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CHAPTER 1

RESPONSES OP FIELD-COLLECTED STRAINS OF SOYBEAN LOOPER TO 
SELECTED INSECTICIDES USING A N  ARTIFICIAL 

DIET OVERLAY BIOASSAY1

Introduction

The soybean looper, Pseudoplusia includens (Walker), 

has become the most costly insect pest to control on 

soybean, Glycine max (L.) Merrill, grown in the Gulf Coast 

region of the United States. Over the past several 

decades, this insect has developed resistance to most major 

classes (carbamates, cyclodienes, organophosphates, and 

pyrethroids) of insecticides used against it (Boethel et 

al. 1992). Resistance to methyl parathion (Palazzo 1978), 

monocrotophos (Chiu and Bass 1978b), and permethrin 

(Anonymous 1988, Herzog 1988, Thomas et al. 1994) has been 

reported in the soybean looper, and control failures have 

been experienced with methomyl in Florida (Newsom et al.

1980) and with methomyl and acephate in Alabama (Chiu and 

Bass 1978a). In addition, feeding damage by the soybean 

looper has resulted in >10% annual losses in harvestable 

soybean yield, and crop damage plus control costs, from 

1976 to 1984, exceeded $20 million per year in the

'This chapter is published in the October, 1997 issue of the Journal off Economic 
Entomology, volume 90, pp. 1117-1124, R. N. Mascarenhas and D. J. Boethel, and 
copyrighted by the Entomological Society of America.
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southeastern United States (Bergman et al. 1985a, b). In 

1980, a survey conducted by USDA-ERS reported that 11% of 

the total soybean acreage in the United States received 

insecticide applications (Hanthorne et al. 1982), with 47% 

of the acreage in the Southeast requiring insecticide 

control for insect pests (Boerma et al. 1994), including 

the soybean looper.

Soybean looper control failures, coupled with the 

destructive defoliating feeding of this pest, have caused 

producers to become increasingly concerned with the problem 

of development of resistance to chemical control measures 

that are available. Currently, producers are limited to a 

small number of insecticides recommended against the 

soybean looper (Mink and Boethel 1992) and in Louisiana, 

only thiodicarb and Bacillus thurinqiensis (Berliner) 

products are recommended (Baldwin et al. 1997) . These 

insecticides, however, may not continue to provide adequate 

control. For example, soybean looper resistance to 

thiodicarb already has been reported in South Carolina 

(Sullivan and Chapin 1990) and Alabama (Sullivan 1992), as 

well as in larvae collected from peppers in Puerto Rico 

(Thomas et al. 1994). In addition, various B. thurinqiensis 

products have been reported to give inadequate control of 

soybean loopers in cotton in South Carolina and Alabama 

(Sullivan 1992).
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Several new chemistries with unique modes of action 

have been developed and soon may become available for 

soybean looper control. These compounds include 

chlorfenapyr (Pirate®, American Cyanamid, Princeton, NJ), 

from a new class of broad-spectrum insecticides known as 

the pyrroles (Farlow et al. 1992); an avermectin, emamectin 

benzoate (Proclaim®, Merck Research Laboratories, Three 

Bridges, NJ) (Dunbar et al. 1996); and spinosad (Tracer®, 

DowElanco, Indianapolis, IN), a combination of spinosyns a 

and d which represents a naturally derived group of insect 

control molecules (known as the naturalytes) derived from a 

new species of actinomycete bacteria, Saccharopolyspora 

spinosa (Thompson et al. 1995). Although spinosad does 

provide good contact activity, it is most toxic when 

ingested (Sparks et al. 1996). Chlorfenapyr and emamectin 

benzoate act primarily as stomach poisons requiring 

ingestion of the toxin to be effective.

The objective of this study was to evaluate these 

experimental insecticides, as well as standards that were 

previously and are currently recommended, by establishing 

baseline dosage-mortality data against geographically 

separate strains of soybean looper larvae using an 

insecticide diet overlay bioassay. These data will prove 

useful in monitoring for soybean looper insecticide 

resistance by providing a historical database on

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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susceptibility to these products and provide the foundation 

of future resistance management strategies to prolong the 

use of these insecticides as effective control measures.

