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Abstract

Spodoptera littoralis (Lepidoptera: Noctuidae) known as the African Cotton Leaf worm or
Egyptian Cotton Leaf worm is one of the most common pests of cotton in the region of Adena,
Turkey. The aim of this study was to determine the effects of a synthetic pyrethroid (Gamma-
cyhalothrin) and neonicotinoids (Imidacloprid) on the pest to find out the resistance inducing
process during several generations. Induced resistance to gamma-cyhalothrin up to 12 generations
and to Imidacloprid for 7 generations was studied by assessing the resistance ratio (RR) of LCsg
and LCyy with confidence limit of %95. The resistance ratios (RR) for LCsy and L.Cyy of gamma-
cyhalothrin were calculated 16.85 and 18.82 and for Imidacloprid were 9.76 and 8.68, respectively.
In order to study the effect of synergists on the insecticides, three different synergists including S,
S, S-tributilfosforotritioat (DEF), piperonyl butoxide (PBO) and diethyl maleate (DEM) were used
and compared the Synergism Ratio (SR) with control. The highest SR for both insecticides
belonged to application of DEM synergist. It is concluded that DEM could be recommended to be
applied with Gamma-cyhalothrin and Imidacloprid to prevent or postpone the resistance induction
into S .littoralis .
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Introduction

Spodoptera littoralis) Lepidoptera: Noctuidae) (Boisduval) attacks to a wide range host of crops
(at least 87 different hosts) in tropical and subtropical regions. It causes economic damages on
plants throughout the year. In cotton plant it induces serious damages to leaves ,seeds, buds, and
bolls (Salama et al .1970).

Despite their efficiencies and being a definitive solution for pest control, pesticides , especially
insecticides have endangered human health or have had negative impacts on non-target organisms .
They have hazarded the environment, especially when improperly used by farmers during the past
fifty years (Topuz, 2005) .Moreover they have induced resistance in target organisms .Besides,
overusing the insecticides against pests with several generations a year make them highly resistant
in consequence of natural selection (Tiryaki et al ,.2010 .)

Extensive investigations on some chemicals have been conducted to inhibit or at least lower the
insecticides detoxification by insects .S, S ,S-tributilfosforotritioat (DEF) as an inhibitor of esterase
enzymes ,piperonyl butoxide (PBO) as an inhibitor of Cytochrome P-450 monooxygenase enzyme,
and Diethyl maleate (DEM (as an inhibitor of Glutation S-transferase enzyme have been used with
chemical to enhance the efficiency of insecticides by inhibiting their insecticides
detoxification(Van Leeuwen et al ) .2004 .According to the published reports, changes in content
of Cytochrome P-450 monooxygenase enzyme and esterase in the genus Spodoptera usually cause
an increase the metabolic activities and resistance to insecticide (Armes et al ,.1997 ;Zhou and
Huang, 2002; Huang and Han, 2007; Ahmad, 2008).

Gamma-cyhalothrin is a contact insecticide which can also be effective through ingestion .It
acts as a sodium channel modulator and causes neurotic disorder) Metcalf, 2000). Imidacloprid
belongs to neo-nicotinoid insecticides class and is known as an agonist of nicotinic acetylcholine
receptor (nAChR) .Acetylcholine is an endogenous agonist as well as a cholinergic signaling of the
nervous system which is known as a neurotransmitter (Pittendrigh et al ,.2008.)

