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ABSTRACT 

 
The pupae of the cotton leafworm Spodoptera littoralis (Boise.) (Lepidoptera: Noctuidae), a pest affecting many 

economic crops were treated with two commercial fungi compounds and two isolates of entomopathogenic 

fungi, by applying the pupal dipping technique. Results showed that all of the tested entomopathogenic fungi 

adversely affected the adult emergence, Suspensions (1x10
8
 spores /ml)    of conidia harvested from M. 

anisopliae isolate resulted in the highest mortality (62%) followed by B. bassiana isolate (60%) than M. 

anisopliae commercial (51%) and the lowest mortality (49%) with B. bassiana commercial, the treatment also 

led to reducing the egg-laying capacity and egg hatchability. Treatment with these entomopathogenic fungi also 

caused several malformations in pupae and adults resulting from the treatment of pupae. Conclusion of our 

results that the two tested entomopathogenic fungi isolate M. anisopliae and B. bassiana was efficient and can 

be recommended as bio-insecticides to control the cotton leafworm S. littoralis, within the integrated pest 

management (IPM) program. 

 

Keywords: Entomopathogenic fungi; Beauveria bassiana; Metarhizium anisopliae; Pupal dipping technique 
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1. INTRODUCTION 
 

The cotton leafworm Spodoptera littoralis (Boise.) 

(Lepidoptera: Noctuidae), earlier known to be an 

Economic pest, This pest has been attack a wide range 

of crops (nearly 112 species of crops) in, Asia, Africa 

and Europe [1,2,3]. Because of their potential to 

inflict significant economic damage to crops, the pest 

has been treated to high dosages of insecticides. This 

widespread use of insecticides has resulted in the 

development of resistance in this pest to a variety of 

active ingredients of insecticides [4,5]. Microbial 

control agents are a key component of insect pest 

biological control [6]. 

 

Entomopathogenic fungi have a particular advantage 

over other microbial control agents in that they may 

attack all phases of insect development, including 

pupae [7]. The entomopathogenic fungi are the 

promising agents that are used against insect pests for 
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several decades. These organisms include taxa of 

several fungal groups like Hypocreales of 

Ascomycota that Beauveria bassiana and 

Metarhizium anisopliae are the two most recognized 

species [8]. Besides entomopathogenic fungi cause 

natural mortality on insects, these agents are 

environmentally safe, so there is a worldwide interest 

of their using and improvement for biological control 

of insects (Vincent et al., 2007). The present study 

aimed to investigation is to evaluate the pathogenicity 

of two commercial fungi compounds and two                  

isolates of entomopathogenic fungi, on pupae of S. 

littoralis (Boisd.) in order to controlling the cotton 

leafworm S. littoralis (Boisd.) through  sterilize in the 

adult. 

 

2. MATERIALS AND METHODS 
 

2.1 Rearing of S. littoralis (Boisd) 
 

Susceptible strain of the cotton leafworm, S. littoralis 

(Boisd) obtained from the division of cotton leafworm 

of plant protection research Institute, Dokki, Egypt, 

formed the basis of the culture designed to supply 

insects used in the present study. At 27 ± 2° C and 

75% R.H., all stages of S. littoralis were cultivated 

and tested. The larval stages were fed caster bean 

leaves on a regular basis. The pupae were collected 

and placed in clean jars with damp sawdust at the 

bottom to provide a pupation site. Adults were given a 

10% sugar solution to drink [9]. 

 

2.2 The Tested Entomopathogenic Fungi 
 

2.2.1 The commercial entomopathogenic fungi 

compounds 

 

Two commercial biobased insecticides were used. 

They were as follows: 

 

a. BIO-POWER
®

 (Beauveria bassiana 

(Balsamo) Vuillemin) as 1.15% WP and 

were applied as 0.18 gm/ liter. 

b. BIO-MAGIC
®

 (Metarhizium anisopliae 

(Metchnikoff) Sorokin) as 1.75% WP and 

the applied as 0.06 gm/ liter. 

 

Both bioinsecticides were supplied from Gaara 

Establishment (Import and Export). 

 

2.2.2 The isolates of entomopathogenic fungi 
 

a. B. bassiana (Balsamo) AUMC NO (5133) and 

the applied as1X10
8
 spores/ ml. 

b.  M. anisopliae (Metschnikoff) Sorokin AUMC 

NO. (5130) and the applied as 1X10
8
 spores/ 

ml.   

Two tested isolates of entomopathogenic fungi were 

supplied from Assiutt University, Mycological Centre 

Faculty of Science. 

 

2.3 Preparation of Commercial 

Entomopathogenic Fungi (EPFs) 
 

The recommended dose for both commercial 

entomopathogenic fungi was used. 

