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ABSTRACT

Bioassay was carried out for monitoring resistance spectrum toward
insecticides include organophosphates, Dursban H-48% EC (Chlorpyrifos) and
pyrethroids Cyper (Cypermethrin 10% EC) in three different field populations
(Gharbia , Kalubia and Menofeya Governorates) of the Cotton Leafworm, Spodoptera
littoralis (Boisd.). Toxicity data based on LCsy values indicated that the pyrethroid
Cyper (Cypermethrin 10% EC) is more toxic insecticide against the laboratory
strain, while, the OP Dursban H- 48% EC (Chlorpyrifos) was less toxic. The
development of resistance to organophosphates, Dursban H- 48% EC (Chlorpyrifos)
and pyrethroids Cyper (Cypermethrin 10% EC) in field strains of the cotton
leafworm, in relation to esterases, glutathione s- transferase, and phosphatases was
studied. Field strains exhibited moderately high level of resistance to the tested
insecticides. A significant increase in the activity of esterases, glutathione s-
transferase suggests a good relation to resistance was detected. A high level of acid
phosphatase and low level of alkaline phosphatase accompanied the level of resistance
to pyrethroid and OP.

Keywords: Spodoptera littoralis, insecticidal, biological, biochemical effects, organophosphorus,

pyrethroid compound and resistance.

INTRODUCTION

The Cotton Leafworm,
Spodoptera littoralis (Boisd.) is the most
economic pest infesting cotton plant in
Egypt causing serious decrease in cotton
yield. The wuse of insecticides in
controlling cotton pest has led to serious
number of problems among them insect
resistance.

Cotton pests possesses the ability
to develop resistance to different groups
of insecticides in the field (XianChun et
al., 1997). Since resistance to insecticides
is accumulating one year after another, it
i1s important to evaluate the potency of
the old as well as the newly emerged
insecticides against the cotton Leafworm,
in each cotton season. The occurrence of
resistance to an insecticide in insects is
mainly due to the action of enzymes,
which are either insensitive to the
insecticide or able to degrade it to non-
toxic metabolites. Armes et al. (1997)

found that resistance of Spodoptera litura
(Fab.) to pyrethroids may be due to the
enhanced detoxification enzymes and
those esterase's were contributing to
organophosphate resistance. Gunning et
al. (1996) found that resistant strains
increased levels of esterase activity that
detoxified significant quantities of
esfenvalerate. Moreover, Gunning et al.
(1999) reported that the inhibition of
esterase was associated with pyrethroid
resistance. It is believed that such
information would help in developing
chemical control programs valid for
future use against the existing field
populations of the pest.

The present study was conducted
to investigate two main groups of
insecticides commonly applied on cotton
for controlling different insect species.
These insecticides include
organophosphates, Dursban H-48% EC
(Chlorpyrifos) and pyrethroids Cyper
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(Cypermethrin 10% EC) against cotton

Leafworm, Spodoptera littoralis
laboratory and field strains.
MATERIALS AND METHODS

Tested insect

Laboratory reference strain of the
cotton Leafworm, Spodoptera littoralis
used as base line for the present study
was obtained from laboratory colony
continuously reared free from
insecticides in  Cotton  Research
Department, Plant Protection Research
Institute, Agriculture Research Center,
Dokki, Egypt. Field strain was obtained
by collecting the egg masses from three
Governorates (Gharbia, Kalubia and
Menofeya) before and after treatments
(early and late season). All cultures were
maintained under optimum conditions
(25°C £ 2 and 70 = 5 % R.H) and reared
on castor-bean leaves until larvae
reached to the 4™ instar which were used
for the present study.
Insecticides tested

Commercial  formulations  of
insecticides were used in this study
representing 2  main  groups  of
insecticides commonly applied on cotton
for controlling different insect species.
These insecticides include
organophosphates, Dursban H- 48% EC
(Chlorpyrifos) obtained from Daw
Agrosciences and pyrethroids Cyper
(Cypermethrin 10% EC) obtained from
Agrochina group.
Bioassay

The leaf-dipping bioassay method
was used to determine the median lethal
concentration (LCsp) values. Series of
concentrations (in water) of the tested
formulated compounds were prepared.
Castor-bean leaves were dipped for 30
seconds in each concentration then left
for one hour to dry. The treated leaves
were offered to newly moulted 4™ instar
larvae of each strain. Mortality
percentages were recorded after 24 hrs.
and corrected according to (Abbott,
1925). To estimate the LCsy values, the
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corrected mortality percentages were
subjected to probit analysis according to
Finney (1952).