Imidacloprid is a systemic insecticide which can also be effective through ingestion or contact.
It penetrates swiftly into the plant tissues after applying on plants. It has a variety of functions on
the nervous system and especially on post-synaptic nicotinic acetylcholine receptor. In class of
insects, these receptors are found solely on the central nervous system (CNS). Imidacloprid
molecules after attachment to the nicotinic receptor, firstly neurotic signal discharging happens,
and then, by any neurotic signal, nerve failure occurs. Reason of receptors non-stop activity is the
adhering the insecticide molecules to acetylcholinesterase enzyme irreversibly (Gervais, et al.,
2010) .
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Comparison of resistant strains of S. litura to organophosphates and pyrethroids collected from five
different districts of China with a susceptible strain reared in laboratory, the values of LCs .
increased 14-229-fold for organophosphates and 12-227-fold for pyrethroids respectively (Tong et
al ,.2013 .)Application of DDT on S. littoralis resulted 43 times more resistant individuals after
seventeenth generations; whereas, simultaneous use it with Du-ter (a type of synergists) has
induced 11.5 times resistance (Abdallah et al ,.1979.) Ahmed and his colleague (2011) using
endosulfan on S. litura found that the resistance ratio in the 6™ generation increased 3.97 fold
compare to the 1% generation. Efficiency of pyrethroids and organophosphates on populations
of Spodoptera significantly increased by using DEF and PBO enzyme inhibitors. It was shown that
the resistance to insecticides was associated with esterase and monooxygenase detoxification
respectively (Ahmad et al ,.2008.) Carboxilesterase is one of the most commonly used enzyme
which associated with insecticide resistance. Metabolic resistance to organophosfates increases the
esterase activity in insects resistant to carbamates. Some evidence suggest that cytochrome P-450
monooxygenase enzyme involves in synthesis of resistance to carbamates in cases of frequent use
of insecticides(Farnsworth et al ,.2010.)

Until now ,investigations have indicated that improper use of insecticides with various modes of
actions or broad spectrum insecticides cause resistance or reduce susceptibility to a special class of
insecticide or cross resistance. The results of these investigations show that esterase, Glutation S-
transgerase, Cytochrome P-450 monooxygenase induce resistance by increasing metabolism or
reducing penetration to cuticle (Riskalla, 1983; Ishaa ,1990 .)

This study aims to find out the effects of two insecticides, Gamma-cyhalothrin (VANTEX (and
Imidacloprid (Confidor) on S. littoralis using bioassay under laboratory conditions.

Materials and Methods

S. littoralis (Boisd.) was collected from cotton fields of Adana region ,Turkey, in 2008, and
since then reared in conditions of 25 + 2°C% ,65 + 5 relative humidity and 16:8 photoperiod (light:
dark) at the Department of Plant Protection, Faculty of Agriculture ,University of Ankara. Third
instars larvae (6 days after hatching (were used in all experiments.

Synthetic pyrethroid with the active ingredient of gamma-cyhalothrin (VANTEX, 60 SC, Dow
AgroSciences) and Neo-nicotinoid with the active ingredient of imidacloprid (CONFIDOR: 350
SC: Bayer CropScience) were used in this study. We also used the S, S, S-tributilfosforotritioat
(DEF) as an inhibitor of esterase enzymes, piperonyl butoxide (PBO) as an inhibitor of the of
cytochrome P-450 monooxygenase and carboxylesterase enzymes, and diethyl maleate (DEM) as
an inhibitor of Glutation S-transferase enzyme diluted in acetone (1000 g / ml (solution (Van
Leeuwen et al ,.2004 .)
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Bioassays and selections

A susceptible strain of S. littoralis) Boisd.) was collected in 2008 from cotton fields of Adana
province in Turkey and reared until now in laboratory without exposure to insecticides. Bioassays
were conducted in growth chamber and mortality data were used for susceptibility to insecticides.
The newly third-instar larvae of S. littoralis) Boisd.) used in bioassay experiments. Serial dilutions
of active ingredient were done using distilled water. Lettuce leaves were cut into 9 cm pieces and
dipped into the insecticide solution for 10s .These leaves were air dried on tissue paper, under
luminar hood. The leaves were dipped in distilled water to use as controls. Leaves treated with
insecticides were then transferred to each petri dish lined with moistened filter paper. At least six
concentrations and three replications (12 larvae per replication) were used to estimate mortality
compare to previous generation. Mortality data were scored 48 h after exposure to insecticides .
Data were analyzed using probit analysis through POLO-PLUS software to estimate LCs ,.LCys
and LCy .values and 95 % confidence limits .The LC v.values for each generation was calculated
and used for selection the survived individuals for the next step. All these steps were repeated for
13 and 7 times for gamma-cyhalothrin and imidacloprid respectively .

