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ABSTRACT 
 
Tw o field strains of the Egyptian cotton leafw orm Spodoptra littoralis  

(Lepidoptera: Noctuidae), collected from cotton field in mid and north of Nile River 
Delta, Egypt, w ere bioassayed for resistance to some commonly used and a 
candidate insecticide. Bioassay revealed that the tw o field strains w ere both w ith high 
resistance to the pyrethroid deltamethrin (RR: 10.1- 14.5 fold), high tolerance to the 
neonicotinoid acetamiprid (RR: 7.2- 9.1) and moderate level of tolerance to the 
organophosphate chlorpyrifos and the carbamate methomyl (RR: 4.4 – 6.6 fold); and 
no resistance to the new  chemistry insecticide pyridalyl (RR: 1.8- 1.9). Detoxification 
enzyme assays revealed that field strains of S. littoralis generally exhibit higher 
microsomal monooxygenase activity than the laboratory susceptible strain. How ever, 
no significant difference in carboxylesterases activity w as detected. Baseline activity 
of acetylcholinesterase (AChE) w as established and the laboratory- strain w as 
characterized by the highest activity. Synergism investigations, using the microsomal 
oxidases inhibitor (Piperonyl butoxide "PBO") and the esterases inhibitor (Triphenyl 
phosphate "TPP"), proved that the observed levels of resistance in this pest 
associated w ith the enhanced activity of Cytochrome P450 monooxygenase. These 
results lead to the suggestion that rotating of pyridalyl w ith other insecticides that 
show  low  levels of resistance and have different modes of action may be useful for 
effective control of this pest. 
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INTRODUCTION. 
                   

Development of res is tance in cotton leafworm, Spodoptra littoralis 
(Biosd) to all categories of synthetic insecticides has been recorded by many 
investigations. In Egypt, the cotton leafworm, S.littoralis is  a key polyphagus 
cotton pest. Its  larvae only feed on cotton but also attack more than 29 hosts  
from other crops and vegetables , and more than 60 different cultivated and 
wild plants  (Gordon, 1961).The rate of cotton leafworm infes tation can reach 
up to 50,000 egg- masses/acre, caus ing severe damage to leaves, buds, 
flowers  and bolls  (Metcalf, 1994). Farmers  often use large quantities  of 
insecticides and spray divers ity  of chemicals to control this  insect. In addition  
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to the life cycle of this  insect without hibernation period, it has 
destructive feeding habits  and it demonstrated ability to develop res is tance to 
chemical insecticides. Until 1968, S.littoralis was held in ceck by methyl-
parathion, but then res is tance to this  compound developed. Since then, 
numerous other organophosphours , synthetic pyrethroid and their 
insecticides have been used, with appearance of res is tance and cross 
res is tance in many cases (Issa et al., 1984a; 1984b; Abo-El-Ghar et al., 
1986). One of the recommended s trategies to manage resistance problem is  
us ing insecticides with novel modes of action such as  neonicotinoid and 
pyridalyl. However, monitoring efforts  should be initiated before a compound 
is  widely used and while the frequency of res is tance individual is  low (Ffrench 
–Constant. and Roush, 1990). Because, determining the range of initial 
res is tance frequencies among insect populations facilitates  early detection of 
changes in susceptibility to an insecticide. Therefore, surveying insect 
population for changes in susceptibility to insecticides is  an integral 
component of insecticide res is tance management. Early es tablishment of 
res is tance baselines are critical for successful implementation of insecticide 
res is tance management s trategies  before field control failures  become 
widespread.  Hence, baseline responses for laboratory and field s trains  of 
insects  to novel compounds should be es tablished to develop discriminating 
concentrations for monitoring programs and for his torical reference values. 
The present s tudy, therefore, was undertaken to analyze the current s tatus  of 
res is tance in the Egyption Cottonworm S.littoralis in mid and north Nile River 
Delta. It was also of interes t to evaluate the efficacy of the selected 
insecticides, including the new chemis try insecticide pyridalyl, to generate 
baseline dose-mortality responses for this  insect. These data will support 
insecticide recommendations and provide reference dose-mortality data for 
future monitoring programs. In addation,  the synergism of detoxification 
enzymes inhibitors , activites  of detoxification enzymes and 
Acetylcholinesterase (AChE) were also analysed for demonstration of the 
res is tance mechanism and their interaction.   

 
MATERIALS AND METHODS 

 
INSECT STRAINS:- 
Susceptible strain :-  

 Egg masses of Spodoptera littoralis susceptible s train supplied from 
the   Plant Protection Research Ins titute (Sakha Agricultural Research 
Station) Egypt were used to initiate a susceptible s train in the laboratory. Egg 
masses were reared in the laboratory under complete absence of insecticides 
to obtain the 4th ins tar larvae for susceptibility tes ts . This  s train was served as  
the base line reference s train for comparisons with the field s trains . 
 
