. Both colonies derived from 
southeastern weevils (FL and EB) were monomorphic for the Gpi_172 allele. The 
thurberia colony T4 was polymorphic for the Gpi- )63 and Gpi- J72 alleles, and the 
FT and 1'3 thurberia colonies, both derived from the same location, were 
polymorphic for all three alleles. All colonies (Table 1) were polymorphic for both 
G-6-PD alleles, and in aU but colony T4, the Gpd-lf>O allele was predominanl All 
colonies showing polymorphism at either GPI or G-6-PD were in accord with the 
Hardy-Weinberg distribution. 

DISCUSSION 

Band 1 in the GPI gels corresponds to the reported GPI bands A and B in the 
Terranova (1981) study. This was erroneously termed a tentative polymorphic GPI 
locus based on the finding that no bands occurred on developed gels when the 
substrate F-6-P was omitted from the staining mixture, but bands did occur in its 
presence. Normally, this procedure would distinguish between artifacts and 
activity of the enzyme of interest (Brewer 1970). However, this was not true for 
band 1 of the GPI gels of this study for two reasons. Firstl a9 outlined by Brewer 
(1970), the site of GPI activity is stained according to the following reactions: 
a) F·G-P ----!ifL- G-G-P; b) G-G-P + TPN (;.6·1'0 G-PG + TPNH. Tbe activity of 
GPI is coupled to G-6-PD activity (present in the assay mixture) which generates 
TPNH (from TPN in the assay mixture), and the site of TPNH production (in this 
case, the GPI site) is marked through the tetrazolium system. Second, the GPI 
staining mixture was constantly distributed over the gel surface in the rotating 
water bath (Terranova 1981b). Thus, a portion of the G-6·P produced at the sites 
of GPI activity in the gels was now present in the assay mixture due to its 
solubility. As this mixture was distributed over the gel, those sites in the gel that 
contained electrophoretically separated weevil G-6-PD reacted with this newly 
formed G-6-P substrate, and through the tetrazolium system marked the sites of 
weevil G-6-PD activity. Inadvertently, Terranova (1981a) stained for the two 
different enzyme systems, GPI and G-6·PD, on the same gel. Thus, band 1 in the 
GPI gels was nonnally scored as 8 single band when, in fact, up to two bands were 
possible as evidenced from the G-6-PD data. This would explain the high CV 
value of 6.77% indicative of protein mobility variants of GPI since the artifactual 
staining of Gpd_)50 and Gpd_1 57 was interpreted as a single band due to the 
diffuse nature of this staining area. 
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G-6-PD was found to be monomorphic in the alfalfa weevil, Hypera postica 
(Gyllenhal) (Hsiao and Stutz 1983). In the Colorado potato beetle, Leptinotarsa 
decemlineata (Say), G-6-PD was polymorphic but due to its staining characteristics 
it could not be determined whether the homozygotes were two-banded or three
banded (Jacobson and Hsiao 1983). 

The electrophoretic phenotypes of GPI in A. gran-dis show the same basic banding 
patterns as observed in other insect species !e,g., Aedes togoi (Theobald) (Yong 
et al. 1980), Lymantria dispar (Linnaeus) (Harrison et at 1983), Agonum decorum 
(Say) (Liebherr 1983)1. In these species the observed patterns are also attributable 
to allelic variation at a single, autosomal locus. Although Bartlett (1981) and 
Bartlett et al. (1983) used starch gels in their studies, the three alleles reported by 
them, and the three alleles found in this study are presumed identical; however, 
unlike Bartlett et al. (1981), no null alleles were evident in the laboratory colonies 
of this report, nor in a survey of more than 30 naturally occurring populations of 
boll weevils (Terranova, unpublished). 
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Abstract: Field plots of com, Zea mays Linnaeus, seedlings were infested with southern com 
billbug (SeB), SplJenophorus callo.'ws (Olivier), population densities of 1.5 and 1.8 adults/ 
plant in 1982 and 1983, respectively. Infestations were terminated after selected time 
periods ranging from I to 30 d. SGB infestation durations exceeding 2 wk produced 
permanent plant height reductions in 1982. 85 did £111 infestation durntions in 1983. Plant 
populations were reduced significant.ly (P = 0.05) by SeB infestation durations of" wk and 
longer in 1983, but. 1982 reductions lacked significance. Yields were reduced significantly by 
SCB infestation durations exceeding 3 wk in 1982 and 1 wk in 1983. Late-season drought 
conditions in ) 983 severely reduced aU corn yields. 

Key Words: Southern com billbug, Sphenopllorlls callosus, corn, infestation duration. 
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The southern com billbug (SCB), Sphenophorus callosus (Olivier), is a major 
pest of com, Zea mays Linnaeus, in the Coastal Plain regions of Georgia, North 
Carolina, and South Carolina (Metcalf 1917; Morgan aod Beckham 1960; DuRant 
1975, 1981a, 1982; Gilreath and Kissam 1980; Wright et al. 1982a,b). Errective 
postemergence insecticide treatments for this pest have been developed (All and 
Jellum 1977; DuRant 1979, 1981b). and recent studies have quantified the 
relationships between selected SeB population densities, plant growth stages and 
plant injury, (Durant 1981a, 1982; Wright et al. 1982a). However, no quantiwtive 
data exist for the influence of infestation duration on plant injury. In order to 

develop reliable economic thresholds, researchers need to determine the length of 
time that a plant can sustain an infestation and still produce a profitable yield. 
This study was conducted to determine the effectiveness of treatment for SeB 
control when applied at selected time intelvals following infestation. 

MATERIALS AND METHODS 

The test site was a loamy sand mineral soil having a pH of 6.5 and an organic 
matter content of ca. 1%. Soil preparation and application of plant nutrients and 
herbicides were performed according to current recommendations. Untreated seed 
or corn hybrids Coker 54 (1982) and Coker 16 (1983) were planted in 4-row X 3
m plots on 21 May (1982) and 23 May (1983). Rowand plant spacings were 96 
and 20 em, reSI)ectively (60 plants/plot). Each plot was encircled by a half· buried, 
25-cm-wide aluminum sheet to confine the SeB to the plots. Bi1lbugs utilized in 
this study had been collected from nearby untreated fields during May and held 

I COLEOPTERA: C"rr.ulionidnt Sllherwp!WrlJ$ crz/losU!; (01i~·ierl. VOllchnr Rpec;men~ of "'!llhR life t1epo~ilerl in Clemson 
Univeraily DellI. of I~nlomol. MU$num eul1nelion. 

~ Technical Contribution No. 2251. South CarolinA ACricullural E~l'eril1lent StMion. Puhlished by permiMsion of the 
Director. Reeei~·ed for ]JIlbliclltion 10 FelmuolY 1984; Ilecepled 8 Au~ust 1984. 
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on fresh corn plant material in outdoor cages until needed. Four replications of 
each treatment were arranged in a randomized complete block design. 

On 31 May, when plant height averaged 10 em (4-leaf stage) in 1982 and 8 ern 
(3-leaf stage) in 1983, plots were infested by releasing 22 or 23 SCB adults in 
each row (89/plot) in 1982 and 27 or 28 in each row (llO/plot) in 1983. A 
"treated uninfested" and an "untreated infested" treatment were included in bot.h 
years, and in 1983 an "untreated uninfested" treatment also was included to 
assess the impact of the insecticide and of additional insect pests on yield. One 
"treatment" in 1983 consisted of four untreated infested plots included for 
observation. 

Treatments are described in Table 1. Selected plots were treated at periodic 
intervals to kill all SeB by banding terbufos 15G (Counter"') at 4.48 kg AI/ha over 
the rows and around the inner border of the barrier using a I-pint (473-ml) jar and 
a metal lid containing a pre-drilled hole. The jar, containing the insecticide, was 
inverted o\'er 8 hand-held funnel to which a plastic tube had been attached. An 
18-cm Gandy@ Ro·bander was attached to the lower end of the tube. Treatments 
(infestation durations) were evaluated by recording plant height and plant 
population density on 7 July 1982 and 13 July 1983, and yield on 2 September 
1982 and 7 September 1983. AU plants were utilized in these evaluations. On 28 
June 1983, aU plants and soil in the observation plots were dissected and sifted to 
a depth of ca. 15 em, respectively, to recover all insects present. Data were 
subjected to analysis of variance and Duncan's multiple range test. 

RESULTS AND DISCUSSION 

Infestation durat.ions of ca. 2, 3, and 4 wk produced greater height reductions 
compared to the treated uninfested plots in 1983 than in 1982 (Table 1). The 
SeB population density was 24% greater in 1983 (110/plot compared to 89/plot in 
1982). Also, plants were infested slightly earlier in 1983 (3-1euf stage compared to 
4-1eaf stage in 1982). The effects of environmental conditions and choice of hybrid 
on infestation impact were not evaluated. Infestation durations of 15 d and longer 
produced permanent. plant height reductions in 1982, as did all infestation 
durations in 1983 (Fig. 1). Each increase in infestation duration in 1983 resulted 
in a significant height reduction compared to the previous (shorter) duration. Plant 
populations were reduced significantly by infestation durat.ions of 28 d and longer 
in 1983, but were not decreased significantly by any treatment in 1982 (Fig. 1). 

