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Abstract: Twenty-two strains of the tobacco calerpillar, Spodoptera litura (F.)
(Lepidoptera: Noctuidae), collected from groundnut crops of eight locations in
Andhra Pradesh, India, between 1991 and 1996 were assayed in the F1 gener-
ation for resistance to commonly used insecticides. Resistance levels ranged as
follows: cypermethrin, 0-2- to 197-fold; fenvalerate, 8- to 121-fold; endosulfan, 1-
to 13-fold; quinalphos, 1- to 29-fold; monocrotophos, 2- to 362-fold and
methomyl, 0-7- to 19-fold. In nearly all strains pre-treatment with the metabolic
inhibitor, piperonyl butoxide, resulted in complete suppression of cypermethrin
resistance (2- to 121-fold synergism), indicating that enhanced detoxification by
microsomal P450-dependent monooxygenases was probably the major mecha-
nism of pyrethroid resistance. Pre-treatment with the synergist DEF, an inhibitor
of esterases and the glutathione S-transferase sysiem, resulted in a 2- to 3-fold
synergism with monocrotophos indicating that esterases and possibly gluta-

thione S-transferases were at least

organophosphate resistance.
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to some extent contributing to
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1 INTRODUCTION

The tobacco caterpillar, Spodoptera litura (F.) is a pol-
yphagous noctuid of high reproductive capacity with an
ability to migrate over large distances in the adult stage.
As with other members of the genus, these character-
istics have resulted in it becoming a pest ol many agri-
cultural crops throughout its geographical range, which
extends throughout Asia and Oceania, [rom the borders
of North Africa to Japan and New Zealand. In India it
has become particularly notorious for the damage it
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causes lo tobacco in most of the tobacco-growing tracts
of the country.® However, during the last 30 years it has
become increasingly important on other crops—cotton,
groundnut and mung bean in particular.

S. litura was one ol the first pests ol agricultural
importance in India to develop resistance to insecti-
cides. By 1965 resistance to benzene hexachloride
(BHC) was reported in field populations [rom
Rajasthan® and by the early 1970s to endosulfan and
carbaryl in Haryana® and West Bengal.* In the early
1980s, populations in the south Indian state of Andhra
Pradesh were shown to be highly resistant to lindane,
endosulfan, carbaryl and malathion.3

It was largely as a rcsult of serious control difficulties
caused by insecticide-resistant S. litura that the syn-
thetic pyrethroids were approved [or application to
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cotton and released into the Indian market-place in
1982. The pyrethroids were effective to the extent that,
by the 1983-84 season, this species had been relegated
to the status of a minor cotton pest. Unfortunately,
since this time, S. litura has become an increasingly
important pest of groundnut, particularly in the east
coaslal region of peninsular India which accounts for
15% of the country's annual production of 8-5 Ml
(million tonnes). By the late 1980s it was widely con-
sidered to be out of control by groundnut farmers in the
region and the research-extension sector alike.®

This study was undertaken to determine whether the
status of insecticide resistance in S. litura in Andhra
Pradesh had changed since the study by Ramakrishnan
et al.® and whether resistance to the synthetic pyre-
throids and some of the more recently introduced
organophosphate and carbamate insecticides had devel-
oped. These data would aid our understanding of recent
control failures with insecticides in groundnut crops, the
reason for the increasing status of S. litura as a pest of
groundnut in the coastal Andhra Pradesh districts and
serve as a bench-mark against which to measure the

ANDHRA PRADESH

100 50 O

241

success of IPM programmes being implemented in the
region.

2 EXPERIMENTAL METHODS

2.1 Sample collection and rearing

S. litura egg masses were collected from groundnut
crops in farmers’ fields at eight locations in Andhra
Pradesh State and from the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT)
farm, Hyderabad, between 1991 and 1996 (Fig. 1 and
Table 1). All strains, with the exception of one from the
ICRISAT farm (from groundnut in July 1993 during the
rainy season), were collected from post-rainy season
groundnut crops during January and February.
Wherever possible, farmers were interviewed to deter-
mine the number of insecticide sprays applied to their
crop up to the time of sampling. In the laboratory,
larvae were reared on a semi-synthetic diet based on
chickpea flour and dried ground sorghum leaves (Ranga