Synergistic tests

Synergistic bioassay were performed on sensitive population (non-exposed to insecticides (as
control and two selected populations of S. littoralis) Boisd (.which were resistant to Gamma-
cyhalothrin and Imidacloprid. PBO, DEM and DEF were used as synergists to determine the type
and amount of the insecticide detoxification. These substances were diluted using acetone solution,
and brought to a concentration of 1,000 micrograms per milliliter (Van Leeuwen et al .2004 ) .In
each synergistic test, the third instar larvae exposed to different synergists by topical application to
the prothorax at the concentration of 1000 pg/ml before performing the bioassay tests. Acetone was
applied on individuals instead the synergist in controls. After two hours, the larvae exposed to
different doses of insecticide by the leaf dipping method .Finally, the mortality rate was analyzed
using Polo-Plus software at 95 % confidence level.

Results

In bioassay tests ,the value of LCs .in FO for gamma-cyhalothrin was 8+4.1ppm. This value
increased gently until the seventh generation) F; .(However it increased sharply from Fg to Fy, .and
reached to 9.13-fold of its initial value, i.e .11194 .Similarly, after a sudden rise from the eighth
generation, the LCy .value reached to15.7-fold compare to initial value ,i.e. 24340 ppm in Fj, .In
Figure 1 shows LCs .and LCy .values of gamma-cyhalothrin on selected and sensitive populations
of S.lithuralis larvae .Accordingly, the resistance ratio for LCs .and LC, .values reached to 16.85
and 18.82-fold in 13th generation, respectively. Consequently, reduced sensitivity or increasing
resistance to this insecticide appeared gradually. The heterogeneity ratio (h) in population exposed
to gamma-cyhalothrin reduced from 2.7 to 0.24 in 13th generation. This means that homogeneity to
gamma-cyhalothrin increased gradually in selected populations (Table 1). The resistance ratios
(RR) which is considered as a resistance factor was calculated using LCs .or LC,y .values of
resistance population divided by LCs .or LC, .values of sensitive population increased 16.85 and
18.82 fold compared to sensitive populations (table 1)
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Table 1- The bioassay parameters of 13 generations of third instar larvae of S. littoralis exposed to Gamma-cyhalothrin

2

RR RR LCyoppm LCsy ppm Slope - Sel
LCy LCs (CL0.95) (CL0.95) +SE h (df) B .
15515 804.1 449 14.82
100 100 (1315.2-2010.7) (441.1-734.6) +0.61 270 @ 216 FO
1313.0 604.6 3.80 14.52
110 086 (1063.6 - 1917.7) (441.1-734.6) +0.59 132 (1 216 Fl
1629.2 651.1 271 12.95
1ot 1ot (1443.4 - 3415.4) (486.6 -799.5) +0.45 107 (12) 216 2
15106 5178 275 27
117 1.03 (1059.0 - 4017.6) (2692 -703.3) 047 225 (12) 216 K3
10839 597.9 4.96 10.83
1.08 127 (944.5 - 1312.6) (515.8-675.3) 0,63 190 (12) 216 4
957.6
2549.0 301 3248
280 240 (1640.4 - 10571.0) 1xoea 047 270 (12) 216 £
1264.4
1830.0 798 2927
136 234 (1581.1-2443,1) s 098 143 (12) 216 Fo
1169.8
15017 11.81 871
133 228 (1397.9 - 1684.5) S0, +1.60 071 (13) 216 K7
2410.9
4389.1 4,925 7.49
4.22 558 (3603.4 - 6115.6) 2%2729)8 - 0,68 044 (18) 216 8
2746,1
4826.6 ’ 523 56
4.36 682 (4038.1 - 7263.1) 3823‘;59157 - +0.12 041 (12) 216 F
15318.0 6278.1
11.75 10.10 (117960 (47897 - 24 026 a8 216 F10
23892.0) 8230.0) *
6483.4
15598,0 343 394
12.53 11.01 35345 19803.4) e o 026 0e 216 Fl1
24340.0 11194.0 279 .
18.82 16.85 (164270 - (93412- o 024 o 216 F12
47492.0) 16705.0) *0.

