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ABSTRACT  
 

Lufenuron (Match 5%) was tested at the concentrations (0.0001 & 0.00001 µl) on the growth, development 
and chitin synthesis of Spodoptera littorais larvae (Boisd.). The results showed that Lufenuron treated larval 
instars were profoundly growth inhibited accordingly the weight gain was drastically reduced.   Lufenuron 
exhibited an inhibitory effect on the adult emergence after treatment with both concentration levels. Both 
concentrations caused higher mortality in larval stage in the 5th than in the 6th instar larvae. Moreover, 
Lufenuron had a latent effect on egg hatchability was strongly observed, with the average being 44.76 and 53.24 
% for 5th instar larvae treated with 0.0001 and 0.00001 µl respectively. The histological examinations showed 
highly histopathological disturbances in the body wall cells of  6th larval instar (after treatment of 5th  larval 
instar by 0.0001µl Lufenuron) showed destruction in the cuticle layers, fissures in the endocuticle and irregular 
distribution of the hypodermal cells.  
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Introduction 
 

Due to the appearance of high resistance to many chemical pesticides and resurgence of chemical pesticides 
there is growing interest in the use of bioinsecticides such as compounds based on bacteria, fungi, insect growth 
regulators and botanical pesticides (Rao et al. 1990; Mourad et al. 2008, and Atwa et al 2010). These groups 
have modes of action different from those of conventional products (Ascher 1993; Thompson et al. 1999); also, 
their properties may differ considerably from the conventional chemicals with which growers are familiar. 

 The use of IGRs compounds in insect control is known as insect 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 example Spodoptera litura (Wang & Tian 2009) and S. littoralis 
(Gelbic et al. 2011). 

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, Abdel Rahman et al 2007). 
These compounds are effective suppress of development for the entire life cycle on insects (Verloop and Ferrel, 
1977 and Gelbic et al 2011). However, these compounds, also, affect the hormonal balance in insects, thereby 
resulting in physiological disturbances, such as inhibition of DNA synthesis (DeLoach et al., 1981); alteration of 
carbohydrates (Ishaaya and Ascher, 1977); increase in phenyoxidase activity (Deul et al., 1978); and cuticular 
lipids (Salama et al., 1976). 

Lufenuron (Match 5%), is assorted in a group among chitin biosynthesis inhibitors, or IGR, in general. The 
present study was undertaken to investigate its effect on certain biological aspects and the effect of the tested 
compound on integument (cuticle) and the midgut of the larvae for controlling S. littoralis larvae as suitable 
mean for use in programs of integrated pest management (IPM). 
 
Material and Methods 
 
Insect Rearing: 

 
Spodoptera littoralis were obtained from a colony maintained in National Research Center, Pests and Plant 

Protection laboratory without exposure history to insecticides. Larvae were reared on fresh castor leaves, 
Ricinus communis L.ere26+1~ 

All rearing steps of the colony and experiments were kept under laboratory conditions of 27±2 Cº and R.H. 
70±5 %. 
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Chemical:  
 

 
Lufenuron 
 

Lufenuron – RS 1- (2, 5-dichloro-4- (1, 1, 2, 3, 3, 3 - hexafluorapropoxyl) phenyl) 3-(2, 6-difluorobenzoyl) 
urea. CGA-184,699. The commercial name is Match 5%. 
 
Bioassay:  

 
Two concentration levels of the chitin biosynthesis inhibitor Lufenuron (match 5%) were prepared using the 

distilled water 0.0001 and 0.00001µl, the concentration range was chosen depending on some preliminary trials 
carried out on the present tested insect. Feeding technique was applied using fresh disc of castor leaves, R. 
communis L after dipping for 5 minutes in each concentration level and dried on room temperature. Feeding on 
known weight of treated food plant was allowed daily for both the newly moulted 5th and 6th instar larvae. fifteen 
replicates were used for each concentration and for each instar .Other disc of castor leaves were dipped in 
distilled water only and used as control .The larvae were starved for about 5 h before feeding, feeding continued 
till larvae reached the prepupal stage. Unconsumed food, dead larvae and faeces were removed daily before 
introducing fresh leaves.  