Fig. 1. Sampling locations for Spodoptera litura strains in Andhra Pradesh, India between 1991 and 1996.
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TABLE 1|
Sources of Spodoptera litura Strains from Andhra Pradesh
State between 1991 and 1996 and Numbers of Applications of
Insecticide to Groundnut Crops prior to Collection of Egg

Masses
Collection No. of
Location, district date insecticide sprays

1CRISAT, Medak
ICRISAT, Medak
ICRISAT, Medak

January 1991 0
July 1993 0
February 1995 0

Tiruvuru, Krishna January 1991 1-2
Tiruvuru, Krishna February 1993 2
Bapatia, Guntur February 1991 6-7
Bapatla, Guntur February 1994 2-3
Bapatla, Guntur February 1995 0
Bapatla, Guntur February 1995 1-2
Bapatla, Guntur February 1996 0
Bapatla, Guntur February 1996 10
Karlapalem, Guntur February 1993 5~6
Gonapavarum, Guntur ~ February 1993 6~17
Kottapatnam, Prakasam February 1991 1-2
Proddatur, Cuddapah February 1995 0
Proddatur, Cuddapah February 1995 5-9
Proddatur, Cuddapah February 1996 0
Proddatur, Cuddapah February 1996 2
Tirupati, Chittoor February 1995 0
Tirupati, Chittoor February 1995 4-5
Tirupati, Chittoor February 1996 0
Tirupati, Chittoor February 1996 2-3

Rao, unpublished). All rearing operations were con-
ducted at 25(%2)°C under natural photoperiod
(c.13: 11 h light : dark). An insecticide-susceptible strain
of S. litura was obtained from Rallis India Ltd. This
strain was originally collected from volunteer castor
plants from the Bangalore region and had been main-
tained in the laboratory for six years.

2.2 Insecticides

The following technical grade insecticides were used for
bioassyas: cis: trans (c.50:50 ratio) cypermcthrin
(900 g kg~!; Zeneca Agrochemicals, UK); endosulfan
(940 g kg~'; Excel Industries, India); fenvalerate
(976 g kg~'; Sumitomo Corp., Japan); methomyl
(980 gkg™'; DuPont, France); monocrotophos
(680 g kg~!; Khatau Junker, India); quinalphos
(720 g kg~ !; Sandoz, India). The synergists, piperonyl
butoxide (PBO) (900 g kg™!) and S,S,S-
tributylphosphorotrithionate (DEF), were obtained
from Goodeed Chemical Co. Ltd, UK, and Mobay
Chemical Co., USA, respectively.

2.3 Bioassay and data analysis

Biossays were conducted on 30-40-mg F1 generation
larvae using a procedure based on the standard Helio-
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this susceptibility test recommended by the Entomologi-
cal Society of America.” Serial dilutions of technical
grade insccticides in analytical grade acetone were pre-
pared and a 1-0-ul drop dispensed onto the thoracic
dorsum of individual larvae using a Hamilton® repeat-
ing dispenser fitted with a 50-p1 syringe. Control larvae
were treated with acetone alone. For each bioassay gen-
erally at least 36 larvae were treated at each of five or
more concentrations, plus control. In assays including
the synergists PBO and DEF, these were applied as
1-0-pl drops to the mesothorax 15-20 min prior to the
insecticide, at rates of 50 ug per larva and 20 pg per
larva respectively. After dosing, larvae were held indi-
vidually in 7-5-ml cells of 12-well tissuc culture plates
(Linbro, ICN Flow Ltd) with fresh semi-synthetic dict.

Mortality was assessed six days (144 h), after treat-
ment. A larva was considered ‘dead’ if it was unable to
move in a co-ordinated manner when prodded with a
blunt needle. Control mortality was rare, but where
necessary corrcctions were made using Abbott's
formula.®

Dose mortality regressions were computed by probit
analysis using MLP 3.08 software.” Significance of dif-
ferences between log dose probit (Idp) lincs was deter-
mined from Position y? test (to determine whether
relative potencies differ from unity), and Parallelism y?
test (to determine whether a common slope is adequate).
Heterogeneity x? tests were performed on all Idp lines
to detcrmine whether or not residual variation was con-
sistent with binomial sampling.’

