Bulletin of Entomological Research (2001) 91, 3746

Carbamate and organophosphate
resistance in cotton pests in India, 1995 to
1999

" K.R. Kranthi'’, D.R. Jadhav?, R.R. Wanjari?,

S. Shakir Ali'and D. Russell®

1Central Institute for Cotton Research, P.B. No.2, Shankarnagar PO,
Nagpur 440 010, India: ZInternational Crop Research Institute for the Semi-
Arid Tropics, Patancheru, India: 3Natural Resources Institute, Central

Avenue, Chatham Maritime, Kent, ME4 4TB, UK

Abstract

Monitoring for organophosphate and carbamate resistance was carried out on
five major insect pests of cotton collected from 22 cotton-growing districts across
India. Resistance was monitored in Helicoverpa armigera (Hiibner) and Pectinophora
gossypiella (Saunders) for the period 1995-1999 and for Spodoptera litura (Fabricius),
Earias vittella (Fabricius) and Bemisia tabaci (Gennadius) in'a survey conducted
during the 1997-98 cropping season. Of the 53 field strains of H. armigera, only four
were found to exhibit resistance to quinalphos, the highest 15-fold, whereas all 16
field strains tested were found to be resistant to monocrotophos. Similarly, out of
40 field strains tested, only eight were found to express appreciable resistance to
methomyl. Resistance in P. gossypiella to quinalphos was high in the majority of the
strains tested. Of the seven strains of E. vittella tested, two strains from northern
India exhibited > 70-fold resistance to monocrotophos. Of the 11 S. litura strains
tested, only four were found to exhibit resistance factors of 10 to 30-fold to
quinalphos and monocrotophos. All of the B. tabaci field strains exhibited
resistance to methomyl and monocrotophos and susceptibility to triazophos.
Practical implications for pest control resulting from the observed patterns of
cross-resistance between quinalphos, monocrotophos and methomyl are discussed.
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Introduction

Cotton occupies only 5% of the total cultivable area in
India but consumes more than 55% of the total insecticides
used in the country (Puri, 1995). Until the introduction of
synthetic pyrethroids in 1982, compounds belonging to the
organophosphate and carbamate groups were amongst the
most widely used insecticides on cotton in India. With
reports of widespread resistance ‘to the pyrethroids
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accumulating consistently over the past decade, there has
been a renewed interest in the use of insecticides other than
pyrethroids for cotton pest management. Resistance to
insecticides belonging to organophosphate and carbamate
groups has been reported in the cotton bollworm,
Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae) and
the leaf worm, Spodoptera litura (Fabricius) (Lepidoptera:
Noctuidae) in India (Armes et al, 1996, 1997). Less
information is available on insecticide resistance in other
major cotton pests such as the pink bollworm, Pectinophora
gossypiella (Saunders) (Lepidoptera: Gelechiidae), the
spotted bollworm, Earias vittella (Fabricius) (Lepidoptera:
Noctuidae) and the whitefly, Bemisia tabaci (Gennadius)
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(Hemiptera: Aleyrodidae). Organophosphate and carbamate
insecticides have been in use on cotton in India for the past
40 years. Much of the efficacy and sustainability of these
groups of insecticides in cotton pest management will
depend on the susceptibility of the major target pests.

Organophosphate insecticides represent 70% of the Indian
arable insecticide market (Anon., 1997). Monocrotophos and
quinalphos are two of the most widely used organophosphate
insecticides in India, that together constitute 75% of the total
organophosphate insecticide usage in the country.
Interestingly, of the total, nearly 85% of quinalphos and 68%
of monocrotophos are used solely on cotton in India (Anon.,
1997). Of the carbamates, methomyl is the most widely used
insecticide. Hence methomyl, monocrotophos and quinalphos
were chosen as representative molecules to monitor resistance
to carbamate and organophosphate insecticides in cotton
pests in India. This study reports the results of a survey
conducted during 1995-1999 to monitor insecticide resistance
of major pests of cotton in India with a view to exarnining the
occurrence and implications of cross resistance and future
potential for carbamate and organophosphate use on cotton in
the country.

Materials and methods

Insects

Larvae of H. armigera, S. litura, P. gossypiella, E. vittella and
pupae of B. tabaci were collected in cotton fields from
different cotton growing regions in India during the
cropping seasons of 1995-1999. The lepidopterous larvae
were reared on wheatgerm-based semi-synthetic diets,
individually, in 7.5 ml cells of 12-well LINBRO® tissue
culture plates. Larvae of H. armigera and S. litura were reared
on diet described by Armes et al. (1992a) and larvae of P.
gossypiella and E. vittella on diets according to Barlett & Wolf
(1985) and Paul et al. (1987) respectively. Laboratory cultures
of the lepidopterous species were established for each
population from 150-200 moths. An insecticide susceptible
strain of H. armigera was kindly provided by Dr Alan
McCaffery, the University of Reading, UK. The susceptible
strain, originally collected in southern Africa had been
maintained at Reading for at least 15 years. Field
populations of B. tabaci were maintained separately in cages
on 3-4-week-old cotton plants. Some field populations of H.
armigera, S. litura, P. gossypiella and E. vittella collected from
traditionally unsprayed regions of Nagpur and Wardha
exhibited low levels of resistance to almost all the groups of
insecticides tested. These were established in the laboratory
on semi-synthetic diet and insecticide bioassays were
conducted repeatedly for the first few generations to assess
consistency in susceptibility response. Data from three to
four assays were pooled together and subjected to probit
analysis using POLO-PC (Anon., 1987). The LDgys thus
obtained were used as checks for susceptibility of the field
collected strains. The strains were maintained for at least
seven to eight generations at the Central Institute for Cotton
Research, Nagpur.

Survey areas

Cotton insect pests were collected from 22 districts of
seven cotton growing states (Punjab, Haryana, Rajasthan,
Maharashtra, Andhra Pradesh, Tamilnadu and Karnataka)

in India (fig. 1). Together, the seven states account for about
80% of the total cotton growing area and 70% of the
insecticides used in the country (Puri, 1995).

