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ABSTRACT 

 

Bacillus thuringiensis Berliner is being used successfully as biological control 

agent throughout the world as a substitute of hazardous chemical insecticide in 

agriculture and forestry for the elimination of pests, and in human health sector for the 

elimination of disease vectors. In Pakistan, being an agricultural country, commercial 

scale production and application of biological insecticide is essential. 

 

The main objective of this study was to explore potential B. thuringiensis isolates 

from local environments and to produce effective and low cost biopesticides by a simple 

and effective process (shake flask technique/fermentation) for the control of chickpea 

pod-borer, Helicoverpa armigera Hübner of lepidoptera group. To achieve this objective 

150 soil samples collected from different regions of Pakistan were screened and eighty 

one B. thuringiensis isolates were obtained from 33 (22%) soil samples, identified as B. 

thuringiensis by using phase contrast microscope and standard tests. These B. 

thuringiensis isolates contained crystal of different shapes but majority contained typical 

bipyramidal with cuboidal or irregular crystal. Polymerase chain reaction results 

indicated that 85.19% isolates was positive for cry1 gene (Lepidoptera specific) showing 

that cry1 gene occur frequently in our B. thuringiensis isolates. The SDS-PAGE results 

indicated that variations exist in the protein profile of spore-crystal of B. thuringiensis 

isolates but the protein profile of the majority was similar to reference standard strain. 

Results of preliminary screening bioassay at 500 µg toxin/mL diet indicated that toxic B. 

thuringiensis isolates and reference strain caused 96.55-100% whereas non-toxic caused -

7.33-45.33% mortality against 1st instar larvae of H. armigera. Non-toxic B. thuringiensis 

isolates did not contain typical bipyramidal crystal. These results indicated that 

correlation exist between crystal morphology and toxicity to H. armigera. Bioassay 

results of toxic B. thuringiensis isolates indicated that LC50 and potency of the most toxic 

B. thuringiensis isolate, PA-Sb-46.3 were 4.54 µg/mL, 1177515 IU/mg and relative 

potency 73.6. Relative potency showed that it was 73.6 times toxic than reference strain. 

B. thuringiensis var. kurstaki (HD-I-S-1980) 

 



 ix

The biopesticide was prepared from locally available low cost ingredients: dried 

beef blood, molasses and mineral salts (ZnCl2, MgCl2, MnCl2, CaCl2 and FeCl3) which 

were used as medium for the laboratory scale production of B. thuringiensis biopesticide 

by shake flask technique. Indigenous B. thuringiensis isolate PA-Sb-46.3 which produced 

two crystals: bi-pyramidal and cuboidal was found 73.6 times toxic against H. armigera 

than reference strain B. thuringiensis var. kurstaki (HD-I-S-1980) was used. Medium was 

fermented for 72 hours at 30 ± 2oC and 160 rpm. After 72 h fermented medium showed 

95-99 % sporulation, with spore yield of 3.97 X 109 spore/mL and LC50 value to 1st instar 

larvae of H. armigera was 0.53 µg/mL diet. Preservatives and diluents used in the 

biopesticide were found to be effective when stored it at room temperature over a period 

of 30 months. The three years field results of biopesticide with exotic and chemical 

insecticides indicated that biopesticide was effective against H. armigera.  

 

These observations suggested that the biopesticide produced was effective and 

highly economical for the industrial scale production to manage H. armigera in Pakistan.  
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INTRODUCTION 

 

Pakistan is an agricultural country and agricultural products play a vital role in 

the growth and stability of the economy of the country. Major crops grown in 

Pakistan are cotton, wheat, rice, gram, maize, tomato and tobacco. Pakistan like many 

developing countries is facing the problem of low agricultural productivity. Major 

constraints responsible for low productivity are mainly insect pests and diseases. On 

the basis of a conservative estimate, 15-20% of total agricultural production is lost 

due to the attack of pests and diseases every year in Pakistan (Ahmed, 1980; Yadava 

and Lal, 1997). According to an estimate of Pakistan Agricultural Research Council, 

one third potential yield of crop loss is due to pests (Niazi, 1989). In Pakistan 

chickpea yield is very low as compared to the other chickpea growing countries. The 

main reasons of which are disease and pest attack (Ali et al., 2007). So, the pests are 

considered as the worst enemy of mankind (Ahmed, 2004). 

 

Among the pests, chickpea pod-borer, Helicoverpa armigera Hübner 

(Lepidoptera: Noctuidae) occupies a prominent position and has attained a status of 

number one agricultural pest in Pakistan, China and India (Regupathy et al., 2003). It 

is the most destructive and polyphagus pest of many agricultural crops of economic 

importance not only in Pakistan but all over the world and is commonly known as 

chickpea pod borer, cotton bollworm, corn earworm, tomato fruit worm and tobacco 

budworm (Waring et al., 2003). 

 

Information available on crop losses due to H. armigera reveals its worldwide 

economic importance. Globally, few insect pests cause as much economic crop losses 

as does H. armigera (Reed and Pawar, 1982). It causes an annual crop damage of up 

to US $ 2 billion globally with an additional cost of US $ 500 million on insecticides 

used to control it (CSIRO, 2008). 

 

In Pakistan H. armigera is a serious pest of cotton, chickpea, maize, tobacco, 

tomato and okra. It damage chickpea from 10-90% in Northern Punjab (Anonymous, 

1996, 1997, 1998) and 14-57% in Sindh (Ahmed et al., 1989-90). Different workers 
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have reported its incidence: Saleem and Yunus, (1982) on 41 species belonging to 14 

families of plants, Iqbal and Mohyuddin (1990) on 62 host plants, and on more than 

100 plant hosts by Baloch, (1989), Baloch et al., (2000a), (Hazara et al., 2000), 

(Malik et al., 2002b, c). It has already got pest status in apple (Malik et al., 2002b) 

and tomato (Malik et al., 2002c) and is also becoming a major pest of pea crop in the 

Province of Balochistan, Pakistan (Malik et al., 2003). 

 

The seriousness of the pest problem can be well judged by the fact that a 

single larva of H. armigera damaged 7-10% chickpea pods, caused about 5.4% yield 

loss, and damaged 6.7% chickpea pods and 6.2% grains per meter row length of the 

chickpea crop (Chaudhry and Sharma, 1982). In India and China, fifty percent (50%) 

of all insecticides are used to control this pest. Farmers spend approximately 40% of 

their annual income for the purchase of chemicals to combat H. armigera (EPPO, 

2006). In Pakistan, the current use of pesticide is about 1,30,000 metric tons and about 

90% of which is used on cotton, rice, vegetables and fruits (Saleem et al., 2006). 

 

Economically synthetic insecticides are proven to be expensive. Moreover 

these have created a number of problems which are water pollution, biological and 

environmental hazards, and development of resistance in pests. More than 500 species 

of pests have become resistant. H. armigera has also shown resistance to various 

groups of chemicals in Australia, China, Indonesia, India, Turkey, Africa and Pakistan 

(Razaq, 2004). Due to the development of resistance in insects farmers at times resort 

to frequent use of insecticide mixtures (Sharma and Pampapathy, 2006).  

 

Afore-mentioned problems have increased the importance for the development 

of biopesticides because they are toxic only to the target pest e.g., B. thuringiensis, as 

biopesticide is the best alternative for insect control and is being used successfully 

throughout the world in Insect Pest Management (IPM) for more than 50 years (Qaim 

and Zilberman, 2003)  

 

Bacillus thuringiensis (commonly known as B.t) was isolated for the first time 

in 1901 by Japanese bacteriologist Ishiwata, from diseased silkworm larvae who 

named this organism “sotto disease Bacillus” a term which implies fainting or sudden 
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collapse. A similar bacterium was isolated in Germany from a diseased flour moth, 

Anagasta kuhniella (Zeller) by Ernst Berliner who named it “Bacillus thuringiensis” 

after the name of German province of Thuringia (Frutos, 2001). 

 

Unique and main interesting characteristic of this bacterium is that during 

sporulation, it produces a kind of protein which is accumulated as crystalline 

inclusions called crystal, parasporal body (Höfte and Whiteley, 1989). Insecticidal 

activity of B. thuringiensis against different insect’s larvae of Lepidopteran, Dipteran, 

Coleopteran and some other pests is associated with this parasporal body. 

 

These crystalline proteins are protoxins, which upon ingestion dissolve in the 

alkaline conditions of midgut of some insect larvae and are cleaved by midgut 

proteases to yield smaller active toxins that bind to specific receptors on the brush 

border membrane of gut epithelial cells and are partially inserted into the membrane, 

generating pores. These results in colloid osmotic lysis of gut epithelial cells cause the 

death of the insect (Gill et al., 1992). 

 

The crystalline proteins, produced by entomopathogenic B. thuringiensis are 

harmless to humans, vertebrates, plants and are completely biodegradable and leave 

no residual toxic products to accumulate in the environment. That is why this 

bacterium is widely used as microbial insecticide or natural biological control agent in 

agriculture and forestry for the elimination of pests, and in human health for the 

elimination of disease vectors (Schnepf et al., 1998). B. thuringiensis, israelensis 

(B.t.i.) is used against mosquitoes, blackflies and some midges; B. thuringiensis, 

kurstaki (B.t.k.) against various types of lepidopterous insects, including the gypsy 

moth and cabbage looper and B. thuringiensis, san. diego, against certain beetle 

species.  

 

Due to the existence of wide diversity in the insecticidal activity of B. 

thuringiensis, search of its new isolates with novel spectrum of activity is becoming 

routine activity in many laboratories all over the world. Recently, in Nepal highly 

mosquitocidal B. thuringiensis strain with novel crystal protein is isolated from soil 

sample collected from high altitude (above 4000 m) (Shreshtha et al., 2007)  
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Due to the safety associated with B. thuringiensis a tremendous interest has  

been developed towards the production of new commercial B. thuringiensis products. 

A number of B. thuringiensis (B.t.) based biopesticides such as DiPel 2X®, DiPel 

ES®, Costar (WP)®, Thuricide®, Bacterin®, Bakthane®, Delfin (WP)®, 

Bactospeine®, Javelin, Bactur®, Tenkar®, Vectobac AS®, Skeetal®, M-one® are 

available as commercial products and are being used as an excellent substitute of 

hazardous chemical insecticide. 

 

Commercial B. thuringiensis products are microbial pest control agents 

(MPCAs) containing insecticidal crystal proteins (ICPs) and most often living spores 

as well as formulating agents. These B. thuringiensis products are processed 

fermentation products which are produced in large industrial fermentation tanks and 

are free from non B. thuringiensis microorganisms as well as biologically active 

ingredients other than insecticidal crystal proteins (Anonymous, 1999).  

 

The selection of medium ingredients is very important for the production of a 

biopesticide on commercial scale for lower production cost and competition with 

imported B. thuringiensis products. B. thuringiensis grows rapidly in most media but 

porulation and crystal production is limited by certain nutritional requirements such as 

a source of carbon, nitrogen, minor elements, growth factors and some conditions like 

pH, oxygen supply and temperature (Prasertphon, 1996). The nutrient concentration 

and quality which favour bacterial growth might be different from that which favours 

insect development (Lisansky et al., 1993). 

 

In order to preserve fermentation medium in the form of formulation, some 

preservatives are added which possess the ability: (1) to suppress the growth of the B. 

thuringiensis in fresh liquid culture (2) do not damage or kill living cells and spores of 

B. thuringiensis (3) harlessness to crystals and spores of B. thuringiensis (4) suppress 

the growth of contaminants such as bacteria and fungi (Prasertphon, 1996). 

 

In Pakistan work on B. thuringiensis was initiated in 1973 when United States 

Department of Agriculture, awarded a research grant FGPA 206, PKARS 11 

(Anonymous, 1982). The work done in Pakistan is mainly on isolation, identification, 



 5

characterization, determination of LC50 and potency, shelf life evaluation, laboratory 

and field evaluation of B. thuringiensis strains/B. thuringiensis based biopesticides 

against some insects pest (Chaudhry and Shah, 1977; Anonymous, 1978, 1982; 

Zaman, 1984; Shaik et al., 1986, 1988; Khalique et al., 1989, 1993; Khan et al., 1994, 

1995; Ahmad, 1995; Ahmad et al., 1994, 1996, 1998; Shakoori et al., 1999; Karim, et 

al; 1999a, 2000; Zafar, et al., 2000; Khalique and Ahmed, 2001a, 2001b, 2003; Tariq, 

2001; Abida, 2002; Ahmedani et al., 2007, 2008; Bukhari and Shakoori, 2010).  

 

Bacillus thuringiensis is also an important source of genes for transgenic 

expression to develop pest resistance in plants and microorganisms (Anonymous, 

1999). Work on these lines is also done in Pakistan (PARC, 2007; Rao, 2006, 2009; 

Ahsan and Altaf, 2009). 

  

According to the available information the work carried out on the use of B. 

thuringiensis against insects pest revealed that no indigenous B. thuringiensis based 

biopesticide on commercial scale is being used in Pakistan. Whereas B. thuringiensis 

biopesticides are being used successfully on large scales in China, Australia, India, 

US and many other countries of the world (Saleem et al., 2006). 

 

The present study was conducted for the isolation of toxic B. thuringiensis 

from the soil samples collected from different areas of Pakistan as well as for the 

production of indigenous B. thuringiensis based biopesticide. 

 

The first part of study included: 

 Identification of isolates as B. thuringiensis species by phase contrast 

microscopy and performing standard morphological and biochemical test. 

 Characterization of B. thuringiensis isolates using analytical technique 

Polymerase chain reaction (PCR) and sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE). 

 Search of toxic B. thuringiensis isolates through standard bioassay 

experiments against the test insect, H. armigera.  
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The second part of study included: 

 Production of effective biopesticide by selecting simple, inexpensive and 

easily available local formulation materials by shake flask technique.  

 Toxicity evaluation of biopesticide against H. armigera in laboratory 

(through bioassays), and in field with chemical insecticides and exotic 

biopesticides. 

 Shelf life evaluation of biopesticide over a period of 30 months in order to 

measure the stability period of toxin in the biopesticide placed at room 

temperature. 

 

 The main objective of this research is to explore potential B. thuringiensis 

strains from local environment for the production of effective and low cost 

biopesticide by a simple effective process (shake flask/fermentation) to control H. 

armigera, the number one insect pest in Pakistan. The production and use of 

biopesticide on commercial scale in Pakistan will be a remarkable achievement in the 

field of pest management. Its application will reduce the use of highly toxic chemical 

insecticides and save foreign exchange used in their import and help to control 

resistant insects to chemical insecticides. It will also popularize microbial control in 

Pakistan and save environment from pollution problems which are the major concerns 

at present. 
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REVIEW OF LITERATURE 

Insect pests damage 20–30% of the world’s annual crops (Estruch et al., 

1996), breed at an alarming high rate and live in diversified climatic conditions. 

Helicoverpa armigera Hübner occupy a prominent position in world as being worst 

enemy of human (Ahmed, 2004). It is commonly known as African bollworm, cotton 

bollworm, corn earworm, and tobacco budworm (Waring et al., 2003)  

 

H. armigera is a cosmopolitan insect and has wide geographical distribution. 

It is found throughout Pakistan India, China Thailand, Central Asia, Africa, Middle 

East, southern Europe, Japan, eastern and northern Australia, Pacific Islands and 

Oceania (Reed and Pawar, 1982; EPPO, 2006). 

