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ABSTRACT 
 

The efficiency of six bacterial strains to kill cotton leaf worms (Spodoptera littoralis), was investigated. 
These bacterial strains were originally isolated from dead spiny cotton bollworms (Erias insulana). Leaf cotton 
worms were fed for four days on castor bean (Ricinus communis) leaves (an alternative to cotton leaves), which 
were soaked for 30 minutes in suspensions of four-days old bacterial cultures. The bacterial species were very 
offensive and its mortality was relatively high, (about 20-60 % of leaf cotton worms were killed). Preliminary 
characterization of the bacterial strains revealed that the six strains were gram positive, rod-shaped, and spore-
forming with variable morphology. Based on cultural characteristics and phenotypic tests (e.g., salt tolerance, 
heat tolerance, and some enzymatic activities), the spore-forming rods were tentatively related to genus Bacillus. 
According to 16SrRNA genes analysis, the gram positive bacteria were classified under genus Bacillus with 
gene sequence similarity up to 96-100 %. The bacterial species are distributed in six bacillus species, namely: 
Bacillus anthracis, Bacillus cereus, B. fusiformis, B. pseudomycoides, B. subtilis, and B. thuringiensis.  In 
conclusion, the bacterial species identified in this study are good candidates for biological control of the 
destructive cotton pests (leaf worms and spiny or pink bollworms) in Egypt.    
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Introduction 

 
The cotton leaf worm, Spodoptera littoralis (Boisd) is a key polyphagous pest active all year round, 

attacking cotton as well as 29 hosts from other crops and vegetables in Egypt (Temerak 2006). The cotton leaf 
worms are controlled by the environmentally-hazardous insecticides, however, these worms has the ability to 
develop relatively quick resistance to most conventional insecticides.  

Microbial control agents, using the bacterial enemies against dangerous pests such as S. littoralis, now 
receiving a great deal of consideration. It is a possible safer substitutes to reduce the use of the most dangerous 
chemical insecticides (Hamed 1991, Zaki 1991). The use of these safe biological control agents has a number of 
ecological advantages (Sanchis and Bourguet 2008). One of these advantages results from their high level of 
selectivity, since their infectious or lethal action is limited to few worm and insect species. Bacillus 
thuringiensis (Bt), for example, is known to have pathogenic effects against several insects and worms. Further, 
many of the dangerous insects are highly susceptible to these bacteria. Bt is an insect-disease-causing bacterium, 
which had been isolated from different insects. The success of Bt in biological control is due to two main 
reasons: first their rapid and sustained larvicidal activity, and second, their effects on humans and beneficial 
insects, as well as, non-target organisms, are negligible (Sanchis and Bourguet 2008). These advantages making 
Bt a popular alternative to chemical treatments for crop protection. Bt products most widely used in agriculture, 
and Bt has been used in the control of several insects, including cotton leaf worms.  

Cotton leaf worms (S. littoralis) are major pests infesting several important crops, including soybean 
(Glycine max). In Egypt, a field trial has been conducted to compare the application of B. thuringiensis with an 
insecticide (lannate) for control of S. littoralis infesting soybean crop (Salama et al. 1995). Sprayed Bt killed 
about 33.3 % of S. littoralis  larvae, compared to 96.8 % killed when lannate was sprayed once. Nevertheless, 
the average yield of soybean crop was 1.54 tons/feddans when Bt was sprayed twice against S. littoralis, while 
areas treated with lannate only gave 1.44 tons/feddans. On the other hand, the yield of soybean crop in the 
untreated area was comparatively low, being 0.83 tons/feddans (Salama et al. 1995). The efficiency of five 
Bacillus species (B. thuringiensis, B. sphaericus, B. pumilus, B. megaterium, B. coagulans), isolated from the 
most important agricultural pests in Egypt, were evaluated for their controlling ability to the cotton leaf worms 
(Nasr 1999), B.  thuringiensis was more effective on the larvae of  S. littoralis compared to other Bacillus 
species. It has been suggested (Nasr 1999), therefore, to use the pathogenesity of these bacterial strains as a 
microbial control agents against S. littoralis. 
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In this study, the characteristics of some bacterial species having lethal effects on cotton-leaf worms were 
investigated. The bacteria identified according to the phenotypic and genetic traits.   
 
Materials and methods 

 
Isolation of bacterial strains:  

 
Bacterial strains were originally isolated from dead spiny bollworms (Erias insulana). Dead bollworms 

were suspended and shacked in sterilized distilled water for 30 minutes. Inocula from the suspension were 
streaked on nutrient agar medium (NA) in sterile plastic Petri plates for isolation of bacteria. Plates were 
incubated at 30 oC for up to one week. Separate colonies were purified on NA medium and pure cultures were 
kept at 4 oC.  