Field strains:- 
    Spodoptera littoralis infes tation in Egypt generally s tart at the end of march 
and continue until the end of November. The pest is  continuous ly exposed to 
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insecticides from April to early November, as  it receives sprays firs t on 
vegetables . From vegetables the pest moves to fodder (berseem) and when 
cotton emerges in the field, it moves to this  crop and remains feeding on it 
throughout the season. Growers  carry out one spray per weak us ing a 
recommended field rate of an organophosphate (chlorpyrifos), a carbamates 
(methomyl), and one of the newer insecticides (spinosad) on cotton to control 
S. littoralis. Because these treatment regimes provide a greater chance for 
the generation of res is tance, therefore egg masses of S. littoralis were 
collected from mid ( Gharbia "Garb-R") and north (Kafr-Elsheik "Kafr-R")  Nile 
River Delta for bioassay evaluation. After hatching the larvae were reared in 
the laboratory as  described by EL-Defrawy  et  al.(1964) to the fourth ins tar 
larvae on castor oil bean leaves (Ricinous communis) under condition of 25 ± 
5ºC and 65 ±5% relative humidity. 
Insecticides and chemicals.  
       Commercial formulations of insecticides used in bioassays were 
Chlorpyrifos  ("O,O-diethyl O-(3,5,6-trichloro-2-pyridinyl) phosphorothioate"  
Dursban H 48% EC, Dow AgroSciences Co.); Methomyl ("methyl N-
[[(methylamino)carbonyl]oxy]ethanimidothioate" Lannate 90% SP, DuPont 
Co.); Deltamethrin ("1R-[1 (S *),3]]-cyano(3-phenoxyphenyl)methyl 3-(2,2-
dib romoethenyl)- 2,2-dimethylcyclopropanecarboxylate" Decis   2.5% EC 
Bayer CropScience  Co.); Acetamiprid ("E)-N-[(6-chloro- 3- pyridinyl)methyl]-
N'-cyano- N- methylethanimidamide"Mosplian 25% SP, Nippon Soda Co., Ltd 
Co.); Pyridalyl ("2-[3-[2,6-dichloro-4-[(3,3-dichloro-2- propenyl) oxy] 
phenoxy]propoxy]-5 (trifluoromethyl)pyridine "Pleo 50% EC, Sumitomo 
Chemical Co. Ltd.  Co.). The synergis ts  piperonyl butoxide ("5-[[2-(2-
butoxyethoxy)ethoxy]methyl]-6-propyl-1,3-benzodioxole "PBO (90%) and 
Triphenyl phosphate ("Triphenyl phosphate"  TPP (99%). and  the detergent 
Triton X-100 (100%)" octylphenol ethylene oxide condensate; Octoxynol-9; 
toctylphenoxypolyethoxyethanol" were obtained from Sigma Chemical 
Company. 
Toxicity bioassay. 

                     Bioassays were conducted us ing leaf dipping technique where fourth 
ins tar larvae from either the susceptible or field s trains   were exposed to 
different concentrations of the tes ted insecticides. Series  of concentrations of 
each insecticide (corrected to percent active ingredient) were freshly 
prepared in parts  per million by us ing dis tilled water. These concentrations 
were prepared at the mortality range which should fall between 20% and 80% 
(Roberton et.al 1984). Castor oil been leaves of s imilar s ize were collected 
from unsprayed trees, washed with dis tilled water and dried. The leaves were 
then dipped into the tes t solution for 10 seconds with gentile agitation and 
allowed to dry. Leaves immersed in dis tilled water only comprised the control 
treatments . After drying the leaves were placed into a 8 cm diameter 
transparent plas tic cups, one leaf per each. Each treatment (concentration) 
and the control were replicated 3 times. Ten fourth-ins tar larvae were placed 
in each cup, and thus the total numbers  of tes ted larvae per concentration 
was 30. All bioassays were conducted under ambient conditions (25Cº, 60% 
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R.H, and 14h photo period). Larval mortality was assessed after 24-hours  
and the data were corrected according to Abbott’s  formula (1925). The 
es timates of LC 50 values and their 95% fiducial limits  were obtained by probit 
analys is (Finney, 1971) us ing Bakr LDP-line software,(2007). The res is tance 
ratio R.R was calculated by dividing the LC 50 of the field s train over that of the 
Susceptible s train. 
Synergism assay. 

