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ABSTRACT 

The present study aimed to evaluate the biological effect of insect growth 

regulator flufenoxuron (Cascade) as a chitin synthesis inhibitor against 2
nd

 and 4
th

 

larval instars of Spodoptera littoralis, to determine its toxicity. Effect of sublethal 

doses LC25, LC50 and LC90 were used to investigate the enzymatic activities.  The 

tested IGR significantly increased the larval and pupal durations, on the other hand 

decrease the percentages of pupation, adult emergency, fecundity and fertility of the 

eggs produced by the adult progeny. The tested compound significantly induced 

larval mortalities, which were dose dependant.  

Treatments of the 2
nd

 and 4
th

 larval instars with the tested IGR induced some 

morphogenic abnormalities in larval, larval-pupal and pupal stages, as well as 

pupal-adult intermediate. Some emerged adults have various degrees of 

malformations. All the treated larvae as 2
nd

 instar showed a high sensitivity to the 

tested IGRs more than 4
th

 instars. The treated larvae in both 2
nd

 and 4
th

 larval instars 

with the sublethal doses LC25, LC50 and LC90 showed a significant decrease in 

enzyme activities of acid phosphatase and the non- specific esterases, α,β esterases 

at different times intervals post treatments. 
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INTRODUCTION 

       The Egyptian cotton leaf worm, 

Spodoptera littoralis Bosid 

(Lepidoptera: Noctuidae) is a 

polyphagous foliage feeding insect. It 

considered as one of the most serious 

pests of many different Egyptian crops 

(Magd El- Din & El-Gengaihi, 2000). 

It is an important pest of cotton in 

Africa, Middle East and Southern 

Europe (Hosny et al., 1986).  

The recent control intensive 

research is concerned mainly with 

avoiding the serious problems resulted 

from using harmful insecticides that 

cause harmful residues in the food 

chain and pollution of the surrounding 

natural enemies and pest resistance. 

Therefore, now it has become 

necessary to search for alternative 

means of pest control which can 

minimize the use of these synthetic 

chemicals (Abo-Arab and Salem, 

2005).   

The necessity to find 

environmentally safe insecticides as 

well as materials to combat species 

resistant to conventional pesticides has 

spurred increased interest in alternative 

insecticides such as use of plant 

extraction and insect growth regulators 

(IGRs). IGRs are considered to have 

little human toxicity because humans 

do not make chitin and do not make or 

use the hormones insects use in 

moulting (Schmutterer, 1985).  

The use of IGRs compounds in 

insect control is known as insect 
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developmental inhibition, which 

inhibits or prevents normal 

metamorphosis of immature stages to 

the adult stage. These compounds have 

been tested successfully against several 

insect species (Pineda et al., 2007; El-

barky et al., 2009 and Wang &Tian 

2009) 

         Chitin synthesis inhibitors (CSIs) 

interfere with chitin biosynthesis in 

insects (Gijswijt et al., 1979) and thus 

prevent moulting or produce an 

imperfect cuticle (Hammock and 

Quistad, 1981). These compounds are 

effective suppressors of development 

for the entire life cycle of insects 

(Verloop and Ferrell, 1977). However, 

these compounds, also, affect the 

hormonal balance resulting in 

physiological disturbances (DeLoach 

et al., 1981). 

The present study was 

undertaken to investigate the effect of 

flufenoxuron for controlling S. 

littoralis larvae and study the 

susceptibility of 2
nd

 and 4
th

 larval 

instars to different concentrations. This 

can be attained by determining it’s 

possible larvicidal effect, it’s  possible 

latent effect on certain biological 

aspects  and the effect of  LC25 , LC50 

and LC90 of the tested compound on 

some enzymatic activities (α- , β 

esterases and acid phosphatases). 

 

MATERIALS AND METHODS 

Test insect 

 The culture of the cotton 

leaf worm, S. littoralis Bosid was 

initiated from freshly collected egg 

masses supplied from the division of 

cotton leaf worm, of Plant Protection 

Research Institute, Dokki, Egypt.  All 

rearing steps of the colony and 

experiments were kept under 

laboratory conditions of 27±2 Cº and 

R.H. 70±5 %. 

Tested Compound 

Chitin synthesis inhibitors, 

Benzoylphenylurea derivatives, 

Cascade 10% (flufenoxuron) was used 

in this study.   

Biological studies: 

Newly moulted 2
nd

 and 4
th

 

larval instars were segregated from the 

stock colony in clean glass Petri dishes 

and starved for 24 hrs (Nasr, 1999).  

Five concentrations of IGR were used. 

The concentrations were prepared by 

dissolving the tested IGR in distilled 

water to get the appropriate 

concentrations. Pieces of castor been 

leaves were treated by the leaf-dipping 

technique in the different 

concentrations of tested compound and 

left in the air for 1h to insure that it is 

completely dry, and then introduced to 

larvae for feeding. Eighty of starved 

larvae, distributed in four replicates (20 

larvae/replicate) were used for each 

concentration and allowed to feed for 

24hrs on treated castor bean leaves. 