3 RESULTS
3.1 Insecticide use

Insccticide use was highly variable both within sam-
pling regions and from one ycar to the next (Table 1).
There were always some farmers who did not use inscc-
ticide at all for S. litura control, opting to follow
ICRISAT and State extension advice, particularly since
the 1993-94 season. Howecver, the majority of farmers
still continued to use insccticide and the number of
applications ranges from | to 10, depending upon pest
attack and farmers’ perccptions of insect pest damage.
Typical insecticides used on post-rainy season ground-
nut were: lindane, chlorpyrifos, cypermethrin, endo-
sulfan, fenvalerate, parathion-methyl, monocrotophos
and quinalphos. Dust formulations of lindane, fenva-
lerate, parathion-methyl (folidol) and quinalphos were
popular because of their long residual action against
leaf feeding pests such as S. litura.

3.2 Pyrethroid resistance

The steep ldp line slopes (>2-1), relatively low LDy,
values and, in the case of cypermethrin, no suppression
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TABLE 2
Toxicity of Topically Applied Cypermethrin to 30-40-mg Larvae of Field Strains of Spodoptera litura
Collect LDgy* (95% C.1.)

Strain” date n (ug per larva) LDgy  Slope (£S.C.) RF*
Bangalore 288  0-029 (0-02-0-03) 0-091 2:6 (£0-3) —
ICRISAT (US) Jan. 91 198  0-022*  (0-01-0-04) 0-26 12 (£0-2) 0-8
ICRISAT (US) Jul. 93 257  0-058 (0-04-0-08) 0-34 1-7 (£0-2) 2
ICRISAT (US) Feb. 95 384  0-047 (0-03-0-06) 0-76 11 (£0-1) 2
Kottapatnam (S) Feb.91 248  0-090 (0-05-0-16) 31 0-83 (£0-1) 3
Karlapalem (S) Feb.93 480  0-0046  (0-003-0-007)  0-34 0-69 (£0-1) 0-2
Gonapavarum (S)  Feb.93 528  0-30 (0-23-0-39) 3-8 12 (£0) 10
Tiruvuru (S) Jan. 91 288  0-010 (0-008-0-01) 0-054 1:8(40-2) 0-3
Tiruvuru (S) Feb. 93 183  0-049 (0-03-0-10) 0-29 17 (£0-4) 2
Bapatla (S) Fceb. 91 128 0-011 (0-006-0-02) 0-10 14 (+0-2) 0-4
Bapatla (S) Feb. 94 432  0:16 (0-13-0-21) 1-0 16 (£0-1) 6
Bapatla (US) Feb. 95 240  0.44* (0-37-0-53) 11 32 (405 15
Bapatla (S) Feb.95 288  0-39* (0-28-0-51) 2:5 1:6 (£0-2) 13
Bapatla (US) Feb.96 216  2-8 (2-2-3-6) 12 2:0 (£0-3) 97
Bapatla (S) Feb.96 180 57 (3-6-89) 57 13 (£0-2) 197
Proddatur (S) Feb.95 288  0-31 (0-23-0-40) 22 1-5(£0-2) 11
Proddatur (US) Feb.96 144  3-1* (2:6-3-8) 7:0 37 (05 107
Proddatur (S) Feb. 96 180  2-8 (2:3-3-5) 82 2-8 (£0-4) 97
Tirupati (US) Feb.95 288 013 (0-:09-0-23) 1-3 1-3 (£0.2) 4
Tirupati (S) Feb. 95 288  0-058 (0-04-0-07) 0-33 1-7 (£0-2) 2
Tirupati (US) Feb. 96 216  0-64 (0-51-0-79) 2:3 2:3 (£0-3) 22
Tirupati (S) Feb. 96 180 1-5* (1-2-2-0) 59 2:1 (£0-4) 52

?(S) = collection from sprayed fields: (US) from unsprayed fields.
b RF (resistance factor) = LD, Field Strain/LD, Bangalore strain.
¢ Heterogeneity 2 significant at: * P < 0-05.

