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ARTICLE INFO ABSTRACT
Article History In order to investigate the comparative effectiveness of some
Received: 19/10/2015 insecticides including pyrethroids (Alpha cypermethrin and
Accepted: 29/11/2015 Fenvalerate) , organophosphates (Chlorpyriofos, Cyanophos and

Profenofos ) and carbamates (Methomyl ) bioassay experiments
were performed on the 4™ larval instars of Spodoptera littoralis.
Surveys or monitoring level of toxicity in some governorates of
Egypt (Beheira, kalubia, Dakahlia, Fayum, Beni suef) and
laboratory strains, were determined . According to LCsy and LCy
values the data revealed that pesticides were highly effective on
laboratory strains The other strains or governorates populations
tested with insecticides were less affected and behaved
differently according to the strain location . Resistance ratios ,
analyzed protein of all governorate population tested by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
and electrophoretic patterns of esterase isozyme during the larval
stage were determined.
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INTRODUCTION

Cotton is one of the most important crops and a major source of the national
economy of Egypt. The Egyptian cotton leaf-worm, Spodoptera littoralis (Boisd) is a
major polyphagous pest, widely distributed throughout Africa, Mediterranean Europe,
and several parts of Asia. The Egyptian cotton leaf worm, Spodoptera littoralis
(Boisd.) is one of the most harmful insect cotton pests in Egypt. It infests
>87economically important plant species belonging to 40 families (Brown and
Dewhurst, 1975). Due to its economic importance, it causes considerable damage to
cotton plants as well as more than 29 hosts from other crops and vegetables. The
environmental hazards of conventional insecticides necessitate introduce of other new
insecticides that are effective, safer for human and negligible effects on ecosystem.

The mechanisms of action of the examined compounds are studied previously.
The effect organophosphates on acetylcholinesterase., chemical-bioinsecticides
combination provides several distinct advantages for Insect Pest Management
programs (IPMs), including the potential effect for reducing the amounts of each
agent used. Such reduction would mean potentially lower costs, lower environmental
pollution, less damage to beneficial organisms and reduced selection pressure leading
to the development of resistance to each agent (Harper, 1987and Temerak, 2005).
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One of most accurate ways to
monitor resistance in the Egyptian cotton
leaf worm, Spodoptera littoralis for
insecticides is through bioassays, many
of these methods such as dipping was
used  extensively in  determining
resistance level in the laboratory
(Moustafa et al., 1987). Many
investigators  developed and used
techniques based on  biochemical
determination of esterase in monitoring
resistance phenomenon for
organophosphates or carbamate
insecticides. Miyata et al., (1981) and
Georghiou and Saito (1983) described a
simple method to detect resistance to
carbamate and organophosphate in green
rice leaf hopper by examining its esterase
activity. In general the best approach is
an integrated pest management strategy
that principally relies on cultural and
biological control methods and the use of
chemical control only when needed .The
environmental hazards of conventional
insecticides necessitate introduce of other
new insecticides that are effective ,safer
for human and negligible effects on
ecosystem. In the present work, the
toxicity of each insecticide used was
determined according Sun
equation(1950) on Spodoptera littoralis
4" larval instars in some governorates of
Egypt. In addition resistance ratios,
protein analysis of all governorate
populations tested by sodium dodecyl

sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and
electrophoretic  patterns of esterase

isozyme during the 4™ larval stage of
Soodoptera  littoralis (Boised) were
determined.

MATERIALSAND METHODS
Rearing technique
Laboratory strain
The strain of S littoralis (Boisd.) in
this study originally was obtained from
the Central Agriculture Pesticide
Laboratory, Agriculture Research Center,
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Dokki, Giza, Egypt. This strain was not
previously exposed to any insecticides.
The colony was reared under constant
conditions; at 25+2 °C, 65+ 5% R.H.
and photoperiod 12:12 L:D for six
successive generations as described by
El-Defrawi et al. (1964). Egg masses
were kept in glass jars (500 ml) covered
with muslin cloth and provided daily
with fresh castor bean leaves (Ricinus
communis) as a source of food for the
larvae. Third instar larvae (6-days old)
were transferred to glass jars (1L)
provided with the same food. The
prepupae were allowed to pupate in clean
jars containing 2 cm high dry sawdust.
The resulting pupae were transferred to
glass jars containing filter papers and
were  kept in  suitable  cages
(35x35%x35cm) for mating of the
emerged moths. Emerged moths were fed
on a piece of cotton dipped in 10% sugar
solution. The cages were supplied with
fresh leaves of Nerium oleander (L.) that
served as an oviposition site.