 

It is a very destructive polyphagous pest, reported on almost all fields and 

horticultural crops (Jallow et al., 2004) and in many parts of the world (Zalucki et al., 

1986, Sharma, 2001). It attacks more than hundred different commercial crops 

including tomato, cotton, pigeon pea, chickpea, sorghum and cowpea. Other hosts 

include dianthus, rosa, sunflower, pelargonium, chrysanthemum, groundnut, okra, 

peas, soybeans, lucerne, Phaseolus spp., other leguminosae, tobacco, potato, maize, 

green pepper flax, and a number of fruits (prunus, citrus), forest trees as well as a 

wide range of vegetable crops (CAB, 2006; Chandra and Rai, 1974; Gahukar, 2002; 

Munthali et al., 2004). 

 

In Pakistan H. armigera is a serious pest of cotton, chickpea, maize, tobacco, 

tomato and okra. Different workers have also reported its incidence: Saleem and 

Yunus, (1982) on 41 species belonging to 14 families of plants, Iqbal and Mohyuddin 

(1990) on 62 host plants, and on more than 100 plant hosts by Baloch, (1989), Baloch 

et al., (2000a), Hazara et al., (2000), and Malik et al., (2002b, c). It has already got 

pest status in apple (Malik et al., 2002b) and tomato (Malik et al., 2002c) and is also 

becoming a major pest of pea crop in the Province of Balochistan, Pakistan (Malik et 

al., 2003). 
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Helicoverpa armigera damage chickpea from 10-90% in Northern Punjab 

(Anonymous, 1996, 1997, 1998) and 14-57% in Sindh (Ahmed et al., 1989-90). Its 

caterpillars feed on all plant parts i.e., leaves, buds, growing points, flowers and fruits 

and as they burrow into the fruits or pods, they become more difficult to control 

causing great crop losses (CAB, 2006). 

 

Globally, only few insect pests cause as much economic crop losses as does H. 

armigera Hübner (Reed and Pawar, 1982). It causes an annual crop damage of about 

US $ 2 billion globally with an additional cost of US $ 500 million on insecticides 

used to control it (CSRIO, 2008).  

 

The World Health Organization (WHO) reported that about 37,000 cases of 

cancer occur annually due to pesticides exposures (Saleem and Arshad, 2006). 

Therefore besides exorbitant cost, and development of resistance in different pests, 

the chemical pesticides are considered as the single main cause of health and 

environmental hazard (Krattiger, 1997).  

 

 The use of B. thuringiensis, as bioinsecticides has proved an excellent 

alternative for controlling insect pests of crops, forest plants and vectors of human 

diseases in public health sector. The insecticidal toxins produced by this bacterium are 

highly specific, harmless to humans, vertebrates, plants and are completely 

biodegradable and leaves no residual toxic products to accumulate in the environment 

(Schnepf et al., 1998). 

 

Bacillus thuringiensis is a gram positive, rod shaped, aerobic, spore forming 

bacterium (Höfte and Whiteley, 1989; Martin, 1994) and it’s different subspecies 

have been isolated from a number of habitats including soil, stored products, diseased 

insects, phyllosphere, dumping pits, excreta of vegetarian animals (Martin and 

Travers, 1989) and marine sediments (Maeda et al., 2000). Analysis of 100 soil 

samples collected from all over the world indicated that B. thuringiensis could be 

isolated every where including deserts, beach and tundra habitats (Martin and Travers, 

1989).  
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It’s most important and differential characteristic is the production of 

insecticidal proteins during sporulation. When nutrients in the medium become 

depleted B. thuringiensis undergoes sporulation process and insecticidal proteins in 

the form of crystal of different shapes are synthesized (Fast, 1981) such proteins are 

called the crystal, parasporal body or delta-endotoxin (Heimpel, 1967). 

 

The genes that encode the insecticidal crystal proteins are mostly associated 

with plasmids which direct the synthesis of a family of related proteins that have been 

classified as Cry I-to-Cry V depending on the host specificity. Cry1 proteins are 

specific against Lepidoptera, Cry11 proteins are specific to both Lepidoptera and 

Diptera, and Cry III proteins are specific to Coleoptra and Cry1V proteins to Diptera 

(Höfte and Whiteley, 1989) and Cry V protein with dual activity against Lepidoptera 

and Coleoptera Cry V (Tailor et al., 1992). 

 

In order to obtain novel B. thuringiensis strains against insects of economic 

importance, isolation and screening program are becoming routine activities in many 

laboratories all over the world. In Pakistan for the search of new strains of B. 

thuringiensis against Lepidopterous crop pests one 1000 samples were collected from 

its different area. All samples showed bacterial microflora of different varieties 

among which four hundred were crystal formers and suspected to be B. thuringiensis 

(Anonymous, 1978). 

 

Bioassay used for the identification of novel B. thuringiensis isolates is 

laborious, time consuming and exhaustive process (Kumar et al., 1996) but still 

necessary to screen all target insect isolates. Detection of the insecticidal activity of an 

unknown strain by serotyping is impossible because it does not reflect the specific cry 

gene classes of strains (Aronson, 1994; de Barjac and Frachon, 1990). PCR is a highly 

sensitive and rapid method of detecting and identifying target DNA sequences. It 

requires a very small amounts of DNA and allows quick, simultaneous screening of 

many B. thuringiensis samples to classify there cry gene to determine their 

insecticidal activities (Bourque et al., 1993; Carozzi et al., 1991; Chak et al., 1994; 

Gleave et al., 1993 Kalman et al., 1993; Kuo et al., 1996). PCR analysis is a best 
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preliminary tool preceding bioassays of newly isolated B. thuringiensis strains 

(Gleave et al., 1993). 

 

 This crystal protein (delta-endotoxins) is lethal to susceptible hosts 

(Anonymous, 1982). Chilcott and Wigley (1993) observed by SDS-PAGE proteins of 

different molecular weights in different strains of B. thuringiensis toxic against 

different orders of insect pests. Proteins crystals that were toxic against the 

Lepidoptera larvae contained 130-65-kDa proteins in varying amounts. Isolates that 

were toxic to Dipterans contained proteins with molecular weights of 130, 68 and 28-

kDa (Chilcott and Ellar, 1988; Kim et al., 1984). One unusual isolate toxic to 

Dipterans contained proteins of 50, 42, and 40-kDa. Isolates that were toxic to 

Coleopterans contained a 68-kDa protein. Some isolates that were toxic to 

Lepidoptera/Dipterans contained proteins of 130 and 65-kDa and one isolate 

contained protein of 96 and 84-kDa. One non toxic isolate contained proteins of 45 

and 40-kDa and another contained 70 and 65-kDa proteins (Donovan et al., 1988). 

 

Bacillus thuringiensis and its varieties have been tested mostly in the 

laboratory against more than 137 insect species from the order Lepidoptera, 

Hymenoptera, Diptera and Coleoptera (Heimpel, 1967). The delta-endotoxins of B. 

thuringiensis have a natural insecticidal effect on pest insects of the Lepidoptera, 

Coleoptera, Diptera, Hymenoptera, Homoptera, Orthoptera and Mallophaga orders 

and against Mites, Platyhelminthes and Nematodes and have also shown activity on 

cancer cells and on Protozoa of medical importance such as Plasmodium berghei 

(Schnepf et al., 1998; Mizuki et al., 1999; Xu et al., 2004). Among non-insecticidal B. 

thuringiensis strains with novel crystal proteins that is cytotoxic to particular human 

carcinoma cells have been detected (Akiba et al., 2006; Mizuki et al., 1999; Mizuki et 

al., 2000).  

 

The crystal proteins of B. thuringiensis show host specificity. When crystals 

are ingested by susceptible insect larvae they dissolve in alkaline conditions pH (8.0-

10.0) of insects mid gut and liberate 130-135 kDa protoxin molecules. These protoxin 

molecules are further processed by gut proteases producing actual toxic fragments of 

60-65 kDa (Gill et al., 1992; Höfte and Whiteley, 1989). The activated toxins bind to
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Fig. a   Mechanism of toxicity of Bacillus thuringiensis (Anonymous, 1999) 
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specific receptors present in the larval mid gut on cell membrane to create ion 

channels or pores that disrupt the membrane potential resulting in cell lysis (Schnepf 

et al., 1998; de Maagd et al., 2001).  

 

When the midgut epithelium of the larva is damaged, the haemolymph and the 

gut contents mix providing favorable conditions for the B. thuringiensis spores to 

germinate (Wilson and Benoit, 1993). The resulting vegetative cells of B. 

thuringiensis and the pre-existing microorganisms in the gut proliferate in the 

haemocoel causing septicemia, and contribute to the mortality of the insect larva. Li et 

al., (1987) observed that spores crystals complex were much effective then crystals 

alone. 

 

Bacillus thuringiensis is a group of organisms that occur naturally and can be 

added to an ecosystem for insect control (Andrews et al., 1987; Stahly et al., 1991). 

The first commercial B. thuringiensis product, Sporein®, was produced in 1938 in 

France, for the control of P. interpunctella. However, the real burst of B. thuringiensis 

as biopesticides took place after World War II (Frutos, 2001) and commercial B. 

thuringiensis products were developed in several countries including, USSR, 

Czechoslovakia, France, Germany (van Frankenhuyzen, 1993).  

 

The discovery of new B. thuringiensis subspecies, israelensis in 1976 opened a 

new chapter in the field of vector control (Goldberg and Margalit, 1977; Margalit and 

Dean, 1985), particularly for the control of mosquitoes and black flies larvae. Many 

tons of commercial B. thuringiensis israelensis products are used per annum to 

control Culex, Anopheles, Ades and Simulium larvae to prevent transmission of 

diseases as filariasis, malaria, encephalitis, yellow fever and onchrocerciasis (Salama 

and Morris, 1993). Formulations of B. thuringiensis have annual sales of nearly $90 

millions. There are 67 registered B. thuringiensis products with more than 450 

formulations (Sharma et al., 2002). 

 

Commercial B. thuringiensis products are processed fermentation products 

(Anonymous, 1999) which are produced in large industrial fermentation tanks. Most 

commercial B. thuringiensis products contain the protein toxin and spores, but some 
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contain only the toxin component. Commercial B. thuringiensis formulations are 

available in the form of wetable powders, suspension concentrates, water dispersible 

granules, oil miscible suspension, capsule suspension, and granules (Tomlin, 1997) 

which are applied like insecticide to foliage, soil, water environments or food storage 

facilities (Anonymous, 1999). 

 

Many B. thuringiensis formulations are now commercially available which are 

divided into three groups. Group-I B. thuringiensis formulations, formulated with B. 

thuringiensis var. kurstaki (Btk) isolates are Biobit, Condor, Cutlass, Dipel, Full-Bac, 

Javelin, M-Peril, and MVP. These are being used to control many common leaf-

feeding caterpillars, including pests on vegetables, that attack cabbage, broccoli, 

cauliflower and Brussels sprouts; bag worms and tent caterpillars on trees and shrubs; 

larvae of the gypsy moth and other forest caterpillars; and European corn borer larvae 

in field corn. Some products are used to control Indian meal moth larvae in stored 

grain. Group-II B. thuringiensis formulations, formulated with B. thuringiensis var. 

israelensis (Bti) are Vectobac, Teknar, Bactimos, Skeetal, Mosquito Dunks and 

Mosquito Attack which are being used against the larval stages of mosquitoes, black 

flies, and fungus gnats. Group-III B. thuringiensis Formulations, formulated with B. 

thuringiensis var. tenebrionis, are toxic to certain beetles.  

 

Bacillus thuringiensis toxins not active against non-targeted organisms are due 

to various reasons like low solubility in gut environment, lack of binding to Brush 

Border Membrane Vesicles in midgut and presence of cleavage sites (Saraswathy and 

Kumar, 2004). 

  

Different strains of B. thuringiensis have specific toxicity to certain target 

insects. The specificity rests on the fact that toxicity of B. thuringiensis protein is 

receptor-mediated. This means that for an insect to be affected by the B. thuringiensis 

protein, it must have specific receptor sites in its gut where the proteins can bind. 

Fortunately, humans and majority of beneficial insects do not have these receptors 

(Extoxnet, 1996). 
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Eighteen human’s volunteers ate one gram of commercial B. thuringiensis 

preparation daily for five days, on alternate days. Humans who ate one gram per day 

for three consecutive days were not poisoned or infected.” Furthermore, the protein 

was shown to be degraded rapidly by human gastric fluid in vitro, in laboratory 

conditions (Extoxnet, 1996).  

 

No adverse health effects have been documented after occupational exposure 

to B. thuringiensis products in human beings with the exception of case reports on 

ocular and dermal irritation. Human volunteers ingested and inhaled large quantities 

of B. thuringiensis subspecies, kurstaki formulation but experienced no adverse health 

effects. The B. thuringiensis has not been reported to cause adverse effects on human 

health when present in drinking water and food (Anonymous, 1999). 

 

Bacillus thuringiensis protein is moderately persistent in soil and is classified 

as immobile as they do not move, or leach with groundwater. The proteins do not 

particularly persist in acidic soil conditions. When exposed to sunlight, they are short-

lived as UV destroys them very rapidly (Extoxnet, 1996). 

 

Bacillus thuringiensis protein was found not to have any harmful effects on 

sheep (Hadley et al., 1987), rats (Siegel et al., 1987), mice and rabbits (Siegel and 

Shadduck, 1990) certain birds like young bobwhite quail and young mallards dogs, 

guinea pigs, fish, frogs, salamanders birds and beneficial or predator insects such as 

honeybees and lady beetles (Anonymous, 1999). 

 

No adverse effects of B. thuringiensis were observed on aquatic vertebrates 

including frog, gold fish, newts, rainwater killifish and toads and, on aquatic 

invertebrates including bivalve mollusks, copepods, decapods, flatworms, isopods, 

gastropods and ostracods and on earthworm as well (Anonymous, 1999). 

 

Bacillus thuringiensis israeliensis (B.t.i) intoxicated mosquito larvae were fed 

to field collected fourth to fifth instar backswimmer and no adverse effect was 

observed in them (Aly and Mulla, 1987). The application of a B.t.i. formulation in a 
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wildlife marsh showed no adverse effects on beetle larvae (Mulligan and Schaefer, 

1982).  

 

Bacillus thuringiensis is also an important source of genes for transgenic 

expression to develop pest resistance in plants and microorganisms as pests control 

agents in so-called genetically modified organisms (GMOs) (Anonymous, 1999). It 

was reported that pollen from B.t. corn had a negative impact on Monarch butterfly 

larvae. This report raised concerns and questions about the risks of B.t. plants on non-

target organisms. Recent studies, however, show that B.t. corn poses negligible threat 

to Monarch butterflies in the field (Sears, 2001). 

 

In recent years a tremendous interest in B. thuringiensis has been developed, 

largely because of the safety associated with B. thuringiensis based insecticides. 