                     Synergism was measured us ing the above described leaf dipping 
technique. Insecticide was applied in combination with the synergis ts  
piperonyl butoxide (PBO) (an inhibitor of cytochrome P450 monooxgyenase 
(Microsomal oxidases)) or Triphenyl phosphate (TPP) an es terases specific 
inhibitor at the maximum concentration of the synergis t that caused no 
mortality with the susceptible or field s trains . Stock solution of (PBO) and 
(TPP) were prepared in 99.8% acetone and then diluted by dis tilled water 
containing 0.5ml/liter of the emuls ifying agent (Triton X-100). Breliminary 
experiments  indicted that 100mgL-1 synergis t solutions had no toxicity 
against larvae of cotton leafworm. These 100mgL-1 synergis t solutions were 
used ins tead of dis tilled water to prepare that required concentrations of each 
insecticides. Control leaves were dipped in the 100mgL-1 synergist solutions. 
Mortality was assessed after 24 hours . LC50 values were calculated by probit 
regress ion. Synergism ratio (S.R) was calculated by dividing the LC50 of 
insecticide alone by the LC50 of insecticide with the synergis t. (Metcalf, 
1967). 
 Preparations of enzymes. 
             Twenty 4th ins tar larvae from each field s train were weighed and 
homogenized in chilled glass  teflon tissue homogenizer (ST- 2 Mchaic- 
preczyina, Poland). Larvae were homogenized in dis tilled water (50mg /ml) in 
ice-cold 67 mM phosphate buffer (pH7.5). The homogenates were then 
centrifuged at 8000 r.p.m for 15 min at 5Cº. The supernatants  were s tored at 
-20Cº and used as  enzyme source for analys is  of the activity of MFO, 
carcoxyles terases and acetylcholineesterase. Homogenates from susceptible 
s train were also prepared as  previous ly described for comparison. 

       Detoxification enzymes assay. 
mixed function oxidases activity. 
                P-nitroanisole O-demthylation was assayed to determine the 
oxidase activity according to the method of Hansen and Hodgson (1971) with 
s light modification. The s tandard incubation mixture contained 1ml sodium 
phosphate buffer (0.1M, pH 7.6), 1.5 ml enzyme homogenate, 0.2ml NADPH 
(final concentration 1mM), and 50µg glucose-6-phoshate (G-6PD). Reaction 
was initiated by the addition of P-nitroanisole in 10µl of aceton to give final 
concentration of 0.8mM and incubated for 30min at 37°C. Incubation period 
was terminated by addition of 1ml HCL (1N). P-nitrophenol was extracted 
with chloroform and 0.5ml of NaOH and absorbance of NaOH solution was 
measured at 405nm. An extinction coefficient of 14.28 M-1 Cn-1 was used to 
calculate 4-nitrophenol concentration and the activity of the enzyme was 
expressed as n mol-1 g larvae.   
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                Carboxylesterases activity. 
    Carboxyles terases was measured according to the method 

described by Eguchi and Iwamoto (1975).  As a substrate 5 mg β-naphthyl 
acetate in 1 ml acetone was diluted with 25 ml of 0.1M phosphate buffer, pH 
7 and 24 ml of deionized water. The reaction mixture contained 2 ml of 
substrate and 0.2 ml of enzyme solution. The reaction mixture was incubated 
at 30°C for 30 min. At the end of the incubation period 0.5 ml of 0.4% 
diazonium salt, Fast Blue B was added and later 0.5 ml of 20% trichloroacetic 
acid. Then 4.5 ml of ethyl acetate was added and shaken vigorous ly. The 
solution was centrifuged to separate the two layers . The upper layer of ethyl 
acetate and the diazo dye were removed and absorbances were recorded at 
540 nm. Standard curve of β-naphthol was used and the activity of 
carboxyles terase enzyme was expressed as µg β-naphthol released / min-1/ 
g larva. 
Acetylcholinesterase (AChE) activity. 