Field strain

Samples of egg —masses were
collected from different cotton fields of
each governorate studied (Beni Suif ,
Fayum, Dakahlia, Kalubia and Behera).
The samples were collected during two
years 2012 and 2013 .The larvae were
reared in laboratory as the laboratory
strain .A series of experiments was
conducted using the leaf dipping
technique and the 4™-instar larvae ,the
most destructive instar under field
conditions.

All  pesticides were used as
formulated materials .the six pesticides
chosen included the pyrethroids (Alpha
cypermethrin 25% E.C and Fenvalerate
20%) organophosphates (Chlorpyriofos
50% E.C , Cyanophos 50% E.C and
Profenofos 72% E.C) and carbamates
(Methomyl 90% S. P) .A stock solution
or emulsion of each tested insecticide
was prepared freshly, on the basis of
active ingredient, by diluting the
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formulated compounds with water (w/v).
Subsequently, serial aqueous dilutions
were  prepared to  obtain  the
concentrations causing mortality ranging
from 70% to 80%. Six fresh castor bean
leaves (Ricinus communis) were dipped
for 5 sec .in each concentration and then
air-dried for one h. The larvae from each
governorate were provided with treated
leaves, making three replicates of 10
larvae for each concentration .Mortality
was recorded at 24h post-treatment and
corrected for control mortality by
Abbott’s formula (abbott,1925). The
LCso and LCoo values were computed by
probit analysis (Finney, 1971) based on
the corrected data.

Refractionation of protein bands by
SDS-PAGE (LKB Application Note
306, 1977):

In a solution of SDS and -
mercaptoethanol, proteins dissociate into
subunits (polypeptide chains )in which
the diameter of the rods is although to be
constant, while the long axis varies in
proportion with the molecular weight
(MW). The latter value can be
determined by comparing the relative
electrophoretic mobility of unknown
proteins with the mobility of known
protein markers.

Determination of molecular weights of
proteins:

Molecular weights (MW) is a
property often used in the identification
of organic compounds such as protein.
SDS-PAGE had been carried out for the
determination of MW of proteins in the
presence of a standard protein marker.
We used gel pro documentation for
analysis of data.

Electrophoretic analysis of protein:

The electrophoretic analysis aimed
to identify the general protein pattern in
insect test.The protein extraction samples
were identified by SDS polyacrylamtride
gel electrophoresis(SDS-PAGE)
according to Laemmlia (1970 ).
Detection of protein:
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Detection of protein was made by silver
nitrate staining ( Sammans et al 1981).

Sample preparation for esterase
iSOzymes:
Tris  buffer (0.05SM  pH6.8)

containing 10 % glycerol was used to
extract native protein to study the
esterase isozymes.

Detection of esterase isozymes:

Gel was incubated in 0.IM
phosphate buffer (pH 7.0) for 10 min
Lthen transferred into the reaction
mixture containing 0.03g Fast Blue RR-
salt (stabilizer diazonium) as the coupler,
0.5ml of 1%(w/v) alpha naphthyl acetate
in a 50% acetone as the substrate and
24.5 ml DW. Incubation was carried out
at room temperature for 20 min ., after
which the reaction was halted by a 7%
acetic acid solution. Computer program
gel pro documentation for analysis of
data was used

RESULTS

Toxicity of the tested insecticides
against the cotton leaf worm S littoralis
during the summer two years, 2012 and
2013 are presented in Tables (1, 2). The
LCso, LCoo, slope values and significant
or non significant for the tested
compounds against the 4™ larval instars
collecting from some governorates under
laboratory conditions using leaf —dipping
technique after 24 h from treatments
were demonstrated . The data obtained in
2012 (Tablel)showed that Chlorpyriofos
was the most effective insecticide in
Fayum governorate (LCso =59.04 ppm)
followed by Beni suif (LCso=
82.67ppm), while less effective in Behera
governorate (LCs0=750.67 ppm).