Chemical pesticides application not only affects the non-target organisms but also 

leaves harmful residues in the food, and results in environmental pollution.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 16

MATERIALS AND METHODS 

 

1. Isolation of Bacillus thuringiensis (B.t.) Berliner from soil samples 

 

Basic growth medium (BGM) reported by Ahmed, (1995), spread-plate 

method by Cappuccino and Sherman, (1996) and heat treatment reported by Tariq, 

(2001) were used for the isolation of bacterium, Bacillus thuringiensis (B.t.) Berliner 

from soil samples. 

 

1.1 Soil samples collection  

  

For the isolation of B. thuringiensis from the soil of Pakistan, one hundred and 

fifty (150) soil samples were collected from its different regions i.e., Northern Punjab 

(60 soil samples), Khyber Pakhtoonkhwa (32 soil samples) and Gilgit Baltistan (58 soil 

samples). Seventy five (75) soil samples were taken from the surface (S) and 75 from 

the subsoil (Sb) of the same place at the depth of 4-5 cm (where it is less effected by 

UV radition) by removing the upper layer of soil from different habitats including grass 

lands, crop fields, sandy lands and fallow lands (Table-1) by scraping 5-10 g of soil 

with sterile spatula. These soil samples were stored at room temperature in paper 

envelopes and analysed for the isolation of B. thuringiensis. 
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Table-1    Detail of soil samples with respect to region, district, locality, crop, and 

place (surface/subsoil) and sample number 

 

S.Nos Regions of Pakistan District Locality Habitat Place & 
sample 
number 

1 Gilgit Baltistan Hunza Passu Grass S 1 

2 Gilgit Baltistan Hunza Passu Grass Sb 1 

3 Gilgit Baltistan Diamer Tarashing Grass S 2 

4 Gilgit Baltistan Diamer Tarashing Grass Sb 2 

5 Gilgit Baltistan Diamer Latoba Grass S 3 

6 Gilgit Baltistan Diamer Latoba Grass Sb 3 

7 Gilgit Baltistan Diamer Tattapani  Grass S 4 

8 Gilgit Baltistan Diamer Tattapani Grass Sb 4 

9 Gilgit Baltistan Diamer Deh Potato S 5 

10 Gilgit Baltistan Diamer Deh Potato Sb 5 

11 Gilgit Baltistan Diamer Astore Potato S 6 

12 Gilgit Baltistan Diamer Astore Potato Sb 6 

13 Gilgit Baltistan Diamer Upper Rupal Potato S 7 

14 Gilgit Baltistan Diamer Upper Rupal Potato Sb 7 

15 Gilgit Baltistan Diamer Lower Rupal Wheat S 8 

16 Gilgit Baltistan Diamer Lower Rupal Wheat Sb 8 

17 Gilgit Baltistan Gilgit Pagora Maize S 9 

18 Gilgit Baltistan Gilgit Pagora  Maize Sb 9 

19 Gilgit Baltistan Gilgit Shahabad Maize S 10 

20 Gilgit Baltistan Gilgit Shahabad Maize Sb 10 

21 Khyber Pakhtoonkhwa Kohistan Thakot Maize S 11 

22 Khyber Pakhtoonkhwa Kohistan Thakot Maize Sb 11 

23 Khyber Pakhtoonkhwa Mansehra Mansehra city Maize S 12 

24 Khyber Pakhtoonkhwa Mansehra Mansehra city Maize Sb 12 

25 Khyber Pakhtoonkhwa Mansehra Batal Maize S 13 

26 Khyber Pakhtoonkhwa Mansehra Batal Maize Sb 13 

27 Khyber Pakhtoonkhwa Kohistan Harban Wild-mint S 14 

28 Khyber Pakhtoonkhwa Kohistan Harban Wild-mint Sb 14 
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29 Khyber Pakhtoonkhwa Kohistan Shatial Grass S 15 

30 Khyber Pakhtoonkhwa Kohistan Shatial Grass Sb 15 

31 Khyber Pakhtoonkhwa Shangla Besham Grass S 16 

32 Khyber Pakhtoonkhwa Shangla Besham Grass Sb 16 

33 Khyber Pakhtoonkhwa Mansehra Shinkiari Tea S 17 

34 Khyber Pakhtoonkhwa Mansehra Shinkiari Tea Sb 17 

35 Khyber Pakhtoonkhwa D.I. Khan D.I. Khan city Fodder S 18 

36 Khyber Pakhtoonkhwa D.I. Khan D.I. Khan city Fodder Sb 18 

37 Khyber Pakhtoonkhwa D.I. Khan ARI Field Mung S 19 

38 Khyber Pakhtoonkhwa D.I. Khan ARI Field Mung Sb 19 

39 Khyber Pakhtoonkhwa Batgram Mattamaidan Rice S 20 

40 Khyber Pakhtoonkhwa Batgram Mattamaidan Rice Sb 20 

41 Khyber Pakhtoonkhwa Mansehra Shinkiari Rice S 21 

42 Khyber Pakhtoonkhwa Mansehra Shinkiari Rice Sb 21 

43 Khyber Pakhtoonkhwa Shangla Sharkool Grass S 22 

44 Khyber Pakhtoonkhwa Shangla Sharkool Grass Sb 22 

45 Khyber Pakhtoonkhwa Batgram Kotgala Grass S 23 

46 Khyber Pakhtoonkhwa Batgram Kotgala Grass Sb 23 

47 Khyber Pakhtoonkhwa Kohistan Dobair Grass S 24 

48 Khyber Pakhtoonkhwa Kohistan Dobair Grass Sb 24 

49 Khyber Pakhtoonkhwa Mansehra Mansehra city Grass S 25 

50 Khyber Pakhtoonkhwa Mansehra Mansehra city Grass Sb 25 

51 Khyber Pakhtoonkhwa Kohistan Pattan Grass S 26 

52 Khyber Pakhtoonkhwa Kohistan Pattan Grass Sb 26 

53 Gilgit Baltistan Khunjerab Khunjerab Pass Grass S 27 

54 Gilgit Baltistan Khunjerab Khunjerab Pass Grass Sb 27 

55 Gilgit Baltistan Diamer Raikot Grass S 28 

56 Gilgit Baltistan Diamer Raikot Grass Sb 28 

57 Gilgit Baltistan Diamer Three Valley Grass S 29 

58 Gilgit Baltistan Diamer Three Valley Grass Sb 29 

59 Gilgit Baltistan Khunjerab 10 km to KP Grass S 30 

60 Gilgit Baltistan Khunjerab 10 km to KP Grass Sb 30 
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61 Gilgit Baltistan Khunjerab 15 km to KP Grass S 31 

62 Gilgit Baltistan Khunjerab 15 km to KP Grass Sb 31 

63 Gilgit Baltistan Khunjerab 20 km to KP Grass S 32 

64 Gilgit Baltistan Khunjerab 20 km to KP Grass Sb 32 

65 Gilgit Baltistan Khunjerab 30 km to KP Grass S 33 

66 Gilgit Baltistan Khunjerab 30 km to KP Grass Sb 33 

67 Gilgit Baltistan Diamer Topmadan Grass S 34 

68 Gilgit Baltistan Diamer Topmadan Grass Sb 34 

69 Gilgit Baltistan Diamer Chilas Grass S 35 

70 Gilgit Baltistan Diamer Chilas Grass Sb 35 

71 Gilgit Baltistan Hunza Sost Grass S 36 

72 Gilgit Baltistan Hunza Sost Grass Sb 36 

73 Gilgit Baltistan Hunza Karimabad Grass S 37 

74 Gilgit Baltistan Hunza Karimabad Grass Sb 37 

75 Gilgit Baltistan Hunza Nagar Grass S 38 

76 Gilgit Baltistan Hunza Nagar Grass Sb 38 

77 Gilgit Baltistan Hunza Gulmet Grass S 39 

78 Gilgit Baltistan Hunza Gulmet Grass Sb 39 

79 Gilgit Baltistan Hunza Hunza city Fenugreek S 40 

80 Gilgit Baltistan Hunza Hunza city Fenugreek Sb 40 

81 Gilgit Baltistan Hunza Hunza city Maize S 41 

82 Gilgit Baltistan Hunza Hunza city Maize Sb 41 

83 Gilgit Baltistan Gilgit Jaglot Mash S 42 

84 Gilgit Baltistan Gilgit Jaglot Mash Sb 42 

85 Gilgit Baltistan Gilgit Jaglot Mung S 43 

86 Gilgit Baltistan Gilgit Jaglot Mung Sb 43 

87 Gilgit Baltistan Hunza Khunjerab Pass Sandy land S 44 

88 Gilgit Baltistan Hunza Khunjerab Pass Sandy land Sb 44 

89 Gilgit Baltistan Pamirchi Khunjerab Pass Fallow land S 45 

90 Gilgit Baltistan Pamirchi Khunjerab Pass Fallow land Sb 45 

91 Northern Punjab Faisalabad Faisalabad 
suburb 

Wheat S 46 

92 Northern Punjab Faisalabad Faisalabad  Wheat Sb 46 

93 Northern Punjab Rawalpindi Sangjani Wheat S 47 

94 Northern Punjab Rawalpindi Sangjani Wheat Sb 47 
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95 Northern Punjab Kasur Behal  Fallow land S 48 

96 Northern Punjab Kasur Behal  Fallow land Sb 48 

97 Northern Punjab Bhakkar Kotla Jan Fallow land S 49 

98 Northern Punjab Bhakkar Kotla Jan Fallow land Sb 49 

99 Northern Punjab Mianwali Bakwal Fallow land S 50 

100 Northern Punjab Mianwali Bakwal Fallow land Sb 50 

101 Northern Punjab Mianwali Musa Khail Fallow land S 51 

102 Northern Punjab Mianwali  Musa Khail Fallow land Sb 51 

103 Northern Punjab Kasur Hussain Chock Fallow land S 52 

104 Northern Punjab Kasur Hussain Chock Fallow land Sb 52 

105 Northern Punjab Chakwal Khos Groundnut S 53 

106 Northern Punjab Chakwal .Khos Groundnut Sb 53 

107 Northern Punjab Layyah Rakh 
Ghulaman 

Groundnut S 54 

108 Northern Punjab Layyah Rakh 
Ghulaman 

Groundnut Sb 54 

109 Northern Punjab Chakwal Miat Sorgham S 55 

110 Northern Punjab Chakwal Miat Sorgham Sb 55 

111 Northern Punjab Mianwali Chack Agral Sorgham S 56 

112 Northern Punjab Mianwali Chack Agral Sorgham Sb 56 

113 Northern Punjab Mianwali Dhok Phulla Sorgham S 57 

114 Northern Punjab Mianwali Dhok Phulla Sorgham Sb 57 

115 Northern Punjab Chakwal Ahmedabad Grass S 58 

116 Northern Punjab Chakwal Ahmedabad  Grass Sb 58 

117 Northern Punjab Layyah Khurdian.  Grass S 59 

118 Northern Punjab Layyah Khurdian Grass Sb 59 

119 Northern Punjab Chakwal Talagang Grass S 60 

120 Northern Punjab Chakwal Talagang Grass Sb 60 

121 Northern Punjab Chakwal Dhok Khatwaq Grass S 61 

122 Northern Punjab Chakwal Dhok Khatwaq Grass Sb 61 

123 Northern Punjab Chakwal Dhok Sayada Grass S 62 

124 Northern Punjab Chakwal Dhok Sayada Grass Sb 62 

125 Northern Punjab Layyah Layyah city Mung S 63 

126 Northern Punjab Layyah Layyah city Mung Sb 63 
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127 

 
Northern Punjab Mianwali Mianwali 

suburb 
Mung S 64 

128 Northern Punjab Mianwali  Mianwali 
suburb 

Mung Sb 64 

129 Northern Punjab Kasur Kasur city Mung S 65 

130 Northern Punjab Kasur Kasur city Mung Sb 65 

131 Northern Punjab Jhang Chellay Walla Mung S 66 

132 Northern Punjab Jhang Chellay Walla Mung Sb 66 

133 Northern Punjab Layyah Rakh 
Ghulaman 

Mung S 67 

134 Northern Punjab Layyah Rakh 
Ghulaman 

Mung Sb 67 

135 Northern Punjab Bhakkar ARI Field Mung S 68 

136 Northern Punjab Bhakkar ARI Field  Mung Sb 68 

137 Northern Punjab Faisalabad Faisalabad city Grass S 69 

138 Northern Punjab Faisalabad Faisalabad city Grass Sb 69 

139 Northern Punjab Mianwali Mianwali city Mung S 70 

140 Northern Punjab Mianwali Mianwali city Mung Sb 70 

141 Northern Punjab Jhang Attlasa Hazari Mung S 71 

142 Northern Punjab Jhang Attlasa Hazari Mung Sb 71 

143 Northern Punjab Bhakkar Saraye 
Mehager  

Mung S 72 

144 Northern Punjab Bhakkar Saraye 
Mehager 

Mung Sb 72 

145 Northern Punjab Chakwal Potha 
Dandasha 

Mung S 73 

146 Northern Punjab Chakwal Potha 
Dandasha

Mung Sb 73 

147 Northern Punjab Chakwal Chakwal Rd Mung S 74 

148 Northern Punjab Chakwal Chakwal Rd Mung Sb 74 

149 Northern Punjab Bhakkar ARI Field Grass S 75 

150 Northern Punjab Bhakkar ARI Field Grass Sb 75 

S = Surface soil sample,                                 
S 1= Surface soil sample No.1 
Sb = Subsoil sample,                                     
Sb 1= Subsoil sample No.1 
D.I. Khan = Dera Ismail Khan                         
ARI = Agriculture Research Institute 
KP = Khunjerab Pass 
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2. Composition, preparation and pouring of basic growth medium 

 

One litre basic growth medium was prepared by using the ingredients and 

quantities given in Table-2. 

 

Table- 2    Composition of one litre basic growth medium 

 
S.Nos INGREDIENTS QUANTITIES 

1 Nutrient Broth (N.B.)Composition  13.0 g 
 A Beef extract 1.0 g  
 B Yeast extract 2.0 g  
 C Peptone 5.0 g  
 D Sodium Chloride 5.0 g  

2 Agar 15.0 g 
3 Calcium Chloride (CaCl2 .2H2O) 0.08 g 
4 Magnesium Sulphate (MgSO4.7H2O) 0.2 g 
5 Manganese Sulphate (MnSO4.H2O) 0.038 g 
6 Salt Solution (Composition ) 1.0 mL 
 I ZnCl2 0.05 M  
 II MgCl2 0.5 M  
 III MnCl2 0.01 M  
 IV CaCl2 0.2 M  
 V FeCl3 0.05 M  
 VI HCl 5 drops  
 VII Sterilized distilled water 100 mL  

7 Distilled Water 1000 mL 
 

All ingredients, excluding salt solution, of BGM with given quantities were added 

into 1000 mL of distilled water in a flask. Flask was tightly plugged and autoclaved at 

121oC and 15 psi for 20 minutes in autoclave (Harvey sterile max, USA). After 

autoclaving, 1.0 mL of sterile salt solution (sterilized by passing it through Milli-pore 

filter of 0.20 m) was added, when medium was cooled down approximately to 60oC, and 

shaked gently for its proper mixing. Then medium was poured into sterilized Petri plates 

under aseptic conditions and allowed to solidify. After solidification, Petri plates were 

incubated at 30oC for 24 h for checking the contamination of microorganism. Petri plates 

free from the contamination were placed in refrigerator at 4oC and used periodically for 

the growth of B. thuringiensis. 
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1.3 Preparation of ten-fold dilution of soil suspension 

 

One-gram of each soil sample was added into 10.0 mL of sterile distilled water 

in sterilized test tubes. Test tubes were tightly plugged and placed in a shaking water 

bath for 1 h at 200 rpm and 30oC for the preparation of thoroughly mixed soil 

suspension. After mixing, solid material was allowed to settle down for 20 minutes 

and then 5.0 mL from upper suspension was transferred into another sterilized test 

tube and subjected to heat shock by placing test tubes in the water bath at 80oC for 

10.0 minutes. Ten fold dilutions were prepared from each heat-treated suspension by 

adding 1.0 mL of suspension into 9.0 mL of sterilized distilled water.  