          Acetylcholineesterase (AChE) was  activity measured according to the 
method described by Simpson et al. (1964), us ing Acetylcholine bromide 
(AChBr) as  substrate. Test tube (T): contain 0.2 ml homogenate, 0.5 ml 
67mM phosphate buffer and 0.5 ml Acetylcholine bromide (3 mM). Substrate 
tube (S.T) contains  0.7 ml 67mM phosphate buffer and 0.5 ml of 
Acetylcholine bromide. Control tube (C) contains  0.2 ml of enzyme 
homogenate and 1 ml phosphate buffer. All tes t tubes were incubated exactly 
for 30 minutes  at 37°C. 1 ml of alkaline hydroxylamine (prepared from equal 
volumes of 2 M hydroxylamine chloride and 3.5 M NaOH mixed shortly before 
use), was added to all tubes. Tubes shaken well and allowed to s tand for 2 
minutes  then 0.5 ml of HCl (1 part of conc. HCl mixed with 2 parts  of dis tilled 
water) was added. The mixture shaken vigorous ly and allowed to s tand for 2 
minutes . 0.5 ml of ferric chloride solution (0.92 M FeCl3 in 0.1 M HCl) was 
added and mixed well. The resulting reaction sys tem was then filtered 
through Whatman paper and absorbance of the filtrate was measured at 515 
nm. Optical dens ities  from substrate tube (ST) and control tube(C) were 
subtracted from that of tes t tube (T) and the enzyme activity was calculated 
from Acetylcholine bromide s tandard curve. Stock solution of 6 x 10-3 AChBr 
was prepared in 0.001 N sodium acetate. Aliquots  of 0.2, 0.4, 0.6, 0.8 and 1 
ml of the s tock substrate solutions were transferred into tes t tubes and 
completed to 1.2 ml by phosphate buffer. The alkaline hydroxylamine, HCl 
and the ferric chloride were added as mentioned before. The optical 
dens ities , after measuring at 515 nm, were plotted agains t concentrations 
and the obtained curve was used to calculate the enzyme activity as  µg min-1 
g larva.  
Statistical analyses. 

                    Data were subjected to analys is  of variance followed by Duncan's  tes t 
(Duncan, 1955) and means followed by different letters  are cons idered 
s ignificant different at (p 0.05). 
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                                  RESULTS AND DISCUSSIONS 
 

   
3.1. Resistance levels. 

       The toxicity of the selected insecticides agains t two field s trains  of 
S.littoralis was tes ted and the results  were shown in Table (1). 
           As  compared with the susceptible s train, it can be seen that the two 
field s train (Garb- s train and Kafr-s train) collected from cotton fields  of mid 
and north of Nile Delta had developed res is tance to some of the tes ted 
insecticides. Both of them were high res is tant to the pyrethroid deltamethrin 
(RR: 10-14 fold), to AChE targeted insecticides: chlorpyrifos , methomyl, 
acetamipride (RR: 4-9 fold), and had no rs is tance agains t the new chemis try 
insecticide pyridalyl (RR: 1.8-1.9 fold). However, Kafr-Elsheik s train seems 
higher tolerant (RR:5.6-9 fold) to the  AChE targeted insecticides than 
Gharbia s train (RR: 4-7 fold). 

      3.1.1. Current Status of Insecticide Resistance in Spodoptera littoralis in           
mid and north Nile Delta.  

                   The High level of res is tance to the pyrethroid deltamithrin, high level of 
tolerance to the neonicotinoid acetamiprid, and moderate level of tolerance to 
the organophosphate chlorpyrifos  and the carbamate methomyl in S.littoralis 
are in agreement with previous ly reported results  from Egypt (Issa et al., 
1984a; 1984b). Documentation of s trong and widespread res is tance to 
pyrothroid, organophosphate, organochlorine and carbamate insecticides in 
contemporary samples of S.littoralis accords with the s tudies  performed by 
El-Guindy et al.,(2002) and Moftah and El-Awadi (2004).In the current s tudy, 
it has been shown that res is tance levels  in both field s trains  of Gharbia and 
Kafr-El-sheik followed a cons is tent pattern where no s ignificant difference 
were observed between the  two s trains  in their responses to the tes ted 
insecticides. In fact this  was supported by the results  of Abo-El-Ghar et al., 
(2005), but also has been refuted by the s tudy of El-Ghareeb and Mannaa 
(1989). In Cyprus, Charalambous, and Iordanou (1997), observed mild 
res is tance to methomyl and chlorpyrefos  agains t S.littoralis and concluded 
that the use of the carbamate methomyl could result in manageable levels  of 
res is tance to S.littoralis. (Moriu et al., 2002) postulated that pyrethroid 
res is tance can be due to modification to the target s ite of these insecticides 
or due to enhanced activity of detoxification enzymes. Similarly, the 
predominant mechanism of res is tance to organophosphate could be also be  
due to enhanced activity of detoxifying enzymes Gunning et al., (2001) or due 
to modification of the enzyme acetylcholinesterase, which is  the target s ite of 
organophosphate and carbamate insecticide (Hama 1983). Previous s tudies  
have shown that res is tance to pyrethroids  is  associated with 
monooxygenases and esterases in field population of S.littoralis (Huangs and 
Han 2007). In the current s tudy the neonicotinoid acetamipreid (an agonis t of 
the nicotinic acetylcholine receptor "nAChR") was the least toxic compound 
tes ted  Table (1).This  may be attributed to the fact that acetamiprid is  a 
sys temic insecticide and intended to control sucking insects on crops such as 
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leafy vegetables , cotton and ornamental plants . Moreover, laboratory and 
field s trains  proved to be more susceptible to the new chemis try insecticide 
pyridalyl. These results  indicating the difficulties  in achieving res is tance to 
pyridalyl in S.littoralis in Gharbia and Kafr El-shiek s trains . The biochemical 
mechanisms of pyridaly’s  insecticidal action have not been identified until 
now. However, its  unique symptoms s trongly suggest that the compound has 
a novel mode of action.  