Materials and Methods 

Insects. Soybean looper larvae were collected from soybean 

fields during August and September of 1994 and 1995 at 

various locations throughout Louisiana and other southern 

states. Larvae were transported to the laboratory in 

inflated plastic bags filled with foliage and paper towels 

(to absorb excess moisture) , placed in 295 ml paper rearing 

cups (15 larvae per cup) containing pinto bean-wheat germ 

diet (Thomas et al. 1993), and allowed to pupate. After 

pupation, insects were placed in plastic rearing containers 

with paper oviposition sheets, and following eclosion, 

adults were fed a 10% honey solution. Temperature was 

maintained at 24+2°C with 70-75% RH, and a 16:8 (L:D) hour 

photoperiod. Only healthy individuals from the field 

collections were placed in culture, and all bioassays were 

conducted on larvae from the FI generation.

An insecticide-susceptible strain of soybean looper 

was obtained from the Southern Insect Management 

Laboratory, USDA-ARS, at Stoneville, MS. This colony 

originated from moths from a South Carolina laboratory- 

reared colony supplemented occasionally with wild 

individuals and has been maintained without exposure to

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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insecticides. The colony was maintained according to 

rearing procedures described for the field-collected 

strains. A list of field-collected and laboratory-reared 

strains used in this study is presented in Table 1.1.

A minimum of 30 larvae (3rd-5th instar) from each 

strain to be evaluated in the diet overlay bioassays were 

exposed to a discriminating concentration of permethrin 

(0.5 pg per vial) (Mink and Boethel 1992) to determine 

permethrin resistance of field-collected strains relative 

to the USDA reference strain. Individuals were placed in 

vials treated with technical grade permethrin (95.6% [ai 

wt/wt]; 60:40 cis/trans; FMC, Middleport, NY) dissolved in 

acetone and air-dried. Controls consisted of acetone- 

treated vials. Mortality was recorded 24 h after exposure, 

and larvae were considered dead if they did not respond to 

prodding with a sharp probe. Data (Table 1.1) are expressed 

as percentage survival and were corrected according to 

Abbott's formula (Abbott 1925).

Bioassays. Artificial diet overlay bioassays were 

conducted to evaluate the effects of formulated permethrin 

(Ambush®, 25.6% [ai wt/wt]; Zeneca Ag Products, Wilmington, 

DE), Bacillus thuringiensis var. kurstaki (Condor OF®,

7.5% [ai wt/wt]; Ecogen, Langhorne, PA), thiodicarb 

(Larvin®, 32.5% [ai wt/wt]; Rhone-Poulenc, Research 

Triangle Park, NC) , chlorfenapyr (Pirate®, 36% [ai wt/wt];
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Table 1.1. Description of soybean looper field strains by 
identification code, collection year, collection location, 
and percentage survival of laboratory and field strains 
following exposure to insecticide-coated vials*.

Code Year Location % survival

US DA 1994-95 Stoneville, Washington County, MS 3

HAM94 1994 Hamburg, Avoyelles Parish, LA 80

WIN94 1994 Winnsboro, Franklin Parish, LA 83

MS94 1994 Anguilla, Sharkey County, MS 77

JEN 9 5 1995 Jennings, Jefferson Davis Parish, LA 63

YVL95 1995 Youngsville, Lafayette Parish, LA 72

JRT95 1995 Jeanerette, Iberia Parish, LA 54

BR95 1995 Baton Rouge, East Baton Rouge Parish, LA 77

HAM95 1995 Hamburg, Avoyelles Parish, LA 73

SJ95 1995 St. Joseph, Tensas Parish, LA 77

WIN95 1995 Winnsboro, Franklin Parish, LA 82

BC95 1995 Bossier City, Bossier Parish, LA 85

MS95 1995 Benoit, Bolivar County, MS 66

GA95 1995 Tifton, Tifton County, GA 77

*Vials contained a discriminating concentration of 
permethrin at 0.5 pg/vial (Mink and Boethel 1992) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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American Cyanamid, Princeton, NJ), emamectin benzoate 

(Proclaim®, 2.15% [ai wt/wt]; Merck Research Labs, Rahway,

NJ), and spinosad (Tracer® 44.2% [ai wt/wt]; DowElanco, 

Indianapolis, IN) on 3rd-instar (20-30 mg [Shour and Sparks

1981]) field-collected and laboratory-reared soybean looper 

larvae. Concentrations of insecticides plus a distilled 

water control were used for each strain of soybean looper. 