 

2.4 Preparation of Isolates Entomopathogenic 

Fungi (EPFs) 
 

Isolates of B. bassiana (Balsamo) and M. anisopliae 

(Metchnikoff) Sorokin was cultivated on Sabouraud 

dextrose agar (SDA) Mould extract and 1000 ml. of 

water in flasks. Flasks were autoclaved at 21 °C for 

15-20 min [10] The two fungoid sources were set as 

solution as follows: 

   

Fungal cultures were full-grown on (SDA) medium 

g/l, [11] the mix was stimulated for ten min the 

hyphal debris was detached by sifting the mixture 

through fine mesh sieve. The conidial concentration 

of final suspension was resolute by direct count using 

Hemocytometer and Sequential thinning was ready in 

water with 0.1% Tween-80 and preserved at 5 
o
C till 

used [10]. 

 

2.5 Treatment of Pupae of S. littoralis (Boisd.) 
 

To assess the entomopathogenic fungi for production 

of sterile adults of S. littoralis. The experiments were 

carried out by placing the pupae (one day old)  in a 

small wire basket and immersed inside a beaker (100 

ml.) containing the spores of tested entomopathogenic 

fungi for 20 min as dipping period with gentle 

shaking and left to dry, the treated pupae were 

transferred to 25 ml. glass jars [12]. All jars were 

lined with moistened 2 gm. artificial soil (Peat moss), 

which was also treated with the same concentrations 

of the fungi under study to maintain high humidity, it 

is also a simulation of nature. Twenty pupae were 

used for each test (ten males and ten females), three 

replicates were used for each concentration, left till 

adult emergence, while the untreated pupae was 

treated with distilled water containing Tween-80, 

0.1% . Observations on the percentage of emerged 

adults were recorded both from treated and untreated 

individuals, furthermore, any induced malformations 

were recorded, either in pupae or emerged moths  

[12]. 
 

To evaluate the fecundity of adults and egg 

hatchability, treated pupae were collected; sexed and 

emerged moths were placed in pairs in breeding glass 

globes, supplied with leaves of tafla, Nerium oleander 
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(L.) as an oviposition site. Each globe was provided 

with 10 % solution of honey saturated in cotton wool 

which was placed in small cup in glass globes for 

moths feeding. The solution of honey was renewed 

daily to avoid fermentation and growth of 

microorganisms. Furthermore, any induced 

malformations were recorded, either in pupae or 

emerged moths. 

 

2.6 Statistical Analysis 
 

a. Egg laying (total number of eggs per female) 

calculated from daily counts of deposited eggs 

on tafla, N. oleander. Egg hatchability 

percentage calculated according to Zidan and 

Abdel-Megeed [13] as follows: 

 

% Egg hatchability = (No. hatched eggs / No. 

deposited eggs) X 100 

 

b. Sterility observed percentage calculated 

according to Zidan and Abdel-Megeed [13] as 

follows:  

 

% Sterility observed = 100 – Egg hatchability 

percentage 

 

c. Abbott's formula Abbott [14] was used to do 

statistical analysis of mortality data. Duncan, 

[15], Duncan's Test (DMRT), the probability 

level was determined to compare the 

differences among some parameter means 

(P<0.05) by the Costat system for Windows, 

Version 6.311, Berkeley, CA, USA, Costat 

application (2006). 

 

3. RESULTS AND DISCUSSION 
 

Results for assessing of two commercial fungi 

compounds and two isolates of entomopathogenic 

fungi were listed in Table 1. Results showed that the 

pupal duration of treated pupae with all tested 

entomopathogenic fungi was decreased compared to 

untreated group. In addition, results revealed that 

isolates of entomopathogenic fungi significantly 

decreased the pupal duration compared to commercial 

entomopathogenic fungi and untreated group.                    

These results agreed with [16,17,18,19] when                   

treated different insects with entomopathogenic  

fungi. 

 

Results also showed that the highest mortality rate 

was obtained when treating pupae with M. anisopliae 

isolate (62%), while the lowest mortality rate was 

obtained due to treatment with the commercial 

formula of B. bassiana (49%) (Table 1 and Fig. 1). 

High reduction in adult emergence were recorded 

after treatment of pupae with tested entomopathogenic 

fungi (commercial and isolates). Deformed adults 

were observed with decreased wings or reduced body 

size. They couldn't fly and died without mating. It has 

been investigated that the pupae treated with 

entomopathogenic fungi often result reduction in the 

adult emergence [20], increase in pupal duration and 

deformed adults [21]. These results also agreed with 

Nguyen et al. [22] who found that B. bassiana showed 

a high reduction in adult emergence from pupae of 

Helicoverpa armigera using the soil treatment method 

and the pupal dipping technique. Our results also 

agree with El-Banna et al. [19] who recorded 

significantly decreased in adult emergence percentage 

when they treated the pupae of the cotton leafworm S. 

littoralis with two commercial biopesticides and two 

IGRs compounds, under laboratory conditions as a 

latent effect of the sub-lethal doses, and Abd El-

Kareem [23] who recorded decrease in the adult 

emergence percentage and mean adult life span of 

treated larvae of S. littoralis with commercial 

entomopathogenic fungi (Bioranza). 