North zone

Insects were collected from cotton fields in the Dabwali
and Sirsa districts of Haryana, Bhatinda district of Punjab
and Sriganagnagar district of Rajasthan to start cultures.
Most of the cotton crop in these districts is grown under
intensive inputs and irrigated conditions. In the regions
surveyed, an average of 8 to 17 applications of insecticides
on cotton are common, with monocrotophos and fenvalerate
the most popular (Kranthi et al., in press). While the three
bollworms occur simultaneously as early to mid season
pests, peak whitefly infestations occur during mid season of
the crop.

Central zone

Insects were collected in the Nagpur, Wardha, Amaravati,
Akola, Parbhani, Yavatmal, Buldana and Nanded districts of
Maharashtra. In the regions surveyed, 2 to 20 applications of
insecticides are common on cotton, with a preference for
endosulfan, monocrotophos, chlorpyriphos and cypermethrin
(Kranthi et al., in press). Helicoverpa armigera is the key pest
in the region and in outbreak yéars causes extensive damage
to cotton, pigeonpea, chickpea, sunflower and tomato.
Pectinophora gossypiella occurs as a late season pest and
farmers rarely spray insecticides as the infestation goes
unnoticed. Bemisia tabaci and E. vittella occur as early to mid
season pests.

South zone

In Andhra Pradesh, the collections were made from the
Warangal, Medak, Karimnagar, Khammam, Guntur,
Prakasam, Rangareddy and Mahbubnagar districts.” The
survey areas also included the Dharwad district of
Karnataka and Coimbatore of Tamilnadu. In the regions
surveyed, 8 to 30 applications were common on cotton, with
preference for monocrotophos, cypermethrin, quinalphos,
chlorpyiphos and methomyl (Kranthi et al., in press).
Helicoverpa armigera and B. tabaci are major pests of the
region and occur during the reproductive phase of the crop.
Spodoptera litura occurs late in the season and causes

“economic damage sporadically.

Insecticides used

The following technical grade insecticides were used for
bioassays on lepidopterous insects: methomyl (98%; DuPont,
France); monocrotophos (73% w/w; Khatau Junker Ltd,
India) and quinalphos (72% w/w: Sandoz, India). The
following formulated insecticides were used for bioassays
on B. tabaci: triazophos (Hostathion 400 g/1 EC, Agrevo,
India), methomyl (Lannate 125 g/1 L, DuPont, India) and
monocrotophos (Monocil 360 g/1SL, DeNOCIL, India).

Log dose probit assays

Larvae from F; generation of the field strains were used
for bioassays using a topical application procedure
described previously (Kranthi et al., 1997) as recommended
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Fig. 1. Sampling sites in India. 1, Bhatinda; 2, Dabwali; 3, Sirsa; 4, Sriganganagar; 5, Buldana; 6, Akola; 7, Parbhani; 8, Amaravati; 9,
Nagpur; 10, Wardha; 11, Yavatmal; 12, Nanded; 13, Karimnagar; 14, Rangareddy; 15, Warangal; 16, Medak; 17, Mahbubnagar; 18,

Khammam; 19, Guntur; 20, Prakasam; 21, Dharwad; 22, Coimbatore.

by the Entomological Society of America (Anon., 1970).
Third instar larvae of H. armigera, S. litura, and fourth instar
larvae of P. gossypiella and E. vittella were used for bioassays.
Technical grade insecticides were dissolved in acetone and
1.0 4l was applied ‘using a Hamilton syringe dispenser, to
the thoracic dorsum of at least 12 larvae at each of five or
more concentrations in three replicates plus controls. Larvae
were held individually in 12-well tissue culture plates
containing semi-synthetic diet,"at 25 + 2°C and mortality
assessments were made over six days according to Armes et

al. (1996) based on the numbers of moribund and dead
larvae. ‘

Bioassays with whiteflies were based on the adult leaf-
dip assays used by Cahill et al. (1995). Cotton (hybrid Ankur
651) was grown in the glasshouse. Leaf discs of 38 mm
diameter were punched out from 2-week-old plants and
immersed in serial dilutions (0.1, 1, 2, 4, 8, 16, 32, 64, 100 and
1000 ppm) over a range of five to six concentrations in three
replicates. The leaf discs were air dried and then placed
adaxial side down on a bed of agar gel (1.3%) in a plastic
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Petri dish (39 mm diameter X 5 mm high). Control leaves
were dipped in diluent only. Bemisia tabaci adult females
were sorted out under a binocular microscope from a group
of whiteflies (2—4 days old) briefly anaesthetized with
carbon dioxide Thirty whiteflies were released onto each
leaf disc and each
close fitting ventilated lid. As the whiteflies recovered from
anaesthesia, the leaf punches were inverted so that the
whiteflies orientated normally. Mortality was scored up to
72 h after treatment according to Cahill et al. (1996a).
All rearing and bioassay operations were carried out at
-25 = 2°C under a 12:12h light:dark regime. Data from the
replicates were pooled and dose-mortality regressions were
computed by probit analysis using POLO-PC (Anon., 1987).
Corrections for control mortality, which never exceeded 2%,
were made using Abbott's formula (Abbott, 1925).
Resistance factors (RF) were calculated as LDy of the field
strain /LDy, of the susceptible strain. Correlation coefficients
for pairwise comparison of log LDgs were calculated
according to Snedecor & Cochran (1989).

Results

Resistance in H. armigera

The lowest LD, values for methomyl, quinalphos and
monocrotophos were obtained on the Reading susceptible
strain (table 1). The LD;, of methomyl against the
susceptible ‘Reading strain” was 0.13 pg per larva with a
slope of 1.8. Of 40 field strains tested, only eight were found
to express resistance to methomyl, the highest being 22-fold
against a strain from Prakasam district (table 1). The results
indicated that resistance appeared to be increasing over the
past two to three years in most of the strains tested, as, prior
to February 1998, resistance to methomyl was detected only
in a single strain from the Guntur district. -

All of the H. armigera reference susceptible strains
exhibited low LD, values to quinalphos ranging from 0.08
to 0.17 ug per larva, with steep slopes of 3.26 to 3.67. The
field strains exhibited LD, values within a range of 0.09 to
1.5 ug per larva with slopes of 1.1 to 3.7. In general,
resistance across the country was low, with the highest levels
of 10 to L5-fold observed in strains collected from the
districts of Yavatmal, Prakasam and Guntur in south India.
By contrast, the strains from Guntur exhibited appreciable
resistance to quinalphos (i.e. > 8-fold) over a period of four
years.