Cyanophos., the second
organophosphates was the most effective
insecticide in Fayum governorate (LCso
= 21544 ppm) followed by Dakahlia

governorate  (LCso =2216.69), while it
was less effective in  Kalubia
Governorate  (LCs0=3632.74  ppm).

Profenofos., the third organophosphates
was the most effective insecticides in
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Fayum governorate ( LCso= 74.33ppm)

followed by kalubia Governorate
(LCs50=172.57 ppm) ,while it was less
effective  in  Behera  governorate
(LCs50=554.97ppm). Alpha

cypermethrin., one of pyrethroids was the
most effective insecticide in Beni suif
governorate (LCso= 153.97ppm)
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followed by Fayum  governorate
(LCs0=431.35ppm). Fenvalerate (the
second of pyrethroids ) was the most
effective insecticide in Beni suif
governorate (LCs0=212.27ppm), while
less effective in Dakahlia governorate
(LC50=2327.07ppm).

Table 1: Comparative toxicity of insecticides tested against Spodoptera littoralisin different

governorates during the year 2012.

Insecticide Beni suif Govemorates Fayium Govemorates Dakahlia Govemorates Kalubia Govemorates Behera Govemorates
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Methomyl (one of carbamate in their susceptibility toward the tested
insecticides) was the most effective insecticides by leaf-dip method (Slope
insecticide in  Fayum governorate values in the same table were more than

(LCs50=206.44ppm), while it was less
effective in Dakahlia Governorate (LCso
= 983.19ppm). The results of the slope
values indicated that ,the insect
population was relatively heterogeneous

Table 2: Comparative
governorates during the year 2013.

toxicity of insecticides tested against

1.0 for most tested insecticides). The data
obtained during 2013 (Table 2) cleared
that Chlorpyriofos was the most effective
insecticide =~ on  laboratory  strain
(LCs50=15.07 ppm).

Spodoptera littoralis in different

Insecticide Laboratory stram Fayum Governorates Dakahliz Govemorates kalubia Govemorates Behera Govemorates
Slope | LC30 | LC%0 Slope | LC30 | LC90 Slope | LC30 | LC30 Slope | LC30 | LCS0 Slope | LC30 | LC30
P P P P P
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Cyanophos was most effective
insecticides in laboratory strain, showed
(LCso= 615.86 ppm) followed by Behera
governorate (LCso=1801. 9ppm), while it

was less effective in  Kalubia
Governorate (LC50=3989.2 ppm).
Profenofos was the most effective

insecticides on laboratory strain (LCso=
18.79ppm) followed by Dakahlia
Governorate (LCs0=100.57 ppm), while
it was less effective in Fayum
governorate (LCs0=579.5ppm). Alpha
cypermethrin was the most effective
insecticides on  laboratory  strain
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(LCs0=2.43ppm) followed by Behera

governorate (LCs50=364.8ppm).
Fenvalerate was the most effective
insecticide ~ on  laboratory  strain

(LCs0=4.08 ppm) followed by Behera
(LC50=1096.2 ppm), while it was less

effective  in  Fayum  governorate
(LC50=.3360.6 ppm). Methomyl
insecticide was the most effective
insecticide on susceptible strain or
laboratory  strain  (LCs0=30.51ppm)
followed by Dakahlia Governorate

(LC50=250.96ppm) where the LCso and
LCo in Dakahlia and Kalubia
governorates were significant but all
governorates tested were non-significant
(p >0.5). The resistance ratios (RR) were
calculated using the LCso or LCoo of the
field strains relative to those of the
laboratory strain .The data revealed ,in
general ,pronounced levels of resistance
to organophosphate insecticides in all
field strains This is indicated by the
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averages of the calculated RRs LCso,
where was 49.81, 20.41,10.3, 5.48, 3.91
fold in Beheira, kalubia, Dakahlia, Beni
Suef and fayum governorates with
Chlorpyriofos, respectively in 2012. But
RRs of Cyanophos were 5.89, 4.35, 4.29,
3.59, 3.49 fold in Kalubia, Beheira, Beni
suef, Dakahlia and Fayum governorates,
respectively. RRs of Profenofos were
29.53, 19.13, 12.07, 9.18, 3.95 fold in
Beheira, Beni suef , Dakahlia ,Kalubia
and Fayum governorates, respectively.

