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Abstract

Helicoverpa armigera is a notorious pest of field crops and causes enormous financial loss, due to the
excessive use of insecticides which contributes to multiple instances of insecticide resistance. The aim of
this study was to investigate the toxicity of some new insecticides, which are being used on a large scale
in Pakistan against H. armigera. Test insects were collected from three different locations of Punjab for
three consecutive years. Resistance Ratios (RR), calculated as ratio of the LCso for each field population
relative Lab-PK, showed that the toxicity of profenofos compared with the Lab-Pk strain was in the
range of the 9.80-12.11-fold, 1.69-5.22-fold for emamectin benzoate, 19.6-68.17-fold for lambda-
cyhalothrin, 3.48-9.62-fold for chlorpyrifos, 34.1-48.0-fold for bifenthrin, 19.33-37.17-fold for
deltamethrin and 5.60-11.50-fold for thiodicarb. The Resistance. Ratio of the Insect Growth. Regulator
(IGR) was in the range of 5.98-11.83-fold for the methoxyfenozide and 1.01-2.19-fold for lufenuron. Pair
wise comparison of the log LCso of insecticides against all populations showed a correlation between the
various insecticides, suggesting cross resistance was occurring. When these same insecticides were tested
for susceptible population (Lab-Pk), emmamectin benzoate and lufenuron were significantly more toxic
than other tested insecticides.
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1. Introduction

Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae), also known as the cotton bollworm is
classified as one of the top 100 world invasive species 2%, This is a cosmopolitan insect and
has gained importance as a major destructive pest owing to its capacity to feed on many a
variety of plant species, some of which are important agricultural crops [*31. Due to its wide
host range, production of multiple generations per year, high fecundity, migratory behavior
and pronounced resistance to many insecticides, the control up to desired level has become
difficult 1281, Crops such as cotton, chickpea, tomato, sunflower, okra, pea, tobacco, potato, egg
plant are particularly affected by H. armigera. Due to its tremendous damage to crops, the use
of insecticides constitutes the main control strategy in Pakistan [°1. However, the indiscriminate
use of insecticides has resulted in the development of resistance in many H. armigera
populations [16-321, Resistance to a wide range of insecticides in H. armigera has been reported
world-wide, including Pakistan 2. Moderate to high level of resistance to conventional
insecticides such as (chlorinated hydrocarbons, organophosphates, carbamates and
pyrethroids) as well as to neonicotinoids pesticides and Insect Growth Regulator (IGR) has
been reported in field populations of H. armigera ® 281, Further, H. armigera showed moderate
to high resistance, especially in Punjab, Pakistan against conventional insecticides and
neonicotinoids ©1,

Pesticide resistance to insects arises due to intense selection pressure produced by overuse or
misuse of pesticides, because insecticides act quickly and have a very high kill rate prior to the
advent of resistance, growers are reluctant to use alternative methods of controlling insects
which do not share these properties [*4l. Selection for resistance to insecticides in the laboratory
and the field is an example of natural selection, and the components which are responsible for
the increase in resistance are associated the mutations which are applied importance 1,
Monitoring the development of insecticide resistance is crucial to devising a successful
Insecticide Resistance Management (IRM) scheme 181, IRM not only helps to document the

...1...




Journal of Entomology and Zoology Studies

geographical and variability in populations to insecticides, but
also gives an early warning of coming resistance problems and
identifies which pesticides are no longer effective due to
resistance %, Due to the development of resistance to
conventional insecticides in Pakistan, insecticides with new
chemical mechanisms were employed in late 1990s for the
control of chewing and sucking insect pests of cotton [, After
the reports of failure of these insecticides and lack of
documented resistance reports in Pakistan, the current study
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was undertaken to measure the change in the susceptibility to
new molecule insecticides, stability of resistance in the field,
and efficacy of neonicotinoids to larvae.