       Activities of detoxification enzymes. 
       From Fig. (1.) it can be seen that activities  of MFO (Fig.1.A) in field s train 
were s ignificantly higher than in Lab s train. However there was no s ignificant 
difference in their contents  of carboxyles terases. This  means that the activity 
enhancement of MFO was associated with the observed levels  of res is tance. 
When Gharbia and Kafr El-shiek s trains  compared for their enzyme activities  
it can be easy seen that insecticide selection had enhanced much more 
activity of MFO than that of es terases. This  implied that MFO was more 
important for AChE targeted insecticides res is tance than carboxyesterases. 
In agreement with this  finding, Huang and Han (2007) showed that field s train 
of S.litura generally exhibit higher microsomal monooxygenase activity than 
the laboratory susceptible s train. Enhanced Cytochrome p450 enzymes 
monooxygenase activity has been shown to be a major mechanism of 
res is tance for various insecticide classes, including organophosphates, 
carbamates, pyrethroids  and neonicotinoids  in numerous insects . In this  
respect, (Feyereisen, 1999, 2005; Li et al., 2007) mentioned that in many 
species  of insects , res is tance is  due to the overexpress ion of cytochrome 
p450 genes resulting in the production of more Cytochrome p450 enzymes. 
Theoretically, overexpress ion could result from increases in transcription, m 
RNA s tability, and/or protein trans lation. However, in most cases, increased 
express ion is  due to mutations and insertions / deletions in cis  acting, 
promoter sequences, and/or trans-acting regulatory loci (Feyereisen, 2005; Li 
et al., 2007). The cytochrome p450 enzyme system is  rather nonspecific in its  
attack on organic compounds.  Ishaaya and Cas id, 1981; Clarke et al., 1989 
illus trated that mixed function oxidasessystem have many isoenzymes which 
all have a range of substrates and if an insecticide selects some isoenzymes 
which can act on different insecticides, cross-res is tance might be given.   

In Australia, pyrethroid res is tance was proved to be caused mainly by 
the enhancement of es terase ( Siegfreid et al.,1990; Gunning et al.,1997) and 
in China, research indicated that the enhanced MFO activity was the main 
reason Whitten and Bull(1974); (Yang et al., 2004). Activity of 
Acetylcholinesterase (AChE)  

 The fourth ins tar larvae of res is tante S.littoralis collected either from 
Gharbia or Kafr-El-Sheihk cotton fields  expressed lower levels  of AChE 
activity than the susceptible laboratory s train Fig. (1.C). In fact this  was 
supported by Tiwari et al., (2012) but also has been refuted by other s tudies  
(Abo El-ghare et al., (2005). AChE plays  a crucial role in insect cholinergic 
synaptic transmission and is  the target s ite of inhibition by organophosphates 
and carbamates (Hama, 1983). Alteration in the s tructure of 
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acetylcholinesterase can reduce the level of inhibition by these extens ively 
used insecticides and confer res is tance in insects  and other arthropods 
(Oppenoorth, 1985). Although the quantitative change of AChE has been 
suggested to contribute to the res is tance in Drosophila (Fournier et al., 1992), 
its  s tructural changes is  the main reason for the decreased sens itivity 
(Fournier et al., 1992; Zhu et al., 1996).  Therefore further biochemical 
s tudies  are needed to investigate the Kinetics  and sens itivity of AChE in the 
selected field s trains  (Gharbia and Kafr El-Sheikh). Because measuring of 
Kinetic parameters  of the enzyme could be used to demonstrate that the 
res is tance s trains  had alternated AChE with s ignificant insens itivity or not. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1): Activities of Cytochrome p-450 monooxygenases (p450), 

carboxylesterases (CarE) and acetylcholinesterase (AchE) in 
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the 4th instar larvae of field and laboratory strains of 
S.littoralis.  

Synergism of PBO and TPP. 
       The synergism of PBO, and TPP on the selected insecticides  in 

the two field s trains  of S.littoralis was tes ted. The results  were shown in 
Tables  (2and3). As shown in Table 2, PBO showed obvious synergism on 
methomyl and deltamethrin and its  synergis tic action was approximately the 
same in both s trains . However, it has no synergis tic action with the new 
chemistry insecticide, pyridalyl. Similarly, as  shown in Table 3, TPP was able 
to synergize methomyl and pyridalyl in (Garb-s train), and deltamethrin in 
Kafr- s train. 

