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ABSTRACT 
Two biopesticides Serratia marcescens [Eubacteriales: Enterobacteria] (used at 

MC50, concentration caused 50% malformation )and Bacillus thuringiensis Var. 
kurstaki (used at LC50) and insect growth regulator Teflubenzuron (used at LC 50 
value) were used for treatment of 2nd instar larvae of cotton leafworm, Spodoptera 
littoralis (Boisd.). Sequential combined Effect was carried out by treating 2nd instar 
larvae with LC50   value of B. thuringiensis or Teflubenzuron then the larvae allowed 
to pupate on sawdust treated with S. marcescens at MC50. The effects of these three 
agents were assessed by toxicity, fecundity, fertility, phosphatases activity and total 
carbohydrates. The obtained results revealed that Teflubenzuron is a potent toxin 
(LC50 = 0.113 ppm) compared to B. thuringiensis (LC50 = 165.64 ppm). On the other 
hand, the mode of action of S. marcescens is through malformation (MC50 = 3.09x108 
cfu). All treatments caused a significant reduction in fecundity and fertility.  The 
sequential combined effect showed more reducing effect on the fecundity and fertility 
than the individual treatments. Moreover, the activity of phosphatases and total 
carbohydrates were significantly fluctuated during the different periods of pupal stage. 
The sequential combined effect of Teflubenzuron with S. marcescens caused more 
significant effect on alkaline phosphatase activity than the individual treatment with S. 
marcescens but it was somewhat similar to Teflubenzuron.  Also the sequential 
combined effect treatment of B. thureinginsis with S. marcescens had more effect 
than the individual treatment either with S. marcescens or B. thureinginsis. Moreover, 
all treatments caused significant decreases in total carbohydrates during the pupal 
stage and the sequential combined effect treatments had more decreasing effect than 
the individual treatments. According to the obtained result, S. marcescens could be 
considered as a biopesticide, and become more effective when used in sequential 
treatment with either Teflubenzuron or B. thuringiensis.   
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INTRODUCTION 
The cotton leafworm, Spodoptera 

littoralis (Boisd.) is a highly destructive 
insect pest. The extensive use of 
insecticides to control S. littoralis larvae 
has led to several problems as 
development of resistance and residual 
effects (Frank et al., 1990). Thus, 
attention was directed to search for 

alternative control agents with new 
modes of action. Among these agents are 
insect growth regulators (IGR's) and 
microbial control agents. IGR's have 
been classified as “bio-rational“to 
distinguish them from conventional 
insecticides. These compounds are 
selective and specific to the target pest 
(Metcalf et al., 1975). Moreover, they 
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elicit their primary action on insect 
metabolism and ultimately affecting 
development and growth of the target 
insect. They induce morphological 
abnormalities as well as death of treated 
insects. These characteristics made them 
most promising as new control agents for 
controlling S. littoralis larvae. On the 
other hand, the bacterium B. 
thuringiensis, proved to be a highly 
successful weapon for fighting some 
agricultural pests and it offer many 
advantages over chemical insecticides. B. 
thuringiensis is known to be one of the 
most pathogenic species of bacteria, 
which induce larval mortality after a 
course of infection stages. The interest of 
using such agent as a microbial bio-
insecticide was increased since 1970 
(Dulmage and Co-operators, 1981). The 
bacteria of the genus Serratia are often 
associated with insects and have the 
behavior of a facultative pathogen. 
(Trevor et al., 2004).  In general, Serratia 
marcescens is not pathogenic to insects 
when present in the digestive tract in 
small numbers, but once it enters the 
hemocoel it multiplies rapidly and causes 
death in one to three days (Sikorowski, 
1985). Furthermore, chitinase producing 
bacteria S. marcescens caused significant 
physiological and morphological effects 
on pupal and adult stages where it caused 
a significant increase in the proportion of 
pupal mortality, adult malformation and 
sterility with treated moths and also 
affected some enzymes activity (Tolba, 
2006). The objective of this work is 
directed to study the assessment of S. 
marcescens as an biopesticide against S. 
littoralis with comparison to B. 
thuringiensis Var. kurstaki and the insect 
growth regulator Teflubenzuron as a 
chitin synthesis inhibitor and evaluation 
of sequential combined effect of S. 
marcescens with either B. thuringiensis 
or Teflubenzuron for controlling S. 
littoralis.  

