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ABSTRACT Bioassays were conducted to determine the susceptibility of 
five lepidopteran defoliators to a nuclear polyhedrosis virus (NPV) isolated 
from the celery looper, Anagrapha falcifera (Kirby). Tobacco budworm, 
Heliothis virescens (F.), exhibited the greatest susceptibility, LCgg = 
2,328PIB/ml, and velvetbean caterpillar, Anticarsia gemmatalis (Hiibner), 
exhibited the least susceptibility, LC50 = 5,176,038 PIB/ml, after 7 d of 
feeding at the 5 X 104 PIB/ml dosage. Corn earworm, Helicoverpa zea 
(Boddie), soybean looper, Pseudoplusia includens (Walker), and beet 
armyworm, Spodoptera exigua (Hiibner), expressed intermediate levels of 
susceptibility, LC5q - 11,742, 14,195, 14,614 respectively, after 7 d of feeding 
at the 5 X 104 PIB/ml dosage. These results were consistent at days 10 and 14 
indicating the relative activity of the virus against each species. 

KEY WORDS Nuclear polyhedrosis virus, soybean, lepidopterous pests, 
susceptibility 

Several lepidopteran insect species are serious pests of soybean, Glycine max 
(L.) Merrill, as well as other economically important field crops. Soybean meal 
and oil are the most produced, traded, and utilized meal and oil in the world 
(Smith and Huyser 1987). Five major lepidopteran pests of soybeans in the U. S. 
are soybean loopers, Pseudoplusia includens (Walker), velvetbean caterpillar, 
Anticarsia gemmatalis (Hiibner), corn earworm, Helicoverpa zea (Boddie), 
tobacco budworm, Heliothis virescens (F.), and beet armyworm, Spodoptera 
exigua (Hiibner) (Smith and Huyser 1987). Soybean looper and velvetbean 
caterpillar overwinter in the tropics and migrate northward during spring and 
summer reaching economic damage levels in many areas of the southern United 
States annually. Soybean looper is more resistant to insecticides than other 
soybean insect pest species and is difficult to control (Turnipseed 1973). Recent 
studies show that resistance to insecticides by this pest is increasing (Leonard et 
al. 1990). Beet armyworm shows a preference for seedling soybeans in that they 
feed on plant terminals and consume all foliage. New growth usually develops, 
but plant development is delayed (Dietz et al. 1976). In recent years, beet 
armyworm has become a pest on soybean fruit forms during the reproductive 
period. Tobacco budworm and corn earworm are primarily pod feeders; 
velvetbean caterpillar is primarily a foliage feeder. 

1 Received 03 March 1995; Accepted for publication 16 May 1996. 
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Chemical insecticides have undesirable side effects in the biotic environment 
and many are becoming ineffective due to development of resistance by insect 
pests, alternative control measures need to be developed. Control of soybean 
lepidopteran defoliators with NPVs has been attempted with fair success 
(Ignoffo et al. 1978, Livingston et al. 1980, Moscardi et al. 1981, Richter and 
Fuxa 1984). NPVs, particularly the multiple-embedded NPVs, have 
considerable potential for the control of economically-damaging insect pests 
(Falcon 1976, Estrada 1986, Huber 1986). In 1985, a multiple-embedded NPV 
was isolated from celery looper collected from cabbage in central Missouri 
(Hostetter and Puttier 1991). The purpose of this study was to determine the 
relative levels of activity of the celery looper NPV on five lepidopteran insect 
pest species. 

Materials and Methods 

All bioassays were conducted at the Southern Insect Management 
Laboratory, Stoneville, MS. Celery looper NPV was obtained from a previously 
purified stock solution provided by M. R. Bell, USDA-ARS, Stoneville, MS. 
Polyhedral inclusion body (PIB) concentrations were determined and quantified 
with a phase contrast microscope using a Neubauer hemacytometer (Vail et al. 
1971, 1973). The stock solution was diluted with sterile distilled water to obtain 
five concentrations for testing: 0 (control, water only), 1 X 103, 5 X 103, 1 X 104, 
and 5 X 104 PIB/ml. The concentrations, or dosages of virus, were incorporated 
within a measured amount of insect diet by methods similar to those described 
by Dulmage et al. (1976). The virus dosages were dispersed in the diet by 
blending 10 ml of each stock solution in 290 ml of diet that was precooled to 
45°C to obtain the final concentrations for testing listed above. Viral dosages 
were mixed within the media, instead of surface applied, because some insect 
species to be tested burrow into the diet when feeding and would be less 
exposed to a surface-applied virus. Diet consisted of a soyflour-wheat germ 
media with low agar content (King and Hartley 1985). Approximately 5 ml of 
diet was dispensed into each 30-ml plastic cup and the cups were covered with a 
sterile cloth. The cups were stored in plastic bags at room temperature under a 
laminar flow hood for 24 h to remove surface moisture on the diet which could 
trap and drown small larvae. 