We further examined the changes in baseline toxicity through
detection of variability in toxicity of different insecticides to
H. armigera in three agro-ecological regions (Multan,

Bahawalpur and Faisalabad) of the Punjab, Pakistan which can
be very useful for the development of appropriate IRM
strategies.

Kashmir

India

Fig 1: Location where H. armigera were collected from Pakistan

2. Materials and Methods

2.1 Test Insects Culture.

The 5™ and 6" instars of H. armigera were collected from
cotton fields of three districts, which are approximately 100
kms apart: Faisalabad, Multan and Bahawalpur, Punjab
Pakistan (Fig.1). The collection areas were under the
jurisdiction of the Director Entomological Research Institute
Faisalabad. Each collection of 1000 larvae was made by
walking through a plot of 2.20 hectares of selected host crop
from each location and larvae were placed in the insecticide
resistance laboratory at the Entomological Research Institute,
Ayub Agricultural Research Institute Faisalabad during
cropping season 2009 to 2011. A susceptible strain of H.
armigera was selected for susceptibility in the laboratory as
described in B1 and labeled as Lab-Pak. The strain has been
maintained in the laboratory for 5 years without exposure to

pesticides

Larvae were reared in the laboratory on semi-synthetic wheat
germ based diet at 25+2 °C and 65+5% relative humidity with
a 14:10 h light: dark photoperiod 2 Diet was reinstated after
24 h, and pupae were collected on sequential days. The adults
that emerged from larvae were kept in Perspex oviposition
cages (30 x 30 x 30 cm) with two sides covered with muslin
cloth to maintain ventilation and fed on a solution containing
sucrose (100 g), vitamin solution (20 ml) and methyl 4-

hydroxybenzoate was presented on a soaked cotton wool ball
3

2.2 Insecticides

Monitoring of insecticide resistance bioassays was conducted
by using different commercial formulations of insecticides
included profenofos (Curacron 500 EC, Sygenta crop
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protection Switzerland) emmamectin benzoate ( Proclaim 1.9
EC, Sygenta crop protection Switzerland) lambda-cyhalothrin
(Karate 2.5 EC, Sygenta crop protection Switzerland)
chlorpyrifos (Lorsban 40 EC, Dow AgroSciences, UK)
Bifenthrin (Talstar 10 EC, FMC Philadelphia, PA) lufenuron
(Match 50 EC, Sygenta crop protection Switzerland)
deltamethrin (Decis 2.5 EC, Bayer Crop Science, Leverkusen,
Germany) thiodicarb (Larvin 80 DF, Bayer Crop Science,
Leverkusen, Germany)

2.3 Bioassays Studies

Bioassays was conducted on newly molted 2"¢/3 instars
larvae (30-40 mg) by using a leaf dip bioassay technique
recommended as the Insecticide Resistance Action Committee
[l on F, laboratory cultures exposed to different insecticides.
Because the Resistance Ratio is best expressed in the 2" and
3 instars of H. Armigera [, this stage was selected for
resistance monitoring. Technical grade insecticides were
diluted by serial dilution using distilled water as a solvent.
Leaf discs of 5 cm diameter were taken from unsprayed fresh
leaves, dipped into the test solution for 10 s, ! dried on paper.
towel, and then they were transferred to moist filter paper in
plastic Petri dishes (5-cm diameter). Five newly moulted
larvae were placed on each dried leaf disc and then the dish
was covered with a plastic lid. Eight replicates each of seven
concentrations and one control (untreated) were used for each
test insecticide. The test containers containing larvae were
covered with black paper to reduce the risk of cannibalism and
kept at constant. Temperature (252 °C for 48 hours).
Mortality was recorded after a 48 hours exposure period.
Larvae were regarded as dead when they were not able to
move when probed with a blunt probe or brush.