 

1.4 Spread-plate method 

 

One hundred micro-litres from heat-treated suspension were homogeneously 

spread-plated on the surface of BGM with the help of L-shaped glass rod sterilized 

with alcohol and flamed. Then inverted plates were incubated at 30oC for 72 h. 

 

2. Identification of bacterial isolates as B. thuringiensis species 

 

Preassumptive identification of bacterial isolates as B. thuringiensis was made 

on the basis of colonial morphology and confirmed as B. thuringiensis on the 

visualization of protein crystals and spore in the same mother cell, and by observing the 

condition of sporangium (swollen or unswollen) after studying the culture of 24 h, 48 h 

and 72 h with and without staining under phase contrast microscope (Nikon, Japan). 

Some standared morphological and biochemical tests i.e., Gram test, catalase test and 

glucose fermentation test were also performed. 

 

2.1 Colonial morphology 

 

All the appearing microbial colonies were observed under magnifying lens 

after 24 h, 48 h, and 72 h of incubation and those colonies which showed B. 

thuringiensis like colonial morphology were considered to be the suspected B. 

thuringiensis (Fig. 1-a). 
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2.2 Microscopic observation to confirm the presence of crystal in the bacterial    

cell 

  

Final identification was made on the basis of phase contrast microscopy as it is 

a best criterion for the identification of B. thuringiensis species. 

 

I. Identification of suspected colonies as B. thuringiensis  

  

On the basis of colonial morphology, heat fixed smears from the suspected 

bacterial colonies were made after 72 h of growth without staining. Smesars were 

always examined under oil immersion at 100X in a phase contrast microscope for the 

visualization of spore and protein crystal in the same cell.  

 

II. Confirmation of suspected colonies as B. thuringiensis 

 

Suspected colonies were subcultured by streak-plate method on a solid BGM 

in a sterile Petri plates and incubated at 30oC for 72 h. Heat fixed smears with and 

without staining from subcultures were prepared after 24, 48, and 72 h of growth and 

examined in phase contrast microscope. Bacterial cells that had spores and crystals in 

the mother cells (Fig.1-b) and unswollen sporangia were confirmed as B. 

thuringiensis species. 
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Fig. 1-a   Seventy two hours old colonies showing 

                             B. thuringiensis like colonial morphology 

 
 

 
 

  Fig. 1-b   Forty eight hours old culture of indigenous B. thuringiensis 

isolate PA- S-34.1 showing spore and crystal in the mother cell         

(Magnification 100X). 
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III. Preparation of air-dried and heat fixed smears 
 

Smears of bacterial cultures were prepared on glass slides cleaned with 95% 

ethanol. A drop of sterile distilled water was placed in the centre of slide. A very 

small fraction of colony was picked up with sterilized wire loop, mixed with a drop of 

water by the circular movement of loop and spread into a very thin smear. Smear was 

allowed to air-dry. Heat fixed smears were prepared by rapidly passing the air-dried 

smears 2-3 times over the flame. 

 

IV. General staining  

.  

General staining procedure reported by Ahmed, (2004) was used. According to 

this method 10% basic fuchsine solution prepared in anhydrous ethanol and 5% phenol 

solution prepared in water were mixed and stored at 4 oC. Ten fold dilutions were 

prepared from this dyeing solution and small quantity was placed on heat fixed smear 

and left for 30-60 seconds for proper staining. Then the dyeing solution was removed 

from the stained smear by paper towel. 

 

V. Phase contrast microscopy  

 

Heat fixed smears, with and without staining, were examined under phase 

contrast microscope and morphology of the vegetative cells, spores, sporangia and 

characteristics of crystals: (1) crystals morphology (2) number of crystals in each cell 

(3) and whether each cell produces crystal were observed. 

 

2.3. Morphological and biochemical characteristics of B. thuringiensis isolates 

 

I. Gram test 

Heat fixed smears of bacterial cultures were prepared. Crystal violet pigment 

was added to the smears and left for one minute. Then pigment was washed off with 

distilled water. After that Gram’s Iodine was applied for one minute and again slides 

were washed off with distilled water. Smears were decolorized with 95% ethyl 

alcohol by adding it gradually. Alcohol was washed off with distilled water. 
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Counterstain Safranin was applied for 45 seconds. Safranin was washed off with 

distilled water and blotted dry. Gram stained smears were examined in a phase 

contrast microscope and the shape and coloure of vegetative cells were noted. 

 

II. Catalase test  

  

A loopful from freshly grown pure B. thuringiensis culture (observed under 

phase contrast microscope) was picked up and added into sterilized eppendorf tube 

containing 300 µL of sterilized distilled water. A negative control cotaining sterilized 

distilled water only (without B. thuringiensis culture) was also run in parallel. Then 1-

3 drops of 30% H2O2 was added and the appearance of gas bubbles in all eppendorf 

tubes was observed. This biochemical test was performed twice to confirm the results. 

  

III. Glucose fermentation test 

 

One litre liquid BGM, excluding agar (Table-2) with the addition of 10 g 

glucose and 0.0125 g phenol red (pH indicator) was prepared in a flask. Flask was 

placed in a water bath for 20 minutes at 80oC and continuously stirred for uniform 

mixing of the ingredients. Ten milli-litre medium was poured into each sterilized test 

tube containing Durham tube. These test tubes were tightly plugged and autoclaved at 

121oC and 15 psi for 20 minutes. Aautoclaved medium was allowed to cool down 

approximately to 60oC. Then, 10 µL salt solution and loopful of pure culture of 

isolated B. thuringiensis were added into each test tube and one test tube was 

inoculated with reference B. thuringiensis culture. One test tube was not inoculated 

with B. thuringiensis culture but only salt solution was added and used as negative 

control. All test tubes were incubated at 30oC for 7-10 days. Change in the colour of 

fermented medium and production of gas in the Durham tube were observed.  

 

2.4 Storage of pure B. thuringiensis cultures 

 

Sterilized wire loop was gently touched to the surface of confirmed pure B. 

thuringiensis cultures and streaked several times on the surface of BGM in each Petri 

plate (Fig. 2-a,b). The Petri plates were incubated at 30oC for 48 h. Heat fixed smears 
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were prepared from culture at three places and examined under phase contrast 

microscope. The confirmed pure cultures of B. thuringiensis were named and stored at 

4oC by preserving in the culture tubes containing solid BGM in the form of slants. 

Subcultures were made periodically for further use in experiments. 

 

2.5 The B. thuringiensis index 

 

The B .thuringiensis index was calculated by formula reported by Chilcott and 

Wigley, (1993) as the number of B. thuringiensis isolates divided by number of colonies 

of bacteria examined. 
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Fig. 2-a   Purified culture of confirmed  

B. thuringiensis isolates, PA-Sb-46.3 

 

                    

 

  Fig. 2-b   Purified culture of confirmed  

B. thuringiensis isolates PA-Sb-23.1 
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3-Characterization of isolated B. thuringiensis by polymerase chain reaction and 

sodium dodecyl sulfate polyacrylamide gel electrophoresis  

 

B. thuringiensis isolates were characterized by using PCR and SDS-PAGE. 

 

3.1 Characterization of B. thuringiensis isolates by polymerase chain reaction  

 

Polymerase chain reaction (PCR) method was used for the detection of 

insecticidal toxin, cryI gene (specific to Lepidopteran larvae) in the isolated B. 

thuringiensis and in B. thuringiensis reference standard strain, var. kurstaki procured 

from Abbott laboratories, North Chicago, USA.  

 

 

I. Primers used 

 

Primers reported by Ceron et al., (1995) were used in this study. Two general 

primer sets (CJI-1, CJI-2) selected from highly conserved region specific to cryI gene 

(cry1Aa, cry1Ab, cry1Ac, cry1B, cry1C, cry1D, cry1Ea, cryIEb, cryIF, cryIFa) and 

two specific primers (CJ18, CJ19) specific to cry1 gene (cryIG) was used for the 

detection of cry1 gene in isolated B. thuringiensis. Sequences of the four primers, their 

location in sequences, expected sizes of the PCR products and accession number reported 

by Ceron et al., (1995) is shown in Table-3. 
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           Table-3    Characteristics of cry1 primers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Primer  
Pair 

Sequence Gene 
recognized 

Positions Product 
size (bp) 

Accession 
no 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1Aa 3263-3285 
3515-3534 

272 D17518 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1Ab 3180-3202 
3444-3463 

284 X54939 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1Ac 3186-3208 
3438-3457 

272 M73248 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1B 3321-3343 
3591-3610 

290 X06711 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1C 3210-3232 
3474-3493 

284 M73251 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1D 3401-3423 
3665-3684 

284 X54160 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cry1Ea 3165-3187 
3420-3439 

275 M73252 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cryIEb 3159-3181 
3429-3448 

290 M73253 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cryIF 3165-3187 
3429-3448 

284 M73254 

CJI-1 
CJI-2 

5′ TGTAGAAGAGGAAGTCTATCCA 
5′ TATCGGTTTCTGGGAAGTA 

cryIFa 3642-3664 
3906-3925 

284 M63897 

CJ18 
CJ19 

5′ ATATGGAGTGAATAGGGCG 
5′ TGAACGGCGATTACATGC 

cryIG 1778-1797 
1994-2012 

235 X58120 
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II. Preparation of DNA templates  

 

The DNA templates were obtained according to method reported by Ceron et 

al., (1995). Bacillus thuringiensis culture taken from a single colony was grown on 

the surface of BGM in Petri plates at 30°C. A sterilized loop full of cells was picked 

up after 12 h of growth (remaining culture was allowed to grow and after 48 h slide 

was prepared from this culture and examined under phase contrast microscope to 

check the presence of required B. thuringiensis), transferred to an eppendorf tube 

containing 100 L of sterilized distilled H2O and boiled for 10 minutes to lyse the 

cells. The resulting cell lysate was centrifuged in Microcentifuge (Sigma, 1-15K) for 

10 secconds at 10,000 rpm and 13 L supernatant was used as DNA template in the 

PCR amplification mixture.  

 
III. Polymerase chain reaction amplification 

 

Total PCR amplification was conducted with 30 L volume reaction which 

consisted of 13 L of DNA template, 1.0 L of each primer (1 L of forward and 1 

L of reverse primer) and 15 L of 2 X PCR Master Mix (Fermentas) in an eppendorf 

tube. Amplification was carried out with DNA thermal cycler (PCR eppendorf 

Mastercycler) by using step-cycle program set for 35 cycles with a cycle consisting of 

denaturation at 94°C for 3 minutes, annealing at 50°C for 2 minutes, and extension at 

72°C for 3 minutes, and an extra step of extension at 72°C for 20 minutes.  

 

IV. Electrophoresis 

 

Five micro-litres of PCR product was mixed with 2.0 L of 6X loading dye 

solution (Fermentas) and loaded with micropipette into the wells and marked 

according to the isolates of B. thuringiensis loaded. Similarly, the same volume of 

DNA ladder 100 bp (Fermentas) was loaded in the first well and electrophoresed on a 

1.5 % agarose gel in TAE buffer (40 mM Tris-borate, 5M EDTA [pH 8.0]) at 100 V 

for 30-35 minutes. Battery was switched off, gel tub was removed and placed for 

staining into ethidium bromide solution (1% w/v) for 30 minutes. After staining, gel 

was visualized for bands under UV light and recorded by taking photograph using gel 

documentation system (Kodak, EDAS 290).  
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3.2-Characterization of isolated B. thuringiensis by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis  

 

Protein profile of spore-crystal of all B. thuringiensis isolates and reference 

strain var. kurstaki were determined by using sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) according to the method of Laemmli (1970). 

 

I. Electophoresis 

 

Electrophoresis was carried out using Vertical slab type SDS-PAGE model: 

AE-6530M, ATTA Japan. The gel cassette was set up and separating gel (Table-A6) 

was prepared and poured into the gel cassette (between plates) filling 70% of it. Top 

of the separating gel was layered with small amount of butanol to remove bubbles and 

to prevent direct air contact for smooth polymerization. In 40-45 minutes gel became 

fixed. Butanol was removed. Then the stacking gel (Table-A7) was prepared and 

poured over the separating gel into the rest of the 30% space of the gel cassette. The 

comb was inserted into the stacking gel to create wells. The comb was placed 

carefully to avoid the air bubbles to get stuck underneath and left for about 30 minutes 

until the gel fixed. The comb, clips and gaskets was removed carefully. 

Electrophoresis apparatus was set up by placing gel plates and filling tank with 

electrode buffer solution (Table-A8) and avoiding the formation of bubbles at the 

bottom of plates.  

 

II. Sample preparation 

 

A sterilized loopfull of pure and 100% sporulated culture (observed in phase 

contrast microscope), grown on the surface of BGM was suspended in 1 mL of 0.5M 

NaCl in pre-weighed sterilized eppendorf tube for washing (Chilcot and Wigley, 

1993). The eppendorf tube was vortexed for thorough mixing of the suspension and 

then, centrifuged at 13000 rpm for 10 minutes. The supernatant was discarded leaving 

pellet (spore-crystal) at the bottom of eppendorf tube. This pellet was washed with 1 

mL of distilled water repeating the same step twice with water. A slide was prepared 

from the washed pellet containing spore-crystal and visualized under phase contrast 

microscope to check the purity of pellet. Only pellets cotaining almost a 100% of cells 
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with spores and crystals were used buffer (Table-A1) was added to the pellet of spore-

crystal in 1:1, vortexed and boiled at 100oC for 10 minutes in water bath. After 

boiling, eppendorf tube was cooled by placing in ice for 10 minutes. Then sample was 

centrifuged at 13,000 rpm for 1 minute to settle the insoluble residue. 

 

Five micro-litres supernatant of the protein samples of reference standard 

strain, B. thuringiensis isolates and known molecular weight (range 11-170 kDa) pre-

stained protein markers (Fermentas, USA) was loaded into the wells carefully. The 

wells were marked according to the isolates of B. thuringiensis loaded. The gel was 

run at constant voltage of 100 V and 20 mA till the blue line reached at the end of the 

gel plates. After the completion of gel run the battery was switched off and plates 

were removed from the apparatus carefully. 

 

III. Staining and destaining 

 

The set of gel plates was separated using spatula and stacking gel portion was 

removed. The separating gel was kept in a box containing staining solution (Table-

A9) and put on a shaker for 2 h. The staining solution was exchanged with destaining 

solution (Table-A10) and box was shaken gently untill the gel background 

disappeared and proteins bands were clearly visualized. For the absorbance of excess 

coomassie dye, a piece of Kim wipe was put in the destaining solution. Gel was 

recorded by taking photographs. 