Yields were reduced significamly by infestation durations of 22 d and longer in 
1982 and 7 d and longer in 1983 (Fig. 1). All 1983 yields were reduced greatly 
compured to 1982, and the % yield reduction (compared to the treated uninfested) 
was much greater for similar infestation durations in 1983 than in 1982. Drought 
conditions during late July and August severely reduced corn yields in the 
Florence area in 1983. The combination of drought, grealer SeB population 
densities, and earlier infestation in 1983 compared to 1982 undoubtedly accounted 
for much of the greater irnpacl of SCB on the plants observed in 1983. No 
significant differences existed between the treated uninfested and the untreated 
uninfested for plant height, plant population, or yield in 1983 (206 vs. 201 em, 56 
vs. 55 plants/plot, and 6.3 vs. 6.0 kg/plo~ respectively). This indicated tbat 
terbufos had no direct effect on the plants, i.e., groYti.h enhancement or phyto
toxidty. Also, failure of this extremely high rate of terbufos to increase yields 
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Table 1. Innuence of time interval between infestation (31 May) and treatment (infestation duration) on corn plant height at time 
of treatment. Florence, Be, 1982 - 1983. 

X Plant height (em) ± SE 
Date treated (infestation X Plant height (em) ± BE on treatment date, % Height reduction 

duration, d) on treatment date Treated uninfested due to infestation 

1982	 1983 1982 1983 1982 1983 1982 1983 

1 June (0)'	 1 June (0)* lOt 8t lOt 8t 
1 June (1)	 1 June (l) lOt 8t lOt 8t 0.0 0.0
 

7 June (7) 10 ± 0.32 30 ± 0.27 66.7
 
15 June (15)	 14 June (14) 30 ± 0.74 15 ± 0.32 53 ± 0.81 48 ± 0.28 43.4 68.8 z 
22 June (22)	 21 June (21) 48 ± 1.50 18 ± 0.56 89 ± 1.22 71 ± 0.70 46.1 74.6 " 
30 ,June (30)	 28 June (28) 79 ± 2.30 30 ± 1.38 135 ± 1.77 127 ± 0.84 41.5 76.4 

• Uui"nft:'stt:!d. 
t Estimated. 
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compared to the untreated uninfested indicated that pest species other than 8CB 
were not contributing to the plant injury observed in this study. This conclusion 
was supported by plant and soil examination in the observation plots, which 
revealed that the SeB was the only pest species present in appreciable numbers 
(10.0 adults,10.5 larvae, and 12.3 eggs/plot). Although 6.5 European corn borer, 
Ostrinia nubilalis (Hubner) larvae/plot were present on 28 June, they were early 
i05tars and had no observable influence on plant heights, populations, or 
yields. 

The extremely low numbers of SeB larvae recovered on 28 June indicated that 
larval feeding was not a major factor in this study. The 28 d which had elapsed 
between infestation and stalk dissection were not sufficient for adult development 
(Metcalf 1917), so the larval population observed 28 June probably represented 
the maximum number of larvae present at any time during this study, i.e., less 
than one larva/three plants. The relatively low numbe,rs of SCB adults probably 
was due to a combination of mortality and emigration. Metcalf (1917) observed 
that SeB adults rapidly disappear from corn fields in late summer. Wright et al. 
(1983) reported that the 8CB is capable of nighl I often have observed 8CB 
populations to decrease rapidly in late June. 

This study demonstrates that an effective treatment for SCB 2 wk after 
infestation occurs can increase yields significantly. Yield increases observed in this 
study often were more than sufficient to pay for the cost of treating. The planting 
dates in this study were relatively late. since most corn in South Carolina is 
planted during April. However, late-planted corn usually is damaged more severely 
by SCB, and postemergence treatment decisions often are made in late May and 
early June. Although treatment thresholds would vary depending on the price of 
corn, the-cost of treating, the SeB population densities, environmental conditions, 
and many other factors, this study provides basic infonnation which should enable 
growers to make more accurate treatment decisions. 
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Abslmcl: Methurn-sodium, a water-soluble liquid which converts to a gaseous fumigant in 
soil, was tested to determine its effect on wireworm larvae. In laboratory bioassay tests, 
metharn-sodium applied to soil killed sugarbeet wireworm larvae, Limonius cali{ornicus 
(Mannerheim) in 1 d, hut did not persist beyond 1 wk. In field tests, recovery of caged and 
buried sugarbeet wireworm lun.'ne exposed to mctham-sodium applied wit.h water showed 
100% mortality of those recovered at depths of 15 and 30 em in all six tests, at 45 em in 
four tests, and at 60 em in two tests. When potuto was planted in spring following fall 
application of metham-sodium to ground infested with sugnrbeet wireworm larvae, no 
significant control was obtnined, based on tuber damage. In a similar test where the soil was 
lighter and the population of Pacific Coast wireworm, L. COrlUS LeConte, was lower, tuber 
damage was significantly lower following faU and spring applications (8.8 and 10.4%, 
respectively) than in untreated check plots (17.7%). Control of wireworms with metham
sodium, however, was not consistent enough or complete enough to be economically 
acceptable. 

Key Words:	 Sugarbeet wireworm, LimofJius cali/amicus, Pacific Coast wireworm, LimOllius 
canus, Vapum, methurn-sodium, fumigant, polato, control. 

J. Agric. EntomoL 1(4): 392-396 (October 1984) 

Metham-sodium is a water-soluble liquid which, when applied to properly 
prepared soil, is converted to a gaseous fumigant. It is highly phytotoxic; therefore, 
its use is rest.ricted to pre plant application. Current registered uses on ornamental, 
food and fiber crops are for controlling certain weeds and soil· borne disease 
organisms, nematodes, and the garden symphylan, Scutigerella immaculata 
(Newport). 

Data on the effectiveness of metharn-sodium against soil-infesting arthropods 
are limited. Sazonik (1963) found that metham-sodium gave promising results 
against the Colorado potato beetle, Leptinotarsa decemlineata (Say), when applied 
to soil by a watering method. The rates that Eide (1959) used against weevil grubs 
attacking strawberries were apparently too low to control the gru bs, but were high 
enough to kill the plants. Jefferson et aL (1956) reported that metham-sodium 
reduced Rhizoglyphus spp. mite infestations on gladiolus, and Zwick et a1. (1970) 
obtained 79 - 89% control of Pleocoma spp_ larvae in tlpple orchards. 

In the Pacific Northwest, metham·sodium is frequently applied at a rate of 
146.5 kg AI/ha prior to planting potatoes, primarily to control weeds, disease 
organisms and nematodes. If metham-sodium could also control wireworms, which 
are common pests of most crops, a separate insecticide treatment for their control 

l COLEOPTERA: Ellileridoe 
2 This paper reports the results of research onl)·. Mention of a pesticide doe~ not constitute II recommendation for use by 

the USDA. nor docs it imply regiMlmtion under FIFRA, 00 umended. Also, menlion of 0 cummcrcial product does not 
constitute /I recommendation for ua" by the USD,\. Recci~·ed for publiciltioll 28 Muy 198·1; 'lcccpled 3 Sel/lemher 

1984. 
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would be eliminated. Laboratory and field tests were therefore conducted to 
determine the effectiveness of metham-sodium against wireworms. 

PROCEDURES AND RESULTS 

The metham-sodium used in all of the tests was Vapam@ (32.7%). Sugarbeet 
wireworm, Limonius californicus (Mannerheim), larvae used in the laboratory and 
field burial tests were field-collected. \,yhere applicable, data were analyzed by 
analysis of variance. 

Laboratory Tests 
In laboratory bioassay tests, sugarbeet wireworm larvae were subjected to soil 

treated with metham-sodium. After 2200 g of dry silt loam soil was mixed with 
150 rol of water in a Twin-shell® blender for 10 min, metham-sodium was added 
to the soil and mixed for another 10 min. This was a simulated broadcast 
application at a rate of 146.5 kg AIlha and was incorporated in soil 15 cm deep. 
The soil was then evenly divided into ten 136-ml glass jars. One kernel of boiled 
wheat was pushed down ca. 2 em inoo the soil of each jar, one larvae was placed 
on the soil surface, and the jar was sealed. Another set of 10 jars containing 
untreated moistened soil, wheat and larvae served as the control. 

In the first test, examination of the jars 1 wk later showed that 100% of the 
larvae were dead in the treated soil, while none were dead in the control. In the 
second test, the jars were examined 1 d later and all of the lan.'ae in the treated 
soil were dead. When these same jars were reinfested with larvae 1 wk later, no 
mortality was obtained during the following 6 wk. 