Stock solutions (10,000 ppm in distilled water) were 

prepared based upon percentage active ingredient (ai) .

Serial dilutions in distilled water were used to obtain 

concentrations necessary to establish dosage-mortality 

lines. These test concentrations were dependent on the 

compound and strain of soybean looper tested, but 

concentrations were selected which killed approximately 90% 

of individuals at the highest concentration and 10% at the 

lowest concentration.

Three mis of hot pinto bean-wheat germ diet were 

pipetted into individual plastic 30 ml diet cups with an 

Eppendorf repeater pipet and a 50 ml Combitip. The diet 

was allowed to cool, and 100 pi of each concentration of 

insecticide were pipetted into each cup using an Eppendorf 

repeater pipet with a 5 ml Combitip. Diet cups were rolled 

and shaken slightly to distribute the insecticide evenly 

across the diet surface and allowed to dry for 1 h. One 

larva was placed in each cup, and the cups were capped (at

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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least 50 larvae per concentration per strain) (Roush and 

Miller 1986). Mortality was recorded 72 h after treatment 

for each strain and concentration, and larvae were 

considered dead if they did not respond to prodding with a 

sharp probe. Data were corrected for control mortality 

(which never exceeded 2% in any bioassay) using Abbott1s 

formula (Abbott 1925).

Analysis. All data were analyzed by probit analysis using 

POLO-PC (LeOra Software 1987) . Differences among LC50S of 

different strains were considered significant if 95% 

confidence limits did not overlap. A significant chi- 

square value indicated a poor fit of observed mortality 

responses. Resistance ratios (RR) and 95% confidence limits 

(CL) were calculated according to methods described by 

Robertson and Preisler (1992).

Results and Discussion 

LC50S for permethrin (Ambush®) ranged from 1.59 (USDA) 

to 60.87 ppm (WIN95), a 38-fold difference (Table 1.2).

All field-collected strains had significantly greater LC50S 

than that of the USDA strain. These results confirm 

observations seen as early as 1987 when increased soybean 

looper resistance to permethrin and reduced efficacy in 

control of soybean looper populations were observed in many 

areas of Louisiana (Leonard et al. 1990, Mink and Boethel 

1992), Mississippi (Anonymous 1988), and Georgia (Herzog

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1.2. Toxicity of diet treated with permethrin (Ambush®) to 3rd~instar soybean
looper 72 h after treatment, 1995.

Strain na Slope (SEM) LC50 ( 95% CL) b RR (95% CL) £ df

USDA 260 3.10 (0.32) 1.59 (0.84-2.95) --- 4.7 2

JEN 9 5 200 3.79 (0.45) 21.66 (14.13-32.19) 13.59 (11.17-16.54) 2.5 2

YVL95 200 3.09 (0.38) 20.54 (10.11-34.74) 12.89 (10.42-15.95) 3.3 2

JRT95 200 2.98 (0.37) 20.54 (17.21-24.14) 12.89 (10.37-16.01) 1.0 2

BR95 250 2.96 (0.32) 14 . 69 (10.66- 21.20) 9.21 (7.45-11.40) 4.4 3

HAM 9 5 200 2.61 (0.33) 15.29 (12.79-18.38) 9. 60 (7.65-12.03) 0.0 2

SJ95 250 2.69 (0.29) 40.38 (29.65-54.29) 25.34 (20.39-31.48) 3.4 3

WIN95 250 2. 69 (0.28) 60.87 (41.07-94.81) 38 .19 (30.17-47.50) 5.7 3

BC95 250 2.99 (0.31) 39.40 (33.63-46.04) 24 .72 (5.28-115.77) 2.2 3

MS95 250 2.33 (0.25) 52.58 (28.29-105.53) 32.99 (26.19-41.56) 9.4 3

GA95 250 3.23 (0.33) 45.96 (39.60-53.39) 28.84 (23.52-35.35) 2.6 3

aNumber of larvae tested excluding controls.
^Expressed in ppm.