TABLE 3
Effect of Piperonyl Butoxide in Suppressing Cypermethrin Resistance in 30-40-mg Larvae Derived from
Field Strains of Spodoptera litura

Cypermethrin alone Cypermethrin + PBO
Collect LDyt LDg,*

Strain® date (ng per larva) Slope (ug per larva)  Slope RF*¢ SR4
Bangalore 0-029 2:6 0-039 17 — 0-7
ICRISAT (US) Feb. 95 0-047 1-1 0-013 12 03 4
Bapatla (S) Feb. 94 0-16 1-6 0-033 1-8 0-8 5
Bapatla (US) Feb. 95 0-44 32 0-012 2:3 0-3 37
Bapatla (S) Feb. 95 0-39* 16 0-022 151 0:6 18
Proddatur (S) Feb. 95 0-31 1-5 0-011 12 03 28
Tirupati (US) Feb. 95 0-13 1-3 0-040 0-91 1 3
Tirupati (S) Feb. 95 0-058 1-7 0-030** 0-82 0-8 2
Bapatla (US) Feb. 96 2:8 2-0 0-066 2:5 2 42
Bapatla (S) Feb. 96 57 13 0-047 4-5 1 121
Proddatur (US)  Feb. 96 31 37 0-079 2:9 2 39
Proddatur (S) Feb. 96 2:8 2:8 0-043 2-0 1 65
Tirupati (US) Feb. 96 0-64 23 0-057 1-6 1 11
Tirupati (S) Feb. 96 15 2:1 0-081 1-5 2 19

 (S) = collection from sprayed fields; (US) from unsprayed fields.

b Heterogeneity y? significant at: * P < 0-05; ** P < 0-01.

¢ RF (resistance factor) = LD;, field Strain/LDs, Bangalore strain (both pretreated with PBO).
¢ SR (synergism ratio) = LD, without PBO/LD,, with PBO pretreatment.
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TABLE 4
Toxicity of Topically Applied Fenvalerate to 30-40-mg Larvae of Field Strains of Spodoptera litura

Collect LBy (95% C.1.)

Strain® date n (g per larva) LDy, Slope (+£S.E.) RF¢
Bangalore 288  0-043 (0-035-0-052) 0-17 22 (40-2) —
ICRISAT (US) Jul. 93 336 0-82** (0-64-1-1) 6-1 1-5(£0-2) 19
ICRISAT (US) Feb. 95 384  0-088**  (0-066-0-12) 1-0 12 (£0:1) 2
Bapatla (S) Feb.94 576  3-.4* (2:6—4-4) 39 1-2 (£0-1) 79
Bapatla (US) Feb. 95 288 5-2 (3-9-6:7) 34 1-6 (£0-2) 121
Bapatla (S) Feb. 95 288 3-0 (2-2-4-1) 29 1:3 (£0-2) 70
Proddatur (US) Feb. 95 288  0-65***  (0-49-0-95) 57 14 (£0-2) 15
Tirupati (US) Feb. 95 432 0-35** (0-25-0-47) 52 11 (£0-1) 8
Tirupati (S) Feb. 95 336 0-84** (0:62-1-1) 82 1-3(£0-2) 20

“(S) = collection from sprayed fields; (US) from unsprayed fields.
b Heterogeneity y? significant at: * P < 0:05; ** P < 0-01; *** P < 0-001.
¢ RF (resistance factor) = LD, Field Strain/LDg, Bangalore strain.

of resistance by thc metabolic inhibitor PBO (Position
x%, P > 0-05), indicate that the Bangalore strain was
susceptible to cypermethrin and fenvalerate (Tables
2-4).

Cypermcthrin and fenvalerate resistance in field
strains ranged from 0:8- to 197-fold and 2- to 121-fold
respectively. In all cases where both cypermethrin and
fenvalcratc were assayed on the samec strains, resistance
was significantly greater for fenvalerate (Position x2,
P < 0-05). Strains collected from the ICRISAT farm
recorded only low-level resistance to cypermethrin (0-8-
to 2-fold), while resistancc to fenvalcrate assayed on thc
1995 strain was higher (2- to 159-fold). Ldp lines of six of

the eight strains assayed with lenvalerate recorded sys-
tematic curvilinearity and significant heterogeneity
(Heterogeneity x%, P < 0-01), suggesting that thcse
strains included a mixture of resistance phenotypes.
Only three of 21 strains assayed with fenvalerate record-
ed significant heterogeneity (Heterogeneity  x2,
P < 0-05). The highest cypermethrin resistance levels
were recorded in 1996 (22- to 197-fold). In general in
most years the highest pyrethroid resistance levels were
recorded in strains from the coastal districts of Guntur
and Prakasam and from Cuddapah.