Statistical analysis:

The significance of the main
effects was determined by analysis of
variance (ANOVA). The significance of
various treatments was evaluated by
Duncan’s multiple range tests (p< 0.05).
All analyses was made using a software
package “Costat”, a product of cohort
software Ine., Berkley, California.
(Duncan, 1955).

Resistance Ratio (R.R.) values in fold
were calculated for each insecticide as
follow:

LCsg of the field strain
RR. =

LCs of the laboratory strain
Preparation of samples for
biochemical studies:

After the detection of the median
lethal concentration (LCsp) values using
the 4™ instar larvae lab strain and field
population were fed to reach the 6th
instar. The collected 6™ larval instar
starved for 4 hours. Samples were
collected after homogenizing the 6th
instar larvae representing 1 gm larval
body weight, in 5 ml distilled water by
using chilled glass Teflon grinder. The
homogenate was centrifuged for 10 min.
at 5000 rpm and 5 °C, the supernatant
fraction being used for the enzyme assay
Farag (2001).

Determination of non-specific esterases
activities:

Alpha- and beta-esterases (a-E, 3
-E) activities were determined according
to the method of Van Asperen (1962)
using a-naphthyl acetate and B-naphthyl
acetate as substrates, respectively.
Determination of acetylcholine
esterase activity:

The activity of acetylcholine
esterase (AChE) was measured according
to the method described by Simpson et
al. (1964) using acetylcholine bromide
(AChBr) as substrate.
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Determination of acid and alkaline
phosphatase activities:

Acid phosphatase (AcP) and
alkaline phosphatase (AlkP) activities
were determined according to the method
described by Powell and Smith (1954).
Determination of Glutatione S-
transferase activity:

The determination of Glutatione
S-transferase  activity  (GST)  was
preceded in the presence of 1, 2-
Dichloro-nitrobenzen as a substrate
according to the method of Habig et al.
(1974).

RESULTS AND DISCUSSION

Susceptibility of S. littoralis larvae to
different insecticides

The LCsy, slope (b) values and
the calculated RR of different
insecticides tested against the Laboratory
and field collected strains before and
after spraying season in the three
Governorates during 2010 and 2011
cotton growing seasons were recorded in
Tables (1: 4). In the present studies
table(1, 2, 3 and 4) show that the
susceptibility of the two tested
compounds used in the present work
caused variable toxic effects against the
4™ larvae of Spodoptera littoralis for
both laboratory and field strains.

The LCsy were 17.5, 18.43 and
14.7, 13.47 ppm for Chlorpyrifos and
cypermethrin in laboratory strain during
seasons 2010 and 2011, respectively.
Cypermethrin is more toxic to S.
littoralis than chlorpyrifos for lab strain.
These results were match with Abd El-
Mageed et al., (2011) who demonstrated
that The efficiency and residual effects of
five new insecticide mixtures chlorosan,
feroban, cygron, engeo, and kingbo were
studied in the 2™ and 4™ instar larvae
against S. littoralis under field conditions
and the obtained results revealed that
feroban was the most effective compared
with the other toxicants, while engeo was
the least toxic insecticide in both instars
after 2 and 5 days from treatment.
Chlorpyrifos

In the early cotton season the data
in (Table 1 and 2) show in general, that
pronounced levels of resistance to the
organophosphate Chlorpyrifos in all field
strains representing different
Governorates. This is indicated by the
values of the calculated RR which were
7.65, 8.04, 14.64 and 6.76, 8.79, 11.58
for gharbia, kalubia and menofeya
Governorates, respectively during 2010
and 2011 cotton growing seasons.

Table 1: Toxicity data of chlorpyrifos against 4™ instar larvae of laboratory and field strains of S.

littoralis at early and late season 2010.