M
cn
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1988). In general, field strains collected from soybean 

fields (that were planted in close proximity to cotton) in 

the northern region of Louisiana (SJ95, WIN95, BC95) and 

the cotton-producing areas of Mississippi and Georgia (MS95 

and GA95) had greater LC50S and resistance ratios (RR) than 

strains collected from soybean planted in the central and 

southern regions of Louisiana (JEN95, YVL95, JRT95, BR95, 

HAM95) in predominantly soybean production regions. These 

results were consistent with those from vial bioassays 

(Table 1.1), which show greater percentage survival in 

larvae collected from cotton-soybean agroecosystems and may 

result from extensive use of pyrethroids in the cotton- 

producing areas of northern Louisiana and other states for 

control of cotton pests. Previous studies have shown 

increased pyrethroid resistance of soybean loopers in areas 

where cotton and soybean are grown in close proximity 

(Felland et al. 1990, Leonard et al. 1990, Mink and Boethel 

1992), compared with soybean loopers in areas where soybean 

is predominantly produced. Although permethrin is the only 

pyrethroid that has been used for control of soybean 

loopers in soybean, populations may have been exposed to 

other pyrethroids on other crops (Thomas et al. 1996).

Studies conducted earlier revealed soybean looper 

resistance to \-cyhalothrin, fenvalerate, and cypermethrin 

in Louisiana (Leonard et al. 1990) and Mississippi (Felland

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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et al. 1990), which may explain the higher LC50s observed 

in strains collected from these areas.

In the B. thurinqiensis var. kurstaki (Condor OF®) 

bioassays, LCs0s ranged from a low of 18.84 ppm (USDA 

strain) to a high of 166.54 ppm (BC95 strain) representing 

an 8.8-fold difference (Table 1.3). All field-collected 

strains had significantly greater LC50S than that of the 

USDA strain. A significant chi-square was found for the 

JEN95 strain indicating a poor fit of the data to the model 

(Robertson and Preisler 1992). The highest resistance 

ratios were seen in the BC95, YVL95, BR95, GA95, and HAM95 

strains (8.84, 6.51, 6.19, 6.12, and 6.01, respectively). 

Currently, there have been no control failures reported for 

soybean looper with the B. thurinqiensis insecticides in 

the field at these locations; therefore, differences may be 

caused by natural variation within soybean looper 

populations or differences between lab and field strains 

not related to resistance. However, these data suggest that 

soybean looper resistance to B. thurinqiensis products may 

soon develop because control failures have been reported in 

cotton in states such as South Carolina and Alabama 

(Sullivan 1992). Further laboratory and field studies are 

needed to support this hypothesis.

Thiodicarb (Larvin®) LC50S ranged from 396.06 ppm (USDA 

strain) to 1223.56 (WIN94 strain) (Table 1.4). Greater

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1.3. Toxicity of diet treated with Bacillus thuringiensis var. kurstaki 
(Condor OF®) to 3rd-instar soybean looper 72 h after treatment, 1995.

Strain na Slope (SEM) LC50 (95% CL)b RR (95% CL) df

USDA 250 2.12 (0.24) 18.84 (15.27-22.90) --- 0.9 3

JEN95 250 2.67 (0.29) 37.87 (23.59-70.65) 2.01 (1.54-2.62) 7. 9C 3

YVL95 200 3.22 (0.38) 122.70 (78.63-183.03) 6.51 (5.05-8.39) 2.3 2

JRT95 250 3.12 (0.33) 37.39 (24.61-62.17) 1.98 (1.54-2.56) 7.4 3

BR95 200 3.30 (0.39) 116.69 (99.81-135.59) 6.19 (4.81-7.97) 1.0 2

HAM 9 5 200 3.25 (0.39) 113.13 (96.47-131.67) 6.01 (4.66-7.74) 0.8 2

SJ95 250 2.41 (0.26) 91.97 (76.74-110.06) 4 .88 (3.73-6.39) 2.8 3

WIN95 250 2.14 (0.24) 87 .48 (56.05-133.32) 4 .64 (3.50-6.15) 4.6 3

BC95 250 2.15 (0.24) 166.54 (107.58-249.87) 8.84 (6.67-11.71) 4 . 4 3

MS95 250 2.07 (0.24) 76.97 (38.23-136.70) 4 .09 (3.07-5.44) 7.5 3

GA95 250 2.13 (0.24) 115.27 (78 .12-177 .28) 6.12 (4.61-8.12) 4.1 3

aNumber of larvae tested excluding controls.
^Expressed in ppm.

significant (P=0.05).
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Table 1.4. Toxicity of diet treated with thiodicarb (Larvin®) to 3rd-instar soybean
looper 72 h after treatment, 1994-1995.