n =Number of larvae used
h =Heterogeneous value

RR =resistance ratio (LC -.or LC vevalues of resistance population / LC s.or LC ve.values of sensitive population(
CL=confidence limit
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Fig. 1- The trend of changes in LCs) and LCy, values of imidacloprid on selected and sensitive populations of S.lithuralis larvae

The values of LCs .and LCy .in FO for imidacloprid were 369.1ppm and 955.2ppm which
respectively increased to 3772.1 and 7548.8 in seventh selection (F) (-Fig.2). This means that the
LCs .increased tenfold and LCy .increased eightfold in the last selection. The RR values reached to
9.76 and 8.68 for LC50 and LC90 respectively (table 2). The heterogeneity ratio (h) in population
exposed to imidacloprid decreased from 1.34 to 0.13 in 6th generation. This means that
homogeneity to this insecticide increased gradually in selected populations (Table 2).

Table 2- The bioassay parameters of 7 generations of third instar larvae of S. litforalis exposed to Imidacloprid

LCL)(IPPm LCso ppm 2 Sel
IEZR IEZR ( Confidence ( Confidence Sigl;; (&Cf) n e
0 50 limit 0.95) limit 0.95) * h
955.2 369.1 3.10 29.46
1.00 1.00 (722.5 - 1494.0) (306.7 - 451.0) +0.35 1.34 (22) 216 Fo
3386.9
921.1 2.26 14.03
323 225 5%2839839 - (766.5 - 1142.5) +028 0.66 @ 216 Fl
5416.6 2215.8
591 5.65 (4466.6 — (1928.7 - 4_3(')3301 0.96 2(2'11)8 216 F2
7016.7) 2550.8) -
7056.4 3050.6
6.38 7.27 (5881.5 - (2626.0 — _'_363544 0.65 5172; 216 F3
9701.7) 3708.4) -
7166.1 3624.5
6.68 7.75 (5951.6 - (3250.9 - _:163527 0.47 ?185 216 F4
9653.2) 4088.4) -
7371.0 3715.1
8.11 9.64 (5504.1 - (2996.5 — j60664 0.18 %;g 216 F5
12570.0) 3925.3) -
7548.8 37723
8.68 9.76 (5885.4 - (3199.7 - j60599 0.13 (21‘62) 216 F6
11536.0) 4418.1) -

n =Number of larvae used
h =Heterogeneous value

RR =resistance ratio (LC ».or LC vevalues of resistance population / LC s.or LC vevalues of sensitive population(
CL=confidence limit




Journal of Entomological Research Volume 5, Issue 3, pages (1-12)

synergistic tests

According to the results, all three synergists increased the effect of the insecticides. The greatest
impact was observed in DEM synergist, so that in the case of the simultaneous use of gamma-
cyhalothrin in the LCy .level, the impact of pesticide increased by 3.9 times (Table 3). At the same
time, the simultaneous use of synergist and insecticide in sensitive population has no significant
impact on the effectiveness of insecticides.

Table 3- Comparison of bioassay parameters Synergism of gamma-cyhalothrin by DEM, DEF and PBO

LC90ppm
SR SR RR RR ( ]“(%gnpff’;znce Slope 2 N
LCso LCso LCop LCso | Confidence Lonh +SE h (dn
L. limit 0.95)
limit 0.95)
24340.0 11194.0 379 331
18.82 16.85 (16427.0 (93412 - 2088 0.25 P 216 F12
- 47492.0) 16705.0) =0
1105.0 664.1
1.00 1.00 (912.0 - (558.1 - ff;ﬁ 0.92 ‘(‘isﬁ 216 control
1458.1) 791.9) =0
140(6 20 5248.6 2.99 8,13 FI2
1.7 2.1 13.92 115 108480 - 6(1451?)4;).9 - 1046 0.62 i 216 PBO
22080.0) :
1010.2 456.1
1.1 1.4 1.00 1.00 (897.7 - (382.6 - Ny 0.44 > 216 comre)
1318.8) 535.7) 0. a2 +
6177.8 3092.1
39 36 6.00 6.58 (4966.0 (2649.4 — 4.26 0.46 8,34 216 F12
—8733.5) 3663.0 ) . (as) +DEM
1028.9 469.9
1.1 1.4 1.00 1.00 (851.3 - (400.2 - 3.76 0.75 8,98 216 C‘]’;‘gf\’/}
1350.6) 545.2) 046 az) +
12029 3553.9
2.0 3.1 11.51 7.19 (9061.5 (2677.5- 3(54422 021 fig‘)‘ 216 +11:311§F
~20279.0) 4322.9) =
1045.1 494.1
1.1 13 1.00 1.00 (994.9 — (4142 - 3.19 0.48 3.74 216 °°Sté‘;l
1442.9) 582.6) 2041 a2 *