Resistance to monocrotophos ranged from 8 to 65-fold in
the field strains tested. Highest resistance factors of 39 to 65-
fold were recorded in the strains from Sirsa, Dabwali and
Bhatinda in northern India. The slopes of the regression lines
indicated heterogeneity in most strains with an uncharacter-
istically low slope of 1.4 even in the Reading susceptible
strain.

Resistance in P. gossypiella

The Wardha strain from central India was found to be the
most susceptible to quinalphos with an LD, value of 0.38 ug
per larva (table 2) and was used as the reference susceptible
strain. The slopes of the regression lines obtained with
quinalphos and monocrotophos against the Wardha strain
were steep compared to all the other field strains. Though
resistance factors to methomyl ranged between 4 to 24-fold,

only two strains collected from Warangal and Medak in
Andhra Pradesh could be categorized as resistant, due to
non-overlapping of fiducial limits with the Wardha
susceptible strain. Resistance to quinalphos was detected in
almost all strains except those from Nagpur district in
central India. Resistance factors were high at 118 to 380-fold
in populations collected from Amaravati, Akola, Yavatmal,
Warangal, Medak and Bhatinda districts. Resistance to
monocrotophos was negligible with no evidence of
resistance in strains from central India.

Resistance in E. vittella

The strain of E. vittella from Nagpur in central India was
the most susceptible to quinalphos (table 3) and therefore
used as the reference susceptible strain. Resistance to
methomyl, quinalphos and monocrotophos was detected
only in two strains collected from Sriganganagar and Sirsa in
northern India. None of the strains collected from central
India exhibited any noteworthy resistance to the three
compounds. Resistance to monocrotophos was high at 72
and 111-fold in the strains from Sriganganagar and Sirsa,
respectively.

Resistance in S. litura

The Bangalore susceptible strain exhibited steep dose-
responses to all three insecticides, with slopes of 1.9 to 3.0 in
probit assays (table 4). Resistance levels to methomyl,
quinalphos and monocrotophos were low in the majority of
the strains tested. The strain collected from Mahbubnagar in
Andhra Pradesh exhibited the highest levels of resistance
with factors ranging from 20 to 29-fold against the three
insecticides.

Resistance in B. tabaci

In the absence of any baseline susceptibility data for
methomyl and triazophos against B. tabaci, the field strains
with the lowest LC,, were used as reference strain for
assessing resistance to these compounds. Resistance levels
exhibited by B. tabaci ranged from 15 to 80-fold to methomyl
and 6 to 13-fold to monocrotophos (table 5). Interestingly,
resistance to triazophos was un-detectable.

Pairwise correlations between log LD;,s
of the insecticides

Correlation between the toxicity of quinalphos and
methomyl was highly significant (P < 0.01) for P. gossypiella
and E. vittella and significantly (P < 0.05) positive for all the
lepidopterous species examined (table 6). The toxicity of
monocrotophos and quinalphos was significantly (P < 0.01)
correlated for E. vittella and S. litura, but was non-significant
for H. armigera and P. gossypiella. Paired comparisons of the
LD,s for E. wvittella showed a highly significant (P < 0.01)
positive correlation between all three insecticides.

Discussion

Resistance to either methomyl, quinalphos and
monocrotophos was detected in at least one region of India
in all the species of cotton insect pests tested. Though it is
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Table 1. Log dose probit response of field strains of Helicoserpa armigera to insec;ticides.