Strain n a Slope (SEM) LCso (95% CL ) b RR (95% CL) df

USDA 200 3.37 (0.44) 396.06 (170.20-621.65) --- 3.1 2

HAM 9 4 212 2.86 (0.36) 895.74 (739.09-1055.48) 2.26 (1.78-2.89) 0.9 2

WIN94 310 2.16 (0.27) 1223.56 (1007.78-1441.21) 3.09 (2.43-3.94) 1.6 2

MS94 212 2.59 (0.36) 779.79 (619.60-935.17) 1.97 (1.52-2.55) 1.0 2

JEN95 200 2.85 (0.42) 684.81 (537.79-821.09) 1.73 (1.33-2.25) 1.2 2

YVL95 200 2.90 (0.36) 585.69 (493.15-690.09) 1.47 (1.17-1.87) 1.8 2

JRT95 200 2.68 (0.41) 649.15 (207.49-997.98) 1. 64 (1.24-2.17) 2.2 2

BR95 216 2.43 (0.31) 677.87 (563.16-812.87) 1.71 (1.34-2.19) 0.4 2

HAM 9 5 200 2.73 (0.34) 595.78 (496.96-707.13) 1.50 (1.19-1.90) 0.4 2

SJ95 232 3.23 (0.36) 1103.31 (726.90-1595.99) 2.79 (2.24-3.47) 2 . 4 2

WIN95 200 3.02 (0.42) 762.69 (310.72-1191.31) 1. 93 (1.51-2.46) 2.7 2

^Number of larvae tested excluding controls.
^Expressed in ppm.

(Table cont'd)
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LCsos were observed in the field-collected strains compared 

with the USDA reference strain. However, the only strains 

with significantly greater LCsos than the USDA strain were 

the HAM94, WIN94, SJ95, BC95, and MS95 strains. Resistance 

ratios for each of these field strains were 2.26, 3.09,

2.79, 2.60, and 2.31, respectively. As in the B. 

thuringiensis bioassays, these results do not necessarily 

indicate a control problem with thiodicarb. Differences in

LC50s may be caused by natural differences in the soybean

looper populations because currently, thiodicarb is still

providing adequate control of soybean looper in soybean

fields in Louisiana (Mascarenhas et al. 1995). However, 

there have been reports of failures with thiodicarb in 

other states such as Alabama (Sullivan 1992) and South 

Carolina (Sullivan and Chapin 1990), where growers have had 

to use higher rates to reduce soybean looper populations 

effectively. In addition, data obtained on soybean loopers 

collected in the field in Puerto Rico and exposed to 

thiodicarb in a diet bioassay revealed a LC50 of 5847.14 

ppm (unpublished data), which is approximately 4.8 times 

greater than the highest LC50 (1223.56 ppm; WIN94) found in 

the field-collected strains collected in the present study 

and approximately 15 times greater than the USDA reference 

strain. These data, along with those of Thomas et al.

(1994), show resistance to thiodicarb in soybean loopers in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Puerto Rico. Considering the migratory behavior of this 

pest (Herzog 1980), these data should cause concern 

relative to thiodicarb efficacy in the United States in the 

near future. Based on results from this study, control 

provided by thiodicarb should be monitored carefully.

The LC50S for the chlorfenapyr (Pirate®) bioassays 

ranged from 20.15 ppm (USDA) to 27.41 ppm (HAM94) (Table 

1.5). The only strain with a significantly greater LC50 

than that of the USDA strain was the WIN94 strain (26.62 

ppm). Leaf-dip bioassay data (Thomas et al. 1993) were 

similar to those found in the current study in that results 

were variable across years, and significant differences 

were observed in comparisons between field-collected and 

the reference strain. Chlorfenapyr has not been registered 

for commercial use on soybean. However, in Louisiana 

during the 1995 growing season, the EPA granted a section 

18 label for the use of chlorfenapyr on cotton to control 

the tobacco budworm, Heliothis virescens (Boddie). This 

use in 1995 would not explain the significantly greater 

LC50 observed in the soybean looper strain (WIN94) 

collected from Winnsboro, LA, in 1994 (Table 1.5). Thus, 

differences in the present study probably represent natural 

variation among populations.