Field Burial Tests 
Tests were conducted at six locations in Washington and Oregon to determine 

the effectiveness of metham-sodium under field conditions by burying caged 
sugarbeet wireworm larvae at different depths prior to application of metham
sodium through center-pivot sprinkler systems in fall of 1979 and 1980. A hole 
measuring ca. 1 m X 1.25 m and 1 m deep was first excavated, and from within 
this hole 4-cm Diam holes extending laterally ca. 75 em were made at depths of 
15, 30, 45, 75, and 90 cm. These lateral holes were spaced apart from each other 
to ensure that there was undisturbed soil above each hole. A cylindrical screen 
cage, 15 cm long X 3 cm Diam, containing five larvae with moist soil was placed 
into each lateral hole, and the hole was packed with soil. After aU of the larval 
cages were in place, the large hole was filled and packed with soil. For the control, 
a 3.6 X 3.6 m polyethylene sheet was placed over the burial site. Metham·sodium 
was then injected into the sprinkler system and applied at a rate of 146.5 kg Allha 
(50 gal of 32.7% metham-sodium/acre) with 254 kliter of water/he (1 acre-in.). 

The treatments were replicated twice at each location. When the larvae were 
recovered 3 wk later, some cages had larvae missing from them (one larva/cage at 
the most); therefore, percent mortality was based on the number of dead larvae 
out of the total recovered from each cage. At all six locations, 100% mortality was 
obtained at depths of 15 and 30 em. However, 100% mortality was also obtained 
at the 45-cm depth at four locations, and at the 60~cm depth at two locations 
(Table 1). None of the larvae recovered in the control were dead. 
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Table 1.	 Recovery of buried sugarbeet wirewonn larvae at various depths following 
metham-sodium application to soil in the fall, Oregon and Washington, 
1979 and 1980' 

% Mortality at given depth (em)! 

Location Soil type 15 30 45 60 75 90 

Boardman, OR Warden very fine 
sandy loam 100 100 100 100 50 30 

Pasco, WA Sagehill very fine 
sandy loam 100 100 100 100 10 0 

Paterson, WA Quincy sandy loam 100 100 100 62 60 42 
Paterson, WA Quincy sandy loam 100 100 100 60 50 0 
Quincy, WA Quincy loamy fine 

sand 100 100 50 10 10 0 
Royal City, WA Kennewick fine 

sandy loam 100 100 10 0 10 0 
Mean 100 100 77 55 32 12 

• Five IlIrvBe buriod/depth per replicBte.
 
t l'ercontllGes bosed on total recovered; Ilyerllges of two replicates/ioclition.
 

Field Efficacy Test I 
This test was conducted to determine the efficacy of metham~sodium in 

reducing damage to potato tubers by wireworms. The location was College Place, 
WA, where the soil type was Yakima silt loam (Cumulic Raploxeroll). On 27 April 
1981, 18 sugarbeet wireworm larvae were found in 20 soil samples obtained with a 
16-cm Diam posthole digger to a depth of 45 em. On 22 October, metham-sodium 
was injected into a solid-set sprinkler system and applied at a rate of 146.5 kg All 
ha with 279·355 kliter of water/ha (1.1 - 1.4 acre-in.). The control plots were 
covered with polyethylene sheets during application. Each randomized plot 
measured 12 m long and seven rows wide (86~cm row spacing), and each treatment 
was replicated four times. On 6 May 1982, 'Russet Burbank' potatoes were 
planted in the plots. On 4 October, tuber samples were harvested from four rows 
of each plot (ca. 6 m/row), then later examined for feeding damage. A tuber was 
considered damaged "when any hole in a potato 21h inches in diameter or 6 ounces 
in weight is more than 3A inch long, or when the aggregate length of all holes is more 
than 11,4 inches, or correspondingly shorter or longer holes in smaller or larger 
potatoes" (U. S. Standards for Grades of Potatoes, Sec. 51.1560 and 51.1564). 

Since the water pattern was not consistent within a plot, the percentages of 
tubers damaged were analyzed b'y row to determine whether any relationship 
existed; however, none was found. Thus, the percentages within each replicate 
were pooled and analyzed. Although fewer tubers were damaged in the treated 
plots (12.8%) than in the control plots (18.5%), the difference was not significant 
(P ~ 0,05). 

Field Efficacy Test 2 
A similar test was conducted at Hermiston, OR, where the soil type was Adkins 

fine sandy loam (Xerollic Camborthid). On 8 March 1983, nine Pacific Coast 
wireworm larvae, Limonius canus LeConte, were found in 20 soil samples obtained 
with a posthole digger to a depth of 45 em. One treatment of metham-sodium was 



395 TOBA: Wireworm Control with Metham-sodium 

applied in the faU (4 November 1982), and aoother in the spring (16 March 1983). 
Metham-sodium was first diluted in 1178 liters of water in a tank and then the 
entire volume was sprinkled on a plot. This amount was equivalent to 146.5 kg All 
ha with 254 kliter of water/ha (1 acre-in.). Each plot measured 9 m long and four 
rows wide (86-cm row spacing), and each treatment was replicated four times in a 
randomized complete block design. Adjacent plots were separated laterally by two 
border rows. 'Russet Burbank' potatoes were planted on 25 April 1983, and tuber 
samples were harvested from the two center rows of each plot (ca 6 m/row) on 5 
October. 

Percentage of tubers damaged in faU-treated plots (8.8%) did not differ 
significantly (P = 0.05) from that of spring-treated plots (10.4%); however, both 
were significantly less than that of check plots (17.7%). 

DISCUSSION 

Laboratory tests showed that metham-sodium killed wireworm larvae in 1 d, 
indicating that it was a fast-acting fumigant, but did not persist very long in soil. 
When caged larvae were buried in soil and exposed to metham-sodium applied 
with water in the field, the depth at which 100% mortality was obtained differed 
among the locations. Since the soil type at all locations, except Quincy, was 
similar, there did not appear to be any relationship between mortality and soil 
texture. At Quincy, besides having a soil type different from those at the other 
locations, a contributing factor to the reduced effectiveness of metham-sodium at 
lower depths could have been the heavy top layer of corn stubble. Goring (1957) 
suggested that high organic matter may lower the effectiveness of fumigants. 

In field efficacy tests, the soil type, wireworm species and density, and 
application method differed at the two locations, which could have accounted for 
differences in the performance of metham-sodium. Nevertheless, tuber damage in 
treated plots was reduced by only 30 and 50% at College Place and Henniston, 
respectively, over untreated control plots. If soil type and rate of metham-sodium 
applied in the efficacy soil tests were similar to those of the burial tests, why then 
was control inadequate in the efficacy tests? Since wireworm larvae are normally 
found in the top 45 cm of soil, most of them would be killed by metham-sodium in 
this zone, as shown in the burial tests. However, in the efficacy tests, the larvae 
were perhaps able to detect the presence of the fumigant and escape to greater 
depths, whereas caged larvae in the burial tests were killed because they could not 
escape. 

Although the damage to potato tubers in the plots treated with metham-sodium 
was economically too high, the cost of this fumigant would be prohibitive when 
used solely for wireworm control even with complete control. When metham
sodium is used to control weeds, disease organisms and nematodes, however, one 
would have the added benefit of partial control of wireworms. 
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INHERITANCE OF ISOCITRATE DEHYDROGENASE 
IN THE BOLL WEEVIL 1.2 

Andrew C. Te['ranova~ and David T. North 4 

Abstrad; The inheritance patterns of isocilrate dehydrogenase (fDH) were investigated in 
the boll weevil, Anthol/.omu.~ grandis graTH/is Boheman, Ilnd ATllhonomus graTIC!is thurberbiae 
Pierce, with polyacrylamide gel electrophoresis. Inheritance tests indicated that the observed 
bunding patterns resulted from the product of two loci. The first locus, termed fdh·!, 
contained three alleles designated as Idh-lli8, Idb-168, find Idh- ]76. The second locus, termed 
Idh-2, contained two alleles designated [dl1·291), and Idh-2IUO. The heterozygote for both loci 
exhibited 3- bllllded patterns I.lnd no sex linkage wus observed. Thus both loci nre considered 
to be regulated by codominfillt. alleles segregating at fiutosomalloci, and each allele produces 
dimeric protein. 

Key Words:	 Polyncrylamide, electrophoresis, isocilrnte dehydrogenase, boll weevil, 
inheritance, Ant/]mwmus grandis grandis. 

,I. Agric. Entomol. 1(4): 397·404 (October 1984) 

Cytoplasmic isocitrate dehydrogenase (IDH: EC 1.1.1.42) has routinely been 
included in studies of isozyme variation among insect populations, and has often 
proved to be impOltant either as a diagnostic, interspecific enzyme, or to show 
intraspecific variation. 

A single, monomorphic lDH locus with no intra- or interspecific variation was 
reported for five species of G,yUUS (Harrison 1979) and for the mountain pine 
beetle, Dendroctonus ponderosae Hopkins (Stock and Guenther 1979). Higby and 
Stock, however, (1982) found that although IDH was monomorphic in both D. 
ponderosae and the Jeffrey pine beetle, D. jeffreyi Hopkins, that this locus was 
diagnostic for each species since it was fixed for different alleles. A single IDH 
locus was reported for the Colorado potato beetle, Leptinotarsa decemlineata (Say), 
but the locus was polymorphic and displayed a 2-banded pattern typical of 
monomeric enzymes (Jacobson and Hsiao 1983). 