n =Number of larvae used
h =Heterogeneous value
RR =resistance ratio (LC s.or LC vevalues of resistance population / LC ..or LC vevalues of sensitive population(

SR =Synergistic ratio (LC50 or LC90 of the insecticide / LC50 or LC90 of the insecticide plus synergist(
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On the other hand, the homogeneity of the sensitive population is deductible. The use of gamma-cyhalothrin
plus three synergists of DEM, DEF and PBO ,synergistic ratios (SR) for LCs & .LCy .3.6 ,3.9 ;2 ,3.1 and
2.1, 2.7 values were obtained respectively. In the case of use Imidacloprid plus DEM, DEF and PBO, SR
were calculated 2.03 ,2.07 ;1.6 ,1.7 and 1.04, 1.25 at the values of LCs & .LCy .respectively (Table 4).

Table 4- Comparison of the bioassay parameters of 6th generation with the sensitive (control) population of S littoralis exposed

to Imidacloprid after application of the synergists DEM, DEF and PBO
SR RR RR LCooppm ( LG
SR LCs LG, LCs | Confidence limit ppm ( Slope+SE ) n
LC, 0.95) Confidence h
; 0 s 0 - limit 0.95) (db
8359.2 3854.4 3.81
09'1 19'2 (6323.8 - (3318.8 - +0.5 50'1 %fg 621 F6
13640) 4757.9) 7
1.0 1.0 o181 418.3 3.76 03 4.63 21 Sensitiv
0 0 (7163 - (3542 +0.5 N E 6 N
1374.6) ~504.1) 4
3078.7
o 12 9.0 8.4 ( g?ggg ( ig j 03 5.1 21 F6
: : 6 9 12131) - 2561.4 — 5 4 (15) 6 +PBO
4016.4)
809 362.7 3.67 Sensitiv
11 11 01'0 01'0 (634 (3063 0.5 20'7 ?S . 21 e
1192.2) —434.1) 1 +PBO
1862.8
ol | | e e Sl | ol a| w
: : 9 6 5630) 1634.1 - P 4 15 6 +DEM
2138.2)
825.8 3024 2.93 Sensitiv
11 14 01'0 01'0 (620.5 — (2583 +0.3 70'7 (91'23) 621 e
1283.7) ~358.6) 8 +DEM
2287.7
6 17 6.9 77 ( g }‘ég'i ] ( i‘(fg 1.3 8.5 21 F6
: : 9 3 13202) 18743 - e 8 (12) 6 +DEF
3268.5)
730.9 296.1 327 Sensitiv
13 1.4 01'0 01'0 (565.7— (2488 +0.4 30'7 ?12 ] 21 e
1082) ~358.9) 2 +DEF

n =Number of larvae used

h =Heterogeneous value

RR =resistance ratio (LC s.or LC vevalues of resistance population / LC s.or LC vevalues of sensitive population(
RS =Synergistic ratio (LC50 or LC90 of the insecticide / LC50 or LCI0 of the insecticide plus synergist(
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Discussion

In this study, all three synergists were effective on S. litturalis exposed to frequent application
of gamma-cyhalothrin. Therefore, all the detoxification enzymes have efficiency to raise the
resistance to both insecticide. However, DEM had the highest value of SR that it probably is an
agent to inhibit the glutation S-transferase which has the major role in inducing resistance into S.
litturalis (Van Leeuwen et al .2004).