LC50S were much lower in the emamectin benzoate 

(Proclaim®) bioassays compared with the other insecticides

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1.5. Toxicity of diet treated with chlorfenapyr (Pirate®) to 3rd-instar soybean
looper 72 h after treatment, 1994-1995.

Strain na Slope (SEM) LC50 (95% CL)*5 RR (95% CL) df

USDA 360 3.31 (0.30) 20.15 17.90-22.54) --- 0.0 2

HAM 9 4 280 3.46 (0.33) 27 .41 20.32-36.87) 1.36 (1.13-1.64) 4.5 2

WIN94 280 2.84 (0.29) 26.62 23.09-30.67) 1.33 (1.08-1.62) 1.5 2

BC94 204 3.49 (0.41) 22.67 14 .18-34.78) 1.12 (0.93-1.35) 2.7 2

MS94 204 3. 92 (0.45) 25.14 16.43-38.07) 1.23 (1.04-1.49) 2.7 2

JEN95 200 4 .38 (0.53) 19.42 12.86-28.62) 0.96 (0.70-1.17) 2.7 2

YVL95 200 3.85 (0.44) 24 .70 17.13-35.37) 1.23 (1.02-1.47) 2.2 2

JRT95 200 4.05 (0.46) 27.16 18.01-41.61) 1.35 (1.11-1.64) 2.8 2

BR95 264 3.43 (0.34) 25.09 22.03-28.49) 1.24 (1.05-1.48) 0.2 2

HAM 9 5 240 3.24 (0.35) 25.35 15.69-33.68) 1.52 (0.97-1.39) 2.4 2

SJ95 200 3.09 (0.40) 18 .30 10.05-27.59) 0. 91 (0.73-1.13) 2.4 2

aNumber of 
Expressed

larvae 
in ppm

tested excluding controls.
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NJ
CO



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Strain n a Slope (SEM) LCso (95% CL) b RR (95% CL) df

WIN95 204 3.29 (0.42) 17.49 (14.74-20.35) 0.87 (0.72-1.06) 1.3 2

BC95 200 3.49 (0.41) 23.18 (13.26-38.78) 1.15 (0.95-1.39) 3.3 2

MS95 204 3.88 (0.44) 23.72 (16.86-33.09) 1.18 (0.97-1.43) 2.0 2

GA95 200 3.59 (0.42) 23.16 (12.79-40.32) 1.15 (0.94-1.41) 3.7 2

aNumber of larvae tested excluding controls. 
^Expressed in ppm.

NJ•fc.
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evaluated and ranged from 0.45 ppm (USDA) to 2.77 ppm 

(SJ95) (Table 1.6). All field-collected strains except the 

WIN94 and HAM95 strains had significantly greater LC50S 

than the USDA strain, and resistance ratios for SJ95 and 

WIN95 were 6.21 and 6.06, respectively. Emamectin benzoate 

has not been used commercially for soybean looper control 

in these areas, so the differences found between the field- 

collected and reference strains are difficult to explain 

because of lack of selection pressure using this product.

Results from previous bioassays and field trials using 

chlorfenapyr (Thomas et al. 1993) and emamectin benzoate 

(Thomas et al. 1993, Wier et al. 1995) suggest that both of 

these products have provided satisfactory control of 

soybean looper. Significant differences observed in the 

diet bioassays using chlorfenapyr and emamectin benzoate 

may not necessarily indicate a resistance problem. Sawicki 

(1987) defined resistance as "a genetic change in response 

to selection by toxicants that may impair control in the 

field." He went on to state that most misinterpretations 

concerning resistance occur at the population level. At 

this level, changes in the insects' response to insecticide 

and field control failures can be considered resistance 

development. Although many times these two situations are 

interdependent, they are not interchangeable because a 

change in response does not always result in an insecticide

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1.6. Toxicity of diet treated with emamectin benzoate (Proclaim®) to 3rd-instar
soybean looper 72 h after treatment, 1994-1995.