Daily inspections were carried out until adult, daily weight of larvae, larval and pupal duration, pupal 
weight, % of larval mortality, % of pupal mortality (including malformation pupae) and adult emergency were 
recorded. Adult fecundity was determined by recorded the number of laid eggs and the percentage of 
hatchability. 

The food and its residual were weighted daily, amount of ingested leaves (food consumption) and the 
discards (faeces and exuviae) were measured for both treated and untreated larvae. The following aspects were 
calculated according to (Waldbaure 1968). All the calculation based on the fresh weight of the different data in 
gm.  
                                (GL-TL)  
Growth inhibition = --------------×100  
                                    GL  
 
GL= larval weight gain in control  
TL= larval weight gain in treated  
                                             F  
Consumption index (CI) = --------  
                                             TA  
F= fresh weight of food eaten  
T= duration of feeding period (days)  
A=Mean fresh weight of larvae during feeding period 
The weight gain = daily weight of larvae –initial weight of larvae 
The developmental rate was calculated using the equation according to (Bakr et al. 2008): 
 Developmental rate = 100/mean duration of larvae (in days). 
 
Histological studies: 
 

High level of concentration 0.0001 µl of the tested compounds (Lufenuron) was chosen to clarify their 
effects on the histopathology of the cuticle and mid-gut of 6th larval instar surviving after treatment of the 5th 
larval instar with the compound. These larvae were dissected in 0.85% Saline solution, and the specimens of 
body wall and mid gut were fixed separately in alcoholic Bouins solution for 24 hours, washed in ethanol (70%) 
and, then two changes (for about 15 minutes) in absolute ethyl alcohol (100%) for dehydration. The dehydrated 
organs were cleared in methyl benzoate for about 24 h, washed in toluene for three-five minutes, and then 
transferred to liquid Paraffin (melting point 58oC) for two-three h changes. The embedded in liquid paraffin, 
sectioned at 5 μm, and stained as described by (Sumner and Sumner 1969). Control sections of non- treated 
larvae were also prepared and studied by the same way  
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Statistical analysis: 
 
The statistical significance of differences between individuals means were determined by using one way 

ANOVA test.  
 
Results: 
 
1‐ Effect of Lufenuron on some biological aspects of Spodoptera littoralis : 

 
Feeding of 5th and 6th larval instar of S. littoralis on discs of castor leaves treated with Lufenuron at 0.0001 

and 0.00001 µl conc. had remarkable effects on larval development .Data obtained in table (1&2) illustrate that 
there was a significant prolongation (p<0.001) for both larval stages, the 5th larval duration lasted 6.31 and 5.76 
days till pupation when fed diet treated with 0.0001 and 0.00001 µl conc.  respectively, comparing with 4.67 
days for control larvae while the 6th larval instar treated with high and low level conc. 0.0001 and 0.00001µl of 
Lufenuron showed a slightly significant retardation (p<0.05) in larval and pupae with compared with control 
.With respect to the effect of Lufenuron on the percentage of larval mortality of 5th larval instar data in table (1) 
clarify a significant correlation between larval mortality and Lufenuron conc. The maximum % of mortality 
occurred when larvae fed on leaves treated with 0.0001 µl conc. (53.3%) compared with control (13.3%) while 
this percentage decrease to less than 10% in 6th larval instar (table 2). On the other hand (fig 4) appear 
increasing in the percentage of the pupal mortality resulted from treated 6th instar larvae as comparison with 
those coming from treated 5th larval instar. The treated 6th instar larvae with Lufenuron induced some 
morphogenic abnormalities in pupal stage (fig 2 b & c).Generally the mortality was associated mainly with 
failure to moult, the 5th larval instar of S. littoralis ceased feeding with 48 h and most death occurred. The larvae 
were moulting, usually between 5th and 6th instar, larvae died within the old cuticle and newly formed cuticle 
was very thin (fig 1 b &C). 