The resistance ratios of the
pyrethroids tested against field strains of
S littoralis, during 2012 are shown in
Table (3). Resistance to Alpha
cypermethrin  were 239.27, 236.46,
192.92, 177.51, 63.36 fold in Kalubia,
Beheira, Dakahlia, Fayum, and Beni suif
governorates, respectively, while they
were 570.36, 150.42, 140.83, 52.02 fold
for Fenvalerate.

Table 3: Comparative resistance ratio (LC50, LC90 ) to insecticides tested against Spodoptera littoralis
between strains of different governorates during the year 2012

Insecticide Beni suif Fayum Dakahlia Kalubia Behera
Governorates Governorates Governorates Governorates Governorates
RRLC RRLC RRLC RRLC RRLC RR LC RRLC RRLC RRLC RRLC
50 90 50 90 50 90 50 90 50 90
Chlorpyriofos 5.48 3.49 3.91 3.92 10.355 9.4 20.41 32.52 49.81 37.61
Cyanophos 4.29 2.69 3.49 1.92 3.59 1.91 5.89 2.38 4.35 2.57
Profenofos 19.13 17.52 3.95 2.76 12.07 74.57 9.18 20.62 29.53 25.12
Alpha cypermethrin 63.36 176.32 177.51 168.26 192.92 376.62 239.27 364.29 | 236.46 592.72
Fenvalerate 52.02 125.95 - - 570.36 777.64 150.42 367.26 140.83 555.48
Methomyl 15.31 65.78 6.76 23 32.22 59.61 10.24 14.73 29.06 42.51

Dakahlia, Kalubia, Beheira and Beni
Suef governorates, respectively. Methomyl
was the only carbamates tested in 2012, it is
clear from the results that Dakahlia strain was the
most resistance to this chemical (32.22 fold )

followed by Beheira (29.06 fold),15.31, Beni
suif, (10.24 fold), Kalubia and Fayum (6.76
fold ), respectively. As shown in Table (4),
the field strain was highly resistance to all
the insecticides tested in season 2013.

Table 4: Comparative resistance ratio (LCsy, LCy) to insecticides tested against Spodoptera littoralis
between strains of different governorates during the year 2013.

.. Dakahlia Kalubia Behera
Insecticide Fayum Governorates
Governorates Governorates Governorates
RR RR RR RR RR RR RR RR
LC 50 LC90 LC50 LC90 LC50 LC90 LC50 LC90
Chlorpyriofos 18.78 11.74 19.32 26.67 8.12 7.04 24.2 30.89
Cyanophos 17.39 7.93 3.08 2.21 6.47 2.86 2.92 5.02
Profenofos 24.87 24.87 5.35 4.92 11.64 8.24 12.56 200.3
Alpha cypermethrin | 221.02 548.96 295.2 524.7 231.48 410.6 150.12 223.9
Fenvalerate 823.67 887.34 274.43 619.58 296.1 548.52 268.67 515.64
Methomyl 47.27 87.64 8.22 19.19 18.49 33.15 16.74 37.68
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In general .pronounced levels of
resistance to organophosphates, pyrethroids
and carbamates insecticides in all field
strains was noticed. This is indicated by the
averages of the calculated RRs where LC50
was 18.78, 19.32, 8.12, 24.2 fold in Fayum,
Dakabhlia, kalubia, and Beheira governorates
with Chlorpyriofos, respectively.

But RRs of Cyanophos were 17.39,
3.08, 6.47,2.92 fold in Fayum, Dakahlia,
kalubia, and  Beheira governorates,
respectively. while RRs of Profenofos were
24.87, 5.35, 11.64, 12.56 fold in Fayum,
Dakabhlia, kalubia, and Beheira governorates,
respectively. The resistance ratios, the
pyrethroids tested against field strains of S
littoralis during the 2013 are shown in Table
(4). Resistance to Alpha cypermethrin was
221.02, 295.2, 231.48,150.12 fold., in
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Fayum, Dakahlia, kalubia, and Beheira
governorates, respectively. While it was for
Fenvalerate 823.67, 274.43, 296.1, 268.67
fold in Fayum, Dakahlia, kalubia, and
Beheira governorates, respectively.
Meanwhile it was 47.27, 8.22, 18.49, 16.74

fold in Fayum, Dakahlia, kalubia, and
Beheira  governorates for  Methomyl,
respectively.