2.4 Data Analysis
Mortality data were corrected by using Abbott's formula [
where necessary and analyzed by probit analysis 1 using the

POLO-PC 241, The estimation of LCso values and their 95%

fiducial limits (FL) were acquired by probit analysis using
POLO. Due to the inherent .variability of bioassays, pair-wise
comparison to LCso values was made at the 1% significance
level, where individual 95% FL for two treatments did not
overlap %1, Resistance Ratios were ascertained by dividing the
LCso values of each field population by the LCso of Lab-PK.
The level of insecticide .resistance was determined using the
methods described by Ahmad et al ¥l and Torres-Vila et al (81,
According to these sources, levels of resistance were defined
as follows- susceptible (RR=0-1), tolerance to low level of
resistance (RR=2-10), moderate resistance (RR=11-30), high
resistance (RR=31-100) and very high resistance (RR>100).

3. Results

ETE
=3 Bahwalpur
EXR Multan
W4 R XX Faisalabad

Lab-Pak

Resistance Ratio(LC 500f field 'LC50 of

Insecticides

Fig 2: Effect of insecticide on development of resistance in
Helicoverpa armigera collected in different areas of Pakistan

Table 1: Response to the field collected populations of H. armigera to various insecticides

. . Year n LCso o Fit of probit analysis b .
Insecticides location Tested n ug /ml 95% FL Slope + S.E 2 P a RR DR
Lab-Pk ) 280 1.05 (0.86-1.13) 2.34+£0.22 0.22 0.96 6 1 | -
2009
Bahawalpur 2010 280 29.29 (23.1-36.4) 2.24+0.22 7 0.30 6 29.15
2011
. 2009
Methoxyfenozide Multan 2010 | 280 | 3218 | (263-39.40) | 146%029 | 348 | 032 | 6 | 6436
-0.22
2011
2009
. 2010 280 39.41 (34.11-47.77) 1.71 £0.17 3.76 0.41 6 14.50
Faisalabad 2011
Lab-Pk - 280 11.23 (8.67-13.21) 2.13 +0.67 0.58 0.71 5 1 | ==
2009
Bahawalpur 2010 280 21.16 (17.22-27.90) 1.06 +0.19 2.32 0.65 5 10.23
2011
2009
Profenofos 2010 280 27.93 (21.22-35.32) 1.04 +0.23 2.15 0.92 5 12.11
Multan -0.26
2011
2009
Faisalabad 2010 280 | 34.89 | (28.75-41.21) 1.56 +0.91 311 0.95 5 9.80
2011
Lab-Pk - 280 0.11 (0.08-0.18) 1.89 +0.52 0.13 0.78 6 1 | -
2009
Emmamectin Bahawalpur 381(1) 280 0.22 (0.11-0.28) 142 +0.13 8.05 0.11 6 1.69
benzoate 2009 -0.21
Multan 2010 280 0.13 (0.12-0.19) 1.80+0.22 6.17 0.83 6 5.22

