
PPPPPatterns and magnitude ofatterns and magnitude ofatterns and magnitude ofatterns and magnitude ofatterns and magnitude of

insecticide resistance levels ininsecticide resistance levels ininsecticide resistance levels ininsecticide resistance levels ininsecticide resistance levels in

cotton bollworm (cotton bollworm (cotton bollworm (cotton bollworm (cotton bollworm (HelicoverpaHelicoverpaHelicoverpaHelicoverpaHelicoverpa

armigeraarmigeraarmigeraarmigeraarmigera) in India, P) in India, P) in India, P) in India, P) in India, Pakistan andakistan andakistan andakistan andakistan and

ChinaChinaChinaChinaChina

A. Regupathy1,  Keshav Kranthi2, Joginder Singh3, M.I.Arif 4 Yidong Wu5 and Derek
Russell6

1 Tamil Nadu Agricultural University, Coimbatore INDIA
2 Central Institute for Cotton Research, Nagpur INDIA

3 Punjab Agricultural University, Ludhiana INDIA
4 Central Cotton Research Institute, Multan PAKISTAN

5 Nanjing Agricultural University, CHINA
6 Natural Resources Institute, Chatham UNITED KINGDOM

Correspondence author regupathya@yahoo.com; cfc_nri@vsnl.in



12161216121612161216

Patterns and magnitude of insecticide resistance levels in cotton bollworm (Helicoverpa armigera) in
India, Pakistan and China

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

India, Pakistan and China produce over 50% of
the world�s cotton.  About 44% of the cost of pro-
duction (US $1500M annum) is accounted for by
the purchase of insecticides mainly for the control
of cotton bollworms Helicoverpa armigera.  Resis-
tance by Helicoverpa armigera to commonly used
insecticides is severe constrain to cotton produc-
tion in these countries.  It also results in escalation
of pest control measures across the region and
causes significant environmental and human health
problems.  Under the Collaborative, (CFC/ ICAC/
14) project network, resistance levels have been
monitored routinely by Tamil Nadu Agricultural Uni-
versity, and Central Institute for Cotton Research,
Punjab Agricultural University, Central Cotton Re-
search Institute and Nanjing Agricultural Univer-
sity.  The overall conclusion is (I- India; P-Pakistan
and C-China):
SusceptibleSusceptibleSusceptibleSusceptibleSusceptible Chlorpyriphos (I, P), Phoxim (P),

Indoxacarb (P), Methomyl (C),
Thiodicarb (P), Pyrrole (P), Abamectin
(P), Spinosad (P, I) - added India

LowLowLowLowLow Endosulfan (P), Chlorpyriphos (P),
Monocrotophos (P), Profenofos (I,P),
Phoxim(C), Methomyl (P)

MediumMediumMediumMediumMedium Endosulfan (I), Quinalphos (I),
Phoxim (C), Bifenthrin (P),
Cyhalothrin (P), Deltamethrin (P)

HighHighHighHighHigh Bifenthrin (P), B. Cyfluthrin (I),
Cyhalothrin (I), Cypermethrin (I, C,
P), Deltamethrin (I)

Very HighVery HighVery HighVery HighVery High Cypermethrin (I, C, P), Cyhalothrin
(P)

The resistance frequency appears to be around 33-
97% for pyrethroids 10-88% for organophosphates
and 33-92 %for endosulfan and less than 10% for
others.  The resistance factor is at around 30-450x
for pyrethroids 10-99x for organophosphates and
1-11x for carbamates and 2-18x for endosulfan
and 10x for others.  The major mechanisms of re-
sistance identified are nerve insensitivity and en-
zyme induction especially of MFO and to some
extent CE The variations in frequency, resistance
factor   and mechanism are discussed with refer-
ence to chemistry, location and cropping pattern.