The data presented in Table (1&2) revealed the reducing effect of Lufenuron on the pupal weights resulting 
from treated 5th and 6th larval instar. This effect significantly (p<0.001) observed after the use of two tested 
concentration levels in both 5th  larval instar (0.231±0.005 and0.225±0.005 g) by using 0.0001 and 0.00001 μl, 
respectively, vs 0.317±0.009. g of control and 6th instar ( 0.209±0.003 and 0.214±0.006 g) by using 0.0001 and 
0.00001 μl, respectively, vs. 0.315±0.013 g of control . 

The post– effect of Lufenuron on the adult stage of S. littoralis was evaluated by female fecundity and % of 
hatchability, the number of egg/ female were decreased very significantly (p<0.001) as a result of treatment with 
the Lufenuron, the female moths emerged from treated larvae in both tested instar 5th and 6th laid number of 
eggs significantly lower than control and the % of hatchability become low 44.76 and 78.03 % compared with 
control 90.53 and 95.76 % respectively. 
 
2 - Effect of Lufenuron on the growth and development of Spodoptera littoralis: 

 
Data in Table (3&4) obviously show a significant effect of Lufenuron on growth and development of tested 

S. littoralis larvae .Feeding 5th and 6th larval instar on food treated with 0.0001 and 0.00001µl concentration of 
Lufenuron to reach the prepupal stage and stopped feeding reduced the appetite of treated larvae to ingest the 
food. The results revealed that food consumption of the 5th and 6th larval instar of S. littoralis larva was high 
significantly (p<0.01) reduced by treatments. With respect to the control % the food consumption for larvae 
treated with both concentrations of compound was 53.8 and 57.06 % for 5th larval instar respectively while it 
was 46.73 and 45.32% respectively for 6th larval instar. The inhibitory effect of larval feeding on treated leaves 
revealed the superior action of Match 5% ,this reduction showed no significant different between the two 
different tested concentrations (P>0.05) but the data observed significant in comparison to control in both tested 
instars (5th & 6th ). 

The treated larvae excreted fewer faeces in comparison with normal ones. The percentage of faeces with 
respect to the amount of food consumed had no significant effect in treated 5th larval instar in both two 
concentrations 0.0001 and 0.00001µl, it was (19.6and 20.9 % respectively) the control larvae excreted 20% of 
their ingested food.  While in the treated 6th larval instar the results indicated that there is significant reduction in 
the percentage of faeces with respect to the amount of food consumed reach to about 50% (vs 85.98 %) for 
control .This disturbance in relation between food consumption and the amount of faeces led to a hampered and 
suppressed the larval growth. In both 5th and 6th instar larvae, the treated larvae failed to assimilation the food in 
the gut let to in a significant reduction in the final body weight. On the other hand, the developmental rate was 
undergone to the action of Lufenuron, for treated 5th instar larvae it was 15.87 at 0.0001 and17.36 at 0.00001 µl 
(vs. 21.42 of control), while for treated 6th instar larvae it was 18.76 and 20.00 at both conc. respectively (vs. 
22.22 of control), depending on these data, Lufenuron decreased the larval rate of development for both tested 
larval instar. 
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The correlation between the feeding period and the food ingested (consumption index (CI) was highly 
significantly (p< 0.001) decreased in both treated 5th and 6th  larval instar using the two concentrations 0.0001 
and 0.00001µl of match 5% compound. The percentage of decrease in (CI) with respect to control was 52.40 
and 28.6 % respectively (table 3).this percentage increased in the case of treated 6th larval instar to reach to 
85.18 and 93.33 %  respectively at the same two concentrations table (4) . 
 
3- Effect of Lufenuron on the cuticle of 6th larval instar of Spodoptera littoralis:  

 
Normal cuticle of S. littoralis larva composed of an outermost distinct layer, the epicuticle and the inner 

layer called procuticle. Procuticle parts of which are hardened to form the exocuticle, while other parts remain 
flexible and colourless to form endocuticle. Finally there is commonly a distinct layer called hypodermal layer 
which consists of a single layer of cells, the boundaries between them are somewhat distinct and their function is 
to secrete the cuticle. The hypodermal cells stand upon a basement membrane (fig. 5). 