The data of electrophoretic proteins in
the 4™ larval instars of Spodoptera littoralis
(Table 5) and Fig. (1) showed clear
differences  between the  governorate
populations and laboratory strains tested. The
data obtained showed specific protein bands
for each govrnorate population tested .Also,
as shown from the results, the number of
protein bands in laboratory strains were less
than in field strains.

Table 5: Protein patterns of Spodoptera littoralisisolate by (SDS-PAGE).

Band Mol.w 1 2 3 4 5 6 7 8 9 10
No K.daltons | Lab.strain | F13 | k13 | D13 | B13 | K12 | D12 | Bel2 | FI12 | B12
1 141.97 + + - - - - - + - +
2 129.26 - + + - + - - - - -
3 121.43 - + - + + + +
4 113.18 - - - - - - - +
5 109.70 - - - - - - - - - +
6 105.49 - - - - - - - - - +
7 99.874 - + + + + + + + - T
8 91.646 + + + + + + + + + +
9 82.147 - + + - + + + + + +
10 75.379 + + + + + + + + + +
11 66 - - - - - - - - - +
12 62.976 + + + + + + + + + +
13 57.338 + + + + + + + - - +
14 53.027 - + + + + + + + + +
15 45 + + - + + + + + + +
16 44.320 + + + + + + + + + +
17 37.485 - + + - - - - - + +
18 35.812 - - - + + + + + - +
19 31.226 + + + + + + + + + +
20 26.410 + + + + + + + + - +
21 22 - - - - + - - - +
22 20.70 + + + + + - - - - +
23 19.183 + + - + - + + + + +
24 18.049 - - + + - + + + + +
25 16.726 - + + + + + + - + +
26 15.033 - + + - + - + + + +
27 13.515 - + + + + - - +

Lab.strain: Laboratory strain ~ F13:Fayum 2013

F12:Fayum2012 K13 :Kalubia2013

K12:Kalubia 2012 B13:Behiera 2013 B12 Behiera 2012 D13 Dakahlia 2013

D12:Dakahlia 2012 Bel2 :Beni suif 2012
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M Lab.5 F13 K13 D13 B13K12 D128e12F12 B12 M

Fig. I:

SDS Polyacrylamide gel of denatured
protein patterns in ten samples of the 4™
larval instar of Spodoptera littoralis

Esterase have been classified
according to their action with various
specific enzyme inhibitors (Bush et al.,
1970) Three classes of esterases Could be
identified as cholinesterase,
carboxyesterase and arylesterase based
on the substrate specificity and inhibition
tested in 4™ larvae instars (Augustinsson

Fig. 2: Polyacrylamide gel zymogram of
esterase  isozyme  patterns  in
different population governorates.

1961) As shown from data given in Table
(6) the number of protein bands were
different from one governorate to
another. Also the enzymatic activity in
some population governorates was
detected or activated after using specific
enzyme inhibitor.

Table 6: Esterase patterns in field and laboratory strains of Spodoptera littoraliS

Band 1 2 3 4 5 6 7 8 9 10
No RF B12 | F12 | Bel2 | D12 | K12 | B13 | D13 | k13 | F13 | Lab.strain
1| 013 - ; - - - - - - - -
2 029 - - - - - R - - R -
3] 032 R - R R R R R R R R
4 051 - - - - - - - - - -
5 0.52 + + - + + + + + + -
6| 053 - ; - - - - - - - -
7 0.55 + - - + + + - - + -
8| 062 + - - - - - - - - -
9 0.63 - + + + + + + + + +
10| 0.64 - ; - - - - - n - -
11| 066 - ; - - - - R - - -
12 0.78 - - - - - + + - - -
13 0.81 - - - - - + + - - -
DISCUSSION and toxicity index values for the tested