~3~
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2011
2009
Faisalabad | 2010 | 280 | 052 | (0.44-061) | 274017 | 579 | 092 | 6 | 4.00
2011
Lab-PK - 280 | 843 | (4.16-13.75) | 1.98%0.21 12 | 099 | 6 T |
2009
Bahawalpur | 2010 | 280 | 55.02 | (51.23-61.89) | 1.63+0.23 271 | 067 | 6 | 6817
2011
Lambda- Multan gﬁg 280 | 1568 | (12.56-18.76) | 1.72:0.16 318 | 056 | 6 | 196
cyhalothrin ' ' ' e ' ' ' -0.17
2011
2009
Faisalabad | 2010 | 280 | 37.54 | (3354-42.11) | 1.53%0.15 587 | 057 | 6 | 4852
2011
Lab-Pk - sg0 | 245 | (056-419) 2.11£0.11 210 | 045 | 6 S —
2009
Bahawalpur | 2010 | 280 | 456 | (3.11-6.11) 1.63£0.18 402 | 094 | 6 | 348
2011
. 2009
Chlorpyrifos Multan 2010 | 280 | 475 | (3.025.39) 1.70 £0.17 449 | 084 | 6 | 962
2011 0.19
2009
Faisalabad | 2010 | 280 | 9.63 | (7.90-13.28) | 1.35%0.16 617 | 078 | 6 | 565
2011
Lab-PK - 280 | 16.12 | (11.56-21.63) | 1.98%0.11 122 | 096 | 6 1 -
2009
Bahawalpur | 2010 | 280 | 22.86 | (18.79-25.23) | 1.81:0.18 578 | 049 | 6 | 341
2011
2009
Bifenthrin Multan 2010 | 280 | 31.40 | (28.12-36.87) | 1.2840.16 523 | 031 | 6 | 480
2011 0.23
2009
Faisalabad | 2010 | 280 | 32.18 | (28.93-37.23) | 1.56%0.16 601 | 098 | 6 | 40.08
2011
Lab-Pk - sg0 | 010 | (0051.23) 1.2540.41 132 | 054 | 5 R [—
2009
Bahawalpur | 2010 | 280 | 053 | (0.43-0.61) 1.4740.12 267 | 094 | 5 | 170
2011
Lufenuron 2009
Multan 2010 | 280 | 068 | (0.62:0.71) 1.35£0.18 203 | 089 | 5 | 219
2011
2009 0.18
Faisalabad | 2010 | 280 | 0.63 | (0.55-0.67) 1.55 £0.19 319 |o066| 5 | 101
2011
Lab-Pk - sg0 | 6723 | (8945:78.49) | 2233071 189 | 091 | 6 R [—
2009 (87.56-
Bahawalpur | 2010 | 280 | 96.46 : 1.9240.18 177 | o044 | 6 | 2821
104.90)
2011
Deltamethrin 2009 (222.53-
Multan 2010 | 280 | 241.04 : 1.84%0.16 503 |071| 6 | 3717
257.11) 0.16
2011
2009 (186.30-
Faisalabad | 2010 | 280 | 195.34 ' 1.9740.13 411 | 040 | 6 | 10933
211.34)
2011
Lab-Pk - og0 | 4123 | (369851.32) | 2112026 276 | 036 | 6 R [—
2009
Bahawalpur | 2010 | 280 | 70.91 | (63.11-74.89) | 1.50:0.14 543 | 074 | 6 | 721
2011
. 2009
Thiodicarb Multan 2010 | 280 | 5245 | (47.23-56.74) | 1.7120.16 491 | 076 | 6 | 11.50
2011 0.27
2009
Faisalabad | 2010 | 280 | 6571 | (59.30-71.25) | 2.090.22 585 | 063 | 6 | 5.0
2011

n?, number of insects used in bioassay, including control.
PRR, Resistance Ration, calculated as ( LCso of field pop / LCso of Lab-Pk
°DR, rate of decrease in LCso ( loguo (final LCso —initial LCso )/ n, where n is no. of generation)
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Table 2: Pairwise correlation coefficient comparison between Log LCso of insecticides

Insecticides Bifenthrin Thiodicarb Profenofos Emamectin Methoxyfenozide
Thiodicarb -0.07™
Profenofos 0.09" -0.66°%
Emamectin 0.14" 0.43™ -0.05"™
Methoxyfenozide 0.48™ -0.33™ 0.6100 -0.44"
Lufenuron 0.05" 0.47" 0.03™ 0.9300 -0.22™

3.1 Toxicity of test insecticides against the laboratory
susceptible populations

Bioassay results from a reference population (Lab-Pk) showed
that emmamectin benzoate proved significantly (P<0.01) more
toxic than all other insecticides viz., bifenthrin, thiodicarb,
lambda-cyhelothrin, profenofos, deltamethrin and chlorpyrifos.
Deltamethrin was least potent compared to other tested
insecticides (Table 1). The slopes of the regression line of
bifenthrin, thiodicarb, lambda cyhelothrin, profenofos,
deltamethrin and chlorpyrifos .were similar (overlapping of
95% FL, P>0.05). Among the insect growth regulator (IGR),

Lufenuron was notably more toxic (P<0.01) than
methoxyfenozide (Table 1).