Unconsumed food, dead larvae and 

faces were removed daily before 

introducing fresh leaves. The same 

technique described above was used 

except that the control larvae were 

allowed to feed on castor bean leaves 

that dipped only in distilled water. 

 

Daily inspections were carried out 

until adult emergence occurred and the 

number of individuals that managed to 

develop was recorded.  Larval 

mortality%, larval duration, 

pupation%, pupal duration and pupal 

malformation were recorded.  

Adult emergence %, total 

inhibition of adult emergence %, 

fertility %, fecundity, sterility % and in 

addition malformations was recorded. 

Adult fecundity was determined by 

placing one female and one male 

together in a glass jar of 75 c.c 

capacity provided with a piece of 

cotton soaked in 10% sugar solution 

(as a source of food for moths) and was 

internally covered with soft sheet of 

paper for oviposition. The jars were 

inspected daily for counting the 
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number of laid eggs. To determine the 

fertility, two or three patches having 

not less than 100 eggs were collected 

during the first 3 days of oviposition 

and incubated under the laboratory 

conditions until hatching and the 

percentage of hatchability was 

recorded. 

Toxicological studies: 

Newly moulted 2
nd

 and 4
th

 

larval instars were treated with 

different concentrations as described 

later in biological studies technique. 

Mortality percentages of the treated 

and control larvae were recorded at 24 

hrs post-treatment. 

Estimation of enzymatic activities: 

Some biochemical traits of 

haemolymph such as acid phosphatase, 

α-& β- esterases were measured at 

different time intervals   6 -12 – 24 -48 

hrs post treatment with LC25, LC50 and 

LC90 ppm concentrations. Acid 

phosphatase was determined according 

to the method described by Powell and 

Smith (1954). Alpha esterases (α-

esterases) and beta esterases (β-

esterases) were determined according 

to the methods of Van Asperen (1962) 

using α-naphthyl acetate and β-

naphthyl acetate as substrates, 

respectively. 

Statistical analysis: 

By using Origen lab program 

version7.5 the data were expressed as 

means ± standard errors. The statistical 

significance of differences between 

individuals means were determined by 

using one way ANOVA test. Levels of 

significance of each experiment was 

stated to be significant at (P = 0.05), 

high significant at (P = 0.01) and very 

high significant at (P = 0.001). 

 

RESULTS 

Effect of flufenoxuron on some 

biological aspects:  
Effects of flufenoxuron on some 

biological aspects of S. littoralis treated as 

2nd larval instar were recorded in Tables 

(1&2). Data obtained in Table (1) showed 

that the corrected percentages of larval 

mortality had a positive relationship with 

the different concentrations of 

flufenoxuron. The response was dose-

dependent (i.e. the higher concentration 

affected more larvae). On the other hand 

the data obtained in the same table, 

indicated that there was an inverse 

relationship between the different 

concentrations of flufenoxuron and 

pupation percentages. While the 

percentages of pupal mortality were 

increased with the increase in 

concentrations. Also the percentages of the 

adult emergence were decreased with the 

increasing in concentrations as compared 

with control.  Moreover higher 

concentrations induce more inhibition of 

adult emergence.  

 

Table (1):  The effect of flufenoxuron on biological aspects of cotton leafworm by 

feeding newly 2
nd 

  instar larvae on treated Castor Leave for 24 hrs. 

* 

Significant at P = 0.05              ** High significant at P = 0.01    *** Very high significant at P = 0.001       

 

total 

inhibition 

of adult 

emergence % 

Emerged 

moths 

% 

±S.E 

Pupal 

duration 

(days) 

±S.E. 

Pupal 

mortality 

% 

±S.E 

Pupation 

% 

±S.E 

Larval 

duration 

(days) 

±S.E 

Larval 

mortality 

% 

±S.E 

Conc. 

(ppm) 

----- 

±0.0 

100 

±0.0 

7 

±0.41 

----- 

±0.0 

100 

±0.0 

10 

±0.41 

----- 

±0.0 
0.0 

*** 36.25  

±1.25 

*** 63.75 

±0.25 

*** 10 

±0.41 

* 6.25 

±0.25 

*** 70 

±0.41 

11 

±0.41 

*** 30 

±0.41 
0.1 

*** 70 

±2.04 

*** 30 

±0.41 

*** 12 

±0.41 

*** 10 

±0.41 

*** 40 

±0.71 

11.75 

±0.25 

*** 60 

±0.71 
0.5 

*** 91.25 

 ±1.25 

*** 8.75 

±0.25 

*** 12 

±0.41 

***11.25 

±0.25 

*** 20 

±0.41 

12.5 

±0.29 

*** 80 

±0.41 
1.0 

*** 96.25 

 ±1.25 

*** 3.75 

±0.25 

***14 

±0.56 

1.25 

±0.25 

*** 5 

±0.0 

* 13 

±0.91 

*** 95 

±0.0 
1.5 

*** 100 

±0.0 

*** 0 

±0.0 

*** 0 

±0.0 

0 

±0.0 

*** 0 

±0.0 

8 

±0.71 

*** 100 

±0.0 
2.0 
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The larval and pupal durations 

were increased with the increasing of 

concentrations as compared with 

control, (i.e. the higher concentration 

induce more prolongation in both 

larval and pupal durations). 