 
Infection of cotton leaf worms: 

 
To test the efficiency of the bacterial isolates against cotton leaf worms (S. littoralis, fourth larval instar), 

the cotton leaf worms were fed for four days on castor bean (Ricinus communis) leaves, as an alternative to 
cotton leaves. Before that, castor bean leaves were soaked for 30 minutes in four-days old cultures (stationary 
phase), then transferred into plastic boxes and incubated with the cotton leaf worms at 30 oC. About 10-15 
cotton-leaf worm kept on each plastic box. Control boxes containing castor bean leaves soaked on bacterial-free 
nutrient broth (NB) were also prepared for comparison. The number of killed worms was recorded and the 
mortality (killing) percentage was calculated. 

 
Phenotypic characterization of bacterial strains: 

 
Only six bacterial isolates, which showed a relatively higher killing ability (over 20 %) to cotton leaf 

worms, were phenotypically and genetically characterized. The colony appearance was examined. The 
differential Gram- and spore-staining methods were used to study cell morphology and endospore-formation, 
respectively. Some environmental factors (temperature and salt) and enzymatic activities (amylase, catalase and 
urease) were investigated.   

 
Identification of bacterial species: 

 
DNA extraction:  

 
Genomic DNA was isolated from bacterial cells using Real Pure Genomic DNA Extraction kit (Durviz, 

Spain) following the manufacturer´s instructions. DNA concentration was determined by using a Nano Drop 
ND-1000 Spectrophotometer.  

  
PCR amplifications: 

 
PCR amplifications of 16SrRNA gene fragments were done using the two opposing primers fD1 and rD1 

(Weisburg et al. 1991) as previously described (Herrera-Cervera et al. 1989). Each 25-µl PCR reaction mixture 
contained 1x buffer (consisting of 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl2),

 15 pmol each primer, 2.5 mM 
each dNTPs, 1.0 U of Taq DNA polymerase (Sigma), and about 50 ng of bacterial DNA as template. The PCR 
program used for amplification was as follows: preheating at 95 °C for 9 min; 35 cycles of denaturing at 95 °C 
for 1 min, annealing at 60 °C for 1 min, extension at 72 °C for 2 min, and a final extension at 72 °C for 7 min. 
For sequencing purposes, amplification products were purified using the PCR product purification system of 
Quiagen, subjected to cycle sequencing using the same primers as for amplification, and analyzed with a 3130x1 
Genetic Analyzer (Applied Biosystems) automatic sequencer at the sequencing facilities of the Institute of 
Parasitology and Biomedicine Lopez-Neyra of CSIC in Granada, Spain. The sequences obtained compared with 
those from the GenBank using the BLASTN program available at EMBL-EBI (http://www.ebi.ac.uk) and NCBI 
(www.ncbi.nlm.nih.gov/). 

 
Results: 

 
Mortality percentages: 

 
Thirty bacterial strains were obtained. Ten strains did not show any effect against cotton leaf worms, the 

rest of strains showed a relatively higher killing ability, up to 60 %. The bacterial strains that kill over 20 % of 
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cotton leaf worms (six strains) were characterized (Table 1). Three strains (BS4-BS6) killed 20 %, two strains 
(BS2 and BS3) killed 40 % and one strain (BS!) killed 60 % (Table 1).  

 
Table 1: Mortality percentage and phenotypic characteristics of bacteria 

Strains % Killing 6%NaCl 40oC Aamylas Catalase Urease 
BS1 60 - + + + - 
BS2 40 + + + + - 
BS3  40 - + + + - 
BS4 20 - + + + - 
BS5 20 - + + + - 
BS6 20 - + + + - 

 
Cultural and phenotypic characters: 

 
Most bacterial strains formed small (1-2 mm in diameter), mucoid, transparent spindle-shape, colonies and 

only one strain (BS2) form large (3-5 mm in diameter) colonies spreading fast over the medium (Table 1). The 
bacterial strains ranged between short to medium rod-shaped bacteria (Fig. 1a), few strains are long rods with 
streptobacillus cell arrangement. The bacterial strains formed endospores and produce sporangia with variable 
morphology (Fig. 1b). The bacterial strains were tolerant to salinity up to 5 % NaCl, but only one strain (BS1) 
grew at 6 % NaCl salinity (Table 1). The bacterial strains grew at temperatures up to 40 oC, none were able to 
grow at 50 oC. The bacterial strains were amylase and catalase positive, but urease negative (Table 1). 
According to 16SrRNA genes, the bacteria identified and assigned to genus Bacillus: B. anthracis, B. cereus, B. 
fusiformis, B. pseudomycoides, B. subtilis, B. thuriengensis (Table 2). 

 
Table 2: Identified bacteria species based on 16SrRNA genes analysis. 