Insect eggs and diet, specific for each insect species, were supplied by G. G. 
Hartley, USDA-ARS, Stoneville, MS. Insect egg sheets were sterilized with a 
formaldehyde solution (3% active ingredient) for 10 min to eliminate 
contamination with other pathogens and placed in sterile flasks. The egg sheets 
were held in environmental control chambers at 26.5 ± 1 °C and 60-70% RH 
with a photoperiod of 14:10 (L:D) h (King and Hartley 1985). Upon hatching, 
one neonate larva was placed via a sterile artist paintbrush in each diet cup. 
Thirty-six insects (replicates) of each species were used for each dosage of virus. 
A randomized complete block (RCB) design was used with one cup of each 
treatment placed at random on a tray. There were 36 trays (blocks) within the 
environmental control chamber maintained at 26.5 ± 1°C and 60-70% RH with 
a photoperiod of 14:10 (L:D) h. Insects were allowed to feed ad libitum on the 
diet and were observed daily for mortality which was defined as the failure of 
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an insect to respond to tactile stimulation and/or obvious lysis of the 
integument. Treatments had a factorial structure of five species by five dosages. 
Mortality was measured daily on the same 36 insects. The test was repeated 
three times. This bioassay was used to determine relative levels of insect 
susceptibility to the celery looper NPV. 

Mortality data for each experiment and species were subjected to probit 
analysis (Finney 1971), based on the log transformed dosage and calculated by 
the Statistical Analysis System using Probit Procedure (SAS Institute 1988). 
Median lethal concentrations (LC50) calculated from the probit analysis were 
analyzed by SAS using ANOVA for a RCB design with experiment being the 
block and treatment the five species. Means were compared using least 
significant differences (LSD) at P < 0.05 (SAS Institute 1988). Probit analysis 
also was performed on data for each species of insect, combined over 
experiment using SAS Probit Procedure (SAS Institute 1988) and treating 
experiment as a block effect. 

Results and Discussion 

Results are reported for 7, 10 and 14 d. Probit analysis fit the data well on 
all days reported as can be seen from %2 values of the slope (Table 1). The 
ANOVA performed on the data in Table 1 yielded significant differences in the 
LC values among insect species (Table 2). Velvetbean caterpillar required the 
highest dosage of virus to reach LC50 levels on all days reported. Tobacco 
budworm required the lowest dosage of virus to reach LC50 levels on all days 
reported. Corn earworm, soybean looper, and beet armyworm all required 
similar intermediate levels of virus to achieve LC50 levels on all days reported. 
This trend also was seen for LC70 and LC90 levels on all days reported. The 
same trend was seen in the probit analysis when combined over experiment for 
the five larval pests at 7, 10, and 14 d (Table 3). Mortality at 7 d for the 
velvetbean caterpillar was 10%, compared to mortality for tobacco budworm, 
soybean looper, beet armyworm, and corn earworm at 98, 78, 77, and 79%, 
respectively, at the 5 X 104 PIB/ml dosage (Fig. 1). Mortality at 7 d decreased as 
dosage decreased; this trend was found on all days reported. Day 10 mortality 
for the velvetbean caterpillar was 46%, while tobacco budworm, soybean looper, 
beet armyworm, and corn earworm had 99, 90, 87, and 87% mortality, 
respectively, at the 5 X 104 PIB/ml dosage (Fig. 2). Mortality at 14 d for 
Velvetbean caterpillar was 72%, while mortality for, tobacco budworm, soybean 
looper, beet armyworm, and corn earworm was 100, 95, 95, and 91%, 
respectively, at the 5 X 104 PIB/ml dosage (Fig. 3). Results indicate the virus to 
have the best relative activity against the tobacco budworm and least relative 
activity against the velvetbean caterpillar at 7, 10 and 14 d with soybean 
looper, beet armyworm, and corn earworm exhibiting intermediate responses 
(Figs. 1-3). 