Two IDH loci were reported in the pink bollworm, Pectinophora gossypiella 
(Saunders), in which one locus was monomorphic and the other polymorphic with 
apparent monomeric isozymes (Bartlett 1981). Culex ocossa Dyer and C. panocossa 
Dyer and Knab had two IDH loci, both apparently monomorphic. The 0.93 IDH 
electromorph was I>resumably fixed in C. panocossa and present at high frequency 
in C. ocossa. The second IDH locus was species-specific, however, being fixed for 
different alleles (Kreutzer and Galindo 1980). 

Idh-1 was polymorphic and the heterozygotes were 3- banded, typical of dimeric 
enzymes in Myzus euphorbia (Thomas), but monomorphic in M. persicae (Sulzer); 
Idh-2 in the two Myzus spp. was monomorphic, but was apparently diagnostic 
since the two species were fixed for different alleles (May and Holbrook 1978). 

I COLEOPTERA: Cun::uHonidac 
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Both Idh-l and Idh-2 were polymorphic and climeric in the grasshopper, 
Chorthippus brunneus (Thunberg) (Gill 1981) and Chironomous stigmaterus Say 
(Hilburn 1980). 

Bartlett et aL (1983) included IDH in their study of the boll weevil, Anthonomus 
grandis grandis (Boheman), but were unable to interpret its electromorphs. 
Terranova (1981) reported two IDH loci for the boll weevil. The slowest migrating 
locus was polymorphic with presumed dimeric enzyme structure since a 3-banded 
pattern was observed in the heterozygote. The faster migrating locus was interpreted 
as monomorphic in the laboratory strain tested. 

This report is an extension of the earlier (Terranova 1981) study and presents 
genetic evidence for two polymorphic IDH loci, both of which give rise to dimeric 
enzyme products. 

METHODS AND MATERIALS 

Inheritance of IDH was studied from zymograms of parents and progeny of 
single-pair matings from the following laboratory colonies. 

a) The Florence laboratory boll weevil (FL) established in 1961 with weevils 
from South Carolina cotton, Gossypium hirsutum Linnaeus, fields. It has been 
reared on artificial diet (Moore et al. 1967) through 500 generations. 

b) A homozygous ebony mutant strain (EB) from the Delta States Area Boll 
Weevil Research Laboratory (currently known as the Roby Wentworth Harned 
Laboratory), Mississippi State, MS, and now reared at the Metabolism and 
Radiation Research Laboratory (MRRL), Fargo, ND. This strain has been reared 
on artificial diet through 500 generations. 

c) T3 designates a population of weevils from G. thurberi Todaro bolls 
collected in 1980 from the foothills of the Santa Rita Mountains 9.6 km east of 
Amado, Santa Cruz Co., AZ. This population has been reared at Fargo, NO, on 
artificial diet and cotton flower buds through 45 generations. 

d) T4 designates a population of weevils collected in 1981 from infested G. 
thurberi bolls found in the Molino Basin, Catalina Mountains, Pima Co., AZ, and 
reared at Fargo, ND, on artificial diet and cotton flower buds through 16 
generations. 

e) FT designates a population of weevils collected in February 1980 from 
infested G. thurberi bolls found in the Santa Rita Mountains of Arizona. These 
weevils have been reared for 10 generations at Florence, se, on bolls of 
cotton. 

In addition to the laboratory strains, feral weevil populations were analyzed. 
These were (1) the southeastern boll weevil reared on cultivated cotton from 
Cleveland Co., NC (Clev), Florence Co., SC (Flo), Tift County, GA (Tift), Choctaw 
Co., MS (Choc), and Cameron County, TX (Cam); (2) the Mexican boll weevil 
reared from cultivated cotton at Gila Bend, AZ (Gila); and (3) the thurberia weevil, 
A. grandis thurberiae Pierce, reared from G. thurberi bolls collected in the Santa 
Rita Mountains in Arizona (Santa = parental stock of FT). 

Adult PI and F I weevils were individually homogenized and the homogenates 
run electrophoretically on 5% T, 3.3% C polyacrylamide gels (Terranova 1978, 
1981). The gels were stained for IDH activity and gel standardization was as 
described ITerranova 1978, 1981, 1982; Terranovn and North 19841. 
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RESULTS AND DISCUSSION 

Myoglobin and albumin were used as protein standards to determine the 
variation of extrinsic gel factors (Terranova and North 1984). The mobility of 
albumin in 5% polyacrylamide gels, however, ran with the bromophenol blue front 
and was considered unreliable for this purpose. The IDH 10 band (Fig. 1) was 
present in all strains and was used as the reference I)rotein (LOO r)oint) far the 
illH isozymes. For the gels in this study, the overall mean myoglobin ta rDH LO 
ratio was 85.84 ± 2.41 SO and had a coefricient of variation of 2.8%. 

Isocitrate Dehydrogenase 

SAMPLE NUMBER 

3	 12 15 18•	 • 21 24]
'"w	 I I I I I I II I II I I I I I I 
co U~1I1	 .,IOH-1:E .~	 • •• It, ..,...-,::J 5~ 

z 
Cl
 
Z
 dp·· ••••••• •• •••• ••••• j

IDH-2<t 
co 

;--'\ 
+ 

Fig. 1.	 Polyacrylamide zymogl'am of isocitrate dehydrogenase isozymes. Idh-158 

homozygotes: 12 - 13, 24 (band I); Idh_168 homozygotes: 2, 5, 15, 17 - 19, 
21 (band 3); Idb·I" homozygotes: 10, 23 (band 6); Idh·158168 heterozygotes: 
4,7 (bands I, 2, 3); Idh·I581" heterozygotes: 22 (bands 1,4,6); Idh·I68'" 
heterozygotes: I, 3, 6, 8-9, 16, 20 (bands 3, 5, 6); Idh-2'O<I homozygotes: 
1-2, 4 . 10, 12- 13, 17- 18, 20-24 (band 10); Idh_2,,'/I00 beterozygotes: 3, 
15- 16, 19 (bands 8, 9, 10). No Idh-290 homozygotes are present. 
Myoglobin standard: 11, 14 (band 7). 

The major classes of bands staining fol' IOH are depicted in Fig. 1, and the 
mobilities of the bands in all crosses, given 8S ratio's of bond migration distance to 
the migration distance of lDH 10 (l00) are in Table 1. From the results shown in 
Table J and Fig. 1 it is apparent that no minor mobility protein variants are 
indicated for these enzymes, since the hand variations do not exceed those 
attributable to the gel~to-gel variation. 

Inheritance tests with IDH indicated that the ohserved bands resulted from the 
producls of two loci. Zymograms of the locus nearest the origin exhibited either 
single bands with ratios of 58.83, 67.99 or 76.32 or 3-banded patterns 
which consisted of combinations of two of Lhe above three bands plus an 
intermediate band. The RIDIlIO ratios of the intermediate bands were 62.96, 

RIDHlO 
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Table 1. Mobility ratio (X 100) of IDH isozymes as referenced to IDH 10. 

Band Statistic Band 
no. N Mean SD CV (%) designation 

I 1032 58.33 1.93 3.30 Idh-1" 
2 319 62.96 1.79 2.84 Idh-l G8fli8 (intermediate) 
3 376 67.99 1.89 2.78 Idh-I" 
4 133 67.79 1.75 2.58 Jdh_1 5B/7 Ei (intermediate) 
5 12 71.84 1.66 2.32 Idh-1 68fj (j (intermediate) 
6 155 76.32 1.54 2.42 Idh-I ,. 
7 84 85.84 2.41 2.80 myoglobin 
8 95 90.08 1.78 1.97 Idh-29u 

9 34 95.60 0.93 0.97 Idh_2!lO/lon (intermediate) 
10 1079 100_56 1.34 1.33 Idh-2 101l 

between the 58.33 and 67.99 bands, 67.79 between the 58.33 and 76.32 bands, or 
7] .84 between the 67.99 and 76.32 bands. These values were always halfway 
between the outside band values. 

These patterns suggest that this zone of IDH activity is regulated by three 
alleles, designated as Idh-P8, Jdh·1 68• and Idh-1 7IJ , Weevils exhibiting a single 
band were homozygous for given alleles and 3- banded phenotypes represented 
heterozygotes. The inheritance of Idh-1 58 , ldh-los , and Idh-tJ6 can be determined 
from Table 2. Homozygous crosses bred true; crosses between two different 
homozygotes produced only heterozygotes; backcrosses of heterozygotes produced 
heterozygotes and homozygotes in a 1: 1 ratio; and crosses between heterozygotes 
produced hetel'Ozygotes and the two kinds of homozygotes in a 2:1:1 ratio. Chi 
square values indicated no significant difference from expected distribution in the 
progeny. 