Isolate Closest Relative Type-Strain % of identity Accession Numbers 
BS1 Bacillus cereus 97 EU430093.1     
 B. anthracis 96 EU746686.1 
BS2 B. pseudomycoides 96 CP001598.1      
 B. fusiformis 99 DQ333300.1 
BS3 B. pseudomycoides 98 EU746686.1 
 B. cereus 97 EU430093.1 
BS4 B. Cereus 100 EF528289.1 
 B. thuringiensis 99 EF210288.1 
BS5 B. Cereus 97 EU430093.1 
 B. pseudomycoides 97 EU746686.1 
BS6 B. pseudomycoides 97 EU746686.1 
 B. cereus 96 EU430093.1 
 B. subtilis 96 GQ280380.1 

 

 
 
Fig. 1: BS6 
 
Discussion: 

 
The bacterial isolates in this study exhibited noticeable ability to kill cotton leaf worms. The mortality 

percentage ranged between 20-60 % for four-days old cultures. Nasr (1999) reported that five Bacillus species 
exhibited a mortality percentage ranged between 39 % and 74 % for seven-days old cultures. However, to 
ensure the true ability of the bacterial strains for killing cotton leaf worms, the bacteria should be investigated at 
various growth stages and at different concentrations.  

Bacteria of the genus Bacillus, e.g., B. thuringiensis (Bt), has been largely used to control insect (Rupar et 
al. 1991). In a field trial in Egypt, Salama et al. (1995) found that the application of Bt as a spray to the soybean 
crop against cotton leaf worm (S. littoralis) obviously improved yield of the crop better than the application of 
the chemical insecticide (lannate). These findings encourage researchers to continue the research in this field to 
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look for more offensive bacterial strains. Most of the bacteria known to  have microbial control agents belong to 
Bacillus and Paenibacillus. Future research work should direct to other new genera and species. In our study, in 
addition to the spore-forming bacterial strains, four non-spore-forming gram-negative rod-shaped bacteria (data 
not shown) showed mortality percentage up to 40 %. This finding might turn the attention towards new bacterial 
species of other genera to be used as microbial control agents.  

Bt capable of synthesizing during sporulation a protein crystal consisting of δ-endotoxins (or Cry protein) 
with insecticidal activity, the crystalline inclusion may make up about 25 % of the dry weight of the bacterium 
(Sanchis and Bourguet 2008). Around 400 cry genes encoding δ-endotoxins have now been sequenced and 
current nomenclature for δ-endotoxins includes 51 clusters (Cry 1 to Cry 51). Endotoxins act on the cells of the 
intestinal epithelium of susceptible insects or worms. Progress in molecular genetics has made it possible to use 
Bt cry genes as a genetic resource for transgenesis and for the construction of transgenic plants resistant to 
insects. Bt maize and Bt cotton, which constitutively produce δ-endotoxins, are an effective means of 
controlling their pests. Bt cotton was grown in nine countries and Bt maize was grown in fourteen countries. In 
2005, China, grew 3.33 million hectares of Bt cotton, occupying about 66 % of the national cotton area (Huang 
et al. 2007). The application of Bt cotton in agriculture facing two main problems: 1) worm-developing 
resistance to Bt, and 2) the secondary pests that are not targeted by the Bt cotton and which previously were 
controlled by the broad spectrum pesticides used to control worms (Wang et al. 2006).  

In this study, the bacterial strains (except BS2) of the bacilli identified were assigned to B. cereus. Gene 
sequences (16SrRNA) of five strains showed higher similarity (96 % - 100 %) to B. cereus, as well as to other 
species of Bacillus (Table 2). B. cereus group strains displayed a wide diversity (Guinebretiére et al. 2008), they 
adapt to very different habitats. This explains the results obtained in our study, as several strains of B. cereus, 
that killed cotton worms, were identified (Table 2). 

In this work, the bacterial strains examined were identified in the genus Bacillus, five species were 
identified, namely; Bacillus anthracis, Bacillus cereus, B. fusiformis, B. pseudomycoides, B. subtilis, and B. 
thuringiensis. Some of these bacilli are genetically related, e.g., B. cereus and B. thuringiensis. Populations of B. 
cereus and B. thuringiensis are genetically more similar to each other than to populations of the other Bacillus 
species (Vilas-Boas et al. 2002). It is indicated that it is not important for risk assessment purposes to determine 
whether B. cereus and B. thuringiensis belong to a single or two species (Vilas-Boas et al. 2002). Assessment of 
the biosafety of pest control based on B. thuringiensis requires evaluation of the extent of genetic exchange 
between strains in realistic natural conditions. 

The results obtained in this work pointed out that the mortality ability of the bacterial species to cotton 
worms are not restricted to species like B. thuringiensis, but can be extended to other Bacillus species such as B. 
anthracis, B. cereus, B. fusiformis, B. pseudomycoides, and B. subtilis.  
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