Pyrethroids are axonic excitoxins which the toxic effects of them are mediate through
preventing the closure of the voltage-gated sodium channels in the axonal membranes. Gamma-
cyhalothrin acts as a voltage-dependent sodium channel blocker belonging to the oxadiazine
insecticide group .Resistance to this insecticide probably is a major cause of changes in activity or
structure of this part. The resistance to synthetic pyrethroids is also due to an increase in the
amount or activity of cytochrome P-450 monooxygenase enzyme. However, sometimes
carboxylesterase enzyme is also effective on reducing the sensitivity of individuals to the
insecticide (Delorme et al ,.1988 ,Ahmad et al ,.2007 .)

To reveal the effect of enzymatic factor(s), the synergistic tests were conducted in this study.
The most commonly used insecticide synergists are metabolic inhibitors that block certain
detoxification enzymes so that insecticide detoxification in target insect is abolished or
significantly reduced (Capinera, 2008). PBO is a well-known inhibitor of cytochrome P-450
monooxygenases; but recently it has been shown to inhibit esterases as well (Young et al., 2006) .
DEF is an established esterase inhibitor, but it also acts as a substrate for cytochrome P-450
monooxygenases (Sanchez et al ,.2001) .There is no specific inhibitor available for glutation S-
transferase) GST), which conjugates with and rapidly depletes glutation, has been commonly used
as a synergist to suppress the GST activity (Capinera ,2008) .Yang et al .2001) evaluated the
susceptibility and possible detoxification mechanisms of Oligonychus paratensis) Banks), and two-
spotted spider mite to three selected insecticides with three synergists (DEM, DEF and PBO). Their
study suggests that esterases, GST and Cytochrome P-450 monooxygenase all play important roles
in the detoxification of the pyrethroid, because DEF, DEM and PBO enhanced the toxicity of
insecticide by 6.2, 4.1 and 4.5 fold respectively. Pacy et al .(2009) showed lower levels of esterase
activity with DEF; lower levels of GST activity with DEM and lower levels of cytochrome
monooxygenase activity with PBO by the enzyme assays .

Usually, AChE enzyme plays a major role in the resistance that is created as a result of repeated
use of imidacloprid insecticide (Pittendrigh ,et al ,. 2008) ,while, according to research, the
increased activity of cytochrome P-450 monooxygenase enzyme has been involved in creating
resistance mechanisms in some cases (Puinean et al ,. 2010) .In this research, the PBO synergist
had very low effect on increasing the imidacloprid efficiency. This has been approved by many
researchers that cytochrome P-450 monooxygenases has no (or little) involvement in resistance
ability of the pest .



Dini pour ez al: Effects of synthetic pyrethroids and neonicotinoids insecticides. . .

References

Abdallah, M. D., El Attal, Z. M., Moustafa Omayma, K. 1979. Development of resistance of
Spodoptera littoralis) Boisd.) to Du-Ter. Journal of Agricultural Science, 93: 257-261.

Ahmad, I., Ahad, I ,.Gupta, R. K., Monobrullah, M., Bhagat, R. M. and Ahmad, H. 2011 .
Toxicity of conventonal insecticides to fourth instar larvae of tobaccocaterpillar ,Spodoptera
litura) Fab.) in different generations. Journal of Phytology, 3: 04-08 .

Ahmad, M., Saleem, M. A., Sayyed, A. 2008. Evidence for field evolved resistance to newer
insecticides in Spodoptera litura) Lepidoptera: Noctuidae (from Pakistan) Crop Prot., 27: 1367-
1372.

Ahmad, M., Saleem, M. A., Sayyed, A. 2008. Efficacy of insecticide mixtures against pyrethroid-
and organophosphate-resistant populations of Spodoptera litura) Lepidoptera: Noctuidae). Pest
Management Science, 65 :266-274.

Ahmad, M., Sayyed, A. H., Crickmore, N. and Saleem, M. A. 2007. Genetics and mechanism of
resistance to deltamethrin in a field population of Spodoptera litura) Lepidoptera: Noctuidae).
Pest Management Science, 63—+ + Y:1010.

Alin, M., Puinean, Ian Denholm, Neil S. Millar, Ralf Nauen, Martin S. Williamson, 2010 .
characterisation of imidacloprid resistance mechanisms in the brown planthopper .Nilaparvata
lugens Stal (Hemiptera :Delphacidae). Pesticide Biochemistry and Physiology, 97: 129-132.