The fecundity and fertility were 

decreased as a result of treatment 

with flufenoxuron as indicated in 

Table (2). This decrease was 

negatively correlated with the 

concentration. On the other hand, the 

oviposition deterrent index (O.D.I) 

and percentages of sterility were 

positively correlated with the 

concentrations) for instance; (O.D.I) 

was 1.02, 2.53, 10.19, 12.22 and 0.0 

% at the concentrations of 0.1, 0.5, 

1.0, 1.5 and 2.0 ppm, respectively. 

Also, the percentage of sterility was 

5.22, 12.8, 28, 36 and 0.0 % at the 

previous concentrations. 

 

Table (2): Effect of flufenoxuron on fecundity, fertility and sterility against adults of 

cotton leafworm emerged from 2
nd

 larval instar feeding on treated castor 

leaves for 24 hrs 

*Significant at P = 0.05              ** High significant at P = 0.01   *** Very high significant at P = 0.001    

 

Data in Table (3&4) showed 

the effects of flufenoxuron on some 

biological aspects of S. littoralis 

treated as 4
th

 larval instar.  Data in 

Table (3) declared that there was a 

highly significant effect on the larval 

mortality that given in corrected 

percentages. 

Table 3: The effect of flufenoxuron on some biological aspects of the cotton 

leafworm by feeding newly 4
th

 instar larvae on treated castor leaves for 24 hrs. 

 

    *Significant at P = 0.05                        ** High significant at P = 0.01 *** Very high significant at P = 0.001   

 +  Oviposition deterrenet index 

Sterility % ±S.E 
Egg hatching 

(fertility) % ±S.E 
+O.D.I %±S.E 

No. of eggs/female 

(fecundity)  ±S.E 

Conc. 

(ppm) 

0±0.0 100 ±0.0 0 ±0.0 1250 ±17.68 0.0 

5.22 ±2.99 95.5 ±2.05 1.02 ±0.21 1241 ±7.97 0.1 

* 12.8 ±0.9 91.6 ±1 2.53 ±1.01 1188 ±8.16 0.5 

*** 28 ±3.45 ** 88.35 ±3.04 ** 10.19 ±1.47 *** 1019 ±22.63 1.0 

*** 36 ±3.8 *** 81.75 ±3.9 *** 12.22 ±3.01 *** 980 ±45.28 1.5 

0±0.0 *** 0 ±0.0 0 ±0.0 *** 0 ±0.0 2.0 

Total 

inhibition 

of adult 

emergence % 

Emerged 

moths 

% 

±S.E 

Pupal 

duration 

(days) 

±S.E. 

Pupal 

mortality 

% 

±S.E 

Pupation 

% 

±S.E 

Larval 

duration 

(days) 

±S.E 

Larval 

mortality 

% 

±S.E 

Conc. 

(ppm) 

----- 

±0.0 

100 

±0.0 

8 

±0.58 

----- 

±0.0 

100 

±0.0 

6 

±0.41 

----- 

±0.0 
0.0 

*** 12.5 

 ±1.44 
*** 87.5 ±0.29 

8 

±0.41 

2.5 

±0.29 

** 90 

±0.41 

6.5 

±0.29 

** 10 

±0.41 
1 

*** 45 

±0.0 

*** 55 

±0.0 

10 

±0.41 

** 12.5 

±0.29 

*** 67.5 

±0.29 

*8 

±0.41 

*** 32.5 

±0.29 
3 

*** 71.25 ±1.25 
*** 28.75 

±0.25 

*11 

±0.41 

***16.25 

±0.62 

*** 45 

±0.41 

***10 

±0.41 

*** 55 

±0.41 
5 

*** 90 

±0.0 

*** 10 

±0.0 

***12 

±0.41 

*10 

±0.41 

*** 20 

±0.41 

***12 

±0.41 

*** 80 

±0.41 
7 

*** 100 

±0.0 

*** ----- 

±0.0 

*** ----- 

±0.0 

----- 

±0.0 

*** ----- 

±0.0 

*4 

±0.41 

*** 100 

±0.0 
9 
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Pupation percentage was greatly 

reduced as compared with control, 

while the percentages of pupal 

mortality were increased with the 

increase in concentrations. The 

reduction in the adult emergence 

percentages was increased with the 

increasing in the concentrations, total 

inhibitions of adult emergence were 

12.5, 45, 71.25, 90 and 100 % at the 

conc. of 1, 3, 5, 7 and 9 ppm, 

respectively, as compared with 0.0% 

in the control.  The response was dose-

dependent. It is remarkable that the 

larval and pupal durations were 

increased with the increasing of 

concentrations as compared with 

control, (i.e. higher concentration 

induce more prolongation in both 

larval and pupal durations). 