MATERIALS AND METHODS 
Rearing technique 

The stock culture of the cotton 
leafworm, Spodoptera littoralis (Boisd.) 
was obtained from a laboratory strain 
maintained for several generations 
without any insecticidal or microbial 
pressure, in the Cotton leafworm 
Research Dept, Plant Protection Research 
Institute, Agricultural Research Centre, 
Dokki, Giza. The insect was reared on 
castor-oil leaves, Ricinus communis; 
under laboratory conditions at 25 ± 2 °C 
and 60 ± 5 % R.H. 2nd and late 6th instars 
larvae were used in the current work. 
Control agents 
 Biopesticide 
Protecto: It is a wettable powder 
formulation, based on Bacillus 
thuringiensis Var. kurstaki. It contains 
lepidopteran toxin 9.4 % produced by the 
Plant Protection Research Institute, 
Agricultural Research Centre, Dokki, 
Giza, Egypt. 
Serratia marcescens: Chitinase-
producing bacterial strain belongs to 
Enterobactieraceae isolated from 
Egyptian Soils. The isolated bacterial 
strain was formulated as a biocontrol 
agent for controlling parasitic nematodes. 
It was produced by Soils, Water and 
Environ. Res. Inst. Agriculture research 
center, and distributed on a commercial 
scale (trade name, Nemaless) 
IGR 
Common name: Teflubenzuron. 
Trade name: No moult 15 % S.C.  
This IGR has been obtained from 
Sumitomo Chemical Co., Ltd., Japan. 
Bioassay trials 

Preliminary tests for the individual 
treatments were carried out using series 
of concentrations (in water) for each of 
the bio-agent, Serratia marcescens (105, 
106,107,108.109) colony forming unit/ml  
(cfu/ml), B. thuringiensis (44.187, 
88.375, 176.75, 352.5, 705, 1410 ppm) 
and the chitin synthesis inhibitor 
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Teflubenzuron (0.02, 0.04, 0.08, 0.16, 
0.32, 0.64 ppm). Sawdust was treated 
with each concentration of Serratia 
marcescens in glass jars and offered to 
late 6th instar larvae to pupate on it. The 
offered treated sawdust was in a wettable 
form, while, in case of Teflubenzuron 
and B. thuringiensis, the use of leaf-
dipping technique was carried out 
according to Abo El-Ghar et al., 1994. 
Castor bean leaves, R. communis, were 
dipped in each concentration then left to 
dry at room temperature and these were 
offered to the newly moulted 2nd instar 
larvae. Larvae were allowed to feed for 
24 hrs. then, they were provided with 
fresh, clean and untreated castor bean 
leaves until pupation. Larvae that fed on 
untreated castor bean leaves were used as 
control for Teflubenzuron and B. 
thuringiensis treatments whereas larvae 
kept in untreated sawdust were 
considered as control for Serratia 
marcescens. In all treatments, three 
replicates were carried out for each 
concentration; each replicate consisted of 
20 larvae. The larval mortality and adult 
malformation percentages were 
determined. The data were then subjected 
to probit analysis (Finney, 1971) to 
obtain the LC50 values of both 
Teflubenzuron and B. thuringiensis as 
well as the concentration which causes 
50% adult malformation (MC50) for S. 
marcescens. The sequential combined 
effect treatments of S. marcescens either 
with B. thuringiensis (Bt/Serr) or 

Teflubenzuron (Teflu /Serr)were carried 
out by treatment of the 2nd instar larvae 
with the obtained LC50 either of B. 
thuringiensis or Teflubenzuron then , at 
the end of larval stage , the late 6th instar 
larvae were allowed to pupate on sawdust 
treated with S. marcescens at the MC50 

.The Toxicity index of the tested 
compounds was determined according to 
Sun (1950) as follows:                                                             
Toxicity 
index = 