 

IV. Detection of different bands  

 

Molecular weight of isolate’s protein was measured by comparing it with the 

bands of protein markers and with the bands of reference standard strain, var. 

kurstaki. 

 

4-Production of spore-δ-endotoxin of B. thuringiensis isolates in powder form  

The spore-δ-endotoxin was produced in the form of powder by shake flask 

technique (Fig. 3) for toxicity evaluation of B. thuringiensis isolates against 1st instar 

larvae of H. armigera in the laboratory (Ahmed, 1995).  
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4.1 Bacillus thuringiensis isolates used 

 

A total 81 B. thuringiensis isolates were obtained whereas 33 isolates were 

selected randomLy on the basis of one B. thuringiensis isolate/Petri plate/positive soil 

sample and one B. thuringiensis as reference standard strain, var. kurstaki procured 

from Abbott laboratories, North Chicago, USA.  

 

The majority of B. thuringiensis isolates used, 30 out of 33 (81.82%) had two 

crystals/cell as given in Table-4 (S.Nos. 3, 4, 5, 6, 7, 8, 9, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 33, 34) had one bipyramidal and one small 

cuboidal/irregular and three isolates (S.Nos. 10, 13, 32) had one big, broad 

bipyramidal/cuboidal and one small irregular crystal. Remaining three isolates (S.No. 

2, 11, 12) had one spherical crystal/cell. Isolate (S.No. 2) had small while the others 

two isolates (S.Nos. 11, 12) had big spherical crystal. Detail description of B. 

thuringiensis isolates used is given in Table-4. 

 

Table-4    Bacillus thuringiensis isolates and reference strain used for laboratory 

scale production of spore-δ-endotoxin powder by shake flask technique 

S.Nos B. thuringiensis 
Isolates name 

Crystal morphology No. of 
crystal/Cell 

1 B.t. Reference 
standard (LC) 

Bipyramidal, Cuboidal Two 

2 PA-S-3.1 Spherical Small One 

3 PA-S-6.1 Bipyramidal, Irregular Two 

4 PA-S-8.1 Bipyramidal, Cuboidal Two 

5 PA-S-11.2 Bipyramidal, Cuboidal Two 

6 PA-Sb-11.3 Bipyramidal, Cuboidal Two 

7 PA-Sb-15.2 Bipyramidal, Cuboidal Two 

8 PA-S-19.2 Bipyramidal, Irregular Two 

9 PA-S-22.1 Bipyramidal, Cuboidal Two 

10 PA-Sb-23.1 Bip/C, Irregular Two 

11 PA-S-25.1 Spherical Big One 

12 PA-Sb-25.2 Spherical Big One 

13 PA-S-34.1 Bip/C, Irregular Two 
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14 PA-S-39.2 Bipyramidal, Cuboidal Two 

15 PA-Sb-39.4 Bipyramidal, Cuboidal Two 

16 PA-S-43.2 Bipyramidal, Irregular Two 

17 PA-Sb-43.4 Bipyramidal, Irregular Two 

18 PA-Sb-46.3 Bipyramidal, Cuboidal Two 

19 PA-Sb-47.2 Bipyramidal, Cuboidal Two 

20 PA-Sb-49.7 Bipyramidal, Irregular Two 

21 PA-S-59.2 Bipyramidal, Irregular Two 

22 PA-Sb-59.3 Bipyramidal, Irregular Two 

23 PA-Sb-61.2 Bipyramidal, Irregular Two 

24 PA-S-62.4 Bipyramidal, Cuboidal Two 

25 PA-Sb-62.3 Bipyramidal, Cuboidal Two 

26 PA-S-63.3 Bipyramidal, Cuboidal Two 

27 PA-Sb-63.1 Bipyramidal, Cuboidal Two 

28 PA-S-64.1 Bipyramidal, Cuboidal Two 

29 PA-Sb-64.3 Bipyramidal, Cuboidal Two 

30 PA-Sb-67.5 Bipyramidal, Cuboidal Two 

31 PA-S-68.4 Bipyramidal, Cuboidal Two 

32 PA-Sb-73.1 Bip/C, Irregular Two 

33 PA-Sb-74.3 Bipyramidal, Irregular Two 

34 PA-Sb-75.1 Bipyramidal, Irregular Two 

   LC = Laboratory Cultured  
♦ Bip = Bipyramidal 
■ C = Cuboidal 

 

4.2-Medium preparation 

 

Medium used for the laboratory scale production of spore-δ-endotoxin was 

same as used for the isolation of B. thuringiensis. One litre liquid BGM (without agar) 

was prepared by adding all ingredients, except salt solution, in a flask and placed in a 

water bath for 20 minutes at 80oC and continuously stirred for uniform mixing of the 

ingredients. Afterwards, medium was equally distributed into 10 flasks, each of 500-

mL capacity in such a way that each flask contained 100 mL of medium. All flasks 

were tightly plugged and autoclaved at 121oC and 15 psi for 20 minutes. 
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4.3-Inoculum preparation 

 

Seventy two hours old, pure and 95-98% sporulated B. thuringiensis culture 

examined in a phase contrast microscope was used. A sterilized loopful of culture was 

added into a sterilized test tube containing 5.0 mL of sterile salt solution and mixed on 

vortexer. Smear was prepared from this inoculum and examined in phase contrast 

microscope to check the purity and presence of required B. thuringiensis  culture. 

 

4.4-Inoculation and incubation 

 

Prior to inoculation, inoculum was vortexed and then 100 µL of it was added 

into each flask containing 100 mL of autoclaved medium kept at 60 oC. Inoculated 

flasks were incubated at 30oC in a shaking water bath at 160 rpm for 72 h. After 72 h 

of incubation flasks were removed from shaking water bath. Smears were prepared 

from the culture of each flask and examined under phase contrast microscope to check 

the purity and growth stage of B. thuringiensis culture. Flasks which contained pure 

and 95-98% sporulated culture were combined, pH was checked (Table-18) and 

placed in a refrigerator at 4oC. 

 

4.5-Centrifugation and freeze-drying  

 

Fermented culture of 1000 mL was equally distributed into centrifuged bottles 

and weighed to ensure that they had same amount of culture for safe and uniform 

running of centrifuge machine. Culture was centrifuged at 8000 rpm for 40 minutes at 

4oC in a refrigerated centrifuge machine (Beckman, J2-21, USA). Supernatant was 

discarded carefully without disturbing the pellets. The pellets of spore-δ-endotoxin 

were transferred into a sterilized beaker with the help of sterilized spatula. Beaker was 

covered with aluminum foil and kept in a freezer for about 36 h for freezing pellets.  

 

Beaker containing frozen pellets was placed in the vacuum chamber of the 

freeze drier (Christ, Japan) at - 42oC for about 48 h and vacuum pressure maintained 

at 0.190 M. Bar till the completion of freeze-drying. Freeze dried pellets obtained in 

the form of cake (Fig. 4) were gently pressed with small sterilized spatula to form  
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Fig. 3   Shake flask technique used for the production of spore-  

           δ -endotoxin  

 

 

 

 

Fig. 4   Freeze-dried samples of spore- δ –endotoxin of B. thuringiensis                 

isolates 

           From left to right 

           (1) PA-S-3.1, (2) PA-S-8.1, (3) PA-Sb-46.3, and (4) Reference strain 
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powder. This powder of each B. thuringiensis isolate was transferred into separate 

sterile airtight vials and refrigerated at 4oC for further use in bioassays (Tariq, 2001; 

Ahmed, 1995). 

 

4.6-Yield biomass and economic yield index  

 

Yield biomass (spore-δ-endotoxin) was measured as grams/litre of fermented 

culture at harvest time and economic yield index was calculated as spore-δ-endotoxin 

dried biomass divided by the dry mass of media ingredients as reported by Morris et 

al., (1998). 

 

4.7-Determination of viable spores in 1.0 mg powder of spore-δ-endotoxin  

 

Number of viable spores or colony forming units (CFU) in 1.0 mg powder of 

spore- δ -endotoxin was determined. For this purpos 1.0 mg powder was added into 

9.0 mL of sterile distilled water in sterilized test tube and mixed on a vortexer. Ten 

fold dilutions of this sample were prepared. The volume of 100 µL of dilution 10-7 

was spread-plated (four replicates) after heat shock at 80oC for 10 minutes and 

incubated at 30oC for 24 h. After 24 h, colonies which showed B thuringiensis like 

morphology (Fig. 5) were counted under magnifying lens. These colonies were also 

confirmed as B. thuringiensis by randomly selecting 5-6 colonies per plate and 

observed in phase contrast microscope. Mathematical average of four replicates was 

calculated and then, number of CFU/mg was calculated by the following formula:- 

 

                                             Number of colony forming units 

Colony Forming Units/mg = -----------------------------------------------                           

                                                           mL X Dilution factor 

 

For example: If 30 colonies were found in a plate inoculated with dilution 10-7 then, 

30 cfu X 10 (100 L spread on plate surface X 10 = 1.0 mL) = 300 cfu/mL/mg  

in dilution 107= 3 X 109 cfu/mg of original sample. 
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            Fig. 5   Bacterial colonies on the basic growth medium 

                        for spore counting /mg of spore- δ -endotoxin 
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5-Bioassay for toxicity evaluation of B. thuringiensis isolates against H. armigera 

in the Laboratory 

5.1-Rearing and maintenance of culture 

 

The 1st instar larvae of H. armigera were mass reared for toxicity evaluation of 

B. thuringiensis isolates by using single glass vial technique and culture was 

maintained on artificial diet under aseptic conditions in the entomology laboratory, 

Pulses Programme, National Agriculture Research Centre (NARC), Islamabad, 

Pakistan. 

 
At the start, 200 healthy larvae (different instars) of H. armigera were 

collected from chickpea fields of NARC, Islamabad and transferred into glass capsule 

vials (one larva/vial) containing fresh leaves of chickpea plants as their food (Fig. 6). 

Leaves of vials were changed after every other day till pupation (Fig.7). Rearing room 

temperature ranged from 20 to 29oC and relative humidity varied from 60 to 80%.  

 

Wide mouth plastic jars (11.5 cm in diameter and 10 cm high) were used for 

adult’s emergence. Pupae appearing in the vials were carefully transferred on circular 

blotting paper in the jars (10-15 pupae/jar). The mouth of the jars were covered with 

muslin cloth and held tightly in position by using rubber bands. These jars were left as 

such till the start of adult’s emergence.  

 
After emergence, the adults were picked up in vials (one adult/vial). The 

healthy emerged adults were separated sex-wise and released into a 30 cm3 wooden 

mating oviposition cage (20 to 30 pairs/cage). The adults laid eggs on cotton wool 

pads (oviposition sites) fixed into slits made in the muslin cloth bearing sides of cage. 

The adults were also introduced into cage through these slits. Two medium sized Petri 

plates containing cotton wool pads soaked in 10% sucrose solution were also placed 

in the centre of cage to provide food for the ovipositing adults. Cotton wool 

oviposition pads were removed on alternate days and checked for eggs. Eggs bearing 

layers of cotton wool oviposition pads were separated and kept in polythene bags for 

incubation and hatching at room temperature.  

 
For bioassay experiments culture of the test insect, H. armigera was 

maintained on artificial diet and desired numbers of hatched larvae were transferred  
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   Fig. 6   Rearing of insects on chickpea plants leaves by using single vial 

technique 

 

 

 

                Fig. 7   Development of pupae from larvae fed on chickpea plants leaves 
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into capsule vials containing artificial diet. Artificial diet and rearing techniques used 

were as reported by Ahmed et al., (1998). 

 
5.2-Preliminary screening bioassay for toxicity evaluation of B. thuringiensis 

isolates 

 
Preliminary screening bioassays were conducted in order to save time and to 

rapidly screen the toxic B. thuringiensis isolates against test insect H. armigera. 

 
I. Concentration of toxin 

 

High concentration of toxin, spore-δ-endotoxin powder @ 500 µg/mL 

artificial diet was used against 1st instar larvae of test insect, H. armigera. 

 

II. Preparation of artificial diet 

 

All ingredients excluding formaldehyde (Table-5) and method of preparation 

of artificial diet were same as used for rearing the test insect by Ahmed et al., (1998).  

 
Table-5    Ingredients and quantities for 4 litres batch of artificial diet 

S. Nos  Ingredients Quantities 

1 Agar  25.0 g 

2 Chickpea (Cicer arietinum L.) powder 600.0 g 

3 Ascorbic acid 7.0 g 
4 Sorbic acid. 3.0 g 
5 Vitamin E 0.2 g 
6 Dried Active Yeast (granule) 20.0 g 

7 Methyl para-hydroxybenzoate. 10.0 g 
8 Formaldehyde (10%) 6.0 mL 
9 Vitamin mixture(composition) 5.0 mL 

 I Calcium Pentothenate 4.8 g  

 II Nicotinic Acidamide 2.4 g  

 III Folic acid 1.2 g  

 IV Riboflavin 1.2 g  

 V Thiamine Hydrochloride 0.6 g  

 VI Pyridoxine Hydrochloride 0.6  

 VII Biotin 0.048g  

 VIII Vitamin B12 0.0024 g  

 IX Sterilized Distilled Water 200 mL  

10 Tap Water 3500.0 mL 
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Agar was added into 3500 mL of tap water in a container and boiled till it 

dissolved completely. Boiled agar was cooled approximately to 80oC and then, 

chickpea powder was gradually added to agar by constantly mixing with an electric 

mixer (B-Braun, TDS-311, China). After the formation of homogeneous mixture of 

agar and chickpea powder remaining ingredients were added and mixed again with an 

electric mixer. Vitamin mixture and vitamin E was added in the last, and the entire 

mass was mixed once again thoroughly and maintained at 60oC till the pouring of diet 

in vials. 

  

III. Intoxification and pouring of diet 

 

Concentration of toxin @ 500 µg/mL of diet of each B. thuringiensis isolate 

and reference strain was prepared separately by mixing 200 mg of spore-δ-endotoxin 

powder and 10 mL of sodium phosphate buffer pH 7 in 390 mL of freshly prepared 

liquid diet in a sterilized beaker, with the help of an electric eggbeater (National, MK-

H100N Osaka, Japan) to achieve the uniform distribution of toxin in the diet. 

 

Four milli-litre of liquid diet was poured in eachsterilized glass capsule vial 

(diameter: 2.5 cm and height 5.5 cm). Separate pouring bottles were used for each B. 

thuringiensis toxin, reference B. thuringiensis strain and control. Diet in vials was 

allowed to cool and solidify. Four replicates (each comprises 25 vials) were 

maintained for each B. thuringiensis toxin, reference B. thuringiensis strain and 

control assay containing diet and phosphate buffer only (without B. thuringiensis 

toxin). 

 

IV. Infestation and incubation 

 

Each vial containing intoxicated diet and that of the control was aseptically 

infested with the single newly hatched 1st instar larvae of H. armigera with the help of 

a fine camel hair brush. The vials were tightly plugged with sterile cotton wool and 

placed in inverted position to minimize the chances for escape of larvae and 

dehydration of the diet. The vials were incubated at 26o±2oC for 7 days.  
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V. Observation and records 

 

At the end of incubation period experiment was terminated after recording 

mortality by counting dead and alive larvae in each vial. By performing preliminary 

screening bioassays, toxic and non-toxic B. thuringiensis isolates in comparison with 

reference standard B. thuringiensis strain were screened out.  