Data in Table (4) showed the 

effect of flufenoxuron on the 

fecundity, (O.D.I), fertility and 

sterility.  

The fecundity and fertility 

were decreased. This decrease was 

negatively correlated with the 

concentration. 
 

 

Table (4):  Effect of Cascade on fecundity, fertility and sterility against adults of   

cotton leafworm emerged from 4
th

 larval instar feeding on treated castor 

leaves for 24 hrs. 
 

 

On the other hand, the 

oviposition deterrent index (O.D.I) and 

percentages of sterility were positively 

correlated with the concentrations for 

instance; (O.D.I) was 1.6, 5.1, 7.7 and 

11.2 % at the concentrations of 1, 3, 5 

and 7 ppm, respectively. Also, the 

percentage of sterility was 9.08, 18.6, 

32.87 and 56.03 % at the previous 

concentrations. 

Toxicological activities of 

flufenoxuron against 2
nd

 and 4
th

 larval 

instars of S. littoralis are summarized 

in Table (5).  The corresponding 

concentration LC25, LC50 and LC90 

were 0.1, 0.2 and 1.3 ppm, 

respectively for 2
nd

 instar.   The 

corresponding concentrations LC25, 

LC50 and LC90 were 2.1, 3.6 and 9.8 

ppm, respectively for 4
th

 instar.  
 

 

 

 

 

 

 

 

Sterility 

% 

±S.E 

Egg hatching 

(fertility) % 

±S.E 

+O.D.I % 

±S.E 

No. of eggs/female 

(fecundity) 

 ±S.E 

Conc. 

(ppm) 

0±0.0 100±0.0 0±0.0 1430±24.83 0.0 

* 9.08±2.82 93.89 ±2.92 1.6±0.8 1385±30.48 1 

*** 18.6 

±1.29 

* 90.19 

±1.15 
*** 5.1±0.4 ** 1290±20.41 3 

*** 32.9±0.54 ***78.41±1.1 *** 7.7±0.6  ***1225±30.1 5 

*** 56.0±2.33 *** 55.5±3.4 *** 11.2±0.8 *** 1135±14.29 7 

0±0.0 *** 0±0.0 0±0.0 *** 0±0.0 9 
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Table (5):  Toxicity data of flufenoxuron against 2nd and 4th larval instars of S. littoralis. 

 

Morphogenic abnormalities:  

The morphogenic abnormalities of 

larvae, pupae and adults which emerged 

from 2nd and 4th larval instars treated with 

the tested IGR could be grouped into five 

categories (malformed 2nd larval instar, 

malformed 4th larval instar, larval-pupal 

intermediates, malformed pupae and 

malformed adults). As compared with 

normal 2nd & 4th larval instars, treatments 

with the different concentrations of the 

tested CSI were shown the presence of 

different degrees of abnormalities in larval 

stages.. As compared with normal 2nd 

larval instar. and with normal 4th larval 

instar, Treatments of S. littoralis larvae in 

both instars 2nd and 4th  with the tested IR 

produced pupae with different degrees of 

morphogenic abnormalities such as pupa 

with C- shaped, pupae with a ring of 

larval cuticle around the abdomen and 

pupae with enlarged and shortened body .  

Some emerged adults have various 

degrees of morphogenic abnormalities.  

Adults were unable to emerge from their 

pupal skins (failure adults’ emergence), 

adults were completely free but possessed 

crumpled and incomplete formation of 

wings 

 

Enzymatic activities:- 

        Enzymes were measured in treated 

and control groups of 2nd and 4th larval 

instars at 6, 12, 24 and 48 hrs post 

treatment with flufenoxuron in order to 

determine the changes in these enzymes 

activity through flufenoxuron mode of 

action.  The data recorded in Tables 

(6,7,8) & Figures (1-6) indicated that all 

the treatments with sub-lethal 

concentations (LC25, LC50 and LC90) on 

2nd and 4th larval instars at different time 

intervals have a positive effect on the 

activities of tested enzymes (acid 

phosphatase and α-& β- esterases).  The 

data declared that the activities were 

decreased with the increase of time and 

also with the increase in concentrations.

 

Table 6: Acid phosphatase activity of 2nd and 4th larval instars treated with sub-lethal concentrations of 

Cascade at different time intervals. 