LC50 of the most toxic compound X 
100 
 

LC50 of other compounds 

Biological studies: 
      In all treatments, either the individual 
or the sequential treatments, the larvae 
were examined daily.  The number of 
eggs deposited by mated female moth 
and the percentage of egg hatchability 
were recorded. Mating processes 
occurred according to the following 
combinations:  Treated female x treated 
male, Treated female x untreated male, 
untreated female x Treated male and 
untreated female x untreated male 
(control). Each mating combination 
consisted of newly emerged of ratio one 
male to one female. Three replicates 
were carried out for each mating 
combination. Fecundity and fertility of 
Spodoptera littoralis moths in each 
treatment were determined.  Fecundity 
was measured as the total number of eggs 
laid/female. The deterrent index based on 
the number of eggs in treatment and 
control assays was calculated according 
to Lundgren (1975) as follows: 

 
  

 
Where; A = number of eggs/female 

in control and B = number of                       
eggs/female in treatment. The egg 
hatchability % (fertility) was determined.  

 
 
Biochemical Analysis  
Preparation of samples for 
biochemical analysis: 

Pupal homogenate samples were 
collected after 2, 4, 6, 8, 10, 12 and 14 
days of pre-pupation and were 
homogenized in distilled water using a 

Deterrent X 100A + B
A - B

=index

Deterrent X 100A + B
A - B

=index
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Teflon homogenizer surrounded with a 
jacket of crushed ice for 3 minutes. 
Homogenates were centrifuged at 6000 
r.p.m. for 10 minutes at 5°C. The 
supernatant was divided into small 
aliquots (0.5 ml) and stored at-20 °C 
until analysis. Three replicates were used 
for each biochemical determination. 
Determination of phosphatases activity 

Acid and alkaline  phosphatase activities 
were  measured according to the method 
of Laufer and Schin (1971). 
Determination of total carbohydrates 
Total carbohydrates were  determined as 
described by Singh and Sinha (1977). 
Statistical analysis 
 Data were analyzed by ANOVA using 
SAS package.            

 
RESULTS AND DISSCUSION 

Toxicological effects:  
      Data in Table (1) showed the 
susceptibility of the 2nd instar larvae of S. 
littoralis towards B. thuringiensis and 
Teflubenzuron compounds. The LC50 of 
Teflubenzuron is 0.113ppm, whereas, it 
is 165.64ppm in case of B. thuringiensis. 
Based on LC50 values, it is obvious that 
both compounds caused considerable 
toxic effects against the 2nd instar larvae 

of Spodoptera littoralis particularly in 
case of Teflubenzuron which had drastic 
toxic effects comparing to B. 
thuringiensis toxicity. On the other hand, 
S. marcescence had no toxic effects 
against larvae.  However it has the ability 
to cause a high malformation percentage 
to Spodoptera littoralis. The 
concentration which causes 50 % adult 
malformation is 3.09x108 cfu. 

 
Table 1: Toxicity of B.thuringiensis , teflubenzuron and MC50  of Serratia marcescence to Spodoptera 

littoralis.  

Toxicity Index X2 
(df) 

Slope ± 
S.E. 

95% Fiducial Limits 
LC50 

(ppm) 
Agent  

0.068 
0.523 

(5) 
1.59 ± 
0.12 

208.31 128.21 165.64 B.thuringiensis 

100 9.94 (5) 
1.59 ± 
0.13 

0.171 0.075 0.113 Teflubenzuron 

Serratia marcescence concentration which causes 50% adult malformation to spodoptera littoralis (Boisd). 

Toxicity Index X2 
Slope ± 

S.E. 
95% Fiducial Limits 

*MC50 

** (cfu) 
Agent 

- 
0.966 

(4) 
0.29 ± 
0.055 

3.81x109 7.7x107 3.09x108 Serratia marcescence 

* MC50  :Concentration caused 50% adult malformation. 
  ** (cfu) : colony forming unite .               

 
The toxicity of B. thuringiensis to 

S. littoralis larvae is due to the 
production of crystalline δ-endotoxin 
(cry) protein during the sporulation stage 
of B. thuringiensis life cycle. On 
digestion by susceptible larvae, the active 
toxin generated from the protoxin binds 
to the receptors on gut epithelium. This 
leads to paralysis of gut and mouth parts 
causing death of larvae (Aronson et al. 
1986). On the other hand, Teflubenzuron, 
a potent chitin synthesis inhibitor 
classified as insect growth regulator, 

inhibits the synthesis of chitin in larvae 
which have ingested it; causing the 
integument to become fragile, and 
leading to mortality during the moulting 
(Ascher and Nemny, 1984). S. 
marcescens as chitinase producing 
bacteria is one of the most effective 
bacteria for degradation of chitin. S. 
marcescens chitinases may find 
applications as biocontrol agents against 
insects Brurberg et al. (2000). This might 
explain the high malformation percentage 
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in S.littoralis treated with S. marcescens 
obtained in the present work.  
Biological effects. 
 Fecundity:  