These segretating ratios are consistent. with the hypothesis that this zone of 
IDH activity is regulated by three codominanl. alleles segregating at one autosomal 
locus. The data also suggest that each allele forms a dimeric protein and that the 
intermediate band in the heterozygotes is fl heterodimeric protein resulting from 
the random combination of the two types of subunits. 

Zymograms of the second, more anodal IDH locus exhibited either single 
bands with RlUHIO ratios of 90.08 or 100.56 or three bands consisting of the two 
ment.ioned and an intermediate band with an RIDl-l IO ratio of 95.60. These patterns 
suggest that this zone is regulated by two alleles, designated Idh-29o and Idh-2 1Oo, 
and that single- banded individuals represent the homozygous phenotype, whereas 
3-banded individuals represent the heterozygous phenotype. Inheritance data for 
the Idh-2 locus are presented in Table 3. As with the Idh-l datil, all crosses were 
consistent with simple Mendelian expectations. Thus, Idh-2 is considered to be 
regulated by two codominant alleles which segregate at one autosomal locus. Each 
allele produces dimeric proteins, and the mid-band of the heterozygote is a 
heterodimer. 

Of the 122 parents used in this study, 83 had the Idh_158/51l genotype, but only 
11 were from weevils derived Crom those found on G. lhurberi (Table 2). Of the 
remaining 39 parents, only two Idh_}f,8Ili8 and two Idh_1 68/f\8 parents were from the 
weevil colonies derived from the southeastern populations. No weevils from the 
southeastern populations carried the Idh_1 76 allele. For the Idh-2 locus, all 
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Table 2. Inheritance of isocitrate dehydrogenase, Idh-I, in the boll weevil. 

Number 
Cross· 

Female X Male 
of 

crosses AA 
Progeny genotypes 
AB AC BB BC CC 

EXI>ected 
ratio 

AA 
BB 
AB 
AB 

AA 
AA 
AA 
AB 

16 
2 

Colony 
184 

19 
13 

crosses 

41 
20 
23 

FL X 

7 

F!

1:1 
1:2: I 

AA 
AB 

AA 
AA 

CO/OilY crosses (EB 
7 101 
I 8 9 

X '1'3) X EB 

1:1 

AA 
AA 
AA 
AA 
AA 
AA 

AA 
BB 
CC 
AB 
AC 
BC 

3 
1 
2 
3 
3 
1 

Colony 
80 

47 
41 

crosses EB X 

20 
47 

43 
50 

9 II 

'1'4 

I: 1 
I: I 
I: I 

BB 
AB 
BC 

AA 
AA 
AA 

5 
I 
I 

Colony 

9 

crosses 7'3 
51 

6 
4 2 

X EB 

J:l 
I: I 

AA 
AA 
AA 

AA 
BB 
BC 

I 
I 
I 

CnlollY 
9 

crosses E/3 X 

4 
3 'I 

'/'3 

I: I 

Colony 
AA AA 2 22 
AA AC I 3 
AB AA 2 II 
AB BB 3 
AC CC I 
AA BC 1 
BB BC I 
AB AB J 

• ,\ - Idh_I·~B. B - ldh.168. C - Idh.1 76, 

crosses FI' X 

8 
8 

12 II 
4 

13 17 
6 

4 I 

F'I' 

7 

5 

I: I 
I: I 
J: I 
I: I 
I: I 
1:1 
1:2: 1 

X' 

0.026 
1.884 

0.059 

0.178 
0.890 
0.2 

0.6 
0.667 

0.143 

2.273 
0.474 
0.043 
0.111 
0.533 
0.077 
0.667 
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Table 3.	 Inheritance of isocitrate dehydrogenase, Idh·2, in the boll weevil. 

Number 
Cross· of Progeny genotypes Expected 

Female X Male crosses AA AB BB ratio X' 
Colony crosses - All 

BB BB 55 960 

Colony crosses 1'3 X EB 
AB BB I 3 3 1: 1 0.0 

Colony crosses F1' X FT 
AA BB 2 17 
BB AA I 6 
AB BB 2 9 11 1:1 0.2 
BB AB 2 9 10 1:1 0.053 
AB AB I 3 5 3 1:2:1 0.091 

• A - Idh.2 f10 . B .. Idh·Z 1OO• 

southeastern-derived weevils were monomorphic for the Idh-2 100 allele. Only 
weevils from G. thurberi carried the Idh_29o allele. 

Since the parents of this study were randomly chosen from the different 
populations, this would suggest that the Idh-'j76 and Idh_290 alleles are characteristic 
of the weevils derived from those collected on G. thurberi but not of the 
southeastern weevil, at least in the laboratory populations utilized, and that the 
Idh-1 61l allele is of low frequency in the southeastern weevil populations. 

To determine if this was due to selection during colonization, a random sample 
from the FL and EB labomtory colonies plus feral populations from those 
mentioned earlier were analyzed for lOB. 

The results (Table 4) confinn these observations. The FL and EB laboratory 
populations and all populat.ions of the southeastern weevils were lacking the 
Idh_1 76 and Idh_290 alleles, the fdh_l 68 allele was present in low frequency, and all 

Table 4.	 Gene frequencies, expected (EXP) and observed (OBS) heterozygosity 
of Idh·l and Idh-2 from natural (feral) populations and laboratory 
colonies of the boll weevil. 

Population gene frequencies 

Feral Laboratory 

Locus Allele Clev' Flo Tift Chac Cam Gila Santa FL EB 

Idh-l 58 1 0.977 0.992 0.967 0.891 0 0.108 0.927 1.0 
68 0 0.023 0.008 0.033 0.109 1.0 0.542 0.073 0 
76 0 0 0 0 0 0 0.35 0 0 
N 36 88 60 60 96 40 60 171 20 

Idh·2 90 0 0 0 0 0 0 0.267 0 0 
100 1 I 1 1 I I 0.733 I I 
N 36 88 60 60 96 40 60 171 20 

• Hefer IU tt'l! for dcscrillli'ms of wee"il oolonies. 
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populations were monomorphic for Idh-2 1Oo. The Idh_1 7G and Idh~29o alleles were 
present only in the weevils found in G. thurberi. Interestingly, the southeastern 
weevils reared on cultivated cotton were of very high frequency (0.891 - 1.0) for 
the Idh-l.5B allele, whereas the Arizona weevils reared on cultivated cotton 
appeared fixed for the Idh-1 68 allele. 

It has been suggested (Brazzel, ARS-APHIS Technology Transfer Workshop, 
7 - 8 December 1983, Florence, SC) that if sterile boll weevils were utilized in the 
boll weevil eradication effort, a rapid method to distinguish sterile weevils from 
feral weevils would be usefuL The absence of the Idh-1 76 and Idh-290 aUeles in the 
few examples of southeast.ern weevils of this study suggests that a marker strain of 
weevil might be developed in the laboratory that would be useful for this purpose. 
Such a strain would also be of value in the study of weevil dispersal or migration, 
of overwintering survival or breeding patterns, and in trap efficiency studies. 
Examination of more diverse southeastern weevil populations is necessary to 
determine the frequency of the Idh·l i6 and Idh-2 9o alleles before a marked strain 
is developed. 

The genetic data given in this report for Idh-l and Idh-2 satisfy the criterion 
that the proposed allozymes are the products of alleles segregating from single 
genetic loci. Further, the data support the hypothesis that the allozymes are 
dimeric in nature and that the intermediate isozyme observed in the 3-banded 
heterozygotes is a heterodimer composed of subunits from each of the alJozyme 
pairs. 
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a-4,8.13·duvatriene·( ,3.dials, 23
 
Acaricid(!s, 64
 
Acephate, 147, 202, 369
 
ltc/lela domesticus Icricke~, 95
 
AcrystaUifcrous, Bt., 111
 
Aedes aeg)'pti [yeUow (eYer mosquito!. 161
 
Aedes allanticus, 48
 
Aedes c. canaden.sis. 48
 
Aedes fullJUS palfens, 48
 
Aedes in{innalUs, 48
 
,\edes mitchel1ae. 48
 
Aedes solJicitans, 48
 
Aedes taeniarhynchus. 48
 
Aedes /Juans, 48
 
Aflatoxin Bl (see anawzin)
 
AJ1atOJ.rn GI (fee anatoxin)
 
Aflatoxin precursors, 354
 
Anatoxin, 17. 3M
 
.4griotes bilineala Iwireworml. 292
 
Agromyzidae (DlPTERA). 256
 
Alfalfa (see Medicago satiua)
 
AJralfo 811hid (see Aphis crocco)
 
AlIol}'JJ'Ic, 380
 

Almond moth (see Cadra caUl-dla)
 
ALSYSTINf'. 142, 201
 
ilmblyomma americanum [lone star ticlq. 64
 
AmilrOZ, 202, 282
 
,\naSlrepha $uspetlSQ {Caribbean fruit flyl 

fcaribflyj. 236
 
Anopheles atropos, 48
 
Aflophdes bradh."i1cruci(lflS, 48
 

Allophe/c,~ plmc/ipellllis, 48
 
Alloplw/es quadrimflClI.latll.s. 018
 
Anthomyjidlle (DI.Pl'EHA), 292
 
ArlfhollomllS yrtUldis yralldi.~ Iboll weevil!. 120,
 

142, 181. 201, 219, 250, 345, 380, 397
 
A1l1)wnQmu..~ yrall(!i.'I thurberinc lthurberia weeviQ,
 

380, 397
 
Antibiosis, 53
 
Anticarsin ycmnllltn/is lvel\lclbean caterpillar1.
 