* Significant at P = 0.05       ** High significant at P = 0.01    *** Very high significant at P = 0.001 

 

 

Conc. (ppm) 
Toxicity of  flufenoxuron  

Slop function LC25 LC50 LC90 
2

nd 0.1 0.2 1.3 1.8 
4

th 2.1 3.6 9.8 3 

 

 

                     Activity  

                         (%)  

Acid phosphatase activity 

(µg phenol released/b.wt./min) Mean ±SE 

 

Dose 

(ppm) 

 

Larval  

stage Treated Control Hours 

post- treatment 

-33 1.34 ±0.03 ** 2.0 ±0.01 6  

LC25  

(0.1) 

 

 

 

 

2nd larval 

instar 

-44.63 5.23 ±0.1** 9.445 ±0.2 12 

-47.47 6.23 ±0.31** 11.86 ±0.24 24 

-55.98 5.93 ±0.34** 13.47 ±0.41 48 

-50 1.0 ±0.1** 2.0 ±0.01 6  

LC50 

(0.2) 

-61.04 3.68 ±0.32** 9.445 ±0.2 12 

-58.01 4.98 ±0.31** 11.86 ±0.24 24 

-63.4 4.93 ±0.34** 13.47 ±0.41 48 

-60 0.8 ±0.001** 2.0 ±0.01 6  

LC90 

(1.3) 
-68.66 2.96 ±0.21** 9.445 ±0.2 12 

-67.2 3.89 ±0.34** 11.86 ±0.24 24 

-70.45 3.98 ±0.55** 13.47 ±0.41 48 

-9.85 5.39 ±0.1** 5.979 ±0.05 6  

LC25 

(2.1) 

 

 

 

4th  larval 

instar 

-18.61 18.63 ±0.47** 22.89 ±0.38 12 

-29.71 16.68 ±0.58** 23.73 ±0.42 24 

-31.22 18.53 ±0.62** 26.94 ±0.53 48 

-30.42 4.16 ±0.38** 5.979 ±0.05 6  

LC50 

(3.6) 
-26.04 16.93 ±0.21** 22.89 ±0.38 12 

-33.21 15.85 ±0.71** 23.73 ±0.42 24 

-38.085 16.38 ±0.62** 26.94 ±0.53 48 

-47.82 3.12 ±0.11**  5.979 ±0.05 6  

LC90 

(9.8) 
-35.74 14.71 ±0.33** 22.89 ±0.38 12 

-45.55 12.92 ±0.51** 23.73 ±0.42 24 

-50.85 13.24 ±0.42** 26.94 ±0.53 48 
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Table (7): α-Esterase activity of 2nd and 4th larval instars treated with sub-lethal concentrations of 

Cascade at different time intervals. 

 * Significant at P = 0.05    ** High significant at P = 0.01   *** Very high significant at P = 0.001          

 

 

                     Activity 

                         (%) 

α-Esterase activity 

(µg phenol released/b.wt./min) Mean ±SE 

 

Dose 

(ppm) 

 

Larval  

stage 

Treated Control Hours post- treatment 

-23.45 355.835 ±1.34** 464.835 ±2.64 6  

LC25  

(0.1) 

 

 

 

 

2nd larval instar 

-26.86 347.142 ±2.1** 474.665 ±1.9 12 

-28.13 397.69 ±2.4** 553.33 ±2.4 24 

-32.76 452.76 ±3.1** 673.335 ±3.4 48 

-27.02 339.246 ±4.2** 464.835 ±2.64 6  

LC50 

(0.2) 

-33.14 317.358 ±3.7** 474.665 ±1.9 12 

-36.7 350.269 ±3.2** 553.33 ±2.4 24 

-38.57 413.634 ±2.7** 673.335 ±3.4 48 

-36.03 297.359 ±1.4** 464.835 ±2.64 6  

LC90 

(1.3) 
-37.75 295.478 ±3.7** 474.665 ±1.9 12 

-44.53 306.943 ±1.3** 553.33 ±2.4 24 

-40.8 398.864 ±2.3* 673.335 ±3.4 48 

-13.19 650.67 ±2.2** 749.57 ±3.6 6  

LC25 

(2.1) 

 

 

 

4th  larval instar 

-18.77 638.78 ±4.1** 786.43 ±1.8 12 

-20.27 717.33 ±2.4** 899.67 ±2.8 24 

-22.89 753.27 ±1.9** 976.83 ±2.4 48 

-15.03 636.93 ±2.3** 749.57 ±3.6 6  

LC50 

(3.6) 
-23.96 597.96 ±4.6** 786.43 ±1.8 12 

-27.54 651.89 ±1.7** 899.67 ±2.8 24 

-32.04 663.89 ±3.9** 976.83 ±2.4 48 

-20.09 598.97 ±5.2** 749.57 ±3.6 6  

LC90 

(9.8) 
-28.81 559.89 ±4.1** 786.43 ±1.8 12 

-33.65 596.94 ±3.3** 899.67 ±2.8 24 

-39.11 594.79 ±4.1** 976.83 ±2.4 48 

-80

-70

-60

-50

-40

-30

-20

-10

0

LC25 LC50 LC90

Activity %

-80

-70

-60

-50

-40

-30

-20

-10

0

sub-lethal dose

Activity %

6hr 12hr 24hr 48hr

Fig. 1: Acid phosphatase activity of 2nd larval instar treated with Sub-

lethal doses of flufenoxuron at different time intervals. 
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Fig. 2: Acid phosphatase activity of 4th larval instar treated with 

Sub-lethal doses of flufenoxuron at different time intervals. 
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Table 8:  β-Esterase activity of 2nd and 4th larval instars treated with sub-lethal concentrations of 

Cascade at different time intervals. 