Armes, NJ., Wightman, JA., Jadhav, D., Ranga Rao, G. 1997. Status of insecticide resistance in
Spodoptera littra in Andhara Pradesh, India. Pestic. Sci ,.50 :240-248.

Capinera, J. L ,.2008 .Encyclopedia of Entomology, 4: 3669-3671.

Delorme, R., Fournier, D., Chaufaux, J., Cuany, A., Bride, J. M., Auge, D., Berge, J. B. 1988 .
Esterase metabolism and reduced penetration are causes of resistance to deltamethrin in
Spodoptera exigua HUB. (Noctuidea ;lepidoptera). Pesticide Biochemistry and Physiology, 32:
240-246.

Farnsworth, C. A ,.Teese, M. G., Yuan, G., Li Y., Scott, C., Zhang, X., Wu Y., Russell, R .J.,
Oakeshott, J. G. 2010. Esterase-based metabolic resistance to insecticides in heliothine and
spodopteran pests. Journal of Pesticide Science, 35: 275-289.

Gervais, J. A ,Luukinen, B., Buhl, K., Stone, D. 2010 ./midacloprid Technical Fact Sheet ;
National Pesticide Information Center, Oregon State University Extension Services, 5:1-7 .

Haung, S., Han, Z. 2007 .Mechanisms for multiple resistance in field populations of common
cutworm ,Spodoptera Litura) Fab.) in China. Pestic .Biochem. Physiol., 87: 14-22.

Ishaa ya, 1., Klein, M. 1990. Response of susceptible laboratory and resistant field strains of
Spodoptera littoralis) Lepidoptera: Noctuidae) to teflubenzuron. Journal of Economic
Entomology, 83: 59-62.

LeOra Software 2003 .Poloplus, a user’s guide to probit or logit analysis. LeOra Software,
Berkeley, CA, USA.

Metcalf, R. L. 2000 .Insect Control. Ullmann's Encyclopedia of Industrial Chemistry ,Published
Online: 15 JUN 2000 DOI. 14356007/10/1002.a14_263.

Pasay, C., Arlian, L ,.Morgan, M., Gunning, R., Rossiter, L., Holt D., Walton, Sh., Beckham,
S ,.McCarthy, J. 2009. The Effect of Insecticide Synergists on the Response of Scabies Mites
to Pyrethroid Acaricides .PLOS Neglected Tropical Diseases ,204-215 .DOI: 10.1371.

Pittendrigh, B. R., Margam, V. M., Sun, L., and Huesing, J. E. 2008. Resistance in the Post-
Genomics Age, 45-47. Insect Resistance Management .David W. Onstad. Biology, Economics
and Prediction, Illinois ,Urbana, USA, 318.

Pittendrigh, B. R., Sun, L., Gaffney, P. and Huesing, J. 2008 .Negative cross resistance”, in
insect resistance management. Ed. David Onstad.1 108-124.

Riskallah, ML.R .1983 .esterases and resistance to synthetic pyrethroids in the egyptian cotton
leafworm. Pesticide Biochemistry and Physiology, 19 :184—189.

10



Journal of Entomological Research Volume 5, Issue 3, pages (1-12)

Salama, H. S. ,Dimetry, N. Z.; Salem, S. A. 1970. On the host preference and biology of the cotton
leaf worm Spodoptera littoralis .zeitung fiir angewandte entomologie ,67 :261-266 .

Sanchez-Arroyo, H., Koehler, P. G., Valles, S. M. 2001. Effects of the synergists piperonyl butoxide
and S,S,S-tributyl phosphorithioate on propoxur pharmacokinetics in Blatella germanica
(Blattodea :Blatellidae). J. Econ. Entomol., 94: 209-216.

TiRYAKI, O,. CANHILAL, R., HORUZ, S. 2010. tarmm ilaglar1 kullanmimi ve riskleri. Erciyes
Universitesi Fen Bilimleri Enstitiisii Dergisi ,26 :154-169.