Methomy!l Quinalphos Monocrotophos
Collection }

District date LD, 95%FL Slope RF LDy, 95%FL Slope RF LDg; 95%FL Slope RF

Reading susceptible 013  0.04-047 1.8 - 008 0.04-012 33 065 050-085 14
Nepal susceptible - - - = - 012  0.07-02 3.7 o= = = =
Nagpur susceptible - = = - 017 0.15-0.2 3.4 - 4 i = -
Nagpur Sep’95 - - - - 0.22* 016-028 22 2 5.37* 37-817 1.0 8
Jan’96 014  0.09-022 1.9 1 - - - ~ - - - -
Nov'96 - = = = 0.40* 031-049 17 4 - - = =
Jan'97° - - = - 026 0.11-050 25 2 - = - -
Oct’97 028 0.18-042 12 2 0.88* 0.66-124 1.6 9 = = = =
~Feb’98 025 0.15-0.40 18 2 0.58* 043-0.76 1.4 6 726 47-119 09 11
Nov’98 023  0.13-0.38 08 1 = - - ~ - = = =
Dec’98 - - = - 015 0.06-026 19 1 - = - -
Feb "99 0.20 0.15-0.27 1.7 1 026  0.08-0.58 2.5 2 = - = &
Wardha Oct’95 - - - - 0.27* 0.19-034 19 3 = - = =
Oct9% - = = = 0.20* 0.14-0.27 1.9 2 = = = =
Jan 97 0.18 0.11-028 1.4 1 - - - ~ = = - -
Oct’97 021  0.09-045 1.8 1 0.24* 0.18-0.28 2.7 2 - = ~ -
Feb’98 0.14 0.09-025 17 1 009 0.05-0.15 21 1 - - = =
Nov’'98 022 . 0.16-030 1.3 1 0.33* 0.18-0.66 2.2 3 - = - -
Amaravati Oct’97 029  0.19-043 1.5 2 048* 0.22-1.18 1.9 5 = = = ==
Feb’98  0.19 0.11-0.34 1.1 1 0.42* 027-059 1.9 4 771*  49-129 08 12
Jan ‘99 033 0.17-058 1.1 2 067* 047-112° 1.7 7 = = = =
Akola Feb’98  1.87* 096-629 10 12 0.82* 0.50-1.21 29 8 126 78231 08 19
Jan’99 0.51 0.37-0.74 23 4 0.42* 0.25-064 15 4 = — - -
Parbhani Feb’98 032  0.18-0.55 14 2 048 -~ 042-058 27 -5 - = - =
Oct'98 -~ = - - 0.32* 0.14-0.56 29 3 = = = -
Jan’99 - = = = 0.63* 048-0.84 17 6 = = = -
Yavatmal Oct’96 014 011-0.19 18 1 036" 0.26-044 18 3 - - = ~
Nov'97 060 036-1.16 1.0 4 1.28* 091214 14 13 - = - -
Feb’98  1.03* 0.64-174 1.6 7 0.59* 045-0.75 1.6 6 = = = &
Buldana Feb’98 046  029-071 1.1 3 0.41* 0.32-049 1.8 4 - - — -
Jan'99 - - - - 042* 0.31-0.56 1.6 4 - - - -
Nanded Feb’98 050  0.24-1.19 18 4 022* 014029 15 2 - - - ~
Oct’98 - - - = 0.32* 025-042 17 3 = —- = =
Warangal Oct’97 060 032-1.18 1.1 4 0.25* 0.19-0.31 21 2 - = = = ~
Feb’98 033 0.18-076 12 2 0.50* 0.35-0.69 2.0 5 94*  53-14 14 14
Nov’98 1.85* 1.33-2.70 12 14 0.27* 0.15-042 1.5 3 = = o =
Medak Feb’98 053 032-076 1.9 4 0.19* 012-031 12 2 157 94-309 08 24
Karimnagar Feb’'98 040  0.02-1.2 1.1 3 0.50* 0.20-0.94 1.7 5 120 78179 13 18
Khammam Feb’98 150" 0.7-26 1.1 1 040  0.02-0.73 2.0 4 12.00  85-296 22 18
Guntur Nov’95 0.17 0.09-0.27 1.2 1 0.77* 0.55-144 11 8 = 2 - -
Oct 97 127 0.82-2.04 14 9 097¢ 0.81-1.19 37 10 8.3* 33214 16 12
Feb’98 1.20* 0.7-2.0 1.0 9 1.50* 1.20-2.05 27 15 —- = = &
Oct’98  1.82* 1.12440 14 14 0.87 061-156 1.8 8 = ‘ - =y =
Prakasam Feb’98  290* 0.60-68 15 22 1.30* 0.60-347 22 13 93* 6.8-125 26 14
Rangareddy Nov'95 015 0.10-022 16 1 0.26* 0.18-0.32 1.9 2 781* 52-125 10 12
Aug’9%6 -~ - - - 019" 014024 20 2 - - - ~
Oct’'97 - - - — = 0.50* 0.39-0.63 1.7 9 = = - -
Feb’98 055 0.21-1.31 12 4 0.41* 0.28-059 1.1 4 - — ~ =~
Oct "98 = - = = 057¢ 0.44-0.72 1.6 6 7.05* 48-109 10 11
Jan'99 - - - = 016  0.09-023 1.5 1 - - = =5
Mahbubnagar Feb’98  2.09* 142-329 10 15 0.45* 0.35-0.55 1.9 4 - - - -
Coimbatore Oct’95 - - - = 0.46* 036-0.55 1.8 4 — - - -
Nov 96 - - - - 0.62* 0.50-0.76 1.7 6 = - - =
Nov’97 023 0.16-032 12 il 0.67* 0.56-0.78 2.5 6 = - - -
Mar’98  1.08* 0.78-1.53 1.2 7 052 036-0.82 11 5 - - - -
Dharwad Jan’96 012 0.09-0.16 1.6 1 069 051-1.06 1.3 7 16.6* 93-359 07 25
Bhatinda Nov’98" 187 1.28-2.88 1.0 12 0.32* 0.22-042 27 3 425 187-154 06 65
Dabwali Nov’98 1.39* 099-1.99 12 10 0.38* 027-049 26 4 25.7¢ 131-687 06 39
2 0.42* 029-0.61 1.5 4 252 13.6-625 07 39

Sirsa Nov’98 0.25 0.18-0.33 1.6

* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LDsor median lethal dose expressed as jtg per larva; FL, fiducial limits; RF, resistance factor.
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Table 2. Log dose probit response of field strains of Pectinophora gossypiella to insecticides.