* Significant at P = 0.05         ** High significant at P = 0.01   *** Very high significant at P = 0.001          

 

 

 Activity  (%)  

β-Esterase activity 

(µg phenol released/b.wt./min) Mean ±SE 

 

Dose 

(ppm) 

 

Larval  

stage Treated Control Hours post- treatment 

-12.22 543.5 ±3.7** 619.165 ±5.2 6  

LC25  

(0.1) 

 

 

 

 

2nd larval 

instar 

-16.9 700.213 ±3.1** 842.665 ±4.4 12 

-24.3 724.44 ±5.8** 956.5 ±7.6 24 

-29.9 815.32 ±4.3** 1148.33 ±9.3 48 

-21.3 487.33 ±4.6** 619.165 ±5.2 6  

LC50 

(0.2) 

-26.4 620.42 ±6.4** 842.665 ±4.4 12 

-28.9 680.4 ±6.1** 956.5 ±7.6 24 

-32.4 776.6 ±5.8** 1148.33 ±9.3 48 

-33.91 409.22 ±2.2** 619.165 ±5.2 6  

LC90 

(1.3) 
-36.73 533.18 ±7.2** 842.665 ±4.4 12 

-42.22 552.63 ±2.6** 956.5 ±7.6 24 

-46.55 613.72 ±5.8** 1148.33 ±9.3 48 

-9.02 1153 ±14.2* 1267.33 ±22.3 6  

LC25 

(2.1) 

 

 

 

4th  larval 

instar 

-11.07 1542.3 ±20.05** 1734.28 ±32.1 12 

-16.55 1596.82 ±15.32** 1913.42 ±17.4 24 

-4.09 1073.6 ±13.5* 1125.48 ±24.3 48 

-13.44 1096.93 ±14.1* 1267.33 ±22.3 6  

LC50 

(3.6) 
-18.9 1406.75 ±18.01** 1734.28 ±32.1 12 

-22.35 1485.74 ±18.4** 1913.42 ±17.4 24 

-10.9 1002.8 ±16.2* 1125.48 ±24.3 48 

-22.33 984.34 ±12.7** 1267.33 ±22.3 6  

LC90 

(9.8) 
-25 1300.82 ±21.4** 1734.28 ±32.1 12 

-29.6 1347.33 ±18.4** 1913.42 ±17.4 24 

-12.26 987.53 ±12.7* 1125.48 ±24.3 48 
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Fig. 3: α-esterase activity of 2nd larval instar treated with Sub-

lethal doses of flufenoxuron at different time 

intervals. 
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Fig. 4: α-esterase activity of 4th larval instar treated with Sub-

lethal doses of flufenoxuron at different time intervals. 
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DISCUSSION 

       In the present study the Chitin 

synthesis inhibitors, (flufenoxuron) 

caused appreciable toxic effect in 

larvae of S. littoralis. The response 

of larval mortalities caused by these 

CSI in the present investigation is 

similar to the results obtained by            

(Hussain, 1992; Smagghe et al., 

1995; Whiting et al., 2000 and 

Saenz-de-Cabenzon et al., 2004 ).  

       Flufenoxuron is chitin synthesis 

inhibitor involved in insect growth 

and development during molting, 

due to its lipophilic properties it can 

interfere with the exoskeleton chitin 

by contact. Furthermore higher 

concentrations have antifeeding 

effect. Chitin synthesis inhibitors 

found to be effect on the vira-like 

chitinase gene which responsible for 

producing  chitinolytic enzyme work 

in remodeling chitinous structures 

known as  glycanohydrolase, 

catalyze the hydrolysis of  [ β-(1-4) 

glycoside] bonds of chitin polymers 

and oligomers (Konodo et  al., 

2002), which involved in chitin 

degredation, as well as this 

compound effect also on the gene 

which responsible for production of 

glycolytic enzyme, triosephosphate 

isomerase, which involved in 

catalyzes the interconversion of 
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Fig. 5: β-esterase activity of 2nd larval instar treated with Sub-lethal 

doses of flufenoxuron at different time intervals. 
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Fig. 6: β-esterase activity of 4th larval instar treated with                                  

Sub-lethal doses of flufenoxuron at different time intervals. 
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dihydroxyacetone phosphate and D-

glyceraldehyde-3-phosphate, the 

alimentary canal is lined with cuticle 

which formed from chitin, proteins, 

lipids and hydrocarbons, thus the 

alimentary canal (fore and hind gut)  

of the treated larvae is the first 

position to be affected with these 

compounds, as well as the mid gut 

(peritrophic membrane), chitinases 

seem to be involved in the formation, 

perforation and degredation of the 

midgut peritrophic matrix, which 

protect the gut epithelium from 

damaging factors (Filho et al., 2002).  