296. 3i6
 
Aphis crar;r;a [alfalfn aptud]. 288
 
Arachis hypogaoo Ipcanu4. 33, 332
 
Area- ....ide pest conLro~ 219
 
.4.rlogcia (- PI:cris) rapae limported cabbage
 

worml, 288, 290, 318
 
Aspergilfus /1ouus Ifungusl. 17
 
Assay, peroml imbibition (lJt). III
 
Auagenus megalonw (see A. unicolor)
 
AtltJIlenus II.nicolor Iblack carpet beeLlel, 231
 
Averofin (see aflatoxin precursors)
 
AzinphosmeLhyl, 202
 

8-4,8,J3-du\'atriene.l-ols,. 23
 
&Killus /hurinciensis fDIPEtj, Ill, 161, 2DI, 323
 
Bacillus thuringicnsis var. isradensis IBtil, 161
 
BACTlMOS", 161
 
Bocu/o/,;il'lJ.f helio/his, 78, 201
 
Bait fonnulations, tobllCCO hudwonn, 78
 
Bnnded cucumber beetle (s(''C Diabrotu;o balteata)
 

BA YTHROJD'll. 201
 
BCB (see Diubrolico bolleala)
 
Beet (sec Bela vulgaris)
 
Behavior, 236
 
Bell pepper (see Capsicium nnnuum gassum)
 
Bcndiocarb. 64
 
BenomyL 141
 
Beta vulgaris Ibee~. 332
 
Big-eyed bug (see Geocoris punctipes)
 
BiocontroL 281
 
Biological insecticide, 323
 
Birch casebearer (see Coleophora serraLella)
 
Black carpet. beetle (see AttQBenus unicolor)
 
Black nies (see Simulium)
 
Black fly, control, 161
 
Blueberry leaf tier (see Croesia curvi/incata)
 

Boll weevil (see Anthonomus grandis grandis)
 
Boll""oorm (see He.liothis spp.)
 
Boslrichidac (COLEOPTERA). 155
 
Braconidae (HYMENOPTERA), 169
 
Brassica oleracea boly/is !caulinoweq. 332
 
Brassica oleracea itoJica IbroccoLil. 332
 
Brassicac olerocea captilola IcnbbageJ, 318
 
Broad bean (see \ficin (aba)
 
Broccoli (sce Brassica oleracea italiea)
 
Bt (see Bacillus /huringiensis)
 
Bli (see BaciIJus thurlilgiensis var. israe/ensis)
 
Budwom\, tobacco (see flefialhis virescens)
 
Bush bean (see Ph(l.~eoilis lJulyoris)
 

CAbbage (,~ee 8ra.~sicae o{crtlceu capilata)
 
Cnbbugc looper (see '/'riclwp/u:siCl nil
 
Cabbage mnggot (sec Odin mdicum)
 
Cadro cautella Jllimond mothj, 231
 
Cflllcida dccora, 68
 
Capillary gns chromatogruphy, 23
 
Capsicium allrlUUIII BIJSsum JbeU pepperl, 332
 
Cnrnbidae (COLEOPTERA). 68
 
CArbon dioxide. IC02]. 155
 
Cnribbean fruit ny (see Allaslrepha suspenso)
 
Caribn), (see Anaslrepha suspenso)
 
Cnt. nea (see Ctenocephalides (dis)
 
CatUe. car tags (see cattle ear tags)
 
Cauliflower (see Brassiea oleracea bDtylis)
 
Cercopidue (HOMOPTERA), 288
 
CGA-112913, 142
 
Chemosterilization (scc dillubenz.W'On)
 
Chicken, domestic (see Galhu gallus)
 
Chlordimeform, 201
 
Chlorpyrifoll, 64, 106, 201
 
Chromatomyia (= Phy/omyza) syngenesiae 

Ichrys8nthemum leafmmeq. 256
 
Chrysanthemum lenfminer (see Chromaromyia
 

syngellesiae)
 
Chrysanthemum, 256
 
Chl}'sQmeln {alsa. 288
 
Chrysomelidoc (COLEOPTEHA), 292, 330.
 

339, 360
 
Cicadellidne (HOMOPTERAI. 311
 
Cigarette beetle (ste L~iodcrma serTicorne)
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Cis-abienol 23
 
Citrus peel Liquids. 9S
 
Clover, red (see Trifolium pratf!1Ul')
 
CO2 (a« carbon dioxide)
 
COAX~. 201
 
Cochran. J. H. (DediClilion) ~ (No. l)
 
Colcophora serralella Ibirch casebe.llre~. 290
 
CoI~phorid8e (LEPIDOPTERA), 290
 
Colony relocation, RlFA. 185
 
Color change. southern green stink bug. 82
 
Colorado polBlO beetle (see Ll'plinotarsa
 

deccmJineala)
 
Confused flour beetle (see 7'ribolium confusum)
 
ContrOl, chlorpyrifos. 106
 
ContrOl, microbial 296
 
ConlTOl residual. 64
 

Control 201
 
CoquillcUidia puturbam. 48
 
Com (3« Zea mO)'S)
 
Com ellrworm (st!'r Heliothis zeal
 
Cotton, tobacco bud\\"'Onn on, 78
 
Cotton. 120,201,249
 
Cricket (~ Acheta domesticus)
 
Croesia cwvi/ineala [blueben)' leaf tieri. 291
 
Crolls, William Henley (Obituary). Ii9
 
Crolls-striped cabbagewonn (set! EUt:rJ]t!Slis
 

rimosalis)
 
Cryslalliferous. 8t, III
 
Ctenocephalides Mis Icol neal. 95
 
CUClirbita foelidissima. 339
 

Cucurbita pheromone. 339
 
Cucurbitllcin, 339
 
Culex erNltieus, 48
 
Culex IligripolllllS, 48
 
Culex qllillqrH!fn.~cifltus, 48
 
Culex restuwL'J, 48
 
Culex salinariu.s. 48
 
Culex lern'lans, 48
 
Culicidae (DLPTERA), 43, 161
 
Gulucla inomata. 49
 
Gulueta mtlarwffl, 49
 
Culth'.rs, 249
 
Curculionidae (COLEOPTERA). 120. 142. 181.
 

219.227.323.3015.380.386.397
 
CylQ.1 formicorius (!(qa.nwluJ (sweet potato
 

weevill. 227
 
Cyfindrocopturus adsptrus. 323
 
Cype.rmet.hrin, 202. 259
 

Damage ratings, FAW. 115
 
Delia radicum Icabbage mnggoll, 288. 292
 
Development of Calleida dccora, 68
 
Diabrotica baltetlla Ibanded cucumber beetle(. 330
 
Diobrotica uirgifcro uirgi{eTn [western corn
 

rootwonnl, 339
 
Diamondback moth (see PWtella :qlosteUa)
 
Diapause. southern green stink bug, 82
 
Dinubenzuron, 142, 181. 345. 371
 
Diox.athion, 64
 
D1PEL- (sn Bacillw lhuringiensis)
 

Dips. hOI water. 147
 
DIRT SQUAD-. 95
 
Distribution of imported fire ani, 212
 
DocosanoJ. 23
 
Dollchos lablab Ih)'tlcinth bean(. 332
 
Ou...aoo5, 23
 

Ear tags Ion cattle(. 58. 26<1. 282. 305
 
Eastern equine encephalomyelitis vinls IEEEI. 43
 
ECa (set! Ostrinia nubila/is)
 
Economic eVAluation of boll weevil eradication
 

program. 219
 
£1o:r: (set! eastern equine enceJ)hulomyelitis virus)
 
Efficacy. chlorpyrifos, lOG
 
Egr mass, European com borer, 6
 
Elateridae (COLEOPTERA). 292. 392
 
ELCAR·. 78. 202
 
Electrophoreliis. 397
 
Empoa.ca {abae lpot.ato leafhopper!. 311
 
Enz)"D'IC'! polymorphism. 380
 
EP~. 201
 
Eradication of boll .....uvil. 219
 
Ethoprop. l-a7
 
European corn borer (.~ cnlritlia nubilalis)
 
European crane nr (sn 1'iplJla paludosa)
 
EU1!rgesti.~ pallidata Ipurpleback cabbagewormJ,
 

290
 
Eucrgestis rimosali... Icross-striped cabbagewonnl.
 