Strain n a Slope (SEM) LC5o (95% CL) b RR (95% CL) 7

J C df

USDA 200 2.91 0.42) 0.45 (0.20-0.66) -- 2.1 2

WIN94 200 2.09 0.49) 0.71 (0.26-1.08) 1.59 (0.86-2.97) 1.1 2

JEN 9 5 200 3.18 0.37) 0.84 (0.72-0.98) 1.88 (1.47-2.42) 1.2 2

YVL95 250 2.54 0.27) 1.40 (1.18-1.67) 3.15 (2.42-4.09) 1.5 3

JRT95 200 3.39 0.40) 1.04 (0.90-1.22) 2.34 (1.83-2.99) 0.7 3

BR95 250 2.99 0.31) 1.23 (0.94-1.63) 2.76 (2.15-3.55) 3.2 3

HAM 9 5 250 2.09 0.24) 0.56 (0.46-0.68) 1.25 (0.95-1.66) 2.1 3

SJ95 250 2.42 0.26) 2.77 (1.79-4.47) 6.21 (4.76-8.11) 5.9 3

WIN95 250 2.34 0.25) 2.70 (2.25-3.26) 6.06 (4.63-7.93) 2.0 3

BC95 250 2.52 0.27) 1.81 (1.27-2.48) 4 . 05 (3.11-5.28) 3.6 3

MS95 275 2.31 0.25) 1.52 (1.02-2.10) 3.41 (2.60-4.46) 3.7 3

GA95 345 2.34 0.22) 1.94 (1.43-2.60) 4 .37 (3.39-5.62) 3.7 3

dNumber of larvae tested excluding controls.
Expressed in ppm. Mcn
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control failure. Sawicki (1987) also stated that when a 

change in susceptibility is caused by a small portion of 

resistant insects or to low levels of resistance, only 

sensitive bioassays may measure these slight differences 

which may not be great enough to result in field control 

failures. Perhaps the resistance levels to chlorfenapyr 

and emamectin benzoate in the field-collected strains 

collected from Winnsboro in 1994 (WIN94) and Hamburg 

(HAM95) in 1995 were low enough that they did not 

constitute field control problems but were apparent in the 

bioassay results.

The results for the spinosad (Tracer®) bioassays are 

presented in Table 1.7. LC50S ranged from 4.19 ppm (HAM95) 

to 13.46 ppm (GA95). There were no significant differences 

in LC50S between the field strains and the USDA reference 

strain, except the HAM95 strain in which the LC50 (4.19 

ppm) was significantly lower than that of the USDA strain 

(9.70 ppm). Spinosad, like chlorfenapyr and emamectin 

benzoate, has not been labeled for field use on soybean.

In the BR95 and GA95 bioassays, significant chi-squares 

were observed, indicating a poor fit of the data to the 

model (Robertson and Preisler 1992) in these bioassays, so 

95% confidence limits should not be used to compare these 

strains.
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Table 1.7. Toxicity of diet treated with spinosad (Tracer®) to 3rd-instar soybean looper
72 h after treatment, 1995.

Strain n a Slope (SEM) LCso (95% CL ) b RR (95% CL) £ df

USDA 200 1.73 0.29) 9.70 (7.55-12.73) --- 1.2 2

JEN95 280 2.75 0.31) 8.55 (7.28-9.96) 0.88 (0.66-1.19) 0.7 2

YVL95 200 2.79 0.35) 9.96 (8.41-11.88) 1.03 (0.76-1.39) 0.3 2

JRT95 320 2.80 0.32) 10.62 (6.61-16.25) 1.09 (0.82-1.47) 2.6 2

BR95 250 2.61 0.28) 8.17 (4.93-15.31) 0.84 (0.62-1.14) 8. 5C 3

HAM 9 5 250 2.54 0.28) 4.19 (3.48-4.98) 0.43 (0.32-0.59) 0.9 3

WIN95 250 2.70 0.28) 11.61 (9.82-13.70) 1.20 (0.88-1.62) 1.8 3

BC95 250 1.79 0.23) 9.96 (7.85-12.45) 1.03 (0.73-1.44) 2.3 3

MS95 250 2.14 0.24) 13.08 (8.24-21.43) 1.35 (0.98-1.86) 5.4 3

GA95 260 2.13 0.24) 13.46 (7 .21-27.61) 1.39 (1.01-1.91) 8.8C 3

aNumber of larvae tested excluding controls. 
^Expressed in ppm.
^significant (P=0.05).
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