Generally, the 2
nd

 larval instar 

was found to be more sensitive to the 

tested compound than 4
th

 instar. The 

obtained low values of slop function 

indicated the homogenous response 

of the treated larvae to different 

concentrations of the tested 

compounds. The above obtained 

results were in agreement with those 

obtained by (Badr, 2000; Culter et 

al., 2005 and Han et al. 2006). 

The 4
th

 larval instar tolerance 

could be due to the changes in 

anatomy, physiology and size 

through which the compounds 

passes, or may be due to difference 

in liability to toxicant penetration 

(Busvine, 1971).  

Pupal mortalities in this study 

were obvious and recorded after 

treatment of both 2
nd

 and 4
th

 larval 

instars with the used CSI, there were 

dose-dependent effect on pupation 

and pupal mortalities, these results 

are in harmony with the results 

obtained by (Whiting et al., 2000 ;  

Butter et al., 2003 ; Biddinger et al., 

2006 and Salokhe et al., 2008 ). 

        Total inhibition of adult 

emergence in the biological studies 

were recorded for the treated larvae 

with the used CSI, it was obvious 

that the percents of inhibition were in 

positive relationship with the 

increase of concentrations, these 

results are in agreement with those 

obtained by (Butter et al., 2003; 

Biddinger et al., 2006 ; Salokhe et 

al., 2008 and Wang &Tian 2009). 

Reduction in fecundity in the 

present study was recorded for the 

resulted female moths treated as 2
nd

 

and 4
th

 larval instars for the tested 

CSI, these obtained results are in 

agreement with other authors (Butter 

et al., 2003; Saenz-de-Cabenzon et 

al., 2004 ; Khebbeb et al., 2008  ;    

Wang and Tian 2009). The reduction 

in total number of eggs per female in 

this study could be due to 

interference of the tested CSI with 

oogenesis; they induces decrease in 

the concentration of yolk proteins, 

carbohydrates, lipids and inhibition 

in both DNA and RNA synthesis in 

the ovaries of females treated as 

larval instars, moreover they caused 

vacuolation of nurse cells and 

oocytes of the ovaries (Shaurub et 

al., 1998).  

Also reduction in fecundity 

may be due to the reduction in 

longevity and the number of oocytes 

per ovary and the reduction in 

oviposition period ( Soltani and 

Mazouni, 1992). In addition to the 

above factors the maturation of an 

insect egg depend on the materials 

that are taken up from the 

surrounding haemolemph and 

materials synthesized by the ovary in 

suit, these materials includes protein, 

lipids and carbohydrates all of which 

required for embryonic structure 

(Soltani and Mazouni, 1992 and 

Shaurub et al ., 1999). 

Reduction in the percentage of 

egg- hatch obtained in the present 

study could be due to sterilization of 

both eggs and sperms or may be due to 

inability of the sperms to be 

transferred to females during 

copulation (Ismail, 1980). 

Ovicidal activity of the tested 

CSI in the present study could be due 
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to the disturbance in cuticle 

formation of the embryo, (Sallam 

1999), developed embryos were 

enabled to perforate the surrounding 

vitelline membrane, it could be due 

to a weakened chitinous mouth parts 

that was insufficiently rigid to effect 

hatching. Inhibitory effect of the 

tested CSI on the acid phosphates in 

the present study was observed, and 

these obtained results are in harmony 

with these results investigated by 

Mostafa 1993. Acid phosphatase has 

been shown to be associated with 

insect development especially in 

relation to nutrition and egg 

maturation (Ali  2008).  

The present study showed 

that the activities of α-esterase and β-

esterase were reduced significantly 

in treated larvae as compared with 

control, the results showed that the 

reduction in activity was positively 

correlated to increase in dose and 

time post treatments these results are 

in agreement with (Abdel-Hafez et 

al. 1993 and Ali  2008).  

Inhibition of non specific 

esterase's enzymes could be 

suggested the reduction in fecundity 

and fertility, and they could be 

playing a role in the metamorphic 

inhibition.  
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ARABIC SUMMARY 

 

 

علي بعض النواحي البيولوجيت والكيووحيويت لدودة ورق القطي ( فلوفينوكسيروى)تأثير هثبط تكويي الكيتيي 

الكبرى 

 

رضا فضيل علي بكر
1

هحود -هاد هحود البرقيى  -
2-  

هني فوزً عبد العسيس
2-  

هشام هحود السيد عبدالحلين -
2

 

 جبِغت ع١ٓ شّظ –و١ٍت اٌعٍَٛ  –لغُ عٍُ اٌحششاث  -1

جبِغت  بٕٙب  –و١ٍت اٌعٍَٛ  –لغُ عٍُ اٌحششاث  -2

 

وّزبػ  (وبعى١ذ) فٍٛف١ٕٛوغ١شْٚ اٌحششٜ ّٔٛايِٕظُ ي ٠ُ اٌفبع١ٍٗ اٌب١ٌٛٛج١ٗٞأجش٠ج ٘زٖ  اٌذساعت ٌخك  