Methomy!l Quinalphos Monocrotophos
Collection *
District date LD,, 9%FL Slope RF LD,, 9%FL Slope RF LD,, 95%FL Slope RF
Wardha susceptible Jan ‘97 152 76476 08 = 0.38 0.27-050 27 - 254 21-3.01 15 -
Nagpur Dec’'96 165  8.6-50.0 0.9 1 063 042-089 15 1 - - - -
Dec’97 - - — 036 0.05-0.89 0.6 1 248 1.38-434 08 1
Dec "98 68 21.7-902 0.7 4 052 033-076 14 1 294 1.65-6.89 1.0 1
Wardha Dec’95 122 32-3130 0.7 8 - = = - 180 0.84-346 13 1
Oct’97 105 30-6650 0.7 7 - - - - 305 1.75-541 09 1
Feb'98 - - - 8.62* 40-473 08 21 - - - -
Amaravati Dec’97 - - - 153" 34-8090 0.6 382 408 264-711 0.9 1
Feb’98 113 32-7510 0.7 8 100* 24-39000 0.9 250 302 168646 1.3 1
Akola Oct 97 101 29-2090 0.6 7 534* 25.7-399 1.3 140 400 216-815 0.7 1
Feb’98 181 37-13800 0.6 12 61* 16-33100 0.9 152 397 274625 11 1
Parbhani Feb 98 N = — 096 0.63-1.45 1.3 2 = - - el
Yavatmal Dec’96 169 42-33000 0.8 11 449* 205-312 1.0 118 2.67 1.55-458 09 1
Feb’98 106 26-4070 0.5 7 - - - - - - - —
Buldana Feb’98 156 34-8470 0.6 10 16.2* 6.81-143 0.8 40 - - = =
Nanded Feb '98 44 20.8-279 0.9 3 1.89* 1.22-351 1.2 5 258 1.89-364 14 1
Warangal Feb'98  358* 60-3640 0.8 24 771*  24-1650 0.9 192 545 34-103 09 2
Medak Feb'98  222% 82-2050 09 15 52.5* 19.8-535 09 131 551" 3.55-9.88 1.0 2
Bhatinda Nov '98 225 25-61200 05 15 87.1* 25-1650 0.7 218 21.2*  9.35-89.2 0.7 8
Sirsa Nov 98 - - - ~ - - — 104* 5.66-265 0.8 4
* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD;,, median lethal dose expressed as ug per larva; FL, fiducial limits; RF, resistance factor.
Table 3. Log dose probit response of field strains of Earias vittella to insecticides.
Methomyl Quinalphos Monocrotophos
Collection
District . date LD, 95% FL  Slope RF LD, 95% FL  Slope RF LDy, 95% FL  Slope RF
Nagpur susceptible Feb’96 ~ 0.18  0.13-023 3.6 - 011 0.07-0.02 1.7 o 0.16 0.04-030 2.7 -
Feb’98 - ~ - - 014 010-020 1.1 1 - - - -
Wardha Dec’98 020 0.11-042 1.0 1 009 0.06-012 1.4 1 020 0.15-027 17 2
Parbhani : Feb'98 012 0.04-031 1.2 1 011  0.08-0.15 1.3 1 0.21* 044-064 09 2
Akola Feb '98 0.35 013~1.34 1.2 2 014 011-019 13 1 031 011-1.11 1.2 2
Sriganganagar Feb’98  141* 067-321 16 8 0.28* 0.20~0.40 1.1 2 11.6* 831-170 13 72
Sirsa ; Feb’98 418" 161-242 13 23 045* 0.32-0.67 11 4 17.8* 952473 15 111
* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
!;Dso' median lethal dose expressed as ug per larva; FL, fiducial limits; RF, resistance factor.
Table 4. Log dose probit response of field strains of Spodoptera litura to insecticides.
Methomyl Quinalphos Monocrotophos
Collection
District - date LDy, 95%FL Slope RF LDy, 95%FL Slope RF LDy, 95%FL Slope RF
Bangalore susceptible? 0.46 0.37-055 3.0 £ 0.12 010-0.15 2.0 = 59 4.4-7.8 1.9 -
Nagpur Dec95 011  0.08-015 1.7 4| 019 0.14-026 1.3 1 255 14.3-57.6 0.8 4.
Feb’98 010 0.06-019 1.7 1 018 0.13-0.27 22 1 21.3* 10.4-320 1.3 8
Amaravati Feb 98 0.24 0.17-0.32 1.5 1 0.33* 0.24-046 13 2 42.9* 21-125 0.7 7
Parbhani - - - o= - - - ~ - 26.8* 14.9-617 0.8 4
Yavatmal Feb’'98 033  023-047 11 1 0.54* 0.36-0.86 09 4 49.7* 23.8-154 0.7 8
Warangal Feb’98 256 164478 1.1 6 1.80* 0.85-6.44 11 15 104" 39-539 06 17
Karimnagar Feb’98 018 0.12-027 1.8 1 1.48* 1.12-226 21 12 75.3* 56.8-116 22 12
Mahbubnagar Feb 98 9.0* 47-155 22 20 2.46* 178-485 24 20 176* 111-1180 1.8 29
Rangareddy Feb'98  187° 096-3.60 1.1 4 0.69* 0.49-089 1.8 5 288 21.3-387 19 4
Khammam Nov’98 027  0.18-041 1.8 1 037* 027-047 25 13 414" 314-504 39 7
1 1.11* 0.80-1.61 1.4 9 148* 50-1020 05 24

Bhatinda Nov 98 0.53 032-0.89 14

2 Data of Bangalore susceptible strain from Armes et al. (1997).
* Designated LDy, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD, ) median lethal dose expressed as pg per larva; FL, fiducial limits; RF, resistance factor.



Carbamatead orgznophosphate resistance in cotton pests 43

Table 5. Log dose probit response of field strainsof Bwisi rbaci to insecticides.

Mettony! Quinalphos Monocrotophos
Collection
District date LD;, 95%IL S KF LDy 95%FL Slope RF LDy, 95%FL Slope RF
SUD susceptible? - =B 2 = = = - 14 9.8-18 2.6 =
Rangareddy Feb 98 = - - - 99 5413 2.2 21 = = = -
Feb 98 = - = = 283 7.6-569 0.5 3 . = - -
Feb '98 - - - - 104 6613 2531 = - - - -
Feb 98 - - - - 246 6-17200 0.5 2 - - s -
Feb '98 = - - = 170 5-1390 05 2 - ~ - =
Mar ‘98 - - - - 82 4810 3.8 1 189* 68-12900 0.7 13
April 98 - w = = - - 99* 81-117 3.8 7.
May’98 018 0106 06 - - = - - 2 . _ _
June’98 10.3* 5036 ¥ ¥ - - - - 77* 52-102 1.8 6
June’98  2.7* 1350 08 5 - - - - = - - _
June’98  4.3* 2645 11 4 - - = s s - = -
Oct '98 = - - - 124 9815 28 1 - - - =
Oct 98 - = & = 15 5-825 06 1 - - - -
Guntur Oct "98 - - - - 129 9516 24 1 - - - -
Nov’98 14.4* 82-195 21 8§ - - - = ey a - _
Nov’98 125* 8013 & € - - - - - - - -
Nov’98 107 4618 4 % - - - - - . _ _
Dec ‘98 - - - - 12 8.1-14 23 1 - - - —
Dec 98 = - - - 137 10317 2.4 1 = - - -
Mahbubnagar Oct 98 - - 129 --87-177 31 -1 - - - -
Dec’98  10.6* = - - - - - -

43 136 44 4

a Data of SUD susceptible from Cah111 et al. (19%)

* Designated LD, values are significantly differt fom the susceptible strain through non- overlap of fiducial limits.
LD,y median lethal dose expressed in ppm;fL, fiduckl limits; RF, resistance factor.

not clear as to what level of laboratory messured rsistance
can cause field control failures,-it is likely thatteexent of
difficulties in pest control will certainly bediatedly the
severity of resistance. For example, even lowlvelsof10to
20-fold resistance to methomyl or endosulfen have been
considered to be sufficient to cause field controlfailures, as
both compounds are inherently not very effeiveaginst H.
armigera larvae (McCaffery et al., 1989; Gumirgetd, 1992),
whereas resistance factors of even up to ¥old to
cypermethrin have not caused perceptible feld ontrol
difficulties (K.R. Kranthi, unpublished dit) In India,
monocrotophos, quinalphos and methomyi are the most
widely used insecticides in cotton pest management apart
from pyrethroids and endosulfan. Hene a mesure of
resistance in cotton insect pests to these molels was not
unexpected. Until the late 1980s, resistance tooganophos-
phates was almost negligible, with highestsistance fctors

of 9-fold to quinalphos, and 3-fold to monocrotophos in H.
armigera (McCaffery et al., 1989; Armes et al., 1992b). Later,
Armes et al. (1996) reported the absence of resistance to
monocrotophos, but observed resistance levels of up to 59-