Strain Toxicity data early 2010 Toxicity data late 2010
LCso ppm. | Slope RR LCso ppm. | Slope RR
Lab. 17.50 1.92 - 17.50 1.92 -
Gharbia 133.93 2.72 7.65 170.58 2.48 9.77
Kalubia 140.80 2.14 8.04 170.14 2.38 9.27
Menofeya 256.28 2.31 14.64 261.48 1.41 16.21
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Table 2: Toxicity data of chlorpyrifos against 4™ instar larvae of laboratory and field strains of S.

littoralis at early and late season 201.

Strain Toxicity data early 2011 Toxicity data late 2011
LCso ppm. Sl:p RR LCso ppm. Slope RR
Lab. 18.43 1.31 18.43 1.31
Gharbia 124.62 1.84 6.76 170.58 1.62 9.25
Kalubia 162.17 1.35 8.79 170.14 1.39 9.23
Mel:’fey 213.58 2.79 | 11.58 261.48 1.82 | 14.18

In the late cotton season the resistance
spectrum of field population in the same
governorates reveal that the calculated
RR were 9.77,9.27,16.21 and
9.25,9.23,14.18 for gharbia, kalubia and
menofeya governorates, respectively,
during 2010 and 2011 cotton growing
seasons. Obviously, these RR values
indicated that the tested field menofeya
exhibited relatively remarkable, higher
levels of resistance than the other two
governorates at which the RR values
were recorded 16.21 and 14.18 fold for
2010 and 2011 late seasons, respectively.

The development of considerable
levels of resistance for OP’s representing
different governorates of Egypt was
previously demonstrated by several
authors (Hassan et al., 1970, El-Sayed
1973, Kansouh et al. 1979).

El-Sayed et al. (1984) found that
resistance to organo-phosphates in the
cotton leafworm, was much higher to
most of the methyl esters than to ethyl
esters. Later on, (Rashwan et al. 1991-
1992) found that several field strains of
cotton leafworm representing different
governorates exhibited high resistance to
organophosphates and that a strongly
pronounced increase in resistance level
was detected at the end of the cotton
season than the early in season.
Cypermethrin

In general the results of early
season (Tables 3 and 4) indicate that
resistance to the tested synthetic
pyrethroid (cypermethrin) is wide spread
and sever in the field-collected
population of the cotton leafworm,
(although such compound is one of the

insecticides in  chemical  control
program). The estimated resistance factor
demonstrated that the highest resistance
rate was recorded for 20.05 , 21.01 and
23.1,22.06 fold for kalubia and menofeya
during 2010 and 2011 cotton growing
seasons, respectively. On the other hand,
gharbia exhibited the lowest resistance
rate at which the RR was 6.39 and 6.84
fold, respectively.

As for the late season (Tables 3
and 4) the data indicate that the cotton
leafworm, field populations of different
governorates became more resistance to
the tested insecticide compared with late
spraying season. In this respect, the
populations in menofeya followed by
kalubia governorates revealed the highest
resistance ratios, reached 21.75, 25.33
and 23.67, 27.89 fold during 2010 and
2011 cotton growing seasons,
respectively. Whereas, the least resistance
ratios of 7.63 and 9.84 fold were
recorded in Gharbia at late season 2010
and 2011, respectively.

The resistance to pyrethroid had
been established in field strains of S.
littoralis in most of the Egyptian
governorates (El-Guindy et al. 1982)
which agree with the obtained results in
the present study, the same authors added
that the different levels of significant
resistance to pyrethroids exhibited by the
field strains are resulted from cross
resistance  with  other groups of
insecticides and not due to intensive or
prolonged applications of the wused
compounds. In agreement, increased
levels of methyl parathion resistance
were accompanied by pyrethroid cross-
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introduction of the pyrethroid into the
cotton fields of Arizona and California
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(Crowder et al., 1979 and Twin and
Reynolds, 1980).

Table 3: Toxicity data of cypermethrin against 4™ instar larvae of laboratory and field strains of ~S.
littoralis at early and late season 2010.