 

VI. Corrected mortality 

 

The observed mortality was corrected with the help of Abbott’s formula 

(1925). 

 

         Test mortality % – Control mortality %   

Corrected Mortality % =                 X 100  

        Total larvae tested – Control mortality  

 

The B. thuringiensis isolates that caused at least 80% or more than 80% 

mortality were considered as toxic isolates. These toxic isolates were selected for 

further bioassay test to determine their LC50 values, potency and relative potency in 

comparison with reference standard B. thuringiensis strain kurstaki (HD-I-S-1980). 

 

5.3. Bioassay test to determine LC50 values, potency and relative potency of toxic 

B. thuringiensis isolates 

 

Six different concentrations of toxin (spore-δ-endotoxin powder) of each toxic 

B. thuringiensis isolate were used in comparison with same concentration of toxin 

(spore-δ-endotoxin powder) of reference B. thuringiensis strain (cultured in the 

laboratory) against 1st instar larvae of H. armigera. All concentrations of toxin were 

prepared in fresh sodium phosphate buffer pH 7 by using USDA’s serial dilution 

technique described by Anonymous, (1982). 
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I. Preparation of six concentrations of spore-δ-endotoxin  

 

An accurately weighed amount of 160 mg of the toxin was added into flask 

No. 1 containing 50 mL of phosphate buffer (pH 7) and mixed well. This was the first 

concentration of 32000 g/10 mL buffer. From flask No.1, 25 mL of intoxicated 

buffer was added into flask No. 2, already containing 25 mL buffer, and then mixed 

well in order to obtain concentration of 16000 g/10 mL buffer. Similarly, further 

four concentrations of toxin 8000 g/10 mL, 4000 g/10 mL, 2000 g/10 mL and 

1000 g/10 mL were prepared. Afterward, from these concentrations 80, 40, 20, 10, 

05, 2.5 toxin g/mL diet were prepared (Khalique et al., 1989; Ahmed et al., 1988) 

(Fig. 8). 
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Flask # 1                                   Flask # 2                             Flask # 3 
                    (1st concentration)                         (2nd concentration)                       (3rd concentration)   
                  160 mg toxin/ 50 mL buffer                         

             =32000 g toxin/10 mL buffer             16000 g toxin/10 mL buffer           8000 g toxin/10 mL buffer                                 

 

                                                                                            
                80 g toxin/mL diet                            40 g toxin/mL diet                              20 g toxin/mL diet    
  
 
 
 
                 Flask #4                                Flask # 5                                  Flask # 6      
               (4th concentration)                           (5th concentration)                             (6th concentration)          
           4 000 g toxin/10 mL buffer                  2000 g toxin/10 mL buffer                    1000 g toxin/10 mL 

buffer 

 
10 mL intoxicated              10 mL intoxicated buffer                 10 mL intoxicated buffer 
buffer   

                                                                                           
               10 g toxin mL diet                          05 g toxin/mL diet                         2.5 g toxin/mL diet 
 
 
 

Fig.8     Diagrammatic representation for the preparation of six serial dilutions 

of spore-δ-endotoxin and diet of different toxin concentrations 

 

 

 
 
 

 

 
 

25  mL of intoxicated buffer 25  mL of intoxicated buffer 

10 mL 
intoxicated
buffer 

10 mL 
intoxicated 
buffer 

10 mL 
intoxicated
buffer 

25 mL  of intoxicated buffer 25 mL of intoxicated buffer 25 mL of 
intixicated 
buffer from 

Flask# 3 
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II. Bioassay 

 

Single vial technique was used for bioassay (Fig. 9). Diet was prepared and 10 

mL from each concentration of intoxicated buffer was added into 390 mL of liquid 

diet kept at 60oC and mixed with an electric eggbeater for the uniform distribution of 

toxin (spore-δ-endotoxin) in diet. With the help of pouring bottles 4 mL diet was 

poured in each sterilized vial. Separate bottles were used for each concentration and 

control. Diet in vials was allowed to cool and solidify. Four replicates (each 

comprises 25 vials) were maintained for each concentration of B. thuringiensis isolate 

and reference strain, and for control containing diet and phosphate buffer only. 

 

Each vial was infested with single 1st instar larvae, tightly plugged with sterile 

cotton wool and incubated at 26±2oC for 7 days. At the end of incubation period, 

mortality was observed in each vial and then, the experiment was terminated. The 

LC50 values of toxins were worked out through probit analysis computer programme 

(LeOra, 1987). The potencies (Dulmage, 1981) and relative potencies (van 

Frankenhuyzen and Fast, 1989) were computed by the following formulae:- 

 

                   LC50 of standard strain 

Potency of test sample (IU/mg) =   _______________ X Potency of standard (IU/mg) 

                                         LC50 of the test sample 

 

                                          LC50 of standard strain 

 Relative potency =    _____________________ 

                                          LC50 of the test sample 

 

The arbitrary potency of standard B. thuringiensis strain var. kurstaki (HD-I-S-

1980) was 16000 IU/mg powder (Beegle et al., 1986). 
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Fig. 9   Single vial technique used for bioassay 
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6. Laboratory scale production of B. thuringiensis biopesticide against chickpea 

pod-borer, H. armigera 

 

Biopesticide was prepared to control chickpea pod-borer, H. armigera. 

Biopesticide was prepared in liquid form by using shake flask technique/fermentation 

technology (Prasertphon, 1996) with spore counts of X 109/mL. 

 

6.1 Composition and preparation of medium for the production of biopesticide 

 

Local cheap material suitable for the growth of B. thuringiensis was selected 

for medium. The ingredients and quantities of medium used for the laboratory scale 

production of one litre B. thuringiensis biopesticide are given below. 

 

Composition of medium used for the production of biopesticide 

S.Nos Ingredients Quantities 

1 Dried beef blood 30 g 

2 Molasses 15 mL 

3 CaCl2 0.03 g 

4 Distilled water 1000 mL 

 

Beef blood, obtained from slaughter house of Sihala, Islamabad (Pakistan), 

was dried by placing in an oven at 90oC for 24 hour. Dried blood crystals were ground 

and sieved through muslin cloth in order to obtain a very fine powder. Thirty gram of 

blood powder was dissolved into 350 mL distilled water in a flask of 500-mL 

capacity. Flask was tightly plugged with cotton wool plug covered with polythene 

paper to avoid absorbance of suspension in the cotton plug during shaking. This flask 

was placed in a water bath shaker for proper mixing of blood in distilled water at 160 

rpm for 3 h at 30o ± 2oC.  

 

The mixture of blood and water was poured into one litre flask and the other 

contents of medium i.e., molasses and CaCl2 were added and volume was made up to 

1000 mL with distilled water. This mixture was placed into water bath for an hour at 

80oC and constantly stirred for proper mixing of medium ingredients. This mixture of 

medium was then sieved through six-fold of muslin cloth in order to remove the traces 
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of solid beef blood. This process was repeated twice to obtain suspension free of solid 

blood traces. The volume of the medium was again made up to 1000 mL by adding 

some distilled water which was evaporated during heating. 

 

The medium was equally distributed into ten, 500 mL capacity flasks in such a 

way that each flask contained 100 mL of the medium. All the flasks were tightly 

plugged and autoclaved at 121oC for 20 minutes at 15 lbs/inc2. 

 

6.2 Characteristics of B. thuringiensis isolate used for the production of 

biopesticide 

 

One indigenous B. thuringiensis isolate, PA-Sb-46.3 was selected from the 

toxic isolates for laboratory scale production of B. thuringiensis biopesticide This 

isolate posses: (1) two crystals, bipyramidal and cuboidal (2) LC50 value, 4.5 µg/mL 

diet (3) potency, 1177515 IU/mg (4) relative potency, 73.6. This isolate was selected 

because its bioassay results showed (Table-19) that it is 73.6 times more potent than 

reference strain var. kurstaki (HD-I-S-1980).  

 

6.3 Inoculum preparation 

 

Inoculum was prepared by the same method as described previously in the 

section, 4.3 (Page No. 37). 

 

6.4 Inoculation and incubation 

 

Each flask containing autoclaved medium, cooled down approximately to 

60oC, was inoculated with 100 μl of inoculum with the help of sterilized micro 

pipette. The inoculated flasks were placed in a water bath shaker for 72 h at 30 ± 2oC 

and 160 rpm. After 72 h of incubation smear was prepared from the fermented culture 

of each flask and examined in a phase contrast microscope. Flasks containing pure 

and 95-98% sporulated culture were carefully transferred into another flask of 2 litre 

capacity and were used for bioassay experiments. 
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6.5 Suitability of medium selected for the production of biopesticide 

  

In order to check the suitability of medium selected for the production of 

biopesticide, its characteristics such as: (1) pH of fermented cultures after 72 h, (2) 

ability of spores and crystals formation, (3) CFU/mL (X109) and (4) LC50 g/mL diet 

against 1st instar larvae of H. armigera through bioassay were noted. 

 

6.6 Concentration of fermented culture used in diet for bioassay 

 

Six different concentrations i.e., 0.5%, 1%, 2%, 4%, 8% and 16% of fermented 

culture were prepared separately in 400 mL of artificial diet as given below in Table-6. 

 

Table-6   Concentrations of fermented culture used in diet for bioassay 

S.Nos Concentrations of 
fermented culture 

Amount of 
fermented culture 

Amount of  
diet 

Total 
volume 

1 0.5% 2 mL 398 mL 400 mL 

2 1% 4 mL 396 mL 400 mL 

3 2% 8 mL 392 mL 400 mL 

4 4% 16 mL 384 mL 400 mL 

5 8% 32 mL 368 mL 400 mL 

6 16% 64 mL 336 mL 400 mL 

 

6.7 Bioassay 

 

Diet was prepared and 400 mL diet of each concentration was prepared by 

mixing given volume of fermented culture and diet (Table-6). Diet was poured with 

the help of pouring bottles in vials and allowed to cool and solidify. A separate 

pouring bottle was used for each concentration and control. Four replicates (each 

comprises 25 vials) were maintained for each concentration and control (without B. 

thuringiensis cultures). All vials were infested with the single newly hatched 1st instar 

larvae of H. armigera and incubated at 26o±2oC for 7 days. Experiment was 

terminated after recording alive and dead larvae in each vial. The LC50 value of the 

toxin was worked out through probit analysis method (LeOra, 1987).  
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Fig. 10   Indigenous B. thuringiensis biopesticide prepared 

                                     in the laboratory for the control of H. armigera 
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6.8 Preparation of formulation  

 

Formulation (Fig. 10) was prepared from the fermented culture which was tested 

for the production of biopesticide by adding diluents and preservatives into it and 

thoroughly mixed by shaking. The pH of formulation was also recorded.  

 
Diluents and preservatives used for the preparation of  biopesticide formulation
 
 Material   Quantity 

 Glycerol    10.0 mL 

 Boric acid 10.0 g 

 Corn starch 35.0 g 

 Methyl-para-hydroxy benzoate 10.0 g 

 Fresh fermented B.t. culture 1000 mL 

 
6.9 Storage of biopesticide formulation 

 

Five more batches (each batch of 1000 mL) of biopesticide were prepared by 

the same procedure as used for the production of first batch. Toxicity of each batch 

was evaluated through bioassay and then, six batches of biopesticide were combined 

/pooled in a plastic cane of 10-litre capacity, pH was checked and stored at room 

temperature in a dark room. Before combining all batches of biopesticides were 

placed in refrigerator at 4oC. 

 

6.10 Determination of viable spore in 1.0 mL of biopesticide  

 

Numbers of spores in 1.0 mL of biopesticide was calculated for each batch of 

one litre, pooled batch of six litres and after every three months during shelf-life 

evaluation (Fig.11). The procedure adapted was same as used for the determination of 

spore count in 1.0 mg powder of spore-δ-endotoxin. The only difference was in the 

formation of first dilution i.e., 1.0 mL of biopesticide was added instead of 1.0 mg of 

spore-δ-endotoxin powder in 9.00 mL of sterile distilled water. 
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         Fig. 11   Bacterial colonies on the basic growth medium 

                       for spore counting/mL biopesticide. 
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6.11 Bioassay for toxicity evaluation of B. thuringiensis biopesticide in the 

laboratory 

 

Toxicity of six batches separately and pooled batch of biopesticide were 

evaluated against 1st instars larvae of H. armigera of in the laboratory through 

bioassay in order to confirm the toxicity of all batches. Six different concentrations 

i.e., 0.5%, 1%, 2%, 4%, 8% and 16% of biopesticide prepared in 400 mL of artificial 

diet as given below (Table-7) were used.  

 

Table-7   Preparation of artificial diet of different toxin concentrations 

S.Nos Concentrations 
of biopesticide 

Amount of 
biopesticide “A” 

Amount of  Diet 
“B” 

Total 
volume 

“A”& “B” 
1 0.5% 2 mL 398 mL 400 mL 

2 1% 4 mL 396 mL 400 mL 

3 2% 8 mL 392 mL 400 mL 

4 4% 16 mL 384 mL 400 mL 

5 8% 32 mL 368 mL 400 mL 

6 16% 64 mL 336 mL 400 mL 

 

Four hundred milli-litre diet of each concentration was prepared by mixing 

with respective concentration of biopesticide as given in Table-7. Diet was poured in 

vials and allowed to cool and solidify. Separate pouring bottles were used for each 

concentration and control. Four replicates (each comprised 25 vials) were maintained 

for each concentration and control without biopesticide. Each vial was infested with 

single newly hatched 1st instar larvae of H. armigera and incubated at 26±2oC for 7 

days. Experiment was terminated after recording alive and dead larvae in each vial. 

The LC50 value of the toxin was worked out through probit analysis method (LeOra, 

1987). Means of mortality were compared using Tukey’s Test by computer software 

programme Statistix-9 Version (2008). 
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6.12 Effect of diluents and preservatives on the toxicity of biopesticide 

formulation 

 

Effect of preservatives and diluents on toxicity of biopesticide was also noted 

by comparing values: pH, CFU X 109 /mL and LC50 g/mL diet of the fermented 

culture of biopesticide and its formulation after adding diluents and preservatives. 

Mortality means of fermented culture of biopesticide and its formulation were also 

compared using T Test by computer software programme Statistix-9 Version (2008). 

 

7 Shelf life evaluation of biopesticide against H. armigera.in the laboratory 

 

7.1 Bioassay 

 

Bioassay experiments were conducted against H. armigera at three month’s 

time interval over a period of 30 months in order to measure the stability period of 

toxin in biopesticide placed at room temperature. Six different concentrations i.e., 

0.125 %, 0.25 %, 0.5%, 1%, 2%, and 4%, (same for all experiments i.e., 1st to 10th) of 

biopesticide prepared in 400 mL of artificial diet are given below in Table-8. 