Histopathological examination of the 6th larval instar of S. littoralis resulting from the 5th larval instar 
treated with 0.0001 µl Lufenuron resulted in some histopathological effects because the production of 
endocuticle was blocked since its thickness remained unchanged while that of control larvae increased in 
thickness as the development proceeded to the last larval instar (fig 5). Also, the newly formed cuticle in the 
treated larvae comprised only epicuticle and exocuticle which did not properly attached to the epidermis. 
Because of this detachment, the cuticle was very delicate and could not resist the muscular connection during 
moulting process. In respect to the epidermis (or hypodermis), a single cellular epithelial layer was formed with 
cells irregularly distributed underneath the cuticle (fig 6 a & b). The hypodermis was degenerated and detached 
from endocuticle, and the hypodermal cells showed several mitotic divisions and some fissure. The endocuticle 
could not distinguish from the exocuticle in the newly formed cuticle of these larvae. Also, a distortion was 
quite visible in the endocuticle layers. The newly formed cuticle of treated larvae was generally thinner than that 
of control larvae (fig 7).  
 
4- Effect of Lufenuron on the midgut of 6th larval instar of Spodoptera littoralis:  

 
Treated larvae with 0.0001 Lufenuron induced histological damage in the larval midgut as some of the 

epithelial cells were vacuolated, also destruction of nuclear content was occurred (fig. 9 a & b) as compared to 
control (fig. 8). Degeneration of columnar epithelial cells and the sever detachment of cells from their basement 
membrane is well seen in (fig. 9 b). In addition degeneration of nuclear contents, granulation of cytoplasmic 
contents and vacuolization were clearly observed. The histological effect on midgut concluded that the epithelial 
cells are concerned with the digestion and absorption food and that is may be explain the decrease in food 
assimilation efficiency and retard of the normal growth of larvae. 

 
Table 1: Effect of Lufenuron on some biological aspects of 5th larval instar of S. littoralis 

Biological aspects Lefenuron con.
M±SE 

0.0001µl 0.00001µl control 
Initial body weight (g) 0.037±0.00062 0.035±0.00093 0.035±0.00056 
Final body weight (g) 0.428±0.049 0.485±0.053 0.84±0.015 
Body increment (g) 0.303 0.45 0.794 
% mortality of larvae 53.3 46.6 13.3 
% mortality of pupae 6.67 0 0
Larval duration(days) 6.31±0.17*** 5.76±0.20*** 4.67±0.14 
Pupal duration (days) 9.46±0.31*** 9.23±0.30*** 7.15±0.27 
Pupal weight  (g) 0.231±0.005*** 0.225±0.005*** 0.317±0.009 
No. of egg/female 279.25±12.25*** 293±10.8*** 469.45±14.45 
%of hatchability  44.76 53.24 90.53 

Not significant at P>0.05 and very high significant at p<0.001*** 
 
Table 2: Effect of Lufenuron on some biological aspects of 6th instsar larvae of S. littoralis  

Biological aspects Lefenuron conc.
M±SE 

0.0001µl 0.00001µl control 
Initial body weight (g) 0.17±0.005 0.16±0.006 0.17±0.007 
Final body weight (g) 0.24±0.004*** 0.24±0.007*** 0.46±0.008 
Body increment (g) 0.07 0.08 0.29 
% mortality of larvae 6.67 6.67 0
% mortality of pupae  40 33.3 0
Larval duration(days) 5.33±0.21* 5±0.25* 4.5±0.22 
Pupal duration (days) 9±0.36* 8±0.25 8.1±0.30 
Pupal weight  (g) 0.209±0.003*** 0.214±0.006*** 0.315±0.013 
No. of egg/female 256.3±3.71*** 296.4±8.28*** 471.7±19.84 
%of hatchability  78.03 80.97 95.76 

Not significant at P>0.05, Significant at P< 0.05 *, and very high significant at p<0.001*** 
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Table 3: Growth and developmental effects of Lufenuron on 5th larval instar of S. littoralis  
Different aspects Weight in g M±SE 