. Toxicity data early 2010 Toxicity data late 2010
Strain LCso ppm. Slope RR LCso ppm. Slope RR
Lab. 14.72 1.25 - 14.72 1.25 -
Gharbia 94.19 1.98 6.39 112.34 2.13 7.63
Kalubia 295.14 1.34 | 20.05 348.65 1.57 | 23.67
Me‘;"fey 309.28 199 | 21.01 | 320.16 1.68 | 21.75

Table 4: Toxicity data of cypermethrin against 4™ instar larvae of laboratory and field strains of ~S.
littoralis at early and late season 2011.

Stra Toxicity data early 2011 Toxicity data late 2011
ram LCsoppm. | Slope | RR | LCsoppm. | Slope | RR
Lab. 13.47 1.58 - 13.47 1.58 -
Gharbia 92.14 1.92 6.84 132.58 1.72 9.84
Kalubia 311.25 2.11 | 23.10 376.98 1.66 | 27.98
Me‘;"fey 29728 | 159 | 2206 | 34121 | 1.74 | 2533
However, monitoring for from Gharbia, kalubia and menofeya

resistance carried out by El-Bermawy et
al. (1992) indicated that most of the
tested field strains developed high levels
of resistance averaged 50.9-6667.7 fold
early in the cotton season versus 142.5-
1738.8 fold late in the season for some
synthetic pyrethroids. Similar findings
were obtained by Kim et al. (1998) who
reported that field populations of S.
littoralis showed resistance to commonly
used insecticides ranged from 100 - to
2700-fold for pyrethroids and ranged
from 2- to 32-fold for organophosphates.
They concluded that the broad spectrum
of insecticide resistance observed was
due to multiple resistance mechanisms,
including increased detoxification of
insecticides and insensitive acetylcholine
esterase.
Biochemical studies

The biochemical parameters of
the resistance phenomenon in field
populations of cotton leafworm collected

governorates were evaluated.

Homogenate samples of 6™ instar
larvae were used throughout the study.
Esterases enzyme activities:
Non-specific Esterases (o-E & B-E):

Tables (5, 6, 7 and 8) refer the
changes in non-specific  esterases
activities, alpha esterase (a- E) and beta
esterase (B-E), of S. littoralis laboratory
strain (L-strain) and fields strains (F-
strain) .The data represented here are
expressed as percentages increase or
decrease in the activity relative to the L-
strain. The data obtained showed that, in
general the activity of o-esterase was
greater in case of field strain early and
late season at all tested insecticides
during 2010 and 2011 cotton growing
seasons. In case of Chlorpyrifos enzyme
activity recorded (207.6, 284.3, 327.7)
and (22.5, 302.3, 292.8) for gharbia,
kalubia and menofeya, respectively, in
season 2010.
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Table 5: biochemical changes of chlorpyrifos against 4™ instar larvae of laboratory and field strains of