. اٌّشوب اٚدساعٗ اٌخأر١ش اٌغبَ ٌٙز ،ٚسق اٌمطٓ اٌىبشٞ ةاٌشابع ٌذٚد ٌٚخى٠ٛٓ اٌى١خ١ٓ حجبٖ اٌعّش ا١ٌشلٟ اٌزبٟٔ 

  .بعط الأٔض٠ّبثعٍٟ ٔشبغ  اٌّشوب احأر١شاث ٘ز ةٚبأعخخذاَ اٌجشعبث ححج ا١ٌّّخٗ حّج دساط

اٌعّش ا١ٌشلٟ اٌزبٟٔ ٚاٌشابع  ةِعبًِ عبعٗ ِٓ 24ظحج أخخببساث اٌحغبع١ٗ ٚ رٌه بعذ لذ أٚٚ   

علالٗ خط١ٗ  وبْ ٕ٘بنحذس٠ج١ٗ فٟ إٌغبٗ اٌّئ٠ٛٗ ٌٍّٛث فٟ ا١ٌشلبث ٚ ةإٌٟ حذٚد ص٠بد ةببٌخشو١ضاث اٌّخخٍف

عٍٟ ٌٍفٍٛف١ٕٛوغ١شْٚ رشث اٌخشو١ضاث اٌّخخٍفٗ وّب  أ. إ٠جبب١ٗ ب١ٓ اٌخشو١ض اٌّغخخذَ ٚإٌغبٗ اٌّئ٠ٛٗ ٌٍّٛث

أدث ح١ذ  .ٚسق اٌمطٓ ةج١ٗ بعذ ِعبٍِٗ وً ِٓ اٌعّش ا١ٌشلٟ اٌزبٟٔ ٚاٌشابع ٌذٚدبعط اٌم١بعبث اٌب١ٌٛٛ

ٚجذ أْ ٕ٘بن وّب   .بب١ٌشلبث غ١ش اٌّعبٍِتاٌخشو١ضاث اٌّخخٍفٗ إٌٟ إغبٌٗ عّش اٌطٛس ا١ٌشلٟ اٌّعبًِ ببٌّمبسٔٗ 

 ٚ .فخشة ّٔٛ غٛس اٌعزساء ٌٛحع إغبٌٗ ِع٠ٕٛٗ فٟٚ .علالٗ عىغ١ٗ ب١ٓ اٌخشو١ض اٌّغخخذَ ٚإٌغبٗ اٌّئ٠ٛٗ ٌٍخعزس

حذٚد ٔمص ِعٕٛٞ فٟ ِعذي إٔخبس اٌب١ط فٟ ٚ .حٕبلص ِعٕٛٞ فٟ إٌغبٗ اٌّئ٠ٛٗ ٌخشٚس اٌطٛس ا١ٌبفع

اٌفشاشبث إٌبحجٗ ِٓ ِعبٍِٗ ا١ٌشلبث ٚ حٕبلص إٌغبٗ اٌّئ٠ٛٗ ٌفمظ اٌب١ط ٚ ٚجٛد علالٗ غشد٠ٗ ب١ٓ اٌخشو١ض ٚ 

ِعبٍِت إٌٟ ظٙٛس دسجبث ِخخٍفٗ ِٓ اٌخشٛ٘بث فٟ الاغٛاس ا١ٌشل١ٗ أدث ايوّب  .ٔغبٗ اٌفمظ ٚ وزٌه ٔغبٗ اٌعمُ

ا١ٌشلبث عٍٟ الأغلاخ وّب عجٍج اٌذساعت ظٙٛس  اٌّعبٍِت حشًّ حغ١شاث فٟ اٌٍْٛ اٌخبسجٟ ٚعذَ لذسٖ بعط

وّب حُ حغج١ً غٛس ٚعطٟ ب١ٓ . سٞ ٚفٟ اٌطٛس اٌعزسٞ ابعط الأغٛاس اٌّخٛعطٗ ب١ٓ اٌطٛس ا١ٌشلٟ ٚاٌعز

ٞ عٍٝ حؤرش بشىً ِعٕٛ بٙزا اٌّشوب أْ اٌّعبٍِٗ  ٚ أٚظحج اٌذساعت أ٠عب   .رسٞ ٚاٌطٛس ا١ٌبفعاٌطٛس اٌع

اٌفٛعفبح١ض اٌحبِعٟ ٚ إٔض٠ّبث الأعخ١ش٠ضغ١ش  إٔض٠ُإٌٟ إٔخفبض ٔشبغ ح١ذ أدث . ٔشبغ بعط الأٔض٠ّبث 

. فٟ ا١ٌشلبث اٌّعبٍِت ببٌّمبسٔٗ بب١ٌشلبث غ١ش اٌّعبٍِت (أٌفب ٚ ب١خب)اٌّخخصصٗ 

 

 