3.2 Toxicity of insecticides to the field population

Toxicity of profenofos was significantly lower (non-

overlapping of 95% FL, P<0.05) for field populations
compared with the Lab-Pk (Table 1). The resistance to
profenofos from all three district samples was found to show
moderate resistance, with the Resistance Ratio commonly
more than 10- fold as compared with Lab-Pk population. The
maximum level of resistance (12.11-fold) compared with Lab-
Pk was observed in Multan district, where-as a minimum level
of resistance (9.80-fold) compared with Lab-Pk was observed
in Faisalabad. Because profenofos was especially targeted
against H. armigera and E. vittella, it might have developed a
moderate level of resistance to H. armigera from Pakistan. The
population exposed to emmamectin benzoate had a low level
of resistance compared with Lab-Pk. The maximum resistance
ratio was 5.22-fold in the Multan district while, minimum
resistance ratio was 1.69-fold in Faisalabad district. The slope
for regression line was similar for all three districts.

Lambda-cyhalothrin showed a high level of resistance (19.6 -
68.17-fold) in field strains of H. armigera compared with Lab-
PK. However, the highest ratio was found in H. armigera from
Bahawalpur district, while those from the Faisalabad district
had a minimum resistance ratio (Table 1).The response of H.
armigera from three different locations to chlorpyrifos and
thiodicarb was similar. Low levels of tolerance, with resistance
ratios of 3.48-, 9.62-, 5.65-, 7.21- and 5.60-fold were seen in
the field strain when compared to Lab-Pk. However, moderate
resistance level was seen in response to thiodicarb (11.50-fold)
in field populations from Multan districts (Table 1).

The Resistance Ratio of bifenthrin and deltamethrin were 34.1-
fold, 48.0-, 40.08-, 28.21-, 37.17- and 19.33-fold respectively
(Table 1) in field populations (from all three locations)
compared with Lab-Pk. Both insecticides showed high level of
resistance to all three mentioned districts. The slopes of the
regression lines of the insecticides tested for field populations
were significantly lofty for emmamectin benzoate, lambda-
cyhalothrin,  bifenthrin, thiodicarb, chlorpyrifos and
deltamethrin ~ compared with  Lab-Pk, suggesting a
homogenous response to the field collected populations to
above mentioned insecticides. The slope of the line for

profenofos, however, was smaller than the other insecticides,
but it was similar to Lab-Pk (Table 1). The response of H.
armigera toward the tested insecticides collected from three
different locations was similar, however, the highest
Resistance Ratio was produced against the field population
collected from the Multan district (Fig. 2)

3.3 Toxicity of insect growth regulators (IGR) to field
population

Two insect growth regulators were also used in the present
studies to determine whether H. armigera has evolved
resistance to IGR but with the use of Methoxyfenozide for
bioassays on three different districts field-collected
populations. However the studies revealed that Multan
population of H. armigera district has evolved significantly
higher levels of resistance (P<0.01) to methoxyfenozide than
H. armigera from the Faisalabad district which showed a low
level of resistance (Table 1). H. armigera population of
Bahawalpur district showed a moderate level of resistance.
Lufenuron, a chitin synthesis inhibitor which is currently not
being widely used, proved effective in killing H. armigera
collected from all three districts. The Resistance Ratios for
lufenuron were 2.19-fold, 1.70- and 1.01- fold for H. armigera
tested from Multan, Bahawalpur and Faisalabad respectively
(Table 1).