In all ficld strains there was a marked syncrgism of
cypermethrin toxicity with PBO rcsulting in synergist

TABLE 5
Toxicity of Topically Applied Endosulfan to 30-40-mg Larvae of Field Strains of Spadoptera litura
Collect LD, (95% C.I.)

Stram® date n (ng per larva) LDyq Slope (£ 8.E.) RF¢
Bangalore 240 12 (1-0-1-4) 31 31 (+0-4) —
ICRISAT (US) Jul. 93 384 39 (2:9-52) 37 1-3 (£0-1) 3
ICRISAT (US) Feb. 95 384 [e5xE® (1-1-2-0) 13 1:4 (£0-1) 1
Karlapalem (S) Feb. 93 336 1-6* (1-2~2-0) 97 16 (£0-2) 1
Gonapavarum (S) Feb. 93 336 5-6%* (4:5-7-0) 26 1.9 (£0-2) 5
Bapatla (S) Feb. 94 480 4.5%* (3-6-5-6) 28 1:6 (+0-1) 4
Bapatla (US) Feb. 95 336 54 (4-1-7-4) 55 1:3 (£0-2) 5
Bapatla (S) Feb. 95 288 6:1 (4:9-7-7) 31 1:8 (£0-2) 5
Proddatur (S) Feb. 95 336 2.1* (1-5-27) 16 1:4 (£0-2) 2
Tirupati (S) Feb. 95 288 1:4 (1-1-1-7) 55 2:1 (£0-2) 1
Tirupati (US) Feb. 95 336 2:3 (1-7-3-2) 31 11 (£0-2) 2
Bapatla (US) Feb. 96 216 3-0* (24-3-6) 89 2:7(40:3) 3
Bapatla (S) Feb. 96 216 16%++ (9-8-2-5) 211 11 (40-1) 13
Proddatur (US) Feb. 96 216 72 (5:6-9-5) 34 1:9 (£0-3) 6
Proddatur (S) Feb. 96 180 3o x (2-1-4-0) 14 19 (£0:4) 3
Tirupati (US) Feb. 96 144 1-8 (1-5-2-2) 38 39 (+0:6) 2!
Tirupati (S) Feb. 96 216 34xx% (2:7-4-3) 13 2:2 (£0-3) 3

¢ (S) = collection from sprayed fields; (US) from unsprayed fields.
b Heterogeneity y? significant at: * P < 0-05; ** P < 0-01; *** P < 0-001.
¢ RF (resistance factor) = LD, Field Strain/LD;, Bangalore strain.
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TABLE 6
Toxicity of Topically Applied Monocrotophos to 30-40-mg Larvac of Field Strains of Spodoptera litura
Collect LDgy* (95% C.1.)

Strain® date n (ug per larva) LD,, Slope (£ S.E) RF¢
Bangalore 216 59 (4-4-7-8) 28 1:9(40-3) =
ICRISAT (US) Jul. 93 384 I (8-4-15) 124 1:2(£00) 2
ICRISAT (US) Ieb. 95 336 17 (12-23) 170 1:3(£02) 3
Karlapalem (S) Feb. 93 480 14 (10-21) 217 11 (£0-1) 2
Gonapavarum (S) cb. 93 336 {5 (12-21) 142 1-3(+0-2) 3
Bapatla (S) Feb. 94 336 40 (29-54) 463 112 (£0-2) 7
Bapatla (US) Feb. 95 288 22 (17-27) 107 1-8 (£0-2) 4
Bapatla (8S) Feb. 95 336 19 (14-25) 163 1-4 (£0-1) 3
Bapatla (US) Feb. 96 180 243%* (157-721) 1565 1-6 (£0-4) 41
Bapatla (S) Feb. 96 216 2134 — — 0-5 (£0-3) 362
Proddatur (US) Feb. 96 180 93 (69-136) 529 1-7 (£0:3) 16
Proddatur (S) Feb. 96 180 455 (235-4488) — 15 (£0-5) 77
Tirupati (US) Feb. 96 180 51 (39-76) 268 1-8 (£0-4) 9
Tirupati (S) Feb. 96 180 79** (57-113) 488 1-6 (£0-3) 13

“ (S) = collection from sprayed fields; (US) from unsprayed fields.
b Heterogeneity z significant at: * P < 0-05; ** P < 0-01.
¢ RF (resistance factor) = LD, Field Strain/LD,, Bangalore strain.

ratios of 2- to 121-fold at the LD, level (Table 3). PBO
pretreatment reduced LDg, levels close to those of
the susceptible strain (RF = 0-2- to 2-[old).