Data in Table (2) indicated the 
changes in the fecundity (number of eggs 
laid per female) and oviposition deterrent 
index (OVDI) of spodoptera littoralis.  
The obtained results showed that, in all 
treatments, the highest reduction in the 

fecundity, together with the highest 
oviposition deterrent index were obtained 
for treated female mated with treated 
males, followed by treated females mated 
with normal males. On the other hand, 
the highest fecundity and consequently 
the lowest OVDI were obtained when the 
males were only treated. 

 

 
Table 2: Effect of treatment of 2nd instar larvae of spodoptera littoralis  with LC50 levels of 

B.thuringiensis, teflubenzuron and concentration which causes 50 % adult malformation of S. 
marcescence and their combined effect on the No. of eggs/female (fecundity) and oviposition 
deterrent index  (OVDI) (*mean values ±  SE). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    *Means with the same letter(s) are not significantly different. 
    **OVDI: Oviposition deterrent index   

 
This may indicate that the females 

were more sensitive to the tested 
compounds than the males. Moreover, in 
all mating combinations of all treatments, 
the fecundity of the resulting treated 
females was significantly decreased as 
compared to control. In The individual 
treatments, Teflubenzuron had higher 
reducing effect on the fecundity 
particularly for treated female mated with 
treated males (OVDI =75.82) than the 
individual treatment either with S. 
marcescens (OVDI = 41.86) or B. 
thuringiensis which had the less reducing 
effect (OVDI = 31.47). Therefore, S. 
marcescence as a biopesticide is more 
effective on the fecundity than B. 

thuringiensis but it less effective than 
Teflubenzuron . Moreover, the sequential 
combined effect treatments had higher 
reducing effect than the individual 
treatments where, Teflu /Serr treatment 
caused higher significant decreases in the 
fecundity of all combinations than the 
individual treatments with both S. 
marcescens and Teflubenzuron 
particularly for treated female mated with 
treated males. Also Bt/Serr treatment had 
reducing effect which was higher than 
the individual B. thuringiensis but it was 
similar to the individual treatment with S. 
marcescens.  As compared to their 
control, it is clear that S. marcescens 
clearly enhances the reducing effect 
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either of B. thuringiensis or 
Teflubenzuron on S. littoralis fecundity.  

The reduction in the fecundity of S. 
littoralis treated with S. marcescens was 
similar to that obtained by Tolba (2006) 
who found that S. marcescens 
significantly reduced the fecundity of A. 
ipsilon. In addition Abd El-Hameed 
(1995) found a significant reduction in 
fecundity of the Pectinophora 
gossypiella after treatment with B. 
thuringiensis. Moreover, Abdel-Aal and 
Abdel-Khalek (2006) found that 
Teflubenzuron significantly decreased 
the fecundity percentage of S. littoralis 
especially when treated females mated 
with treated males.  
Fertility%    

Data in Table (3) showed changes 
in the fertility % (eggs hatchability %) of 
S.  littoralis. the obtained results revealed 
that all treatments in all mating 
combinations cause a significant decrease 
in fertility  of  S. littoralis as compared to 
control . The fertility followed the same 
pattern of that of fecundity (the lowest 
fertility percent was obtained in mating 
combinations contained treated females), 
emphasizing that the females were more 
sensitive to the tested compounds than 
the males.  