Toxicity of the insecticides tested
against the cotton leaf worm , S
littoralis. in Tables (1 and 2)
demonstrated the LCsg, LCoy, slope value

compounds against the 4™ instar larvae
under laboratory conditions .The toxicity
of the different insecticides to laboratory
strain was established .The LCsq values
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indicated that carbamate and
organophosphate insecticides were less
effective against this strain, while
synthetic  pyrethroids were more
effective (Alpha cypermethrin 2.43 ppm)
The results obtained can be discussed in
light of our past experience with
resistance to in field strains of S littoralis
and also ,the accumulated knowledge on
resistance development to different
groups of insecticides El-Guindy et al.
(1978-1979) reported low, moderate and
high levels of resistance to chlorpyrifos
and methomyl in field strains of the
cotton leaf-worm .Resistance to sulprofos
was high and stable while to
methamidophos it was low to moderate .
Chlormonstrated thapyrifos and
methomyl however were used in practice
on large scale over a period of 12 years.
Therefore ,resistance observed to the
former compounds can be attributed to
cross-resistance while that detected to the

latterones was due to continuous
selection in subsequent generations.
Moreover, El-Guindy et al. (1983)
clearly demonstrated that laboratory
selection for diflubenzuron (IGR)
resistance in the cotton leaf-worm

induced 300fold resistance compared
with the original strain. The resistant
strain was also characterized by high

levels of cross -—resistance  to
organochlorines, organophosphates,
carbamates and  particularly  to
pyrethroids. It is clear from the results
indicated in Tables (3,4) that the
resistance  levels pyrethroids  or
carbamates and  organophosphates
fluctuated  from one year to another
.This could be correlated to the

population size of the pest in each year .It
is well known that the more the
population increases in number ,the more
genetic  variability necessary for
effective selection is available .In 2012
,the population of the cotton leaf worm
was relatively high, accordingly this was
accompanied with high resistance ratios
of most insecticidal tested .Apart from
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some fluctuations observed in the
resistance ratios of the other successive
year 2013.0ur results are in agreement
with those obtained in cotton field of
Arizona and California( Twine and
Reynolds, 1980 shekeban et al., 2010).
Resistance ratios (RRs) documented for
organophosphates were 24- to 116-fold
for profenofos and 22- to 87-fold for
chlorpyrifos. For pyrethroids, RRs were
3- to 69-fold for cypermethrin and 3- to
27-fold for deltamethrin. resistance levels
were moderate to very high against
organophosphates, very low to high
against pyrethroids, and very low to low
against the newer-chemical insecticides
(Qayyum et al., 2015).

The first report of resistance to
organophosphate and pyrethroid
insecticides in Pakistani populations of
Phenacoccus  solenopsis. Regular
insecticide resistance monitoring
programs are needed to prevent field
control failures. Moreover, integrated
approaches including the judicious use of
insecticides and rotation of insecticides
with different modes of action are needed
to delay the development of insecticide
resistance in P. solenopsis. (Saddiq, et
al., 2014 and Saleem, et al., 2015).

This was in harmony with the low
population densities from the pest
observed in those years .However, it
should be pointed out that some of the

Governorates ~ which  are  densely
cultivated with cotton and are
characterized by favourable
environmental  conditions for the
propagation of the insect.

Qualitative biochemical

determination of esterases showed a good
discrimination between Susceptible and
field strains. Esterase play an important
role in insecticide resistance .Insect
esterases have been intensively studied
because they are target sites for
organophosphate and carbamate
insecticide (Abdel-Hafez et al. 1982 and
Mostafa  1988).  Studies on the
insecticidal action of organophosphorus
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(oP) compounds raised great interest in
insect esterases, since OP-compounds
were found to cause strong inhibition of
several esterases in a number of insects.
It seems well established that their
insecticidal action is due to inhibition of
the cholinesterase present in nervous
system and genetically modifyed
esterases are capable of hydrolyzing OP-
compounds and carbamate. Our results
are in agreement with those obtained on
esterase activity compared to susceptible
populations., where resistant Helicoverpa
armigera has additional esterase bands
which are not detected in susceptible
individuals (Gunning et al., 1996).
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