Lufenuron (µl) With respect to control % 
0.0001 0.00001 control 0.0001 0.00001 

mean Fresh wt of food 
consumption /larvae 
(since 5th instar tell stop 
feeding)) 

1.98±0.233** 2.10±0.23** 
 

3.68±0.46 53.8 57.06 

Developmental rate 15.87 17.36 21.42   
Food consumed /larvae 
/day 

0.428±0.049 0.537±0.12 0.885±0.33 48.36 60.67 

Mean fresh wt of 
faeces/larvae (since 5th 
instar tell stop feeding)  

0.39±0.06** 0.45±0.052** 0.74±0.23 - - 

% faeces with respect 
to food consumption  

19.6 20.9 20 - - 

Consumption index 4.69±0.54** 2.56±0.52*** 8.95±1.17 52.40 28.6 
Growth inhibition  0.442±0.085 0.457±0.083 - - - 

Not significant at P>0.05, Significant at P< 0.05 *, highly Significant at P< 0.01**, very significant at p<0.001*** 
 
Table 4: Growth and developmental effects of Lufenuron on 6th larval instar of S. littoralis  

Different aspects Weight in g M±SE 
Lufenuron (µl) With respect to control % 

0.0001 0.00001 control 0.0001                            0.00001 
mean Fresh wt of food 
consumption /larvae 
(since 6th instar tell stop 
feeding)) 

0.98±0.139** 0.97±0.14** 2.14±0.39 46.73 45.32 

Development rate  18.76 20.00 22.22   
Food consumed /larvae 
/day 

0.979±0.14 0.973±0.14 1.45±0.50 67.5 67.10 

Mean fresh wt of 
faeces/larvae (since 6th 
instar tell stop feeding)  

0.44±0.030*** 0.47±0.021*** 1.84±0.29 23.91 25.54 

% faeces with respect 
to food consumption  

44.89 48.45 85.98 - - 

Consumption index 1.15±0.18 1.26±0.16 1.35±0.30 
 

85.18 93.33 

Growth inhibition  0.219±0.032 0.283±0.073 - - - 
Not significant at P>0.05, highly significant at P< 0.01**, and very high significant at p<0.001*** 

(a)                                             (b)                                                  (c)   
 
 
 
 
 
 
 
 
 
 
 
Fig. 1a,b,c: (a) showing normal moulting, (b) upnormal moulting and (c) death of larvae inside the old   
                    cuticle. 
 

             (a)                                                    (b)                                                   (c) 
 
 
 
 
 
 
 
 
 
 
Fig. 2 a,b,c: (a) showing normal pupae, (b) intermediate larvae- pupae and (c) malformed pupae. 



2771 
J. Appl. Sci. Res., 8(5): 2766-2775, 2012 
 

 
 

 

 
 

Fig. 3: Effect of Lufenuron on the % pupal mortality of 5th and 6th instar larvae of S. littoralis 
 

 
 

Fig. 4: Effect of Lufenuron on the pupal % mortality of 5th and 6th Instar larvae of S. littoralis  
 

 
 
Fig. 5: Cross section of normal cuticle of S.littoralis larva showing thickness of endocuticle (arrows), epithelial  
            cell (ec), Cuticle (c). hypdodermal cells (hpd) , basement membrane (bm)  
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Fig. 6: (a and b): Cross section of treated cuticle of S.littoralis larva showing detachment epicuticle and  
             exocuticle from epidermis (dec), delecation of cuticle and(arrows) and  irregular distribution of  
             epithelial layer (idec) 

 

 
 

Fig. 7: Cross section of treated cuticle of S.littoralis larva showing degeneration of hypodermis (deh),  
             endocuticle could not distinguished from the exocuticle, and distortion of endocuticle layers (arrows) 

 

 
 
Fig. 8: Cross sections in the midgut of untreated S. littoralis larva showing epithelial cells (ecl), basement  
            membrane (bm), pretrophic membrane (phm), and lumen (L). 