3.4 Pair-wise correlations .between Log Lcso of different
insecticides

The toxicity of methoxyfenozide and lufenuron from the IGR
group were negatively correlated with other insecticides tested.
The methoxyfenozide was positively correlated with
bifenthrin, profenofos and negatively correlated with
thiodicarb and emmamectin benzoate (Table 2). The resistance
to bifenthrin was negatively correlated with resistance to
thiodicarb; however, a positive but non-significant correlation
was observed between bifenthrin, profenofos and emmamectin
benzoate. The LCso value of thiodicarb was negatively
correlated with profenofos and methoxyfenozide but positively
correlated with lufenuron and emamectin benzoate (Table 2).

3.5 Retrogression of Resistance to insecticides in the field

In order to study the stability of resistance to the insecticides,
the field population was sustained for six generations of
exposure  to  insecticides. When challenged  with
methoxyfenozid after six generations without exposure to
pesticides, the field population showed a significant reduction
in its Resistance Ratio with a reversion rate of -0.22. Similarly,
rearing of field populations of exposure to other insecticides
also reduces the Resistance Ratio of profenofos, emmamectin
benzoate, lambda-cyhalothrin,  chlorpyrifos, bifenthrin,
lufenuron, deltamethrin and thiodicarb (Table 1). The
retrogression rate of resistance to deltamethrin in the field
population was the least (-0.16) whereas it was the highest for
the thiodicarb (-0.27, Table 1).
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4. Discussion

The current investigation was conducted to provide insight
into resistance phenomena of insecticides having novel modes
of action against the important agricultural pest, H. armigera
collected from three different districts of Punjab, Pakistan with
different cropping patterns. The studies were undertaken
during three consecutive years (2009-2011) Bioassay results
showed varying degrees of resistance in field-caught
populations of H. armigera collected from three different
districts. High levels of resistance to the insecticides
methoxyfenozide,  lambda-cyhalothrin,  bifenthrin  and
deltamethrin were detected. It has-been proposed that insects
should not be regarded as resistant until a Resistance. Ratio of
10X is manifested B°. Accordingly, we would consider the
less than 10-fold reduction in sensitivity to emmamectin
benzoate and profenofos to defined resistance level scales
whereas the reaction of H. armigera to lufenuron, chlorpyrifos
and thiodicarb could best be described as tolerance or a low
level of resistance. In the Indo- Pakistan subcontinent H.
armigera has already acquired significant resistance to
synthetic pyrethroids, carbamates and organophosphates & 5 &
22, 23, 01 The current studies indicate that this pest-might
acquire resistance to new insecticides due to cross resistance
mechanisms evolved against conventional insecticides such as
pyrethroids and organophosphates . There is significantly
higher correlations found of resistance between profenofos and
methoxyfenozide or lufenuron and emmamectin benzoate also
suggest the presence of resistance mechanism to the
insecticides having different modes of action. Various
insecticides used in current study have multiple modes of
action. For example profenofos and chlorpyrifos are
acetylcholine esterase inhibitors, whereas emmamection
benzoate binds the GABA-gated chloride channel and
profenofos blocks it, however the level of resistance of H.
armigera to insecticides in both groups was similar Shen and
Wu B8 reported that it is practical to focus more on the
insecticides application history. In the field as an explanatory
mechanism when cross-.resistance detected. Mixing of new
insecticides with conventional insecticides would also be a
plausivle explanation for the development of multiple
resistance problems which routinely occurred with H.
armigera in the other parts of the world “°. In our country, it
is a common practice to mix newer insecticides with
conventional insecticides to control insect pest of cotton:
therefore, it would be logical to assume that a cross resistance
between these compounds would occur. Currently we report
that selection of H. armigera population of thiodicarb also
increased the resistance to lambda—cyhelothrin, bifenthrin and
emmamectin benzoate. We further found that monooxygenases
were involved in cross-resistance between thiodicarb and
lambda-cyhalothrin, bifenthrin or emmamectin benzoate B3 341,
The monooxygenases constitute many isoenzymes 2% and if
insecticides can selects with specific isoenzyme, which has
activity on multiple .insecticides, cross resistance could occur.
Currently we are selecting H. armigera populations with
emmamectin benzoate to analyze the potential for a cross
resistance mechanism to newer insecticides with distinctly
different mode of action, which are currently being used in our
country.