S. littoralis at early and late season 2010.

Early season 2010
g sE| . 3 . & .| gz . 2E I A .
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S32%| % | 32 | 3 | 32T | 3 | %Ee | & | fEE | & |EZiE | %
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2% 58 = 7 = = 2 = = = 22 = ER-E =
218 85 O &3 &) Kz &} =R O B @] 558 &)
< < 5 ' A S 3 2 a “
3 <
Laboratory
87.2423 52.843.2 32.748 44209 2.6£0.2 1241412
Gharbia 1227573 | 407 162472 | 207.6 | 59.2+53 81.0 | 6.8+08 a | 545 | 0.92+0.1 64.6 | 1521204 | 226
Kalubia 1417463 | 625 | 2029112 | 2843 | 71.8%6.1a | 1196 | 7.3*1.0a | 659 11403 577 | 142406 | 144
Menofeya | 212394 | 1435 | 2258102 | 327 | 779+68 a | 1382 | 8403 | 909 1403 462 | 1291207 | 4.0
LSD 10.8 113 93 0.6 0.1 03
Late 2010
Gharbia 131248 | 505 170347 | 2225 | 57.6491 76.1 6912 a | 568 | 13120.1a | 496 | 173+3.1 | 394
Kalubia 1189456 | 364 | 21244654 | 3023 | 794443 1428 | 7.140.7 a | 614 | 1.0240.12 | 60.8 | 15821 | 273
Menofeya | 162775 | 86.6 207.4x59 | 2928 | 96.2+7.9 194.2 8.7+0.8 | 977 | 141=0.3a | -458 | 13.61x1.9 | 97
LSD 6.4 94 3.4 03 02 13
Table 6: biochemical changes of chlorpyrifos against 4™ instar larvae of laboratory and field strains of
S. littoralis at early and late season 2011.
Early season 2011
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Laboratory 2.3+0.3
5824438 37.746.3 42+0.6 N 14.1£ 1.9 3324938
Gharbia 1218468 | 1093 | 82334 | 1183 | 5711 | 357 | 22+0.1a | 43 | 103+l.1a | -27.0 | 242489 | -27.1
Kalubia 96.7+32a | 662 | 88451 | 1345 | 6.6+13 | 571 | 14=03b | -39.1 | 114=13a | -19.1 | 270+143 | -18.7
Menofeya | 923+48a | 58.6 | 107.2+89 | 1844 | 0.81+2.1 | 1333 | 12:0.1b | -47.8 | 193+27 | 369 | 298483 | -102
LSD 6.9 42 02 03 2.1 9.7
Late season 2011
Gharbia 94.746.1 627 | 771232 | 1045 | 6409a | 452 | 1.8%02a | -21.7 | 142+15a 0.7 | 203434 | -389
Kalubia 80.4%6.6 38.1 | 983%6.1 | 1607 | 63=l.la | 500 | 1.6:03a | -304 | 12.9%1.6a | -85 | 170+3.6a | -48.3
Menofeya 99.8+7.9 715 | 66254 756 | 7.4203 762 | 14x0.1a | -39.1 | 17435 | 234 | 198+3.8 | -404
LSD 4.1 3.9 03 03 23 10.8
Table 7: biochemical changes of cypermethrin against 4™ instar larvae of laboratory and field strains of
S. littoralis at early and late season 2010.
Early season 2010
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Lab.
48.8+4.1 375442 5.3+0.6 2.840.3 10.8+1.2 342443
. 23146.2
Gharbia 529422 8.4 508464 | 595 | 62%0.6a | 17.0 1.220.1 570 | 139+14a | 287 . 325
; 229473
Kalubia 60.43.2 238 | 479+23 | 277 | 67l.1b | 264 | 1.6+04a | -429 | 148+2.6a | 370 N -33.0
Me“a"fey 712435 459 | 523248 | 395 | 64x04ab | 208 | 18+02a | -357 | 12.1%0.7 12.0 211272 | -383
LSD 24 3.1 04 03 11 8.4
Late season 2010
. 201+44.9
Gharbia 66.743.6 367 | 7044274 | 87.7 73413 377 | 11x0.1a | -60.7 | 17.4+2.1 61.1 N -41.2
. 202441
Kalubia 74,8442 533 | 62343 | 66.1 9.1:0.6 717 | 13x0.1a | -53.6 | 16227 50.0 N -40.9
Mer:’fey 89.344.8 83.0 | 689+29a | 837 8.140.9 528 | 1.402a | -500 | 15.1%0.1 398 | 214434 | -374
LSD 3.9 2.1 04 03 1.1 34
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Early season 2011
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LSD 45 41 04 0.1 11 62
Late season 2011
. 103. | 9.2%1.4
Gharbia | 80.4+49 | 919 | 72949 | ') . 460 | 1801 | 379 | 1971 | 655 198423 | -473
Kalubia | 92.3+6.7 1230' 89.346.1 1‘:‘9' 10.§i2. 714 1.1%;0‘1 62.1 1844:2' 54.6 214481 | -43.1
Menofe | 11y giag | 190 | 7saeas | 119 | OELA | 4gn | 130D son | ITEEL 406 1 a31aa6 | 386
ya 8 0 a a 9a
LSD 46 41 0.4 03 11 62

Values in a column followed by the same small letter are not significantly different (p< 0.05 ; Duncan's multiple rang test).