~ fold to quinalphos and > 30-fold to methomylin H. armigera

field strains in India. High levels of > 300-fold resistance to
methomyl were also reported from China (Cheng & Liu,
1996). The results indicate that resistance to monocrotophos,
which was earlier at undetectable levels, is now ubiquitous
in India. Resistance to monocrotophos was particularly high
in the northern states of India in Punjab (Bhatinda) and
Haryana (Dabwali and Sirsa). This was not surprising, as the
use of monocrotophos in cotton is extensive in northern
India. Moreover, of the total monocrotophos used in the
north, nearly 90% is allocated for cotton pest management
(Anon., 1997). High levels of 200 and 720-fold resistance to
monocrotophos in H. armigera were reported from China

Table 6. Pairwise correlation coefficient comparisosbetweenlog LD,s of the insecticides.

Insect species Inseticide Methomy! Monocrotophos
Helicoverpa armigera Monociotophos 0.427rs

Quinephos 0369 005 0.442 7
Pectinophora gossypiella Monocotophos 0.510 ™

Quinalphos 0.874 001 0.521 ™
Earias vittella Monacrotophos 0.962 001 .

Quielphos 0.976 001 0.969 00t
Spodoptera litura Monocotophos 0.577 s o

Quinclphos 0.683 005 0.898 0.01

Superscripts indicate significance of the regresin s nonsignificant.
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Table 2. Log dose probit response of field strains of Pectinophora gossypiella to insecticides.

Methomyl Quinalphos Monocrotophos
Collection *
District date LD,, 9%FL Slope RF LD,, 9%FL Slope RF LD,, 95%FL Slope RE
Wardha susceptible Jan '97 152  7.6-476 08 - 038 027050 2.7 — 254 21-301 15 -
Nagpur Dec’96 165  8.6-50.0 09 1 063 042-0.89 1.5 1 - - - -
Dec’97 - - - 036  0.05-0.89 06 1 248 1.38-434 08 1
Dec 98 68 21.7-902 0.7 4 052 033-0.76 14 1 294 1.65-6.89 1.0 1
Wardha Dec’95 122 32-3130 0.7 8 = = - = 180 084-346 13 1
Oct’97 105 30-6650 0.7 7 - — - = 3.05 175-541 09 1
Feb’98 - = - 8.62* 40-473 08 21 - - - -
Amaravati Dec’97 - = - 153* 34-8090 06 382 408 264-711 09 1
Feb’98 113 32-7510 0.7 8 100* 24-39000 0.9 250 3.02 1.68-646 1.3 1
Akola Oct’97 101 29-2090 0.6 7 53.4* 257-399 1.3 140 400 216-815 07 1
Feb’98 181 37-13800 0.6 12 61* 16-33100 0.9 152 397 274-625 1.1 1
Parbhani Feb'98 - - - 096 0.63-1.45 1.3 2 - - - -
Yavatmal Dec’96 169 42-33000 0.8 11 449* 205-312 1.0 118 267 1.55-458 0.9 1
Feb’98 106 26-4070 0.5 7 - = = = = - = fis
Buldana Feb’98 156 34-8470 0.6 10 16.2* 6.81-143 0.8 40 - - - -
Nanded Feb 98 44 20.8-279 09 3 1.89* 122-3.51 1.2 5 258 1.89-3.64 14 1
Warangal Feb’98  358* 60-3640 0.8 24 77.1*  24-1650 09 192 545* 34-103 09 2
Medak Feb’98  222* 82-2050 09 15 52.5* 19.8-535 09 131 5.51* 3.55-9.88 1.0 2
Bhatinda Nov’98 225 25-61200 0.5 15 871  25-1650 0.7 218 21.2*  9.35-89.2 07 8
Sirsa Nov 98 - - - - - - - 10.4*  5.66-265 0.8 4
*Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD, median letital dose expressed as pg per larva; FL, fiducial limits; RF, resistance factor.
Table 3. Log dose probit response of field strains of Earias vittella to insecticides.
Methomyl Quinalphos Monocrotophos
Collection
District date LD,, 95%FL Slope RF LD,, 95%FL Slope RF LDy, 95%FL  Slope RE
Nagpur susceptible Feb 96  0.18 0.13-0.23 3.6 - 011 007002 17 — 0.16 0.04-0.30 2.7 £
Feb'98 - - - - 014 0.10-020 1.1 1 = - — =
Wardha Dec’98 020 0.11-042 1.0 1 009 0.06-012 1.4 1 020 015027 17 2
Parbhani = - Feb’98 012  0.04-031 1.2 1 011  0.08-0.15 1.3 il 0.21* 0.44-064 09 2
Akola Feb’98 035 0.13-134 12 2 014 011-019 1.3 1, 031 011-111 11 2
Sriganganagar Feb’98  1.41* 0.67-321 1.6 8 028* 020-040 1.1 2 11.6* 831-170 13 72
Sirsa Feb’98  4.18* 1.61-242 13 23 045* 0.32-0.67 1.1 4 17.8* 952-473 15 111
* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD, median lethal dose expressed as g per larva; FL, fiducial limits; RF, resistance factor.
Table 4. Log dose probit response of field strains of Spodoptera litura to insecticides.
- Methomyl Quinalphos Monocrotophos
Collection
District date LD,, 9%FL Slope RF LD, 95%FL Slope RF LD, 95%FL Slope RF
Bangalore susceptible? 046  0.37-0.55 3.0 - 012 0.10-015 20 — 5.9 44-7.8 19 =
Nagpur Dec95 011  0.08-0.15 1.7 1 019 0.14-026 1.3 1 255 14.3-576 0.8 4
Feb’98 010 0.06-0.19 1.7 1 018 0.13-027 22 1 21.3*  104-320 1.3 8
Amaravati Feb’98 024 0.17-032 1.5 1 0.33* 0.24-046 1.3 2 42.9* 21-125 0.7 7
Parbhani - - - - - - - - - = 26.8* 14.9-61.7 0.8 4
Yavatmal Feb’98 033 023-047 1.1 1 0.54* 0.36-0.86 0.9 4 49.7*  23.8-154 0.7 8
Warangal Feb’98 256 1.644.78 1.1 6 1.80* 085644 11 15 104* 39-539 0.6 17
Karimnagar Feb’98 018  0.12-027 1.8 1 148 1.12-226 21 12 75.3*  56.8-116 22 12
Mahbubnagar Feb'98  9.0" 47-155 22 20 246* 178-485 24 20 176* 111-1180 1.8 29
Rangareddy Feb’98  1.87 096-3.60 1.1 4 0.69* 049-0.89 1.8 5 28.8*; 21.3-387 19 4
Khammam Nov’98 027 0.18-041 1.8 1 0.37* 027-047 25 3 414*1 31.4-504 39 7
Bhatinda Nov’98 053  0.32-0.89 14 1 111*  0.80-161 14 9 148 ' 50-1020 0.5 24