318
 
Extract. Nomumea rilt,,;, 349
 

Filce ny (see Musca CWllInllw/is)
 
FOCll fl)' conlrol, cur lagtl, 58, 264, 282
 
F'ul! arm)...yorm. (.'tee Spodoptcrct fruJ1;percla)
 
rAW (sec Spodoptera frugiperda)
 
Fecundity, banded cucumber bectle. 330
 
Feeding stimulants, 78. 201
 
Fenitrothion. 231
 
Fenvo]erate, ear tags. 58. 305
 
Fenvalerule. 191. 201. 318. 360. 369
 
~'ield relealle equipment, boll weevil 120
 
Fire ants. 185, 212
 
Fltas ("tt Clenoupha/idea Mis)
 
Flight. boll wee"i~ 181
 
Flonmner peanut.. 33
 
Fluc)'1.hrinate. 201. 305
 
Fly control.. ear tag.. 68
 
Food consumption by f1diot.his. 169
 
rompn&- fife an15. 212
 
Fonniddae (HYMENOPTERA). 95, 185. 212
 
Fronklinielln {wea Itobacco thripsJ, 33
 
Froil ny. Caribbean (see Anastrepha 5lJSpensa)
 
Fumigants. wirewonn control. 392
 
Fuscuium OX)'1ifXJrum f. 1111. gladiol~ 147
 

G-G·PO (see glucose·6·phosphate dehydrogenase)
 
Gallus gallus [domestic chicke~. 46
 
Genetics, boll weevi~ 380
 
Geocot'i& pllllcripes Ibig-eyed bud. 3i6
 
Geometridae (LEPIDOPTERA). 290
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Gladiolus thrips ($ce Thrips simplex)
 
Glucose phosphate isomerase, 380
 
Glucose-G-phosplilltc dehydrogcllllsc, 380
 
Glycine max lsoybeanl, 68, 169,212,296,311,
 

Gill (see glucose phosphine isomerase)
 
Grapefruit, peel liquids, 95
 
Growth inhibitor, pillito], 101
 
Guava (sec Psidium guajaua)
 
GUSTOL«', 202
 

/-laematobia irriJ.am [hom fl)1. 58, 264, 282, 305
 
flarpiptcryx xylostclla [honeysuckle lear ro]Jc~, 29 [
 
Hays, Kirby L. (Obituary), 83
 
Iie/iant/ws lIlln/lUS ]sunflowerj. 323
 
Helio/his spp.. 23, 53, 78.101, Ill, \·12,
 

169, 201, 222, 250, :1019
 
Helio/his viresccll,~ [tobacco budwonnj, 23. 78,
 

169, 250, 349
 
Heliulhi.~ zea [com earwonn], 5:1, 101, 111.
 

169, 250, 349
 
Hemlock looper (.~ee Lambdillo {iserl/ario
 

(ised/aria), 290
 

Hermclhl i/lucens jsoldier fl}1, 95
 
Heterorhabditidne (NEMATODA), 287
 

Heterorlwbdil!s heliotlJidill, 287
 
Homoeo.mma electel/um IsunflowC!r mothl, 323
 
Honeysuckle leiu roller (:-;ce HarpliJletj'X x;ylosteU(I)
 
Horn fly (see l-laematubia irritam;)
 
Horn fly controL ear lags, 58, 26,1, 282, 305
 
Horses, EEE vims, 43
 

Has\. plant resistance IHPRJ, 23. 115, 330
 
I-Iost Ilrcfcrence, banded cucumber beetles, 330
 
Hot waler dips, gladiolus corms, 147
 
House fly (scc Musca domestico)
 
HPR (sec host plan~ resistance)
 
Humans, EEE virus, ,13
 
Hyacinth bean (.~ce Dolichus lablob)
 
Hylemya brassicae (see Delia radicum)
 

IGR (sec insect growth regulator)
 
Imported cabbageworm (sec Artogeia rapae)
 
InclianmenJ molh (see Plodia illll!rpunctel/a)
 
Infestation duration, SCB, 386
 
Inheritance, Isocitrate deyhdragenase, 397
 
Insect damage, cotton, 2019
 
Insect gro....1h regulator lIGRI, 142
 
Insect trops, 236
 
lnsccticidc combinations, on cotton, 20 I
 
lnternalional toxic unitJl IrfUI, 161
 
Ipomoea balalas Isweet potat.o/, 227, 332
 
frS-78, 161
 
Irradiation. boll weevil, lSI
 
Isocitmte dehydrogenase, 397
 
lTV (see intcnliltional toxic unit.s)
 
ITUlmg, Bti, 161
 
Ixodidae (ACARO, 64
 

Jordan, Jewel Askew (Obitunry), 1i7 

Lnbda-13-em·-8,15-diol. 23
 
Labdallcs, 23
 
Lumbdill(J (i5celluria [v;cellaria Ihemlock loope~,
 

290
 
Larval infe8tationll, European corn borer, 6
 
Lllrvicide, oral (cottle), 126
 
Lasioderma serricome lcigarette beetlel, 231
 
Leaf surface chemistry, tobacco, 23
 
Lcnfhopper, potnto (see Empaasea tabac)
 
Leafminers, [DIPTERA: AgromY1.idael, 256
 
LeCumes, potnto leafbopper, 311
 
Lemon, peel liquids, 95
 
Lcptinotar:w decem{iflCala [Colorado potato beetleJ,
 

360
 
Lesser gmin borer (sec Rhyzopertha domillica)
 
Lesser peachtree horer (sec Syllanthcoofl piccipcs)
 
Leucoma salieis [satin mothl, 290
 
Life history of Callcida decora, 68
 
Lima heun (see Pilaseolus [una/us)
 
Lime, peel liquids, 95
 
Limonius califomicus Isugarbeet wireworm], 392
 
Limonius callus IPacific Const wireworm], 392
 
Liriomyza tritolii, 256
 
LOlle star tick, control, 64
 
Longevity, banded cucumber beetles, 330
 
Low temperatures, effect of, 155
 
LPTB (scc Synan/hedon pic/ipes)
 
Lygaeidoc (HEMIPTERA), 376
 
Lymfmtriidae (LEPlDOPTEHA), 290
 

MacronYllSidLl.e (ACARI), 269
 
Muize (sec Zea mays)
 
1\'lllize cenotypes, 6
 
Malat.hion, I
 
Medicago S(ltiv(J laUaUa\, 312
 
r\letham·sodium, wirewonn control, 392
 

Methornyl, 201, 259, 369
 
Methoprene. 137, 260
 
i\'lethyl purathion, 20 I, 369
 
Microbial cont.rol, NPV-VBC. 296
 
Micropliti.~ croceipes, 169
 
Modified atmospheres, effect on lesser grain 

borer, 155
 
Monocrotophos, 201, 369
 
I\'tosquitoes, control, 161
 
Mosquitoes, EEE virus, 43
 
Musca autumnali.~ lface flyl, 58, 126. 264, 282
 
A111sca ([omestica Ihouse fly], 95
 
MuscidllC (DlPTERA), 58, 95, 126,264, 282,
 

305
 
Myo-inositol, 101
 

N2 (.~ee nitrogen)
 
NEMATODA, 287
 
Nezara uiridu/a Isoutheru green stink bug!, 82
 
Nicoliollo /abacum ltobaccoj, 23
 
Nitrogen IN2], 155
 
Nitromcthyl heterocycles INMHI (see SD 52618)
 
NMH (see SO 52618)
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Noc:tuidae (LEPiDOPTERA), 23, 53, 78, 101,
 
111, liS, 137, 169,296.349,367
 

Nomuraea n'ley~ 349
 
Norsolorinic acid (see alflatoJ:in precursors)
 
Northern fowl mite (..ree OmilhollYssus syll;iarom)
 
NPV (see nuclear polyhedrosis \titus)
 
Nuclear polyhedrosis virus INPVI. 137, 296
 

Olfactory response, 339
 
Qrnnge, peel liquids, 95
 
DmithoflYSSUS s)'luiarum "[northern fo..... l mite!, 269
 
Orthopodom)'ia siClli[cra, 49
 
Ostrillia nubilalis [European corn bororj IEeBj,
 

6, 17, \42, 273. 3501, 371
 
Oxnmyl, 147
 

Pacific COBst wireworm (see Limolliu$ CallUS)
 

Paper wasps (see Po/isles)
 

Pamsitoid, 169
 
Particle size, 161
 
Pea (see pjsum Saliuum)
 
Peoch uees, control of Sj7lollthedon pictipes
 

on. 106
 
Peanut (see Arachis h)'pogoea)
 
Peel liquids, citrus, 95
 
PcnOuron, 142
 
Penul.Iomidac (HETEROP'rERAl, 82
 
Pennethrin. 191,201, 231, 260. 264, 282,
 

318,360,369
 
Peroral imbibition assBy of Bl, III
 
Persistence of virus, 296
 
Persistence, chlorpyrifos, 106
 
Pest mallagement.. 318, 323
 
Peslicide mixtures, 137
 
Phaseo/us luna/us llilllll bean), 33\
 
Phm,colw; uu/caris [bus beal~, 332
 
Pheromone, Cucurbitfl, 339
 
Phosmet, 202
 
Phytomyza sY'lgenesiae (see ClJromalomyia 

syngcncsiae) 
Pieridae (LEPIDOPTERA), 190.288,290,318
 
Pieri:> rapae (see Arlogeia rapac)
 