 
Table (2): Synergism of PBO on some insecticides to 4th instar larvae of 

S.littoralis field strains.  

a =Lab-s, laboratory susceptible strain; Garb-S, Gharbia field strain ; Kafr- S, Kafr El-
Sheikh field strain 

b- RR= syneregestic ratio = LC50 v alue of insecticide alon / LCR50R v alue of insecticide+ 
synergist. 

 
PBO, TPP are cons idered to be inhibitors  of MFO and esterases, 

respectively. Therefore, the res is tance associated increase in synergism of 

Strain a Insecticides LC50 (mgl-1) (95%FL) Slope ±SE SRb 

 
 
 

Garb-S 
 
 
 
 
 
 
 
 

Pyridalyl 34.03(22.89-47.30) 3.50±0.21 -- 

Pyridalyl+PBO 30.86(21.37-42.91) 1.4±0.18 1.1 

Chlorpyrifos 88.98(69.50-116.55) 2.08±0.26 -- 

Chlorpyrifos+PBO 34.48(22.68-51.07) 1.13±0.15 2.58 

Deltamethrin 448.63(352.97-584.39) 1.84±0.25 -- 

Deltamethrin+PBO 142.54(96.26-203.75) 1.19±0.18 3.14 

Methomyl 439.33(299.44-745.62) 1.18±0.18 -- 

Methomyl+PBO 156.80(108.64-225.99) 1.21±0.17 2.80 

Acetamiprid 5735.20(4899.37-7290.84) 2.95±0.51 -- 

Acetamiprid+PBO 3082.47(2447.23-3743.18) 2.21±0.37 1.85 

Kafr- S 
 

Pyridalyl 35.54(21.46-56.01) 1.13±0.25 -- 

Pyridalyl+PBO 33.28(21.77-49.39) 1.12±0.15 1.06 

Chlorpyrifos 109.20(81.40-149.33) 1.57±0.19 -- 

Chlorpyrifos+PBO 43.57(30.75-61.06) 1.38±0.18 2.5 
Deltamethrin 641.07(499.51-892.66) 1.82±0.28 -- 

Deltamethrin+PBO 216.22(139.30-351.18) 0.95±0.17 2.96 

Methomyl 592.07(340.52-1216.92) 0.924±0.10 -- 

Methomyl+PBO 103.28(73.81-148.50) 1.29±0.13 5.44 

Acetamiprid 6730.69(4859.92-12107.88) 1.44±0.28 -- 

Acetamiprid+PBO 4389.77(2423.35-5742.32) 1.09±0.19 1.92 

  41  
  



Shoaib, A. A. et a l. 

PBO and TPP indicated that enhanced MFO and esterases activity, might 
contribute to the res is tance in this  pest. 

Table (3): Synergism of TPP on some insecticides to 4th instar larvae of 
S.littoralis field strains. 

Strain a Insecticides LC50 (mgl-1) 
 

Slope ±SE SRb 
 
 
 

Garb-S 
 
 
 
 
 
 
 
 

Pyridalyl 34.03(22.89-
 

3.50±0.21 -- 
Pyridalyl+ TPP 10.13(3.61-

 
0.639±0.81 3.35 

Chlorpyrifos  88.98(69.50-
 

2.08±0.26 -- 
Chlorpyrifos+ TPP 53.59(36.93-

 
1.22±0.17 1.66 

Deltamethrin 448.63(352.97-
 

1.84±0.25 -- 
Deltamethrin+ TPP 332.97(238.87-

 
1.30±0.21 1.34 

Methomyl 439.33(299.44-
 

1.18±0.18 -- 
Methomyl+ TPP 126.02(91.80-

 
1.40±0.18 3.48 

Acetamiprid 5735.20(4899.37-
 

2.95±0.51 -- 
Acetamiprid+ TPP 4225.57(3335.58-

 
1.74±0.35 1.27 

Kafr- S 
 

Pyridalyl 35.54(21.46-
 

1.13±0.25 -- 
Pyridalyl+ TPP 20.8(8.51-38.94) 0.71±0.14 1.7 
Chlorpyrifos  109.20(81.40-

 
1.57±0.19 -- 

Chlorpyrifos+ TPP 1.03.51(77.89-
 

1.82±0.23 1.05 
Deltamethrin 641.07(499.51-

 
1.82±0.28 -- 

Deltamethrin+ TPP 317.90(233.54-
 

0.925±0.18 2.03 
Methomyl 592.07(340.52-

 
0.924±0.15 -- 

Methomyl+ TPP 421.54(279.84-
 

1.082±0.17 1.40 
Acetamiprid 6730.69(4859.92-

 
1.44±0.28 -- 
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a =Lab-s, laboratory susceptible strain; Garb-S, Gharbia field strain ; Kafr- S, Kafr El-
Sheikh field strain 

b- RR= syneregestic ratio = LC50 v alue of insecticide alon / LCR50R v alue of insecticide+ 
synergist. 