2 Data of Bangalore susceptible strain from Armes et al. (1997).
* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD;, median lethal dose expressed as ug per larva; FL, fiducial limits; RF, resistance factor.
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Table 5. Log dose probit response of field strains of Bemisia tabaci to insecticides.
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Methomyl Quinalphos Monocrotophos
Collection
District date LD, 9%FL Slope RF LD,, 95%FL Slope RF LDy, 95%FL Slope RF
SUD susceptible? — - - = = ~ - - 14 9.8-18 26 -
Rangareddy Feb 98 = & = = 9.9 54~13 2.2 = - = = -
- Feb '98 - = - - 28.3 76-569 0.5 3 - - - -
Feb '98 = - - - 10.4 6.6~13 23 -1 - - - =
Feb "98 - - - - 246 6-17200 0.5 2 - = - -
Feb 98 - - - = 17.0 5-1390 0.5 2 - - - -
Mar’98 - = - = 8.2 4.8~10 3.8 1 189* 68-12900 0.7 3
April’98 - = - = = - - = 99* 81-117 3.8 7
May’98  0.18 0.1-043 06 = = ~ - - - - - -
June’98  10.3* 50-136 3.5 57 = - - - 77" 52-102 1.8 6
June’98  2.7* 13-50 0.8 15 = ~ - - - - - =
June’98  43*  26-625' 11 24 = - - - - - - -
QOct 98 o = = = 124 9.8~15 2.8 1 - - - -
Oct 98 = — - = 11.5 5-825 06 1 - = — -
Guntur Oct '98 - - - — 12.9 9.5-16 24 1 - s - -
Nov’98 144* 82-195 22 80 = -~ - - - - - -
Nov’98  12.5* 8.0-153 4.2 69 — ~ - - - — = -
Nov’98 10.7*  46-13.8 45 59 = ~ - - - - - -
Dec’98 = = - - 11.2 8.1-14 23 1 - = - -
Dec’98 = = = = 13.7  10.3-17 24 1 - = - -
Mahbubnagar Oct 98 - = - e e 129 - 87-17 31 -1 - - - =
43-136 44 24 ~ = = - - = =

Dec’98  10.6*

2Data of SUD susceptible from Cahill et al. (1995).

* Designated LD, values are significantly different from the susceptible strain through non-overlap of fiducial limits.
LD, median lethal dose expressed in ppm; FL, fiducial limits; RF, resistance factor.

not clear as to what level of laboratory measured resistance
can cause field control failures, it is likely that the extent of
difficulties in pest control will certainly be dictated by the
severity of resistance. For example, even low levels of 10 to
20-fold resistance to methomyl or endosulfan have been
considered to be sufficient to cause field control failures, as
both compounds are inherently not very effective against H.
armigera larvae (McCaffery et al., 1989; Gunning et al., 1992),
whereas resistance factors of even up to 50-fold to
cypermethrin have not caused perceptible field control
difficulties (K.R. Kranthi, unpublished data). In India,
monocrotophos, quinalphos and methomyl are the most
widely used insecticides in cotton pest management apart
from pyrethroids and endosulfan. Hence a measure of
resistance in cotton insect pests to these molecules was not
unexpected. Until the late 1980s, resistance to organophos-
phates was almost negligible, with highest resistance factors

of 9-fold to quinalphos, and 3-fold to monocrotophos in H.
armigera (McCaffery et al., 1989; Armes et al., 1992b). Later,
Armes et al. (1996) reported the absence of resistance to
monocrotophos, but observed resistance levels of up to 59-
fold to quinalphos and > 30-fold to methomyl in H. armigera
field strains in India. High levels of > 300-fold resistance to
methomyl were also reported from China (Cheng & Liu,
1996). The results indicate that resistance to monocrotophos,
which was earlier at undetectable levels, is now ubiquitous
in India. Resistance to monocrotophos was particularly high
in the northern states of India in Punjab (Bhatinda) and
Haryana (Dabwali and Sirsa). This was not surprising, as the
use of monocrotophos in cotton is extensive in northern
India. Moreover, of the total monocrotophos used in the
north, nearly 90% is allocated for cotton pest management
(Anon., 1997). High levels of 200 and 720-fold resistance to
monocrotophos in H. armigera were reported from China

Table 6. Pairwise correlation coefficient comparisons between log LDs of the insecticides.

Monocrotophos

Insect species Insecticide Methomy!
Helicoverpa armigera Monocrotophos 0.4277s
Quinalphos 0.369 005 0442 ™
Pectinophora gossypiella Monocrotophos 0.510"¢
Quinalphos 0.874 001 0.521 .
Earias vittella Monocrotophos 0.962 001 ' ‘
Quinalphos 0.976 00 0.969 001
Spodoptera litura Monocrotophos 0.5777s -
Quinalphos 0.683 005 .0.898 001

Superscripts indicate significance of the regression; ns, non-significant.
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(Cheng & Liu, 1996) and Pakistan (Ahmad et al, 1995)
respectively. In China, H. armigera strains which were
susceptible to monocrotophos till 1993 (Wu et al., 1995)
exhibited appreciable levels of resistance by 1995 (Wu et al.,
1996).