Recently the control failure of the conventional insecticides
and subsequent outbreak of H. armigera in Pakistan could be
attributed to development of resistance to insecticides. The
high LCso values along with the high value of the slopes
(Table 1 and 2) suggest that most of the individuals in the field

population are resistant. Moreover, a inter-population variation
in the slope was clear for a number of insecticides; For
example this was the situation for profenofos (1.04) for Multan
population and for thiodicarb (1.50) for Bahawalpur
population. These data indicate that the population is still in
the process of becoming resistant to insecticides because the
regression slope showed the homogeneity of the population. i.
e. pertinent mixture of resistance and susceptible population
2%l The data also suggest that the higher inter-population
variation in the slope indicates that there are qualitatively
different resistance mechanisms developing among the strains.
Tabashnik et al. B! argued that variation in slopes was not
biologically meaningful, and that the slope did not change in a
simple and predictable predictor of LCso. Likewise Chilcutt
and Tabashnik, M proposed that slope was not a good
indicator of the genetic variability in susceptible organisms
and, further, that genetic variation was not related to the LCso.

In the case of various insecticides high levels of resistance
might reflect multiple resistance mechanism. ¥ No cross
resistance was observed between profenofos and thiodicarb or
bifenthrin and thiodicarb in other lepidopteron pest such as S.
litura B, The entire insecticide compound has different sites
of action on the insect nervous system 7. Moreover, the
finding of significantly (P<0.01) low level of resistance to
lufenuron chlorpyrifos and emmamectin benzoate at three
districts viz., Multan, Bahwalpur and Faisalabad is fascinating.
It showed that an independent mechanism of resistance may be
operative while low level of resistance showed less usage of
the insecticides at these districts.

The significant retrogression in resistance.in three different
districts suggested that in areas where resistance to specific
insecticide was lower, the farmers enhanced the insecticide
application. Due to increased application of insecticides, level
of resistance in that cropping area increased. However, the
mean resistance ratio of Multan district was significantly
higher than the mean resistance ratio of Bahawalpur and
Faisalabad. Rapid retrogression of resistance to the tested
insecticides in the field collected populations suggests that
high fitness costs may co-occur with resistance. The decline in
resistance, further, may also be due to the presence of
heterozygotes in the population. High levels of resistance to
the conventional insecticides have been reported to the decline
rapidly in fields or laboratory populations 4],

In the present study we revealed a broad spectrum of
resistance- levels which suggests the presence of more than
one resistance mechanism. Monooxygenases and esterases are
involved in producing resistance to thiodicarb and pyrethroids
against H. armigera in Pakistan B3 %1 OQur results are also

endorsed by Armes et al, ® who suggested that
monooxygenases-based resistance is typically found in
response to pyrethroids while esterase-based resistance

mechanisms are produced in response to organophosphates.
The resistance mechanism to pyrethroids in H. armigera
collected from China was reported to be increased metabolic
detoxification ~of the monooxygenases while the
organophosphates resistance mechanism was correlated with
the increased in the monooxygenases and esterase activities [**
41]

In Pakistan, H. armigera is the most critical pest of multiple
field crops and the vegetables 1. Hence, it is widely exposed
to insecticide used on many infested crops. Exposure to this
pest to diverse groups of insecticides throughout the year may
also be involved in rapid evolution of resistance to new
insecticides. This might be a main barricade to formulating an
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integrated pest management (IPM) programme. Moreover, the
monitoring, using pheromones or light traps may be helpful in
formulating the H. armigera management practices. Bacillus
thuringiensis toxin (Crylca and CrylF) which is also potent
against H. armigera and other major insect pest such as, S.
litura stacking them in the crop and using as IPM tool might
be another auspicious .management strategy.
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