                
1-          The use of synergis ts  to enhance insecticide toxicity (El-sebae et al., 
1978, Riskallah et al., 1984; Abd-Elghafar et al., 1993) especially PBO to 
inhibit the defence enzymes mixed function oxidase Wilkinson (1976) are well 
es tablished s trategies  to manage res is tant insect pest. Treatments  us ing 
deltamethrin, methomyl, chlorpyrifos  and acetamiprid mixed with PBO 
suppressed the res is tance in the S.littoralis population indicating that P450 
complex of MFO (monooxygenases) is  a factor respons ible for res is tance to  
these insecticides. Mixed function oxidases play a s ignificant role in 
degradation of pyrethroid insecticides Yamamoto ( 1973) or 
organophosphorus insecticides (Attia and Frecker 1984) and neonicotinoids  
(Nauen et al., 1996; Mota-Sanchez et al., 2000). Enhanced cytochrome P450 
monooxygenase activity has been shown to be a major mechanism of 
res is tance for pyrethroids  in numerous insects such as S.littoralis (El-sayed et 
al., 1982; Riskallah et al., 1984) H.armigera (Yang et al., 2004, 2005; Chen et 
al., 2007) and Anopheles sinensis Chang et al., (2013). Piperonyl butoxide 
(PBO) synergist increased the insecticidal activity of chlorpyrifos  in the tes ted 
s trains . Whitten and Bull (1974), concluded that the major factor respons ible 
for res is tance in Heliothis virescens agains t chlorpyrifos  was the greater 
activity of the microsomal oxidase in the res is tant caterpillars . The s ignificant 
increase in efficacy of acetamiprid by PBO in the res is tant field s trains  
S.littoralis proved the involvement of cytchrome P-450monooxygenase in 
acetamiprid res istance. Similar results  were obtained by Nins in and Tanaka 
2005 with acetamiprid on a laboratory colony of diamondback moth Plutella 
xylostella. In the present s tudy PBO produced no synergism with pyridalyl in 
Gharbia and Kafr El-Sheikh field s trains , while TPP s lightly enhanced the 
efficacy of this  insecticide. It seems likely that pyridalyl has a different 
biochemical mode of action from any insecticides tested and this  may explain 
why pyridalyl was highly active agains t the S.littoralis when compared with 
the other insecticides. Similarly, Saito and Sakamato 2008, reported that 
pyridalyl was highly active against res is tant population of the diamonond back 
P.xylostella, which shows high res istance agains t conventional insecticides. 
The biochemical mechanisms conferring toxicity to pyridalyl have not yet 
been elucidated in detail, but some s tudies suggested a possible involvement 
of microsomal monooxygenases . Powell et al., (2011) illus trated  that 
pyridalyl action requires  cytochrome P-450 activity, poss ibly for production of 
a bioactive derivative, and pyridalyl metabolism being prevented by general 
P-450 inhibitors .They also postulated that cytochrome P-450 action leads to 
an active pyridalyl metabolite, which results  in production of reactive oxygen 
species  (ROS), that leads to damage of cellular macromolecules  (e.g., 
proteins) and enhanced proteasome activity leads to increased protein 

Acetamiprid+ TPP 3997.54(3180.16-
 

1.82±0.35 1.68 

Formatted: Bullets and Numbering

  43  
  



Shoaib, A. A. et a l. 