IntroductionIntroductionIntroductionIntroductionIntroduction

In India three major cotton zones are identified:
the north zone (Punjab, Haryana, Northern Rajasthan
and Western Uttar Pradesh) the central zone

(Maharastra and Gujarat states) and the southern zone
(Andhra Pradesh, Karnataka and Tamil Nadu).  In view
of continued predominance of H. armigera as a major
pest in cotton pest complex, the farmers resorted to as
high as 25-35 rounds of insecticide applications in-
cluding tank mixtures.  Cotton receives 55% of pesti-
cide consumed in India and the maximum is targeted
to control bollworms in general and H. armigera in
particular.  During 1997, many farmers in Andhra
Pradesh could not achieve effective control of this pest,
(Jadhav and Armes, 1996).  Existence of resistance to
pyrethroids, organophosphates, carbamate and
cyclonite was confirmed later in laboratory tests
(Dhingra et al., 1988; Mc Caffery et al., 1989; Phokela
et al., 1989; Armes et al., 1992b, 1994 and 1995;
Pasupathy et al., 1994; Pasupathy and Regupathy,
1994; Regupathy et al., 1994a).

The nation wide resistance monitoring program
since 1993 under NRI - ICRISAT � ICAR co-ordinated
program in different locations of India by the collabo-
rating laboratories of Indian Council of Agricultural Re-
search viz., Central Institute for Cotton Research, (CICR)
Nagpur, ICRISAT, Hyderabed, Tamil Nadu Agricultural
University, (TNAU) Coimbatore, Punjab Agricultural Uni-
versity, (PAU) Ludiana and A.N.G.R.A.U, Lam farm,
Guntur revealed that pyrethroid resistance is ubiquitous
and stable at around 50 - 80 percent in most areas.
Organophosphate and endosulfan resistance is stable
at around 20-50 percent (Armes et al., 1994 and 1995,
Regupathy et al., 1998a, b, 1999).

PakistanPakistanPakistanPakistanPakistan
Cotton accounts for about 60% of its export earn-

ings and over 55% of domestic edible oil production.
It provides raw materials to over 400 textile mills, 1035
ginning factories and 5000 oil expellers.  From 1992
to 1999 the area remained the same but the produc-
tion of cotton decreased from ca. 830 to 570 bales.
One of the major reasons attributed for this low pro-
ductivity was H. armigera infestations, apart from Cot-
ton Leaf Curl Virus, whitefly and weather (Ahmed, 1999).
The low to moderate level of resistance to endosulfan
and pyrethroids (7 to 34 fold) in 1993 rose to high
level of 50 fold (Mushtaq et al., 1999)

ChinaChinaChinaChinaChina
China is the largest cotton producer in the world

accounting for 4.445 million tons.  The yearly average
cotton growing area is five million hectares.  The area
is mainly distributed in Xinjiang, Henan, Shandong,
Hebei, Jiangsu and Hubei provinces.  The damage
caused by the major pests, including H. armigera, is
estimated to be more than 15% and this could increase
to 30% in disaster years (Liu et al., 1997).  Nearly one
third of insecticides used nation wide is applied on cot-
ton.  The extensive use of pyrethroids introduced in 1980
resulted in the development of resistance.  Three fold
resistance observed in Shandong province to
deltamethrin and fenvalerate  (Tan et al., 1987b) in-
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creased to 20 to 23 fold to deltamethrin and 19 to 89
fold to fenvalerate (Shen, 1991; Shen et. al., 1991,
1992).

India, Pakistan and China put together produce
over 50% of the world�s cotton.  About 44% of the cost
of production (US $1500M annum) is accounted for by
the purchase of insecticides, mainly for the control of
cotton bollworm (H. armigera).  Resistance by H.
armigera to commonly used insecticides is a severe con-
straint to cotton production in these countries.  It also
results in escalation of pest control measures across
the region and causes significant environmental and
human health problems.  Hence, under the collabora-
tive, (CFC/1CAC/14) project network, resistance levels
were monitored routinely by TNAU, Coimbatore and
CICR, Nagpur (India), Central Cotton Research Insti-
tute (CCRI), Multan, Pakistan and Nanjing Agricultural
University, (NAU) China and the results are reported
below.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

Insecticide resistance was assessed using bioas-
say techniques involving LC50�s of the dose-response
curves (ldpm) between field and laboratory maintained
reference populations as well as employing discrimi-
nating dose (DD) screens (Table 1).