In season 2011 the changes in
enzyme activity was recorded (109.3,
66.2, 58.6) and (62.7, 38.1, 71.5) for
gharbia, kalubia and  menofeya,
respectively. The enzyme activity in case
of cypermethrin treatment exhibited the
same trend in the elevation in late season
than in early season which record (8.8,
23.8, 45.9) and (36.7, 53.3, 83) for
gharbia, kalubia and  menofeya,
respectively, in season 2010. In season
2011 the changes in enzyme activity was
recorded (53.2, 61.8, 115.5) and (91.9,
120.3, 166.8) for gharbia, kalubia and
menofeya, respectively.

The data obtained from beta -
esterase were similar to that obtained
from -—alpha-esterase, in general the
activity of field strain early and late
season at all tested insecticides during
2010 and 2011 cotton growing seasons.
In case of Chlorpyrifos enzyme activity
recorded (81, 119.6, 138.2) and
(76.1,142.8,198.4) for gharbia, kalubia
and menofeya, respectively, in season
2010. In season 2011 the changes in
enzyme activity was recorded (118.3,
34.5, 184.4) and (104.5, 160.7, 75.) for
gharbia, kalubia and  menofeya,

respectively. In case of cypermethrin
treatment changes in activity were (59.5,
27.7, 39.5) and (87.7, 66.1, 83.7) for
gharbia, kalubia and  menofeya,
respectively, in season 2010. In season
2011 the changes in enzyme activity was
recorded (87.7, 96.6, 65.6) and (103.6,
149.4, 119) for gharbia, kalubia and
menofeya, respectively.
Acetylcholinesterase (AChE)

Tables (5, 6, 7 and 8) refer the
changes in AChE F-strains had high level
of AChE than L-strain, before spraying
season and the greatest level of enzyme
activity was recorded for menofeya strain
(143.5) in case of chlorpyrifos ,while, the
lowest level was found in case of
cypermethrin  (13.9). After spraying
season, the highest level of the enzyme
activity was found in menofeya strain
(86.8) in case of chlorpyrifos, while, the
lowest enzyme activity was recorded for
kalubia strain (22.6) in season 2010.
Generally, menofeya strain showed the
highest level of AChE activity, while, the
lowest level of the enzyme activity was
recorded for kalubia strain in season
2010.
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As for 2011 season, the highest
level of AChE was found in gharbia
strain before spraying season (109.3) in
case of chlorpyrifos and the lowest level
was found in kalubia (19.1) in case of
cypermethrin.  After spraying season
however, the highest
level of enzyme activity was recorded for
menofeya strain (71.5 and 83.4) for
chlorpyrifos and cypermethrin
,respectively, in season 2011. Generally,
the obtained data of esterases activities
showed that all of the tested field strains
showed higher levels of esterase than lab.
strain. Therefore, it was concluded that
the increase in esterase activity plays an
important role in resistance development.
Elevated esterase activity in field
population was also detected by Srinivas
et al. (2003) who found that field strain
of Helicoverpa armigera larvac was
characterized by high activities of
esterases and  phosphatases  when
compared with susceptible larvae. Abd
El-Mageed et al., (2011) demonstrated
that The efficiency and residual effects of
five new insecticide mixtures chlorosan,
feroban, cygron, engeo, and kingbo were
affect the biochemical analysis with
pronounced changes in acetyl
cholinesterase and phenol oxidase
Moreover, Tiancai et al,. (2011) reported
that Beet armyworm, Spodoptera exigua
develop resistance to many broad-
spectrum insecticides at which moderate
resistant level was discovered in 8 of 18
field populations, field population might
have specific biochemical mechanisms
for tolerance. Artificial selection in
laboratory with chlorantraniliprole was
carried out, 23 generations of continuous
selections resulted in 11.8-fold increase
in resistance to chlorantraniliprole, and
3.0-fold and 3.7-fold increases in mixed
function oxidase and esterase,
respectively.  Compared  with  the
susceptible strain kept in laboratory the
selection strain had developed 128.6-fold
resistance to this insecticide.
Phosphatases enzyme activities
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Acid phosphatase (AcP) activity