The highest reduction in fertility 
was obvious in case of the sequential 
combined effect treatment Teflu /Serr. 
The reduction effects in the fertility were 
follow the sequence Teflu /Serr 
>Teflubenzuron> S. marcescence> 
Bt/Serr > B. thuringiensis, where, the 
fertility reduced to 15.15, 22.43, 35.23, 
45.23 and 57.33 % when treated female 
mated with treated male, respectively. 
While, the reduction effects in the 
fertility were follow the sequence Teflu 
/Serr> Teflubenzuron> Bt/Serr > S. 
marcescens> B. thuringiensis, where, the 
fertility reduced to 39.55, 47.70, 55.52, 
59.58 and 69.56 % when treated female 
mated with untreated male, respectively, 
as compared with control (the fertility 
being 98.25%). These results reflect the 
higher reducing effect of S. marcescence 
as a biopesticide on the fertility than B. 
thuringiensis whereas Teflubenzuron had 
higher reducing effect on the fertility 
than B. thuringiensis and S. marcescens. 
Also, it is clearly appeared the 
synergistic effects of S. marcescens in 
the sequential treatment either with 
Teflubenzuron or B. thuringiensis on the 
fertility of S. littoralis.  

 
Table 3: Effect of treatment of 2nd instar larvae of spodoptera littoralis with LC50 levels of 

B.thuringiensis, teflubenzuron and concentration which causes 50% adult malformation of S. 
marcescence and their combined effect on the egg hatchability %. 
 
 
 
 
 
 
 
 
 
 
 

*Means with the same letter(s) are not significantly different. 
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Desneux et al. (2007) reported that 

reduction in the fecundity associated with 
pesticides may be due to both 
physiological and behavioral effects. The 
authors suggested also that insect growth 
regulators such as Teflubenzuron may 
induce mere long-term effects on 
fecundity than, for example, neurotoxins. 
Whereas, Haseeb and Amano (2002) 
recorded reduction in parasitism, when 
Teflubenzuron investigated by Cotesia 
plutella adults and suggested that this 
insect growth regulator may affect 
oogenesis and the development of laid 
eggs. Hussein et al. (2005) proposed that 
Cry 3Aa protein sequestered by S. 
littoralis binds to ovarian cadherin-like 
Cry receptors and disturbs the formation 
of functional egg chambers.   

This may explain the reduction in 
fecundity and fertility after treatment 
with B. thuringiensis. The reduction in 
fecundity of S. littoralis treated with S. 
marcescens might be attributed to the 
high adult malformation that may prevent 
males to reach or identify the females for 
mating process. The higher reduction in 
the fecundity and fertility in the 
sequential combined effect treatments 

compared to the individual treatments is 
due to the effect of two stress factors that 
reflect the synergistic effect of these 
treatments on S.littoralis  
Biochemical Effects: 
Effects on acid and   alkaline 
phosphatase activities: 
Effects on acid phosphatase activity: 

Table (4) shows acid phosphatase 
activity in pupal stage of S. littoralis. The 
obtained results indicated that, in the 
individual treatments, S. marcescens as 
well as Teflubenzuron exhibited 
stimulating effect on acid phosphatase 
activity during pupal stage except the last 
two times for S.  marcescens where the 
activity were reduced to 14.42 %  and 
74.93%, respectively. On the other hand, 
individual treatment with B. thureinginsis 
caused significant decrease in acid 
phosphatase activity during pupal stage 
except the 2nd and 6th day of pupation, 
where significant increases were 
observed in activity comparing to the 
control. In general, during the pupal 
stage, the effect of Teflubenzuron was 
higher than S.  marcescens which has a 
higher effect than B. thureinginsis .  

 
Table 4: Changes in acid phosphatase activity (µg phenol/min/g body weight)  in pupal stage of 

Spodoptera littoralis treated with Serratia  marcescence at concentration causes 50% 
malformation,  LC50 of B. thureinginsis, Teflubenzuron and their combined effects (*Mean ± 
SE). 

 
 

 
 
 
 
 
 
 
 
 
 
 

*Means with the same letter(s) are not significantly different. 
** The reduction and induction percentage in the enzyme activity with compared to control.      
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In the sequential combined effect 

treatments, Teflu /Serr had more 
stimulating effect by 247.79% and 
161.49% at first two times, respectively, 
than that of both treatments with S. 
marcescens (78.27% and115.48%, 
respectively) and Teflubenzuron 
(134.04% and 100.54%, respectively), 
whereas, it caused less effect on acid 
phosphatase activity at the other times of 
pupation than that of both individual 
treatments with S. marcescence and 
Teflubenzuron, as compared to control. 
Regarding to Bt/Serr, significant 
decreases during pupal stage comparing 
to control were found, whereas, it still 
less effective as comparing to treatment 
with B. thureinginsis.  
Effects on alkaline phosphatase activity: 