3.3 Endosulfan resistance

The Bangalore strain recorded a steep ldp line slope
and low LDg, (relative to field strains), indicating that
the response of this strain was representative of the
baseline susceptible response (Table 5). For all the field
strains, only low-level incipient resistance was recorded
(1- to 6-fold), with slope values ranging [rom 1-1 to 3-9.
The only exception was one strain [rom Bapatla (13-
fold resistance), collected [rom a field that had received
10 applications of insecticide, including at least {wo
sprays ol endosullan. Heterogeneity was significant [or

nine out of the 16 strains tested (y? P < 0-05), indicat-
ing that many of these strains comprised a mixture of
resistant and susceptible phenotypes. There was no
association between LDj, responses and geographic
location.

3.4 Organophosphate resistance

The Bangalore strain recorded the steepest slope (1+9) of
all strains assayed with monocrotophos and the LD,
ol 5-9 ug per larva was probably representative of the
susceptible strain phenotype (Table 6). Resistance
factors for field strains ranged [rom 2- to 362-fold. The
highest resistance levels were reported in the 1996
strains collected [rom insccticide-treated groundnut
crops in Guntur and Cuddapah districts. Pre-treatment
ol the Bangalore strain with DEF slightly inhibited the

TABLE 7
Effect of DEF in Suppressing Monocrotophos Resistance in 30~40-mg Larvae Derived from Field Strains
of Spodoptera litura

M onocrotophos alone Monocrotophos + DEF
Collect LD o’ LDy,®
Strain® date (ug per larva) Slope (ng per larva) Slope RF* SR¢
Bangalore 59 19 81 1-4 0-7
ICRISAT (US) Feb. 95 17 13 66 1-8 0-8 3
Bapatla (US) Feb. 95 22 1-8 11 i-1 1 2
Bapatla (S) Feb. 95 19 1-4 12 1-6 1 2

? (S) = collection from sprayed fields; (US) from unsprayed ficlds.

® Heterogeneity x® significant at: ** P < 0-01.

¢ RF (resistance factor) = LD, Field Strain/LD;, Bangalore strain (both pretreated with DEF).
4 SR (synergism ratio) = LD;, without DEF/LD;, with DEF pretreatment.
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TABLE 8
Toxicity of Topically Applied Quinalphos to 30-40-mg larvace of Field strains of Spodoptera litura
Collect LDt (95% C.I.)

Strain® date n (ug per larva) LDg, Slope (+S.E.) RF*
Bangalore 288 0-12 (0-10-0-15) 0-52 2 0(403) —
ICRISAT (US) Jul. 93 288 0-33 (0-27-0-41) 1-5 0(+0-2) 3
ICRISAT (US) Feb. 95 240 0-11 (0-10-0-13) 0-24 (+0 5) 1
Karlapalem (S) Feb. 93 384  0-48* (0-40-0-58) 1-7 2 3(£0-2) 4
Gonapavarum (S) Feb. 93 336 0-22* (0-17-0-28) 12 8 (+0:2) 2
Bapatla (S) Feb. 94 480  0-60*** (0-46-0-19) 8-1 1 (£0:1) 5
Bapatla (S) Feb. 95 240 071 (0-58-0-89) 2:6 3 (4+0-3) 6
Proddatur (US) Feb. 95 288 020 (0-16-0-25) 0-89 2 0(40-2) 2
Tirupati (US) Feb. 95 288 022 (0-19-0-27) 0-67 -7 (+03) 2
Tirupati (S) Feb. 95 336 013 (0-10-0-17) 0-82 6 (+£0-2) 1
Bapatla (US) Feb. 96 216 078 (0-60-1-0) 4.0 -8 (40:3) 7
Bapatla (S) Feb. 96 216 083 (0-68-1-0) 2:6 6 (+0-3) 7
Proddatur (US) Feb. 96 216 35 (2:7-4-7) 18 8 (+03) 29
Proddatur (S) Feb. 96 216 0-97** (0-72-1-4) 67 (iO 3) 8
Tirupati (US) Feb. 96 216  0-22 (0-18-0-28) 0-75 4 (+0-3) 2
Tirupati (S) Feb. 96 216 Q-15%** (0-12-0-19) 0-47 6 (+0:3) 1

“(S) = collection from sprayed fields; (US) from unsprayed fields.
® Heterogeneity y? significant at: * P < 0-05; ** P < 0-01; *** P < 0-001.