 

Table-8   Preparation of artificial diet of different toxin concentrations  

S.Nos Concentrations of 

biopesticide 

Amount of 

biopesticide “A” 

Amount of  Diet 

“B” 

Total volume 

“A”& “B” 

1 0.125% 2 mL 398 mL 400 mL 

2 0.25% 4 mL 396 mL 400 mL 

3 0.5% 8 mL 392 mL 400 mL 

4 1% 16 mL 384 mL 400 mL 

5 2% 32 mL 368 mL 400 mL 

6 4% 64 mL 336 mL 400 mL 

 

All bioassay steps and method of determination of LC50 values was same as 

used for the toxicity evaluation of B. thuringiensis biopesticide. Means of mortality 

were compared using Tukey’s Test by computer software programme Statistix-9 

Version (2008). 
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7.2 Effectiveness of preservatives and diluents in biopesticide 

 

The effectiveness (means suitable to preserve the biopesticide formulation) of 

preservatives and diluents were also observed over a period of thirty months by 

examining that any change had occurred during this period: (1) in pH value, (2) 

significant change in number of spores (3) and presence of contamination (growth of 

any other microorganism i.e., bacteria and fungi) in biopesticide when their dilutions 

were spread-plated for the detection of CFUs. 

 

8. Efficacy of B. thuringiensis biopesticide against H. armigera in the field 

 

Field trials were conducted in the experimental area of National Agriculture 

Research Centre, Islamabad (Pakistan) in order to test the efficacy of indigenous B. 

thuringiensis biopesticide, chemical insecticides and exotic biopesticide for the 

control of H. armigera in fields of chickpea crop. Three years data was collected in 

three consecutive years. Three experiments were performed each year. Chickpea 

variety, ICC 11514 XILC 3279 (Parbat) was used. No seed treatment and no fertilizer 

were used. Seeds were sown during the month of October-November and crop was 

harvested during May. 

 

8.1 Experimental design 

 

Each year same experimental design: a randomized complete block design, 

with three replications, 4.0 m row length with 35 cm row to row and 10 cm plant to 

plant distance and 5 rows per plot and plot size 7 m2 was used. 

 

8.2 Three years field experiments 

 

I Experiment No. 1  

Evaluation of indigenous biopesticide and chemical insecticides to control H. 

armigera in field 

 

First experiment was conducted to evaluate the efficacy of indigenous B. 

thuringiensis biopesticide and chemical insecticides in field to control H. armigera. 
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Seven treatments were applied including control. In the treatment control only water 

was sprayed. Details of treatments and their quantities applied @ per ha are given 

below:- 

 

S.Nos Treatments Quantities/ha 

1 Seven 85 SP 1.25 Kg 

2 Dipterix 80 SP 0.25 Kg 

3 Thunder 50 EC 1.25 Kg 

4 Decis super 200 mL 

5 Tracer Naturalite 200 mL 

6 Indigenous biopesticide 10.L 

7 Control (Water) 200 L 

 

 

II. Experiment No. 2  

Evaluation of indigenous biopesticide and chemical insecticides to control H. 

armigera in field 

 

Bacillus thuringiensis based biopesticides are affected by sunlight and rainfall, 

So, to minimize their effect in field and to stimulate or attract H. armigera for feeding 

a step was taken towards the improvement of formulation by adding corn flour and 

wheat flour respectively (Personal observation). Five treatments were applied 

including control. In the treatment control only water was sprayed. Details of 

treatments and their quantities applied @ per ha are given below:- 

 

S.Nos Treatments Quantities/ha 

1 Indigenous biopesticide  10 L 

2 Indigenous biopesticide + Corn flour 

(0.5%) 

10 L 

3 Indigenous biopesticide + Wheat flour 

(0.5%) 

10 L 

4 Decis super     200 mL 

5 Control (Water ) 200 L 

 



 60

III. Experiment No. 3 

 

Evaluation of exotic and indigenous biopesticide, and chemical insecticides, for 

the control of H. armigera in field 

  

Exotic and indigenous biopesticides and chemical insecticides were tested for 

the control of H. armigera. Five treatments were applied including control. In the 

treatment control only water was sprayed. Details of treatments and their quantities 

applied @ per ha are given below:- 

  

S.Nos Treatments Quantities/ha 

1 China B.t. 32 BIUS 1.2 Kg 

2 China B.t. 50 BIUS 1.2 Kg 

3 Indigenous biopesticide  10 L 

4 Chemical (Match) 200 mL  

5 Control (Water) 200 L 

 

8.3 Treatments application  

 

Chickpea plants of experimental fields were monitored regularly to check the 

presence of H. armigera. All treatments were applied at the early podding stage of 

plants, when plants were found to be infested with H. armigera and the infestation 

level was reached (3-5 larvae/plant). Predetermined quantity of each treatment was 

mixed with calibrated quantity of water. Gloria pressure hand sprayer (10 litres 

capacity) was used for spraying to give complete coverage of insecticide to all plant 

surfaces, including the undersides of leaves. To maximize the effectiveness of B. 

thuringiensis treatments, all treatments were applied in the late afternoon because 

ultraviolet radiation deactivate it rapidly. All treatments were applied only once in a 

year to avoid development of resistance in insects due to their over use.  
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8.4 Data collection and statistical analysis 

 

After harvesting the crop data was collected by randomly selecting 15 

plants/plot or replicate. Undamaged (indicate more mortality of insects) and damaged 

pods (indicate less mortality of insects) were counted on randomly selected fifteen 

plants. Total pods were determined and then percentage of undamaged pods was 

evaluated. Grain yield (g) of 15 plants was determined and then extrapolated for one 

ha. The data recorded was subjected to statistical analysis using analysis of variance 

(ANOVA) and Duncan’s Multiple Range Test (DMRT). Means were compared using 

the Least Significant Difference (LSD) test at five percent probability level by 

computer software programme MStatC, Version 1.42 (Freed and Eesinsmith, 1986).  
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RESULTS 

 
Microbiological Study of Soil Samples for the Isolation of B. thuringiensis 

 

One hundred and fifty (150) soil samples collected from different regions i.e., 

Northern Punjab, Khyber Pakhtoonkhwa and Gilgit Baltistan of Pakistan were carefully 

screened for the presence of B. thuringiensis (B.t.). After screening of soil samples, 

33 samples were found to be positive for B. thuringiensis and from positive samples 

81 B thuringiensis isolates were obtained. The detail distribution of only positive soil 

samples with respect to region, locality, habitat, and place (whether obtained from 

surface or subsoil, at depth of 4-5 cm) and number of B. thuringiensis isolated from 

each sample is given in Table-9. 

 

All the soil samples examined showed microflora of different types. All 

microbial colonies observed from 150 soil samples under magnifying lens were 1055. 

On the basis of colonial morphology out of 1055 colonies, 111 were found to be 

suspected B. thuringiensis. After the examination of their colonial culture and 

subculture in phase contrast microscope, 81 colonies were crystal formers. These 

crystal formers had spore and crystal in the mother cell and confirmed as B. 

thuringiensis. 
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Table-9    Detail of positive soil samples with respect to region, locality, habitat, 

place (surface/subsoil) sample number and number of B. thuringiensis 

obtained/sample 

S.Nos. Regions of Pakistan Locality Habitat Soil samples 
& number 

No. of B.t. 
obtained 

1 Gilgit Baltistan Latoba Grass S 3 3 
2 Gilgit Baltistan Astore Potato S 6 2 
3 Gilgit Baltistan Lower Rupal Wheat S 8 3 
4 Khyber Pakhtoonkhwa Thakot Maize S 11 2 
5 Khyber Pakhtoonkhwa Thakot Maize Sb 11 4 
6 Khyber Pakhtoonkhwa Shatial Grass Sb 15 1 
7 Khyber Pakhtoonkhwa ARI Field Mung S 19 2 
8 Khyber Pakhtoonkhwa Sharkool Grass S 22 3 
9 Khyber Pakhtoonkhwa Kotgala Grass Sb 23 1 
10 Khyber Pakhtoonkhwa Mansehra Grass S 25 1 
11 Khyber Pakhtoonkhwa Mansehra Grass Sb 25 2 
12 Gilgit Baltistan Topmadan Grass S 34 1 
13 Gilgit Baltistan Gulmet Grass S 39 1 
14 Gilgit Baltistan Gulmet Grass Sb 39 1 
15 Gilgit Baltistan Jaglot Mung S 43 2 
16 Khyber Pakhtoonkhwa Jaglot Mung Sb 43 4 
17 Northern Punjab Faisalabad suburb Wheat Sb 46  17 
18 Northern Punjab Sangjani Wheat Sb 47 2 
19  Northern Punjab  Kotla Jan Fallow 

land 
Sb 49 8 

20 Northern Punjab Khurdian. Grass S 59 3 
21 Northern Punjab  Khurdian. Grass Sb 59 3 
22 Northern Punjab Dhok Khatwag Grass Sb 61 2 
23 Northern Punjab Dhok Sayada Grass S 62 1 
24 Northern Punjab Dhok Sayada. Grass Sb 62 1 
25 Northern Punjab Layya city Mung S 63 1 
26 Northern Punjab Layya city Mung Sb 63 1 
27 Northern Punjab Mianwali Suburb Mung S 64 1 
28 Northern Punjab Mianwali Suburb Mung Sb 64 1 
29 Northern Punjab Rakh Ghulaman Mung Sb 67 1 
30 Northern Punjab ARI Field Mung S 68 2 
31 Northern Punjab Potha Dandasha Mung Sb 73 1 
32 Northern Punjab Chakwal Mung Sb 74 2 
33 Northern Punjab ARI Field Grass Sb 75 1 

Total number of B. thuringiensis. isolates 81 

**S = Surface soil sample                
**Sb = Subsoil sample 
*S 1= Surface soil sample No.1       
*Sb 1 = Subsoil sample No.1 
ARI = Agriculture Research Institute. 
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The B. thuringiensis Index 

 

The B. thuringiensis index (Number of B. thuringiensis colonies/The number 

of bacterial colonies examined) was calculated as per this study in the soil of Pakistan 

and in its various regions and found to be highest in Northern Punjab as compared to 

the other regions as described below in Table-10. 

 

Table-10    Distribution of B. thuringiensis isolates in Pakistan and in its various 

regions 

Pakistan and regions No.of bacterial colonies 
examined “A” 

No. of B.t. colonies  
“B” 

B.t. 
Index 
B/A 

Pakistan 1055 81 0.07 

Northern Punjab 517 48 0.09 

Khyber Pakhtoonkhwa 395 16 0.05 

Gilgit Baltistan 193 17 0.08 

 

Distribution of B. thuringiensis isolates in Pakistan and in its various regions 

 

Results summarized as per this study in Table-11 showed that B. thuringiensis 

population, in the soil of Pakistan is 2.45 isolates/sample while among its various 

region highest B. thuringiensis population of 2.82 B. thuringiensis isolates/sample 

was obtained from the soil samples collected from Northern Punjab as compared to 

Khyber Pakhtoonkhwa and Gilgit Baltistan where B. thuringiensis isolates/sample 

was 2 and 2.12 respectively. 

 

Table-11    Distribution of B. thuringiensis isolates in Pakistan and in its 

various regios 

Pakistan and its 
regions 

No. of 
samples 

Examined 

No. of 
samples 

+tive for B.t. 

No. of B.t. 
isolates 

No. of B.t. 
isolates/ 
sample 

Pakistan 150 33 (22%) 81 2.45 

Northern Punjab 60 17 (28.33%) 48 2.82 

Khyber Pakhtoonkhwa 32 8 (25%) 16 2 

Gilgit Baltistan 58 8 (13.79%) 17 2.12 
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Distribution of B. thuringiensis isolates in various sources of soil samples 

collection 

 

Soil samples were catogrized into 15 groups according to their sources with 

respect to vegetation that covered the area from where samples were collected. 

Results obtained, illustrated in Table-12 indicated that out of 15 groups of soil 

samples, 6 groups contained B. thuringiensis while 9 groups did not.  

 

Among the 9 groups that did not contain B. thuringiensis 8 were cultivated 

by different crops (i.e. Fodder, Groundnut, Mash, Fenugreek, Rice, Sorgham, Tea, 

and Wild mint) and 1 group was of Sandy soil. While the other six groups that 

contained B. thuringiensis: 4 were cultivated by different crops (i.e., Maize, Mung, 

Potato and Wheat), 1 group was of Grass land, and 1 of fallow land. 

 

Group No.1 of Fallow land, Group No.3 of Grass land, Group No.6 

cultivated by Maize, Group No.8 cultivated by Mung, Group No.9 cultivated by 

Potato and Group No.14 cultivated by Wheat, contained population of B. 

thuringiensis, 0.67, 0.42, 0.5, 0.69, 0.25, and 3.67 isolates/sample respectively as 

per this study. Highest population, 3.67 isolates/sample of B. thuringiensis was 

obtained from the soil group of Wheat whereas lowest, 0.25 isolates/sample was 

obtained from soil Group cultivated by potato. An average population of B. 

thuringiensis isolates/sample was also recorded. 
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Table-12 Distribution of B. thuringiensis isolates in various sources/habitats of 

soil samples 

Group 
of sample 
sources 

Sources/habitats of 
Soil sample  

No. of samples 
Examined 

No. of 
 B.t. 

isolates 

No. of B.t. 
isolates 
/sample 

1 Fallow land  12 08 0.67 

2 Fodder cultivated soil 02 00 00 

3 Grass land 60 25 0.42 

4 Groundnut cultivated soil 04 00 00 

5 Fenugreek cultivated soil 02 00 00 

6 Maize cultivated soil 12 06 0.5 

7 Mash cultivated soil 02 00 00 

8 Mung cultivated soil 26 18 0.69 

9 Potato cultivated soil 08 02 0.25 

10 Rice cultivated soil 04 00 00 

11 Sand collected 02 00 00 

12 Sorgham cultivated soil 06 00 00 

13 Tea cultivated soil 02 00 00 

14 Wheat cultivated soil 06 22 3.67 

15 Wild-mint cultivated soil 02 00 00 

 Total 150 81 0.54 

 

Occurrence of B. thuringiensis in the soil of Pakistan 

 
After extensive and careful screening of 150 soil samples, 33 samples were 

found to be positive for B. thuringiensis. So, the occurrence of B. thuringiensis as per 

this study in the soil of Pakistan is indicated in Fig. 12. 

 

Occurrence of B. thuringiensis in the surface and subsoil sample  

 

Occurrence of B. thuringiensis  in 150 soil samples obtained from surface and 

subsoil were also calculated as shown in Fig. 13 which indicated that occurrence of B. 

thuringiensis isolates (as per this study) in the subsoil was higher than the surface soil 

due to the less affect of UV in the subsoil. 
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Fig. 12   Occurrence of B. thuringiensis in the soil of 
Pakistan

78%

22%

Bacillus

B. thuringiensis

Fig. 13   Occurrence of B. thuringiensis in the surface 
and subsoil samples

78%

10%

12%

Bacillus

B. thuringiensis in
surface soil samples 

B. thuringiensis in
subsoil samples
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Bacillus thuringiensis isolates  

 

Out of 150 soil samples 33 B. thuringiensis were positive for B. thuringiensis 

and from positive samples total 81 B. thuringiensis  were isolated which were named 

e.g., 3 B. thuringiensis isolated from the third surface soil sample as PA-S-3.1, PA-S-

3.3, PA-S-3. 4. “P” for Pakistan, “A” for Abida, “S” for surface sample,”3” for soil 

sample number and “0.1” was for the number of colony when it was examined in 

microscope. For subsoil samples “S” was replaced by “Sb”. Detail is given in Table-

13. 