Tong, H., Su, Q., Zhou, X., Bai, L. 2013. Field resistance of Spodoptera litura) Lepidoptera:
Noctuidae) to organophosphates, pyrethroids, carbamates and four newer chemistry insecticides in
Hunan, China. J Pest Sci 86 :599-609.

Topuz, E. 2005 .tarimsal zararlilarla miicadelede kimyasal pestisitlere alternatif bazi yontemler,
Derim, 22: 53-59.

Van Leeuwen, T ,.Stillatus, V. and Tirry, L. 2004. Genetic analysis and cross-resistance spectrum of
a laboratory-selected chlorfenapyr resistant strain of two-spotted spider mite (Acari:
Tetranychidae .(Experimental and Applied Acarology, 32: 249-261.

Yang, X., Zhu, K ,.Buschman, L., Margolies, D. C. 2001. Comparative susceptibility and possible
detoxification mechanisms for selected mitecides in banks grass mite and two-spotted spider mite
(Acari: Tetranichidae). Exp .Appl. Acarol., 25: 239-299.

Yonggyun, K., Choa, J .R., Lee, J., Kang, S., Han, S. C., Hongb, K. J., Kima, H. S., Yoob, J. K ..
Lee, J. O. 1998. Insecticide resistance in the tobacco cutworm ,Spodoptera litura (Fabricius)
(Lepidoptera: Noctuiae). Journal of Asia-Pacific Entomology, 1: 115-122.

Young, S. J., Gunning, R. V., Moores, G. D. 2006. Effect of pretreatment with piperonyl butoxide
on pyrethroid efficacy against insecticide-resistance Helicoverpa armigera) Lep : Noctuidae). Pest
management Sci ,.62 :114-119.

Zhou XM., Huang BO 2002 .Insecticides resistance of the common cutworm) Spodoptera litura (and
its control strategies. Entomol. Knowl., 39: 98-102.

11



olide i Olidow amass aeldead Sl a1y ¢ oDl NECEEN

(293 ko) YOA-FEEA UL

(Y=1) AYAY Jlu o o,led Dl

www.entomologicalresearch.ir

Ll fow 9 (Sh 9T 9SS 508 9 (S awas Shu g i m B IS o d Ol 50

Spodoptera littoralis (Lepidoptera: Noctuidae) cwrxe> 53,

rJL@jfL;[:S/J4|*)ﬂ s dlbe

ST ol &ils (5555a8 ol pie s (6 S (g g ils =)
ISST o &iils (6555LaS 0 dSLiils it pim o5 5 =Y

S

IS s ekl el (e aly S 0S5 Olpe Lo Spodoptera littoralis (Lepidoptera: Noctuidae)

Shaisfm pam SN o G cnl 3l Gda e Ol 4 4S5 Ul el 53wy T sl
Cuoglie Wl Wiy il ) glaeds o3l oyl s, (Imidacloprid) (i 5555555 5 (Gamma-cyhalthrin) e szs
U Imidacloprid s 4 5 Jo VY U gamma-cyhalothrin A sbul Caslie ool o35 Jlsze i pr b
(RR) o slis Ol 5ue A ol 740 sl o3L ;3 LCoy 5 LCsp 45 b 5 6 (RR) e slin TSl a4 Jos v
el s ASA 5 A/VE < S« Imidacloprid s (sl 5 V#/AY gamma-cyhalothrin o LCo 5 LCso sl »
&S, S, S-tributilfosforotritioat (DEF) Juls Cilisee Gy ) w4 g S35 S i 13U s s stens
4 Cond SR) s § & dowles aliw a5 oslazsl diethyl maleate (DEM) , piperonyl butoxide (PBO)
(235w Ol o & 3L G DEM Gy e 0 SR MEs 0 F ks o 33 58 3550 03 ol Cesay dals
L s 84> 4 Llg . Imidacloprid 5 gamma-cyhalothrin p o Lol ot S5 pow ol 2,018 5 ealanad

G5 e S0 i an gl ¢ 3 o dittoralis Spodoptera 1S slae3ly

dinipourm@gmail.com S5 ;SN Gy ol ) oy 53 %

QVAT ) Wi o dy 06 = QAT Wi Sl g

&

VY o puhia liadad poanadi deliliad