Resistance in pink bollworm was high only to quinalphos
in most of the strains tested. In general, reports of P.
gossypiella resistance to insecticides have been rare. For
example, Tang et al. (1988) could not find any evidence of
insecticide resistance in P. gossypiella in China. However,
resistance to azinphosmethyl and permethrin was reported
from strains collected in Arizona and California (Osman et
al., 1991). More than 70-fold resistance to monocrotophos
was recorded in strains of E. vittella from Sriganganagar and
Sirsa in northern India. Monocrotophos, which was earlier
found to be effective for the control of E. vittella, has been
showing poor field efficacy in recent times in northern India
(J. Singh, Punjab Agricultural University, Punjab, personal
communication). With limited chemistry available for early
season sprays to combat the problem of P. gossypiella and E.
vittella, bollworm management may pose a major problem in
times to come.

The S. litura strain, collected from Mahbubnagar in
southern India, exhibited the highest levels of resistance to
the three insecticides tested. This was not surprising, as
methomyl, quinalphos and monocrotophos were used very
frequently for the management of S. litura on groundnut
crops in Mahbubnagar during the period of survey.
Resistance in S. litura to endosulfan, carbaryl and malathion
was reported in field strains from Haryana (Verma et al.,
1971), West Bengal (Mukherjee & Srivastava, 1970) and
Andhra Pradesh (Ramakrishnan et al., 1984). Recently,
Armes et al. (1996) reported resistance levels of up to 13-fold
to quinalphos, 362-fold to monocrotophos and 19-fold to
methomyl, in S. litura strains collected from Andhra
Pradesh. Due to the low resistance levels in the majority of
the strains tested, methomy! is expected to remain effective
against S. litura in most parts of the country for the time
being.

All of the field strains of B. tabaci exhibited a measure of
resistance to methomyl and monocrotophos and
susceptibility to triazophos. Insecticides such as
monocrotophes and triazophos are still widely used on
cotton and other crops in Andhra Pradesh to keep the
whitefly populations under check. Interestingly, the
populations appeared to be fully susceptible to triazophos
despite its extensive usage. Cahill et al. (1996b) reported
resistance to monocrotophos and other organophosphate
insecticides in B. tabaci from USA, central America, Europe,
Pakistan, Sudan and Israel. Dittrich et al. (1985) reported
high levels of resistance to organophosphate insecticides in
strains of B. tabaci from Sudan. In India, monocrotophos,
which has been one of the most popular insecticides used for
whitefly control, appears to have become less effective in
recent times (K.R. Kranthi, unpublished data), probably due
to the widespread development of resistance.

The data indicated positively correlated cross-resistance
only between quinalphos and methomyl against all the
insect species (table 6). However, resistance to
monocrotophos was not correlated with quinalphos and
methomyl in H. armigera and P. gossypiella suggesting that
resistance to these compounds may be mediated through
different mechanisms. Toxicity of the phosphate group of
organophosphate insecticides such as monocrotophos is

unaffected by oxidase inhibitors (Forrester et al., 1993) and
resistance to such compounds has been mostly attributed to
insensitive acetylcholine-esterase based mechanisms
(Oppenoorth, 1985). However, the phosporothionate group
of insecticides such as quinalphos, undergo an oxidative
activation catalysed by mixed function oxidases before they
act as AChE inhibitors. Hence, oxidative inhibitors
antagonize their toxicity (Forrester et al., 1993). Thus, due to
the structural differences and also the differential metabolic
fate of the compounds, it is probable that resistance may be
mediated through different mechanisms. The absence of a
common resistance mechanism that could confer cross-
resistance between the three compounds suggests that the
use of the compounds in rotations or sequences for
resistance management should be explored.

One of the basic aspects of resistance management is to
devise approaches to minimize reliance on insecticides so
that the selection pressure can be alleviated. Development of
effective proposals to counter resistance need to be based on
information on occurrence and degree of resistance and the
local resistance patterns in field populations of insect pests
to different insecticides. Because the history of pesticide
application varies, resistance patterns also differ. For such
differences to be exploited they need to be properly
documented. The variation in resistance factors to the
insecticides tested in this study was relatively small in H.
armigera, S. litura, E. vittella and B. tabaci collected from
adjacent districts over large geographical areas, suggesting
the possibility of intermixing of resistant and susceptible
populations through dispersal and migration. Daly & Gregg
(1985) demonstrated significant gene flow between
populations of H. armigera in Australia due to its high
vagility. A facultative migrant gene flow in H. armigera can
result in resistant alleles reaching untreated populations
(Daly, 1993) or vice versa. However, resistance factors varied
markedly over short distances in P. gossypiella in some parts
of the country. The districts of Akola and Yavatmal are
separated from Parbhani by about 100 ki, butharboured P.
gossypiella strains that were at least 60 times more resistant to
quinalphos compared with the Parbhani strain. The data
suggest that populations of P. gossypiella may not be
contiguous and region specific resistance strategies may
have to be devised for such pests. Moreover, the low slopes
obtained from the probit assay data suggested that the P.
gossypiella  populations were heterogeneous, thereby
indicating the widespread occurrence of heterozygous
strains. Because heterozygotes are the most common carriers
of resistance, they are the most important genotype from a
resistance management perspective (Roush & Mckenzie,
1987). The widespread occurrence of heterozygosity in field
populations may contribute to rapid increases in resistance
levels even as a result of just a few insecticide applications.
This phenomenon is exemplified by the transient decline in
pyrethroid resistance in H. armigera strains following a
withdrawal of pyrethroid use for five years until 1987 in
Turkey. Reverted populations were found to maintain a
rather high frequency of resistance alleles, which led to the
re-establishment of high resistance after only a few
selections (Dittrich et al., 1990). Thi\‘s study suggests that
strategies for resistance management in cotton pests must be
specifically devised to take into account local variation in
patterns of resistance and the extent of heterogeneity in field
populations in India so as to prevent any sudden increases
in resistance that can result in loss of insecticide efficacy.
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