InsecticidesInsecticidesInsecticidesInsecticidesInsecticides
Technical chemicals of known purity and formu-

lations used in these studies, were donated by IRAC
and its constituents corporates, viz. FMC (Philadelphia,
USA), AgrEvo (Berlin, Germany), Syngenta (Novartis)
(Basle, Switzerland), DowElanco (Indianapolis, USA),
Rhone�Poulenc (Lyon, France), Rallis India Ltd. (Ban-
galore), Bayer Crop Science (Mumbai, India) and  and
Hoechst (Mumbai, India).

BioassaysBioassaysBioassaysBioassaysBioassays
Discriminating dose assay Discriminating dose assay Discriminating dose assay Discriminating dose assay Discriminating dose assay H. armigera larvae/

eggs were collected from different locations under dif-
ferent cropping systems and were brought to the labo-
ratory and reared on a semi-synthetic diet.  The third
instar larvae were utilized for testing.  Discriminating
dose assays were done with a discriminating dose
screen as detailed in Table 1.  H. armigera larvae,
weighing 30-40 mg (late third-early fourth instar), were
selected from different field collected populations and
placed individually on semi-synthetic diets in 12-well
trays.  The test insects were labeled separately based
on area.  DDs of insecticidal dilutions were prepared
and 1 ml aliquots were placed on the thoracic dorsum
of each larva using a 1 ml repeating dispenser (PB 600-
01, Hamilton Co. Ltd.) fitted with a 50 ml syringe.
Control larvae were treated with only acetone.  For each
treatment at least 50 larvae were used and mortality
was assessed at 24 h intervals for up to six days.

Dose response curve Dose response curve Dose response curve Dose response curve Dose response curve Newly molted second in-
star larvae from the F1laboratory generations were ex-

posed to different insecticides using the leaf dip tech-
nique as recommended by the Insecticide Resistance
Action Committee (IRAC) of GIFAP (Anonymous, 1990).
Cotton leaf discs (5cm diameter) were cut and dipped
into the test solutions for 10 seconds with gentle agita-
tion, then allowed to dry on paper towel.  Five larvae
were released on to each leaf disc placed in 5-cm di-
ameter Petri dishes.  Eight batches of five larvae were
used for each treatment and five to 11 serial concen-
trations were used for each test insecticide.  The same
number of leaf discs per treatment was dipped into
distilled water to serve as untreated checks.  Moistened
filter papers were placed beneath the leaf discs to avoid
desiccation of leaves in the test containers.  Serial dilu-
tions of the test compounds were prepared using dis-
tilled water as ppm of the active ingredient.  After re-
leasing the larvae, test containers were covered with a
piece of black cloth to minimize cannibalism.  Before
and after the treatment, larvae were kept in the labo-
ratory at a constant temperature of 25 ± 2 °C with a
photoperiod of 14 h.

Data AnalysisData AnalysisData AnalysisData AnalysisData Analysis
Larval mortalities were assessed after 48 h. Lar-

vae were considered dead if they failed to respond to
stimulation by touch. Percent mortalities were corrected
for untreated (check) mortalities using Abbott�s (1925)
formula.  To calculate LC50�s, probit analysis were per-
formed on data by using a computer program (Finney,
1971).  Resistance factors (RFs) were determined by
dividing the LC50 of each insecticide for the field strain
by the corresponding LC50 for the susceptible Reading
(UK) strain.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion

IndiaIndiaIndiaIndiaIndia
Regular monitoring was conducted with H.

armigera collected from main hosts such as bhendi,
pigeon pea, cucurbits, chickpea, berseem, sunflower,
Mentha and cotton at 7-14 day intervals.  The mean
resistance frequencies are presented in Tables 2 to 8.