Pini10l 101
 
Piperonyl butoxide, 360
 
Pinmiphos-methYl I. 259
 
Pisum sotiuum lpeal, 332
 
Plodia interpunctella Iindianmeal mOlhl, 231
 
Plulclla xylostello (dinmondback mothj, 318
 
Polisru sp. Ipaper wasps!. 95
 
Polyl\crylamide, 397
 
Polyvinyl chloride IPVCI plnslic ear t.ags, 282
 
Potalo (see Solanum tuberosum)
 
POll\lo leaf hopper (,~ee Empoasca [abae)
 
PolulO lubers, damugo by wirewomls, 394
 
Potency ratio, 161
 
Precursors, anatoxins (see onnloxin precursors)
 
Predawr, 68
 
privet leaf roller, A [Tortriciduoj, 291
 
Propetamphos, 64
 

Alcudopfusio incfudens lsoybean looperf, 137,
 
142,367.376
 

Psidium guajovo 19uavaj, 236
 
Ilsarophora ciliata. 49
 
Psaraphora c:olumbiae. 49
 
Aloroplloro [erox. 49
 
J'lyoropllOra Ilowardi4 49
 

Pullets, Northern fawl miles on, 269
 
Purpleback cabbage wonn (see Ellcrgeslis
 

pal/illala)
 
PVC (sce polyvinyl chloride)
 
pyrlllidae (LEPIDOPTERA), 6, 17, 273, 290,
 

323, 35-1, 371
 
Pyrozophos, 259
 
Pyrethroid, 318
 

Hainfall, EEE vi.rus, 43
 
Hates. chlorp~.,ifos. 106
 
ned clover (sec 'J)-i[olium pro/ense)
 

Red nour beetle (sce 'J)-ibolium ca..~taneum)
 

Red imported frre anL IRIFAI (see Sofenapsis
 
inuicla) 

Heduclioll in emergence (fUEl, 155
 
Relocation of RIFA, 185
 
Hesidues. fenvalerote and permelhrin, 191
 
Hosislance. com earwonn, 53
 
Resistance, hom nics, 305
 
Hosistance, insect, I, 53, 115, 169, 305
 
Hesistallce, stored-product Coleoptem, I
 
Ilesistancc, to malathion. I
 
/lh)'loperlho dominica Ilesser grain bore~, I, 155
 
11iE (.~Cl! reduction in emergence)
 
IUFA (see red imported fire nnt)
 

Solin molh (see Leucoma ,mUcis) 
SaL (see Aleudap/usia inc1udl!lls) 
sea (sec SpenapllOnJ.s col/usus) 
SD 52618. 260, 376
 
Sentinel chickens, EEE virus, 43
 
Sesiidae (LEPIDOPTERA), 106
 
Settling rale, 161
 
Short-season production. colton, 249
 
Simuliidae (DlPTEHA), 161
 
Simulium sp.. 161
 
Simulium lJtmuslum, 162
 
Simulium v4!recundum., 162
 
Simulium viua/urn, 162
 
Siiophilus gronarw.s, 1
 

Si/ophilus leamais, 1
 

Solanum fycopersicum ltoDllltol. 332, 360
 
Solanum tl/oerosum !palalo!, 332
 
Solider fly (see Hermelia illucenl')
 
Soleflflpsis i/luicla 95, 185, 212
 
Sorghum (see Surcfwm olc%r)
 
Sorghum lJicolor lsorghuml, 2i3
 
South Corolina, EEE virus, 43
 
Southern com billbllg (Sf.'C SphCllOpllorus callosus)
 
Southern green stink bug (see Ne:aro lJiridLllo)
 
Soybean (";ce Glyci/lc max)
 
Soybeon looper (see Pseudoplusia illcludens)
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So)'bean predator (see GeocorU punclipe!)
 
$pmophonu rollOSUJ lsouthern rom billbugJ. 386
 
Spider mite. lWOSpotted (see Tevan)'chus urlkae)
 
Spittle bugs IHOMOPTERA: Cercopidael. 289
 
Spodoptuo {rugip4!t"da If811 armyworml IFA\\1.
 

115. 1.. 2
 
St..LI~ ny (b« Stomoxys calcitrons)
 
StaufTer MV 710, 201
 
Sterigmalocystin (see anatoxin precurson;)
 
Sterile insects. 120, 181
 
Sterilization. 181
 
Slick)' traps, 126
 
Sliroros ofal larvicide, 126
 
Slokes' law, 164
 
Stomoxys calcitram lSI able O)i. 95
 
Stored-product Coleoptera, I
 

ucrose esters. 23
 
Sugarbut ""ireworm (see LimoniU1i colifomicus)
 
Sulllror05., 201
 
Sunflower (s~ Hdianthus anlluus)
 

unno.....er moth (see lJomot.'fW)mo tlmd/um) 
Sweet com (5« Zeo nJ(Q'.) 

Il.-eel polato (see JpomoM halalas) 
Sweelpolnto weevil (see Cylcu formir.cuim 

elegantulus) 
S)nanthedon pictipes Ilesser peachtree boreri. lOG
 
S)'ncrgislli (see piperonyl bUla.ide)
 
Systemic insei:licides on peanuts. 33
 

TEKNi\lf". 161
 
TempertllUre. effects on development.. 68
 
Tephritid fruit ny. 236
 
Tephriliduc (DIPTEHA). 2:JG
 
Tctruhedrlll Irllps, 12G
 
Tclrllnychidllo (ACAHI), 191
 
7'elrtm.rdlUs urticw: [twospmled spider milel, 19l
 
Threshold, 318
 
Thril)idlle (1'HYSANOPTERA). 33. 14.
 
Thrips on gladiolus. 14 i
 
Thrips 011 pellnuts., 33
 
Thrips simp/a Igladilu8 thripsl. 147
 
Tburberia weevil (sec Anthonomu.s grandis
 

thurberille)
 
THURIClDE- (sn Bacillw thuringiensis)
 
linage. conventional, 249
 
Tillage. reduced, 249
 
liming. chJorp)Tif05. 106
 
7Ipula paludosa IEuropean ernne n>1. 293
 
Tipuudae (D1PTERA), 293
 
Tobacro (see Nicoliana tobacum)
 
Tobacco budwonn (St.~ ffc6'olhis "iracens)
 
Tobacco cuticular chemist!')" 23
 
Tobocco thrips (set J.'ranhlinil..'/la fU5ca)
 
Tomato (see Solanum /ycQpersicum)
 
TOlliea! application. 231
 
Tonricidae (LEPIDOPTERA). 291
 
Toxaphene. 202
 
Tosie effeclll. Nomuraoo rileyi. 349
 
TosicilY. permelhrin and fenilrothion. 231
 
TPI) (see triphen)'1 phosphate)
 

Trap, Jackson, 236
 
Trap, McPhail. 236
 
Trap. Rebell, 236
 
Traps. sticky, J26. 236
 
Traps, tetrahedral, 126
 
Tri.zophos, 259
 
T'ribolium CfUJan~m Ired Oour beelle:!. I, 231
 
Tribolium con{uS4Jm (confused nour beetle).
 

1.231
 
Triclloplusia ni (cabbage loope~. 101. 142, 318
 
Trifolium pratense (red clover!, 312
 
Triphenyl phosphate ITPPj. 2
 
'rriterpcnes. oxygenatod letr.cyclic, 339
 
'I'wo&poued spider mite (see 1;"(ratJ)mus urticae)
 

UnKm Carbide UC 62644, 202
 
Upjohn U·56295. 202
 
Uranolaenia 6apphirina. 49
 

V.pam. ~irewonn conll'Ol. 392
 
VECTOBAC". 161
 
Vel\'etbean caterpillar (see Anlictvsia ,emmalalis)
 
Venicolorin A (5f!C Df1atoxin precursors)
 
\licill faba Ibroad beali. 312
 
Virol, eastern equine encephalomyeutis, 43
 
Virus. nuclear polyhedrosis (NPV], 137. 296
 

Wasp. paper (sre Polistes)
 
Wcn. (see DiabrOlica uircifera uircifera)
 
WeHlern com rootworm (see /)iabrolica L'ircifera
 

uirgifera) 
Wirewoml (see Agriotes bilirletlla) 

Yllllow rllvllr mOtlqui\.o (,~ce Aetles Ilcgypli)
 
Yield rllduclion of sweet polatoes, 227
 
Yponomeutidoe (LEPIDOPTERA). 291
 

ZCll mllyS Isweet cornl. 17. 53. 115, 273,
 
332. 386
 

Zymogram (see polyac!')'lnmide)
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