 

Further, the latent effect of tested entomopathogenic 

fungi on fecundity and fertility of laid eggs obtained 

from adults treated as pupae presented in Table 2. 

Results revealed that treatment with all 

entomopathogenic fungi minimized the produced 

eggs/female compared to untreated group. Results 

also showed that the least mean number of produced 

eggs/a female was observed in M. anisopliae and B. 

bassiana isolate, then it is followed by the effect the 

commercial entomopathogenic fungi treatments 

compared to untreated group. Furthermore, results 

showed high decrease in the mean number of hatched 

eggs due to treatment with all tested 

entomopathogenic fungi. In addition, M. anisopliae 

and B. bassiana isolate caused the least number of 

hatched eggs compared to untreated group.                       

Also it is apparent from the results that all 

entomopathogenic fungi induced degrees of sterility 

ranging from 7.029 to 15.5%. Our results were in 

accordance with Ullah et al., [24] and Garrido- Jurado 

et al., [18]. 

 

In addition, in our results that treatment of pupae with 

entomopathogenic fungi cause the formation of pupal-

adult intermediate or malformed adults Fig. 2: (A1), 

the deformations made moths incapable to have 

typical flight conduct because many moths failed to 

spread their poorly developed wings Fig. 2: (B1), 

while others failed to shed their puparium Fig. 2: (B2) 

this results agree with [16,17,25,18]. 
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Table 1. Effect of dipping on pupae of the cotton leafworm S. littoralis (Boisd.) in tested entomopathogenic 

fungi on the pupal duration, Mortality% and adult emergence % 

 

Tested 

entomopathogenic fungi 

Concentration 

% 

Pupal stage duration 

(Days ±S.E.) 

Mortality 

% 

Adult 

emergence % 

B. bassiana 
commercial 

0.18 gm/ liter 10.3±0.3 
b
 49 

b
 51

b
 

M. anisopliae 

commercial 

0.06 gm/ liter 10 ± 0.5 
b
 51 

b
 49 

b
 

B. bassiana isolate 1X10
8
 

spores/ ml. 

9.6±0.1
b
 60 

a
 40 

c
 

M. anisopliae 

isolate 

1X10
8
 

spores/ ml. 

8.3±0.5
 c
 62 

a
 38 

c
 

Control - 11.3±0.3 
a
 0 

c
 100 

a
 

Means followed by the same small letter in a column are not significantly different at the 5% level of probability 

(Duncan’s Multiple Range Test) 
 

 
 

Fig. 1. Mortality % of dipping the pupae of the cotton leafworm S. littoralis (Boisd.) in tested 

entomopathogenic fungi 

 

Table 2. Effect of dipping on pupae of the cotton leafworm S. littoralis (Boisd.) in tested entomopathogenic 

fungi on adult fecundity and sterility 

 

Tested 

entomopathogenic 

fungi 

Mean no. of 

eggs/female ± S.E. 

Mean no. hatched 

eggs/female ± S.E. 

Eggs hatchability 

% 

Sterility  

% 

B. bassiana 
commercial 

530.6 ± 4.6 
d
 493.3 ± 4.2 

c
 92.9 

b
 7.029 

M. anisopliae 

commercial 

761 ± 1.2 
b
 642.6 ± 1.7 

b
 84.4 

e
 15.5 

B. bassiana isolate 551.6 ± 2.4 
c
 482 ± 2.9 

d
 87.38 

c
 12.6 

M. anisopliae 

isolate 

410.6± 4.3 
e
 350.6 ± 1.2 

e
 85.3 

d
 14.6 

Control 2557 ±1.1 
a
 2498.3±2.6 

a
 97.7 

a
 2.3 

Means followed by the same small letter in a column are not significantly different at the 5% level of probability (Duncan's  

Multiple Range Test) 
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Fig. . Morphological malformation in pupae and adults of S. littoralis as induced by treatment pupa with 

entomopathogenic fungi 

(A) Normal pupa.  (A1) pupal-adult intermediates 

(B)  Normal S. littoralis moth. (B1) Adults with poorly developed wings 

(B2) Adults failed to shed their puparium 
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4. CONCLUSION 
 

From previously discussed results, results proved the 

efficiency of M. anisopliae and B. bassiana isolate 

that caused high percentage of mortality in the pupae 

and morphological malformations in both of pupae 

and adults resulting from the treatment of pupae. So 

we recommend using these two fungal isolates by 

made a special formula to dominate the cotton 

leafworm, S. littoralis, as a new approach in 

integrated pest management (IPM) program against S. 

littoralis by applying this two fungal isolates on the 

pupae where they are in the partially moist places in 

the field.  
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