The results of this bioassay show susceptibility by all five of the defoliators 
tested with the celery looper NPV. As more integrated pest management (IPM) 
systems are developed for agroecosystems, the value and use of viruses for 
control or suppression of insect pest population levels increases. Further testing 
is warranted with the celery looper NPV for possible use in an IPM system for 
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co" co" co" of OO" co" r-T co" cm" co" CM 
* * * * 00 * * * * * * * * CO CO o 00 CO 0 00 CO O CO CO CO Oi 1—1 CM ^ w 1—1 CO <M OS co CM 00 LO LO LO 
Oi ^ o 00 q OS OS LO t> rH rjJ LO 00 (M 00 CM CM CO 
CM o CO ^ Oi LO CO 1—1 Oi CO CO ^ ^ CM o Oi CO LO t> t- G5 1—1 CO CM CM 0 00 1—1 o 1—1 1—1 1—H O rH CM T—1 rH rH CM 
d o d o d d 0 O d d d d 0 d 

00 oq o lo 0 CO 00 CM CO c- 0 LO o co 00 LO 05 I> t> CM 00 CM ^ CO CO co 1-H <M LO Oi CO CO CM 
o d o o ^ d d 0 O d 0 0 0 0 ^ 
o CO ^ 00 1 00 CO 0 LO LO ^ 0 ^ CD CO CM co O CO t̂  CM LO CD cq CO LO <N CO Oi CM CN CM 
o" co" co" Oi" O" co" co" 00" !>•" i—i Oi (N 00 CO 

<N" 
00 t>- t> CO 1 t- 05 CO CO Oi 00 CO lo o LO Oi t- CO 00 <N 00 LO 00 Oi CO 00̂  « CO ^ cq 00 
rH t> co" 1—T co" rH~ rH- co" co" H c\l CM 
CM CO o CM CO 00 O 00 TJH ^ CO ^ rH (M CO CO LO O l> CO CO CO Oi LO l> 0CI lO Oi 1—i CN LO U0 cô  Oi 
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Table 3. Comparison of probit analysis, combined over experiment, for 
five larval pests. 

LC50 (P) Slope (l/o ) 

Day Insect 95 C.I. ( l / o ) SE x2 

7 CEW** 12736 7384 18273 0.585 0.098 35.14 * 
7 VBC 858381 192348 3.397E10 0.461 0.180 6.55 + 
7 SBL 16204 12933 20659 0.685 0.072 89.32 * 
7 BAW 14016 10071 18579 0.632 0.096 42.81 * 
7 TBW 2428 1882 3014 0.743 0.070 109.74 * 

10 CEW 6686 5164 8544 0.586 0.058 100.57 * 
10 VBC 67637 41111 150488 0.423 0.065 41.90 * 
10 SBL 6955 5548 8645 0.670 0.062 114.81 * 
10 BAW 5170 3703 6925 0.507 0.057 77.64 * 
10 TBW 796 578 988 1.163 0.180 41.78 * 
14 CEW 3971 2853 5267 0.522 0.056 84.62 * 
14 VBC 14662 10679 20287 0.545 0.068 64.29 * 
14 SBL 3782 2953 4722 0.642 0.060 113.30 * 
14 BAW 1985 1070 3049 0.468 0.065 51.59 * 
14 TBW 851 — — 3.973 8520.657 2.17E-8 

** CEW - corn earworm, VBC - velvetbean caterpillar, SBL- soybean looper, BAW - beet armyworm, 
TBW - tobacco budworm. 

%2 tests for significant slope are denoted by + or * for P < 0.05 or P < 0.001, respectively, 
(p) adjustments were made to the intercept (p) of tolerance distribution based on Log dose to account 

for the block effect of experiments. 

control or suppression of economically important population levels of larval 
pests. 
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Dose PIB/ml 

Fig. 1. Dose/mortality trends, produced by probit analysis, of five larval pests 
fed celery looper virus at day seven. 

Dose PIB/ml 

Fig. 2. Dose/mortality trends, produced by probit analysis, of five larval pests fed 
celery looper virus at day ten. 
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Dose PIB/ml 

Fig. 3. Dose/mortality trends, produced by probit analysis, of five larval pests 
fed celery looper viruses at day fourteen. 
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