° RF (resistance factor) =

toxicity of monocrotophos but this was not statisticaliy
significant (Position 2, P > 0-05) (Table 7). For the
three field strains, DEF significantly synergised mono-
crotophos toxicity (Position y2, P < 0-05), with syn-
crgist ratios ranging from 2 to 3.

It was nol clcar whcther or not the Bangalore strain
was truly susceptible to phosphorothionate organo-
phosphate insccticides, as the Idp line slope for quinal-
phos was only moderately steep (2:0) compared to some
of the field strains (range: 11 to 4-0) (Table 8).
However, the LDsq of 0-12 ug per larva seemed a rea-
sonable cstimate of the baseline response for quin-

LD;, Field Strain/LD,, Bangalore straimn.

alphos, as only one of the field strains recorded a lower
LDs. In general, only low-level incipent resistance was
indicated (I- to 8-fold). A single strain from Prodattur
recorded 29-fold resistance to quinalphos.

3.5 Methomy! resistance

The Bangalore strain recorded the steepest slope (3:0) of
all the strains assayed and it is probably reasonable to
assume that it is representative of the baseline suscep-
tible response (Table 9). Resistance in field strains
ranged from 0-7- to 19-fold, indicating only low-level

TABLE 9
Toxicity of Topically Applied Methomyl to 30-40-mg Larvae of Field Strains of Spodoptera litura

Collect LD, (95% C.1.)

Strain® date n (ng per larva) LDyq Slope (+S.E.) RF*
Bangalore 192 0-46 (0-37-0-55) 1-2 3:0(+04) —
ICRISAT (US) Feb. 95 384 0-32 (0-25-0-42) 2:6 144 (+0-1) 0-7
Bapatla (US) Feb. 95 336 0-74 (0-56-0-97) 6-1 1-4 (+0-2) 2
Proddatur (S) Feb. 95 288 0-87 (0-72-1-1) 32 2:3(£0:3) 2
Tirupati (US) Feb. 95 336 1-4%* (1-0-1-9) 19 1-1(£0-1) 3
Tirupati (S) Feb. 95 336 2.0%** (1-5-2-7) 17 1-4 (+0-2) 4
Bapatla (US) Feb. 96 324 2:2%* (1-5-3:3) 51 0:9 (+0-1) 5
Bapatla (S) Feb. 96 288  [-7%%*  (1.0-2:6) 49 09 (+£0-1) 4
Proddatur (US) Feb. 96 288 6:4* (4-6-9-5) 72 1-2 (£0-2) 14
Proddatur (S) Feb. 96 216 8 7* (7-1-11) 25 2:8 (£04) 19
Tirupati (US) Feb.96 288  0-86 (0-60-1-2) 13 1-1 (£0-2) 2
Tirupati (S) Feb. 96 252 14 (1-0-1-9) 13 13 (+0-2) 3

2 (S) = collection ftom sprayed fields; (US) from unsprayed fields.
b Heterogeneity ¥? significant at: * P < 0-05; ** P < 0-01; *** P < 0-001.

¢ RF (resistance factor)

= LD, Field Strain/LDs, Bangalore strain.
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incipient resistance to methomyl. In general, the results
paralleled those obtained with quinalphos.

4 DISCUSSION

Results of this study clearly demonstrate that S. litura
populations in many regions of Andhra Pradesh have
developed some level of resistance Lo various classcs of
insccticide, including pyrethroids, cndosullan, somc
organophosphates and carbamates. This is the {irst time
that resistancc to synthctic pyrethroid insccticides has
been confirmed in S. litura in India; however, Rama-
krishnan et al,’ had earlier reported a 15-fold incrcase
in tolerance to natural pyrcthrum between strains col-
lected in 1961 and 1983.