Table (5) shows changes in the 
alkaline phosphatase activity during 
pupal stage of S. littoralis. The obtained 
results revealed that ,in the individual 
treatments, Significant decreases from 8th 
to 12th day of pupation were observed in 
case of Teflubenzuron treatment which 
was higher than that of B. thureinginsis 

.whereas, S. marcescens had less 
reducing effect on the alkaline 
phosphatase activity . also, the individual 
treatment with Teflubenzuron caused 
significant increases higher than S. 
marcescens at the first two times of 
pupation . In the sequential combined 
effect treatments, Teflu /Serr caused 
more effect of induction at 2nd day than 
that of individual treatments either of S. 
marcescens or Teflubenzuron in addition 
more pronounced reduction at last three 
times (-76.64%,-91.51% and -86.61%, 
respectively) than that of S. marcescens 
(-16.14%,-22.17% and -35.68%, 
respectively) as compared to control. 
Moreover, Bt/Serr behave the same trend 
of S. marcescens  except that Bt/Serr  has 
more significant elevation effect at 4th 
and 6th days (109.46 % and 214.93 
%,respectively.) as well as more reducing 
effect at the last three times (-58.16%,-
35.51%, and-59.42%, respectively) than 
that of individual S. marcescens, as 
compared to control.  

 
Table 5: Changes in Alkaline phosphatase activity (µg phenol/min/g body weight)  in pupal stage of 

Spodoptera littoralis treated with Serratia  marcescence at concentration causes 50% 
malformation, LC50 of B. thureinginsis, Teflubenzuron and their combined effects (*Mean ± 
SE). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

*Means with the same letter(s) are not significantly different. 
  ** The reduction and induction percentage in the enzyme activity with compared to control .    
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The results either of S. marcescens 

or Teflubenzuron were in agreement with 
those reported by Tolba (2006) when A. 
ipsilon pupae were treated either with S. 
marcescens or Flufenoxuron. On the 
other hand, the decreased activity in acid 
phosphatase due to B. thureinginsis 
treatment is similar to Kamel et al. 
(2010) who found decrease in acid 
phosphatase activity of S. littoralis larvae 
after 48hrs post-treatment with B. 
thureinginsis commercial formulations 
(Agerin, Dipel 2x and Dipel DF ), 
whereas , it was increased after 120 hrs. 
for Agerin. The increase in acid and 
alkaline phosphatase activities during the 
first period of pupation following 
treatment with S. marcescens may be due 
to the bacterial growth inside the insect 
body, this process required more energy 
and nutrients, so the insect increases acid 
and alkaline phosphatase activities to 
compensate the reduction in energy and 
in tissues development (Tolba 2006). On 
the other hand, the decrease in alkaline 
phosphatase activity might be due to the 
partial lysis of pupal tissues and some of 
these tissues were retained in the formed 
adult.  Thus, the retention of pupal 
tissues was a result of the depression in 
the alkaline phosphatase activity that led 
to failure in the formation of normal 
healthy adults (Bassal and Ismail, 1985). 
Acid and alkaline phosphatases have 
been shown to be associated with insect 
development especially in relation to 
nutrition and egg maturation (Tsumuki 
and Kanehisa 1984). Acid phosphatase 
has received considerable attention in 
developmental studies because of its 
association with histolysis. This later 
process is appreciable at the 
metamorphic moults of holometabolous 
species to which S. littoralis belongs. 
This may explain the decrease in 
fecundity and fertility of these 
compounds and their sequential 

combined effects toward S. littoralis 
which obtained in the present study.   
Effects on Total Carbohydrate contents:  