South IndiaSouth IndiaSouth IndiaSouth IndiaSouth India  For fenvalerate the level of resis-
tance increased from 76.7% in 1995 to 90.7% in 2002
(Table 2) and for cypermethrin 0.1 µg from 76.5% to
84.2% for the same period (Table 4).  Piperonyl butox-
ide (Pbo) suppression of fenvalerate resistance was high
(Table 2).  Pbo suppression of cypermethrin resistance
ranged from 29.3 to 34.9% (Table 3).  The synergistic
effect of pongamia oil was comparable to synergism
by Pbo at an average of 58% suppression of
cypermethrin resistance and 45% of fenvalerate resis-
tance.  Endosulfan resistance frequency ranged between
30.7 and 57.3% (Table 5).  Resistance to quinalphos
was 27.8 and 45.4% (Table 6).  The level of resistance
to chlorpyriphos, profenofos and thiodicarb was very
low (26.4%).  No resistance was detected to spinosad

Central IndiaCentral IndiaCentral IndiaCentral IndiaCentral India  Resistance frequencies to pyre-
throids were high (71.6 to 98.8%) (Tables 2 and 3).
This trend was observed through out the season except
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in the month of October, when the frequencies were
moderate.  Pyrethroids were used mostly in October in
cotton.  This probably, explains the increase in resis-
tance levels by the end of December.  Resistance to
quinalphos and endosulfan was low till the end of Feb-
ruary and increased to 50% by the end of April.  The
minimal changes in resistance frequencies during the
season also reflect the low use (3-5 applications) of
insecticides this year.

North IndiaNorth IndiaNorth IndiaNorth IndiaNorth India  The survival of a Helicoverpa
armigera larval population collected from cucurbits of
non-cotton growing areas of Hoshiarpur, when exposed
to discriminating doses of fenvalerate, quinalphos, en-
dosulfan, methomyl and cypermethrin, was found to
be 0, 10, 12.2, 13 and 22.2% respectively (Table  8).
The respective survivals of larvae from gram crop were
found to be 30, 10, 10.5, 21.1 and 31.6%.  The per-
cent larval survival of pest population collected from
different non-cotton crops of Ludhiana and Moga
ranged from 47.1 to 83.3, 8.3 to 67.7, 12.5 to 47.5,
17.6 to 62.9 and 41.2 to 72.2 percent, respectively.
The pest population from different cotton growing ar-
eas of Punjab showed (43.4 to 100%) wide spread de-
velopment of resistance to cypermethrin and
fenvalerate.  The population collected from Bathinda
area was found to be most resistant with 91.7 and 100
% survival at discriminating dose of cypermethrin and
fenvalerate respectively.  Population from Mansa,
Khuban, Barnala and Ludhiana showed significant re-
sistance with survival ranging from 43.4 to 89.5%.  H.
armigera populations showed varying levels of resis-
tance to quinalphos.  The highest level of survival was
observed in populations from Bathinda (75%) followed
by those from Barnala (55%) Mansa-I (54.2%), Mansa-
II (64.7%), Ludhiana (44.8%) and Khuban (32.3%).  The
resistance to endosulfan was observed to be of the lower
order at different location with percent survival rang-
ing from 7.7 to 58.3%.  Interestingly, the population
collected from cotton growing area of Khuban was
found to be almost as susceptible to endosulfan as the
population from the non-cotton growing area of
Hoshiarpur.  Though methomyl has never used for the
control of insect in agriculture in Punjab, the survival of
the pest population at discriminating dose of methomyl
from these areas were in the range of 14.2 to 60.0
percent.  This may be due to the residual cross or mul-
tiple resistances to carbamates as significant amount
of due to the residual cross or multiple resistances to
carbamates as significant amount of carbaryl has been
used on cotton in the past.  The data obtained clearly
indicated the presence of multiple resistances in H.
armigera population in the cotton growing areas of the
Punjab.  Thus it could be concluded that population
collected from cotton growing areas are comparatively
more resistant than from non-cotton growing areas.
In non-cotton growing areas population from
Hoshiarpur area has neem found to be susceptible to
least resistant whereas pest population from Ludhiana
showed resistance to all the five insecticides tested at
their discriminating doses.  In cotton growing area H.
armigera population from Mansa, Khuban, Barnala and

Ludhiana.  Resistance levels rose to 100% by the end
of the season was observed.  The carbamates still show
only incipient resistance (RF 2-30).  Endosulfan resis-
tance is still moderate at 20-50% but even these levels
may result in control failures.  Op resistance is likewise
stable at the 20-50% level but seem to partly share the
same major resistance mechanisms as endosulfan.  The
resistance factors based an LC50 indicated very high
level of resistance to pyrethroids and underrate level to
endosulfan and quinalphos.