Resistance to pyrcthroids was particularly high in
1996 in Guntur district. The exact rcasons [or this
cannol be traced, although it is known that there was a
heavy inlestation ol S. litura on carly-sown crops in
November and December throughout the study area.
An IPM implementation program involving minimum
insecticide application has started in the district, but it
is too early lo expect the impact required of an area-
wide insecticide resistance managemenl program.
Tobacco is grown in the vicinity of the major ground-
nut growing area and the nurseries receive much insecti-
cide to protect the plants from S. litura attack [rom
December onwards. The authors suspect that these
nurseries are the primary source of the infestations
affecting groundnut in January-March each year.

The reason for the higher resistance factors reported
for fenvalerale compared to cypermethrin are not clear,
as both insecticides are used by farmers for S. litura
control. Brewer and Trumble!® reported a similar phe-
nomenon for Spodoptera exigua (Hiibner) where fcnva-
lerate resistance ratios were significantly higher than
those for permethrin. They concluded that the diflcrence
was allributable to the fact that growers commonly
used fenvalerate but not permethrin. This explanation
does not hold for India where both cypermethrin and
fenvalerate are commonly used by farmers for S. litura
control. Overall the data indicate a clear increase in
pyrethroid resistance levels between 1991 and 1996.

In nearly all the strains tested, pre-trcatment with the
synergist PBO completely restored susceptibility to
cypermethrin. It is likely, therefore, that enhanced
detoxification by microsomal P450-dependent mon-
noxygenases was the major mechanism of pyrethroid
resistance in S. litura populations in Andhra Pradesh.

Endosulfan resistance levels were low, although the
marked resistance heterogeneity in many of the strains
assayed suggests that resistant phenotypes were present
to varying degrees in most populations. Our results
differ [rom those of Ramakrishnan et al.,* who reported
a 56-fold increase in endosulfan resistance between the
early 1970s and 1983 and concluded that endosufan
resistance levels in Andhra Pradesh were high.
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Only low-level resistance to quinalphos was found, as
was the casc for monocrotophos up until 1996, when
resistance increased markedly. As DEF is an inhibitor
of esterases and the glutathione S-transferase system,
the 2- to 3-fold synergism with monocrotophos indi-
cales that these mechanisms are at least to some extent
likely to be contributing to organophosphate resistance.
The fact that full suppresion of resistance was ncver
achicved with DEF suggests that at lcast onc other
mechanism was conferring organophosphate resistance.
Classically, resistance lo the phosphate type
organophosphates (e.g. monocrotophos), is attributed to
insensitive acetylcholinesterase (AChE) mechanisms.'!
Saratchandrudu et al!? found rcgional diffcrences in
ACHE titres in S. litura strains in Andhra Pradesh. They
corrclated these differences with insecticide usc and con-
cluded that AChL was an imporlant organophosphate
resistance mechanism in regions where there was heavy
reliance on inscclicides for S. litura control. In Spodop-
tera littoralis Boisd. in Egypt, esterases have been found
lo be the major organophosphate resistance mecha-
nism.!3:14

Methomyl resistance levels were generally low (0-7- to
4-fold), except for the two strains collected from Prod-
datur in 1996. It is possible, however, that even low-
level methomyl resistance could result in field control
difficulties, as has been reported for Helicoverpa armi-
gera (Hiibner).!3 Earlier resistance reports have sliown
that S. litura was immune to field application rates of
the carbamate insecticide carbaryl by 1971 in a north
India strain* and by 1983 in Andhra Pradesh.’ As the
mechanism of methomyl resistance is unknown, the
possibility ol cross-resistance between carbaryl, and
methomyl cannot be confirmed.

It can be concluded from this study that S. litura in
Andhra Pradesh has developed significant levels of
resistance to cypermerthrin, fenvalerate and mono-
crotophos, bul resistance to endosulfan, quinalphos and
methomyl was in most instances moderate or low. It
appears, however, that resistance may be increasing
with time as indicated by the generally high resistance
levels to all chemical classes reported in strains tested in
1996. The generally high levels of heterogeneity among
field populations indicate that the continuing applica-
tion ol insecticides should be monitored and as far as
possible moderated, if the ‘sudden’ appearance of popu-
lations highly resistant to a range of insecticide classes
is to be avoided.
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