Table (6) shows changes in total 
carbohydrate content in pupal stage of S. 
littoralis the obtained results revealed 
that all treatments cause significant 
decreases in total carbohydrate content at 
all times compared to control except the 
individual treatment with Teflubenzuron 
in which  there were significant increases 
at 2nd  and 10th days, whereas, significant 
decreases were observed at the other 
times. The decrements for the individual 
treatment with S. marcescens were 
gradually pronounced with time reaching 
drastical decreases at 10th and 12th days 
of pupation time, which more effective 
either than B. thureinginsis at the time 
from 4th to 14th days of pupation or 
Teflubenzuron at 4th, 6th, 8th, 12th and 14th 
day of pupation time.  Moreover, the 
sequential combined effect treatment, 
Bt/Serr, had higher reducing effect at all 
times than the individual treatment with 
B. thureinginsis and than the individual 
S.  marcescence from 2nd to 10th days of 
pupation time. On the other hand, the 
sequential combined effect Teflu /Serr 
had reducing effect at 4th, 6th, 8th, 12th and 
14th days of pupation which was higher 
than those of individual treatment with 
Teflubenzuron. Thus, it is worth to 
mention that all treatments contained S. 
marcescens induced more reducing effect 
on total carbohydrate content of S. 
littoralis pupae than those of 
Teflubenzuron or B. thureinginsis alone. 
Therefore, it could be stated that S. 
marcescens enhances the reducing effect 
either of Teflubenzuron or B. 
thureinginsis on the carbohydrates 
content of S. littoralis.  

 Similar results were reported for 
total soluble carbohydrate content of 
pupae of A. ipsilon after pupation in 
sawdust treated with S. marcescens or 
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Flufenoxuron (Tolba, 2006) as well as 
for total soluble carbohydrate content of 
6th instar larvae of Tribolium castaneum 
treated with Bacillus thuringiensis 
(Saleem et al., 1995). 

The decrease in total soluble 
carbohydrate content of untreated pupae 

could be attributed to convert it into 
glucose for supporting all life processes. 
However, the decrease in total soluble 
carbohydrate content of treated pupae 
could be attributed to metamorphic 
changes in pupa. 

 
Table 6:  Changes in total carbohydrates (mg glucose/g body weight) in pupal stage of Spodoptera 

littoralis treated with Serratia  marcescence at concentration causes 50% malformation,  LC50 of 
B. thureinginsis, Teflubenzuron and their combined effects (*Mean ± SE). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
*Means with the same letter(s) are not significantly different. 
** The reduction and induction percentage in the enzyme activity with compared to control .    

 
During this stage, the carbohydrate 

content supply the body with glucose 
which provides an energy source for 
synthesis of pupa and adult tissues, 
especially the cuticle. Carbohydrates are 
necessary for the normal functioning of 
the male and female reproductive 
systems, as well as for the development 
of the embryo. In males, sugars form an 
important constituent of the reproductive 
glands and most of the carbohydrates of 
reproductive system were present in the 
testes. In the females system, 
carbohydrates are necessary for 
vitellogenesis and for the formation of 
the glycosaminoglycans present in the 
vitelline membrane and chorion. 
Vitellogenesis involves the accumulation 
within the oocyte of carbohydrate, lipid 
and protein yolk to meet the structural 

and metabolic needs of the developing 
embryo (Chippenadale, 1978). 

Serratia marcescens caused a high 
gradual decrease in total carbohydrates in 
S. littoralis pupae because of their 
requirements to glucose as energy and 
carbon source for propagation and 
growth. This may decrease the available 
carbohydrates in treated insect especially 
glucose which plays an important role in 
energy supply, adult maturation (sperm 
and oocyte development) and builds up a 
new chitin (Tolba, 2006). This may 
explain the reduction in fecundity and 
fertility in the treated insect. Also; this 
may explain the higher reduction in the 
fecundity and fertility for sequential 
combined effect treatments than those of 
individual treatments either with 
Teflubenzuron or B. thureinginsis.  



Biological and Biochemical Effects of B. thuringiensis, S. marcescens and Teflubenzuron  11

CONCLUSION 
Finally, it could be concluded that 

Serratia marcescens has the potentialities 
to reduce population density of S. 
littoralis (fertility and fecundity). 
Serratia marcescens also has the ability 
to increase adult malformation. The 
obtained results also clearly revealed that 
the effect of S. marcescens on the 
biological aspect was higher than B. 
thureinginsis, thus, S. marcescens can 
consider a good biopesticide. Also, S. 
marcescens enhances the effect of both 
B. thureinginsis and Teflubenzuron on 
the biological and biochemical aspects of 
S. littoralis. Therefore, S. marcescens 
could be used either with B. thureinginsis 
or Teflubenzuron through sequential 
treatments as a good way for the 
biological control.  
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ARABIC SUMMARY 
 