PakistanPakistanPakistanPakistanPakistan
Resistance frequencies to cypermethrin 0.1 and

fenvalerate 0.2 were high throughout the season, rang-
ing from 65 to 99% and 63 to 99%, respectively.  Pyre-
throid resistance frequencies generally declined dur-
ing the later part of the season from February to April.
This is most likely due to the fact that pyrethroids were
mainly used on cotton and there was little spraying on
cotton after November.  Endosulfan resistance peaked
in January, most likely as a result of frequent use of
endosulfan, initially on cotton up to the end of October
and then on chickpeas during December.  As reported
for the pyrethroids, the end of season resistance fre-
quency reduction was a result of declining insecticide
use on field crops at that time.  Quinalphos resistance
frequency reflected OP usage in the region: high resis-
tance during September and October when OPs were
widely used on cotton for sucking pests and H. armigera
control, and February to April when OPs such as
quinalphos were preferred for use on chickpeas.

Magnitude of ResistanceMagnitude of ResistanceMagnitude of ResistanceMagnitude of ResistanceMagnitude of Resistance
IndiaIndiaIndiaIndiaIndia The resistance to cypermethrin was the

highest in H. armigera.  It varied from 115 fold in
Warora to 34700 fold in Bhatinda.  The similar trend
has also been observed for fenvalerate (64 fold in
Warora to 32480 fold in Bhatinda).  The resistance to
endosulfan (2-25 folds) and quinalphos (3-29 fold)
remained very low.  The RR was highest in Bhatinda
and lowest in Warora for the above insecticides except
quinalphos (Table 9).

PPPPPakistanakistanakistanakistanakistan The magnitude of resistance to synthetic
pyrethroids was very high.  Among the pyrethroids the
resistance was the highest to cypermethrin (Table 10).
It rose from 144.8-450.38 fold in 2001 to 188.7-609.4
fold in 2002.  However, the resistance to endosulfan
was reduced from 47.4-119.76 fold in 2001 to 20.3-
47.6 fold in 2002.  This is even lower than 1994-1997
RF values (42-51) (Ahmed et al., 1998).  Resistance to
profenofos remained low.  It varied between 9.07 and
11.98 % in 2001 and 7.8 and 23.6 % in 2002.  This is
comparable with previous reports of 2 to 26 fold in
1991 to 1997 (Ahmed et al., 1998).  The RF value for
all other organophosphates remained very low with the
exception of monocrotophos for which the RF varied
from 10.58 to 99.28 in 2001 and 32.5 to 50.3 in 2002.
The RF was lowest to phoxim (1.0 to 2.52) and
triazophos (1.3-4.9) in 2001 and 2002 respectively.
The resistance to thiodicarb (1.4 to 4.7 in 2001 and
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3.32-3.39 in 2002), spinosad (17.61 in 2001 and 0.21-
9.67 in 2002) and indoxacarb (1.21-9.67 in 2001 and
0.41 to 9.65 in 2002).

ChinaChinaChinaChinaChina Successive resistance monitoring of H.
armigera had the highest level resistance to
cypermethrin (59.5fold) fenvalerate (8363 fold) alpha-
cypermethrin (4087.3 fold) and deltamethrin (2710
fold).  Low level of resistance was observed to
monocrotophos (3.74 fold), chlorpyriphos (1.6 fold),
profenofos (2.2 fold), phoxim (4.8fold) and endosul-
fan (11 fold) (Table 11).  However the resistance to
methomyl was increased to 88.7 fold in 2002 in Yanggu
country of Shandong province.