Tables (5, 6, 7 and 8) refer the
changes in acid phosphatase (AcP)
activity. In menofeya strain at early
cotton season 2010 showed high level of
AcP activity (90.9) while the lowest level
was found in Gharbia (54.5). At the end
of cotton season, the highest level was
recorded in menofeya strain (97.7) and
the lowest level was recorded for Gharbia
strain (56.8) in case of
chlorpyrifos.While, in case of
cypermethrin the lowest level of activity
was recorded in gharbia (17) early season
and the highest level was recorded for
kalubia (71.7) for late season. Enzyme
activity exhibited the same trend in early
and late season 2011 in case of
chlorpyrifos, while, kalubia governrate
recorded the highest level of activity (54
and 71.4) at early and late season 2011,
respectively. Farag (1978) indicated that
acid phosphatase increased with the
development of resistance in OP-resistant
strain, while, alkaline phosphatase
showed a slight decrease in resistant
rather than the susceptible strain. The
data for phosphatases studies indicated
that, field population of cotton leafworm,
had high level of AcP activity and low
level of AIlkP activity comparing L-
strain. The same findings were obtained
by Shakoori et al. (1994) who showed (in
laboratory studies) that the adults of a
malathion-resistant ~ Pakistani  (PAK)
strain of Tribolium castaneum had more
active acid phosphatase as compared
with those of an organophosphorus-
susceptible (FSS-II) strain. Srinivas et al.
(2003) mentioned that, the high level of
resistance detected in the field pests
could be due to higher levels of both
esterases and phosphatases.
Alkaline phosphatase (AlkP) activity

On contrarily, sever decrease in
activity was noticed in the alkaline
phosphatase activity (AlkP) in case of
chlorpyrifos early season 2010 showed
that the highest decrease in activity was
recorded by gharbia (- 64.6) and the
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highest decrease happened in late season
was recorded by kalubia (- 60.8) , on the
other hand, menofeya recorded the
highest decrease in such activity by (-
47.8 and — 39.1) early and late season
2011,respectively. In case of
cypermethrin  gharbia recorded the
highest decrease in activity (-57.1 and -
60.7) in early and late 2010 season,
respectively, whereas, kalubia recorded
the most decrease in activity by about
(-62.1) in late 2011 season.

Activity of Glutathione S-transferase
(GST's)

Tables (5, 6, 7 and 8) refer the
changes in glutathione S-transferase
(GST's) of S. littoralis L-strain and F-
strains. The data showed that, the activity
of GST's was greater in field strains than
in L-strain with exception gharbia and
kalubia early spraying season and kalubia
late spreaing season 2011. Also the
enzyme activity was greater after
spraying season than before spraying
season except in menofeya governorate
at which the activity were (19.3 and 17.4)
for early and late season 2011,
respectively, in case of chlorpyrifos.
Moreover, (Clark, 1990) reported that
detoxifying enzyme assays revealed that
activities of Estrases and Glutathion s-
transferases were high in resistant field
populations. Then, the high resistance to
pyrethroids and OP should be explained
by high activity of GST. Kim et al.,
(1998) reported that field populations of
the tobacco cutworm, Spodoptera litura
(Fabricius), showed resistance to
cypermethrin and to organophosphorus
insecticides  chlorpyrifos, Detoxifying
enzyme assays revealed that esterase and
glutathione S-transferase activities were
varied from 2- to 6-fold among the field
populations. These results indicated that
the broad-spectrum of insecticide
resistance  observed in the field
populations may due to some resistance
mechanisms, including increased
detoxification of these insecticides.
Shankarganesh et al., (2012) reported
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that resistance in Spodoptera litura
(Fabricius) has been attributed to
enhanced detoxification of insecticides
by increased levels of esterases, oxidases
and/or glutathione S-transferases.

It was clear that there was a
difference in Estrases, phosphatases and
Glutathion s- transferases sensitivity to
insecticides depending on resistance level
of the tested insect through the different
governorates during the 2010 and 2011
cotton seasons. These results clearly
demonstrated that the field populations of
S. littoralis developed resistance to
pyrethroid and organophosphates. It also
showed that there were variations in
insecticide  resistance among field
populations according to the insecticides.
Thus, populations from  different
governorates displayed varied tolerance
or resistance level to the tested OP and
pyrethroid compounds.
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