  
سيراشيا  التأثيرات البيولوجية والبيوكيميائية لبكتيريا باسلليس ثيورينجينسيز ودراسة مقارنة على 

دودة ورق القطن ضد  المتعاقبة منظم النمو الحشرى تيفلوبينزورون وأيضا تأثيراتھم المشتركة و مرسيسنس
  .).بويذد( سبودوبتيرا ليتوراليس

 
  4صفوت حسن علي - 3عبد المنعم محمد االعسر -  2مير رافعھبة س -  1طارق عفيفي عبد الحميد الشيخ

  مركز البحوث الزراعية الدقي الجيزة  –معھد بحوث وقاية النباتات  -1
  مركز البحوث الزراعية الدقي الجيزة –معھد بحوث وقاية النباتات  -2 

  جامعة عين شمس –كلية الزراعة  –قسم الكيمياء الحيوية  -3 
  جامعة عين شمس –كلية الزراعة  –يوية قسم الكيمياء الح -4

     
شتمل البحث على دراسة بعض التأثيرات البيولوجيه و البيوكيميائيه  الناتجه عن استخدام التركيز ا

والتركيز القاتل سيراشيا مرسيسنس المعامل بھا فى التربه  من الفراشات لبكتيريا% 50المتسبب فى تشوه 
ومنظم النمو الحشرى ) بكتيريا باسلليس ثيورينجينسيز(بروتيكتو للنصف لكال من المستحضر التجارى 

تيفلوبينزورون ضد العمر الثانى لدودة ورق القطن وايضا تاثيراتھم المشتركة من خالل معاملة العمر الثانى 
لتربه  بالتركيز القاتل للنصف لكال من الباسلليس ثيورينجينسيز والتيفلوبينزورون ثم تعريض اليرقات عند التعذير

ظھرت كل المعامالت أ.من الفراشات% 50التركيز المتسبب فى تشوه سيراشيا مرسيسنس عند  معامله ببكتيريا
  .نقص معنوى فى نسب وضع وفقس البيض والذى كان أكثر  وضوحا فى معامالت  التاثيرات المشتركه 

على نشاط انزيمات الفوسفاتيزالقلوي والحامضي والمحتوى  تسببت المعامالت فى تاثيرات معنويه  
حيث تسببت المعامله بكال من . في الفترات المختلفة للطور العذري  الكلى للكربوھيدرات للعذارى 

إنزيم الفوسفاتيز الحامضي على مدار فترات الطور  الى زيادة نشاط  سيراشيا مرسيسنسالتيفلوبينزورون وال
إنزيم  نشاط سيراشيا مرسيسنس حيث حدث انخفاض معنوى فىالر فترتين فى المعامله بالعذرى ما عدا اخ

 معاملة العمر الثاني  بعد في التربة سيراشيا مرسيسنس المعاملهبينما ادت ال الفوسفاتيز الحامضي
الولى ثم إنزيم الفوسفاتيز الحامضي على مدار الثالث فترات ا التيفلوبينزورون الى زياده معنويه فى نشاطب

انخفاض  معنوى بينما تسببت المعامالت االخرى ايضا  في . انخفض النشاط بعد ذلك حتى نھاية الطور العذرى
سيراشيا مرسيسنس سواء المعاملة الأدت . في نشاط إنزيم الفوسفاتيز الحامضي في معظم فترات الطور العذرى 

إنزيم  والتيفلوبينزورون الى زياده معنويه فى نشاطأالباسلليس ثيورينجينسيز  فرديا او بعد كال من معامالت
بينما . الفوسفاتيز القلوى على مدار الثالث فترات االولى ثم انخفض النشاط بعد ذلك حتى نھاية الطور العذرى 

ايضا تسببت كل . الباسلليس ثيورينجينسيز الى انخفاض معنوى على مدار الطور العذرى دت المعامله بأ
والنتائج التى  .حتوي الكلي للكربوھيدرات في معظم فترات الطور العذرىنخفاض معنوى فى المالمعامالت فى ا

يمكن اعتبارھا مبيد حيوى وتكون أيضا أكثر تأثيرا  سيراشيا مرسيسنس بكتيرياتم الحصول عليھا تشير الى أن 
    .  والتيفلوبينزورونأالباسلليس ثيورينجينسيزفى المعامالت المشتركة بالتتابع مع 

 
 