The overall conclusions with regard to insecticide
resistance for India (I), Pakistan (P) and China (C) are:
Susceptible
� Chlorpyriphos (I), Phoxim (P),
� Indoxacarb (P), Methomyl (C), Thiodicarb (P),
� Pyrrole (P),
� Abamectin (P), Spinosad (P)
Low  levels of resistance
� Endosulfan (P),
� Chlorpyriphos (P), Monocrotophos (P),
� Profenofos (I, P), Phoxim (C), Methomyl (P)
Medium
� Endosulfan (I),
� Quinalphos (I), Phoxim (C)
� Bifenthrin (P), Cyhalothrin (P), Deltamethrin (P)
High levels of resistance
� Bifenthrin (P), B. Cyfluthrin (I), Cyhalothrin (I),

Cypermethrin (I, C, P), Deltamethrin (I)
Very high levels of resistance
� Cypermethrin (I, C, P), Cyhalothrin (P)

MechanismMechanismMechanismMechanismMechanism
In south India, from early October 1995, there

was a marked increase in fenvalerate resistance � most
likely due to spraying on cotton to control H. armigera
from September onwards.  It is probable that this in-
crease in resistance was attributed to enhanced oxida-
tive detoxification, as resistance to the Fen + Pbo com-
bination remained fairly stable with high levels Pbo sup-
pression from October to March. Interestingly,
profenophos suppression of fenvalerate resistance also
increased significantly over the same period indicating
a possible role for esterases in pyrethroids resistance.
Propargyloxyphthalimide, a MFO inhibitor suppression
of resistance was similar to that observed for Pbo, indi-
cating an analogous oxidative metabolic mode of ac-
tion.  Only low-level suppression of quinalphos resis-
tance was achieved with DEF, an esterase inhibitor in-
dicating a minor role for esterases in resistance.  In
central India, Pbo suppression of cypermethrin resis-
tance, which was high initially at 80%, declined to 7%
by the end of November and increased again to 30
percent in December.  Pbo synergism was low in Janu-
ary and increased subsequently to about 70% by the
end of March. Profenofos suppression increased from
a lower level of 7% in September to 72% by the end of

December but decreased again t a lower level during
February to April.  In Punjab Pbo suppression of resis-
tance is less effective at the end of the season and in
more highly sprayed areas, suggesting a role for en-
hanced nerve insensitivity.

ConclusionConclusionConclusionConclusionConclusion

� Pyrethroid resistance in H. armigera is as severe in
the regularly monitored areas in India, Pakistan and
China.

� Pbo suppression of pyrethroid resistance was the
highest of all the monitoring areas indicating that
enhanced mono-oxygenizes were the major cause
of pyrethroid resistance in north India.

� Organophosphate resistance frequencies appear to
be quite low, but do show a seasonal increase with
increasing selection pressure over the cotton sea-
son.

� Endosulfan resistance frequencies are low.
� No indication of resistance to other chemistries like

phoxim, spinosad, indoxacarb and thiodicarb.
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TTTTTable 1.able 1.able 1.able 1.able 1. Discriminating dose screen.

TTTTTable 2.able 2.able 2.able 2.able 2. Resistance frequency to fenvalerate in India.
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TTTTTable 4.able 4.able 4.able 4.able 4. Resistance frequency1 to cypermethrin (0.1 µg) in India.

TTTTTable 3.able 3.able 3.able 3.able 3. Resistance frequency1 to cypermethrin (1.0 µg) in India.
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TTTTTable 5.able 5.able 5.able 5.able 5. Resistance frequency to endosulfan in India.

TTTTTable 6.able 6.able 6.able 6.able 6. Resistance frequency1 to quinalphos in India.

TTTTTable 7.able 7.able 7.able 7.able 7. Resistance Frequency � TNAU.



12241224122412241224

Patterns and magnitude of insecticide resistance levels in cotton bollworm (Helicoverpa armigera) in
India, Pakistan and China

TT TTTable 8.
able 8.
able 8.
able 8.
able 8.Survival of a H

elicoverpa arm
igera larval population collected from

 cucurbits of non-cotton grow
ing areas.
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TTTTTable 9.able 9.able 9.able 9.able 9. Resistance factor (RF) to certain insecticides at CICR, Nagpur.
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TTTTTable 9.able 9.able 9.able 9.able 9. Contd.
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TTTTTable 10.able 10.able 10.able 10.able 10. Resistance factor (RF) to certain insecticides in Pakistan.
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TTTTTable 10.able 10.able 10.able 10.able 10. Contd.
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TTTTTable 10.able 10.able 10.able 10.able 10. Contd.

TTTTTable 11.able 11.able 11.able 11.able 11. Resistance factor (RF) to certain insecticides in China.