degradation and necrotic cell death. Pyridalyl is  an ether compound, although 
ethers  res is t undergoing hydrolys is , they are often cleaved by acids . 
Nagahori et al., (2009) showed that the biotransformation reaction for 
pyridalyl in rats  is  proposed to be cleavage of the ether linkage between the 
dichloropropenyl group and the dichlorophenyl group to form S-1812-DP 
(M3), which was the major metabolite in feces and urine. They concluded that 
further investigations are required to clarify species- related differences in 
rates  of O-dealkylation of the allyl and alkyl ethers  and determination of the 
various cytochrome P-450 enzymes involved in the metabolism of pyridalyl.  
 Cytochrome P-450 monooxygenases, is a nonspecific enzyme system  
attack functional groups of insecticides rather than specific molecules. A 
synergism of the carbamate (methomyl), the synthetic pyrethroid 
(deltamethrin), the organophosphate (chlorpyrifos) and the neonicotinoid 
(acetamiprid) by PBO and to some extent by TPP in the same populations of 
S.littoralis tested suggests that these classes of insecticides are cross-
resistant due to a common mechanism of metabolic detoxification by 
cytochrome P-450 monooxygenases and esterases.  This cross-resistance 
could probably extends to the novel insecticide, pyridalyl. However (Saito et 
al., 2002; Isayama et al., 2005) have reported that pyridalyl, has no cross-
resistance till now with any other class of insecticide.  Because the use of 
new insecticides with a mode of action that differs from existing insecticides 
is highly desirable. Therefore  pyridalyl is expected to take an important role 
in IPMS and insecticide- resistance management programs. However, Ahmed 
(2009) notified that the valuable new compounds should be applied 
judiciously and their useful life can be prolonged by limiting their application 
to one or two spray per season on a single crop. Based on the present 
results we can suggest that rotating of pyridalyl with other insecticides that 
show low levels of resistance and have different modes of action may be 
useful for effective management of cotton leafworm Additional it is 
important to notify that such new chemicals must be subjected to early and 
continues field monitoring programs. Because early detection of resistance 
would permit changes in strategy, most likely involving a change in the 
pesticide used, to prevent further resistance development.          
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 الوضع الحالى لمقاومة دودة ورق القطن للمبیدات فى دلتا النیل

 ۲قاضيمحمد محمد  و۲شاھینعبد الله فؤاد  ،۱عباس خیرىمحمد  ،۱شعیباحمد على 
 مصر. –وزارة الزراعة  -معھد بحوث وقایة النباتات 
مبیدات   مصر. –جامعة المنصورة  –كلیھ الزراعة  -قسم ال
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وسط وشمال دلتا  المنزرع فى تم جمع سلالتین حقلیتین من دودة ورق القطن من حقول القطن              
مة   النیل ة مدى المقاو ملیھ التقیم الحیوي لمعرف لبعض المبیدات الموصى بھا والمبیدات بمصر، ثم اجریت ع

ة للاستخدام. اوضحت النتائج  مبید الدلتامیثرین التابع لمجموعھ البیروثروید المرشح مقاومة السلالتین الحقلیتین ل
من التحمل، بینما ) ٥,۱٤ -۱,۱۰درجھ المقاومة ؛بدرجھ عالیھ (  ت المختبرة درجھ عالیة   اظھرت السلالا

رید التابع لمجموعة النیونیكتونید (درجھ المقاومھ  ظھرت السلالات مستوى ، )۱,۹ -۲,۷لمبید الاسیتامیب كما ا
مل ومبید المیثومیل التابع  متوسط من التح  لمجموعةلمبیدى الكلوروبیروفوس التابع للمبیدات الفوسفوریھ 

م )٦,٦ -٤,٤وح بین (الكاربامات تترا مة ل یل  كمبید حدیث حیث بید البیریدل، فى حین لم تظھر السلالات مقاو
مة تتراوح بین ( راسھ نشاط الانزیمات الھاد)۹,۱ -۸,۱كانت درجھ المقاو ة للمبیدات وجد ارتفاع م. عند د
لم یكن فى حین ھ المعملیة كثر من السلالأفى السلالتین الحقلیتین  ) p450 نشاط انزیمات الاكسدة( السیتوكروم

ھ لات الحقلی كربوكسیل استریز فى السلا ھ  لنشاط انزیم ال زیم  لیھموالمع ھناك فروق معنوی ما كان نشاط ان بین
ھ ال ة. عملیةمالاستیل كولین استریز فى السلال ت انزیمات  . اعلى من السلالات الحقلی طا ولقد اوضح استخدام مثب

ل بیتوكسید  كسدة (ببرونی ت(تراي فینیل فوسفات )PBOالا ان ارتفاع مستوى مقاومة ھذه  )  TPP والاسترا
. ومن خلال ھذة الدراسة نقترح انة یمكن p450یرجع الى ارتفاع نشاط انزیمات السیتوكروم  الافة للمبیدات

ى  عمل استبدالات بین مبید البیریدلیل والمبیدات الاخرى الت لافة ب ة لھذة ا مكافحة فعال ویات مست اظھرتتحقیق 
ة  .لفعلھا السام ھافى طریقھ احداث وتختلف مقاومة منخفض

 
 قام بتحكیم البحث

 

د نجمأ.د /  وى السعی  جامعة المنصورة –كلیة الزراعة  سل
 الاسكندریھجامعة  – كلیة الزراعة نادرشاكر یوسفأ.د / 
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