 

 
Fig. 9: (a & b): Cross sections in the midgut of S. littoralis larva treated with 0.0001 µl Lufenuron, detachment 

of basement membrane from epithelial cells (dbm), destruction of epithelial cells (dec), degenerate of 
pretrophic membrane (arrows) vacuolization  (v) and destruction of nuclear content   
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Discussion: 
 

IGRs have been reported to possess a specific activity spectrum with a novel insecticidal mechanism not 
based on a neurotoxic action. They disrupt the physiology and development of target pest insects and show 
no/low toxicity towards non-target organisms, making them ideal in combination with biological control and 
also to circumvent insecticide resistance (Dhadialla et al., 2005). The chitin synthesis inhibitors; (Lufenuron) 
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 (Whiting et al., 2000 and Saenz-de-Cabenzon et 
al., 2004).The present work showed that the mortality was clearly caused by moulting failure of S. littoralis 
larvae, this effect is mainly induced by inhibiting chitin formation (Abdel Rahman et al. 2007) thereby causing 
abnormal endocuticular deposition and abortive moulting (Mulder & Gijswigt 1973). The chitin inhibition 
compounds are known to act on the peritrophic membrane by affecting its chitin protein structure, hindering its 
role in protecting the secreting cells from damage (Clark et al. 1977). 

Lufenuron 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. The obtained results also with agreement with (Gelbic et al. 2011) who study the effect 
of Lufenuron on the development and reproduction of S. littoralis in comparison study with RH-5992, the 
results indicate that the Lefenuron was more active than RH-5992 and reduce the reproduction in adult and the 
treated larvae of S. littorals were unable to complete the molting process and died in the old larval cuticle. The 
obtained results related to the development and growth also are in harmony with those obtained by (Bakr et al 
2010 ) who study the  effect of Chitin synthesis inhibitors (flufenoxuron) on some biological and biochemical 
aspects of the cotton leaf worm S. littoralis and  the results showed that  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 and induced some morphogenic abnormalities 
in larval, larval-pupal and pupal stages, as well as pupal-adult intermediate. Generally, the 5th larval instar was 
found to be more sensitive in larval stage to the tested compound than 6th instar. The above obtained results 
were in agreement with those obtained by (Han et al. 2006). 

Various insect species belonging to several orders had been affected by chitin synthesis inhibitors (CSIs) as 
the histopathological changes of the integument revealed such effects (Bakr et al., 1997; Sokolova et al., 2003; 
and Hassan 2009). 

In the present study, a concentration of 0.0001µl of Lufenuron was given to 5th instar larvae of S. littoralis 
show several histopathological changes in the integument of the treated larvae. Treated larvae with, Lufenuron 
resulting in degeneration of the epidermis and detached from the endocuticle which could not be distinguished 
from the exocuticle. Also, the cuticle of treated larvae was thinner than that of control larvae. These 
histopathological changes Lufenuron, agree with those results on other insect species such as Agrotis ipsilon 
(Abdel-Al, 1996), S. littoralis (Hassan, 2009). Also Hegazy (1990) reported that benzoylphenyle ureas induced 
a great disturbance in cuticle deposition of S. littoralis larvae. 

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). The present study in agreement with (Tappozada et al.1968, Adel 2008 ) who 
investigated the histological and cytological changes in the mid gut of S. littoralis by some insecticides such as 
elongation of the epithelial cells, fading of cell boundaries and degeneration of some cells. In addition, similar 
or other histopathological changes had been reported for some CSIs on different insects (Mitsui et al., 1980). 

The present results may be substantiated by various findings of many works including some other CSIs. for 
concluding that, the CSI affects the moulting process by prohibiting the epidermis function, distribution or 
blocking the production of certain cuticle layers. However, Meola and Mayer (1980) concluded that the 
cytostatic or antimitotic activity of CSIs on the cuticle formation is a direct or indirect. Our results suggest that 
Lufenuron (Match 5%) is potentially compound for control S. littorais and share programs of integrated pest 
management (IPM). 
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