 

Characteristics of colonial morphology  

 

The examination of B. thuringiensis colonies, appearing on the surface of solid 

BGM in Petri plates of different soil samples, viewed by magnifying lens indicated 

that there were variation in colour, shape, size, margin and elevation of colonies. But 

no variation in colour, shape, margin and elevation was observed among the colonies 

appearing in the same Petri plate except variation in size i.e., some were large, some 

were medium some were small in size with respect to each other. Therefore colonial 

characteristics of only one colony/positive soil/Petri plate is given in Table-13  

 
Difference in colonial morphology  

 

On the basis of over all general appearance, colonies were of two types (1) 

Majority plain (2) Three fluffy as indicated in Table-13 and Fig. 14, 15. 
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Table-13    Colonial characteristics of B. thuringiensis isolates 

S.Nos B.t. Isolates Colour Shape Size Margin Elevation 

      1 PAS-3.1 Creamy, off-
white 

Round 
 

 Large Smooth Thick 

2 PA-S-6.1 Creamy white Somewhat round Large Dentate Thick 

3 PA-S-8.1 Creamy, off-
white 

Irregular, 
Spreading 

Large Semi-transparent 
lobate 

Thick 

4 PA-S-11.2 Creamy white Somewhat round Small Semi-transparent 
lobate 

Convex centre 

5 PA-Sb-11.3 Creamy white Somewhat round Small Semi-transparent 
lobate 

Convex centre 

6 PA-Sb-15.2 Creamy white Oval Large Smooth Thick 

7 PA-S-19.2 Creamy, off-
white 

Round Small Sharp serrate Convex centre 

8 PA-S-22.1 Creamy white Irregular, 
Spreading 

Large Semi-transparent 
lobate 

Flat 

9 PA-Sb-23.1 Creamy white Irregular, 
Spreading 

Very large Fluffy, thread 
like 

Flat 

10 PA-S-25.1 
 

Creamy white Round Large Smooth Thick 

11 PA-Sb-25.2 Creamy white Round Large Smooth Thick 

12 PA-S-34.1 Creamy white Irregular 
Spreading 

Very large Fluffy, thread 
like 

Flat 

13 PA-S-39.2 Creamy white Round Large Semi-transparent 
Lobate 

Thick 
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14 PA-Sb-39.4 Creamy white Round Large Semi-transparent 
Lobate 

Thick 

15 PA-S-43.2 
 

Creamy-off-
white 

Spreading Large Lobate Flat 

16 PA-Sb-43.4 Creamy-off-
white 

Spreading Large Lobate Flat 

17 PA-Sb-46.3 Creamy white Oval Small Semi transparent 
irregular 

Thick 

18 PA-Sb-47.2 Creamy white Oval Large Semi transparent 
smooth 

Thick 

19 PA-Sb-49.7 Creamy-off-
white 

Irregular Large Lobate Flat 

20 PA-S-59.2 
 

Creamy-off-
white 

Round Large Smooth Thick 

21 PA-Sb-59.3 Creamy-off-
white 

Round Large Smooth Thick 

22 PA-Sb-61.2 Creamy-off-
white 

Irregular, 
Spreading 

Large Semi-transparent 
lobate 

Flat 

23 PA-S-62.4 Creamy-off-
white 

Round Medium Sharp serrate Convex centre 

24 PA-Sb-62.3 Creamy-off-
white 

Round Medium Sharp serrate Convex centre 

25 PA-S-63.3 
 

Creamy-off-
white 

Round Small Sharp serrate Convex centre 

26 PA-Sb-63.1 Creamy-off-
white 

Round Small Sharp serrate Convex centre 

27 PA-S-64.1 Creamy-off-
white 

Round, dry Small Smooth Flat 
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28 PA-Sb-64.3 Creamy-off-
white 

Round, dry Small Smooth Flat 

29 PA-Sb-67.5 Creamy-off-
white 

Somwhat round Large Semi-transparent 
irregular 

Thick 

30 PA-S-68.4 Creamy white Oval Small Semi-transparent 
irregular 

Thick 

31 PA-Sb-73.1 Creamy white Irregular, 
Spreading 

Very large Fluffy, thread 
like 

Flat 

32 PA-Sb-74.3 Creamy-off-
white 

Round Medium Semi-transparent 
lobate 

Thick 

33 PA-Sb-75.1 Creamy-off-
white 

Somewhat round Large Semi-transparent 
lobate 

Thick 
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 Fig. 14   Bacterial culture of B. thuringiensis isolate 
                PA-Sb-46.3 showing plain colonies 

 
  

             
 

 
 Fig. 15   Bacterial culture of B. thuringiensis isolate 
               PA-Sb-23.1 showing fluffy or thread like  
               growth 
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Microscopic examination of pure isolated B. thuringiensis cultures  

  

Slides from pure B. thuringiensis cultures were prepared and examined under 

phase contrast microscope for vegetative cells, spores and crystals characreristics after 24, 

48 and 72 h. So cultures examined in phase contrast microscope after different time 

period on different days were as given below:-  

 

On the first day in 24 h old culture, almost vegetative cells arranged in very 

long filament, some in pairs and a very few singly, were observed. On the second day 

in 48 h old culture, vegetatie cell, sporulating cell having spore and crystal inside the 

mother cell at opposite poles (Fig.16), sporangium unswollen and liberated spore and 

crystal were observed. On the third day in 72 h old culture, maximum liberation of 

spores and crystals were observed depending upon the growth rate of bacterium, some 

sporulating and a very few vegetative cells were observed. 

 

Unstained smears  

 

The unstained smears showed grayish vegetative cells, glasing white spores 

and crystal dull and light purplish blue in colour (Fig. 17).  

 

Stained smears  

 

The stained smears showed red vegetative cells and light red spores and dark 

red coloured crystals Fig. 19 and 20. 

 

Vegetative cells morphology 

 

Vegetative cells were rod shaped or rectangular in shape as shown in Fig. 18. 

 

Spores morphology 

 

Spores were oval or elliptical in shape, large in size, scattered or arranged in 

chains as shown in Fig. 19, 20 and 21  
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     Fig. 16   Forty eight hours old culture of B. thuringiensis isolate PA-Sb-

73.1 showing spore and crystal in the mother cell, (Magnification 

100 X) 

 

 

       

    Fig. 17   Seventy two-hours old culture of B. thuringiensis isolate PA-

Sb-25.2 showing oval spores and round crystals (Magnification 100 

X) 
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  Fig. 18   Twenty four-hours old culture of B. thuringiensis isolate PA-S-

8.1 showing rod shaped vegetative cells (Magnification 100 X) 

 
 

                 
 

             Fig. 19   Forty eight-hours old culture of B. thuringiensis isolate PA-

Sb-19.2 showing oval spores and bipyramidal crystals 

(Magnification 100 X) 
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Fig. 20   Forty eight-hours old culture of B. thuringiensis isolate PA-

Sb-49.1 showing rod shaped vegetative cell and bipyramidal 

crystal (Magnification 100 X) 

 

                    

 
 

Fig. 21 Seventy two-hours old culture of B. thuringiensis isolate PA-

Sb-46.3 showing oval spores and bipyramidal shapd crystals 

(Magnification 100 X) 
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Crystal characteristics 

 

Microscopic examination revealed that all cells produced crystals while these 

crystals were variable in shape, size and number depending on the species of B. 

thuringiensis isolates. But no variation in shape, size and number of crystals were 

observed among the B. thuringiensis isolates obtained from the same soil sample. 

Therefore crystal characteristics of only one isolate/Petri plate/positive soil sample is 

given in Table-14 which indicated different shapes of crystal in B. thuringiensis 

isolates: (1) Bipyramidal with irregular crystal (2) Bipyramidal with cuboidal crystal 

(3) Spherical crystal and (4) Bipyramidal/Cuboidal (big broad) crystal. 

 

Maximum number of crystals/cell present in B. thuringiensis isolates were 

two. Out of 81 isolates, 75 had two crystals/cell one big and one small while only 6 

isolates had one crystal/cell. Percentage occurrence of two crystals/cell and one 

crystal/cell in B. thuringiensis isolates as per this study shown in (Fig. 22) indicated 

that percentage occurrence of two crystals/cell in B. thuringiensis isolatesis was much 

higher. 
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Fig. 22   Percentage of B. thuringiensis species having one 
crystal or two crystals in our isolates
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Table-14   Crystal characteristics of B. thuringiensis isolates 

 
S.Nos 

 
Isolates name 

 
Shape of crystal  

 
No. of 

crystals/cell 

Whether 
each cell 
produce 
crystal 

1 PA-S-3.1 Spherical, Small One Yes 
2 PA-S-6.1 Bipyramidal, Irregular Two Yes 
3 PA-S-8.1 Bipyramidal, Cuboidal Two Yes 
4 PA-S-11.2 Bipyramidal, Cuboidal Two Yes
5 PA-Sb-11.3 Bipyramidal, Cuboidal Two Yes 
6 PA-Sb-15.2 Bipyramidal, Cuboidal Two Yes 
7 PA-S-19.2 Bipyramidal, Irregular Two Yes 
8 PA-S-22.1 Bipyramidal, Cuboidal Two Yes 
9 PA-Sb-23.1 Bip/C (big broad ), I Two Yes 
10 PA-S-25.1 Spherical, Big One Yes 
11 PA-Sb-25.2 Spherical, Big One Yes 
12 PA-S-34.1 Bip/C (big broad ), I Two Yes 
13 PA-S-39.2 Bipyramidal, Cuboidal Two Yes 
14 PA-Sb-39.4 Bipyramidal, Cuboidal Two Yes 
15 PA-S-43.2 Bipyramidal, Irregular Two Yes 
16 PA-Sb-43.4 Bipyramidal, Irregular Two Yes 
17 PA-Sb-46.3 Bipyramidal, Cuboidal Two Yes 
18 PA-Sb-47.2 Bipyramidal Cuboidal Two Yes 
19 PA-Sb-49.7 Bipyramidal, Irregular Two Yes 
20 PA-S-59.2 Bipyramidal, Irregular Two Yes 
21 PA-Sb-59.3 Bipyramidal, Irregular Two Yes 
22 PA-Sb-61.2 Bipyramidal, Irregular Two Yes 
23 PA-S-62.4 Bipyramidal, Cuboidal Two Yes 
24 PA-Sb-62.3 Bipyramidal, Cuboidal Two Yes 
25 PA-S-63.3 Bipyramidal, Cuboidal Two Yes 
26 PA-Sb-63.1 Bipyramidal, Cuboidal Two Yes 
27 PA-S-64.1 Bipyramidal, Cuboidal Two Yes 
28 PA-Sb-64.3 Bipyramidal, Cuboidal Two Yes 
29 PA-Sb-67.5 Bipyramidal, Cuboidal Two Yes 
30 PA-S-68.4 Bipyramidal, Cuboidal Two Yes 
31 PA-Sb-73.1 Bip/C (big broad ), I Two Yes 
32 PA-Sb-74.3 Bipyramidal, Irregular Two Yes 
33 PA-Sb-75.1 Bipyramidal, Irregular Two Yes 

 ♦ Bip = Bipyramidal 
■ C = Cuboidal 
I = Irregular 
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Morphological and biochemical characteristics of B. thuringiensis isolates 

 

In the identification of B. thuringiensis isolates the presence of these 

biochemical characteristics supported the phase contrast microscopy results and 

confirmed isolates as B. thuringiensis. 

 

Gram staining 

 

All B. thuringiensis isolates were positive for Gram staining and vegetative 

cell appeared rod shaped and purple in colour.  

 

Catalase test 

 

All isolates were positive for catalase production as indicated in Table-15 and 

released bubbles upon the addition of H2O2 confirming the isolates as B. thuringiensis 

whereas no bubbles were observed upon the addition of H2O2 in the eppendorf tube of 

negative control containing sterilized distilled water only (without B. thuringiensis 

culture).  

 

Glucose fermentation test 

 

All isolates were also positive for glucose test, produced acid from glucose 

and changed the colour of medium from red to yellow whereas no change in colour 

was observed in the test tube of negative control (without B. thuringiensis culture) and 

no gas was observed inside the Durham tube (Fig. 23-a, b, c) of any isolate as 

mentioned in Table-15.  

 
 
 
 
 
 
 
 
 
 

 



 81

                
Fig. 23-a     Fig. 23-b 

 

 

 

 

 

Fig. 23-c 

 

Fig.23-a, b, c     Showing positive glucose fermentation test 

Red      Control 

Yellow     B. thuringiensis isolates 
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Table-15   Identification scheme of B. thuringiensis

S.Nos B. thuringiensis isolates Crystal 
 

Sporangium Gram 
staining

Catalase  
 

Glucose 
fermentation

1 B.t. Reference (LC) + Unswollen + + + 

2 PA-S-3.1, PA-S-3.3, PA-S-3.4 + Unswollen + + + 

3 PA-S-6.1, PA-S-6.3 + Unswollen + + + 

4 PA-S-8.1, PA-S-8.5, PA-S-8.7 + Unswollen + + + 

5 PA-S-11.2, PA-S-11.3 + Unswollen + + + 

6 PA-Sb-11.3, PA-Sb-11.4, PA-Sb-
11.5, PA-Sb-11.6

+ Unswollen + + + 

7 PA-Sb-15.2 + Unswollen + + + 

8 PA-S-19.2, PA-S-19.3 + Unswollen + + + 

9 PA-S-22.1, PA-S-22.3, PA-S-22.4 + Unswollen + + + 

10 PA-Sb-23.1 + Unswollen + + + 

11 PA-S-25.1 + Unswollen + + + 

12 PA-Sb-25.2, PA-Sb-25.3 + Unswollen + + + 
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13 PA-S-34.1 + Unswollen + + + 

14 PA-S-39.2 + Unswollen + + + 

15 PA-Sb-39.4 + Unswollen + + + 

16 PA-S-43.2 PA-S-43.3 + Unswollen + + + 

17 PA-Sb-43.4, PA-Sb-43.5, PA-Sb-
43.6, PA-Sb-43.8 

+ Unswollen + + + 

 
 
 

18 

PA-Sb-46.1, PA-Sb-46.3, PA-Sb-
46.4, PA-Sb-46.5, PA-Sb-46.7, PA-
Sb-46.9, PA-Sb-46.11, PA-Sb-46.14, 
PA-Sb-46.16, PA-Sb-46.17, PA-Sb-
46.18, PA-Sb-46.19, PA-Sb-46.21, 
PA-Sb-46.22, PA-Sb-46.23, PA-Sb-
46.24, PA-Sb-46.29 

 
 
 

+ 

 
 
 

Unswollen 

 
 
 

+ 

  
 
 
 + 

 
 
 

+ 

19 PA-Sb-47.2 PA-Sb-47.3 + Unswollen + + + 

 
20 

PA-Sb-49.1, PA-Sb-49.4, PA-Sb-
49.5, PA-Sb-49.6, PA-Sb-49.7, PA-
Sb-49.8, PA-Sb-49.9, PA-Sb-49.10 

 
+ 

 
Unswollen 

 
+ 

 
+ 

 
+ 

21 PA-S-59.2, PA-S-59.3, PA-S-59.9 + Unswollen + + + 

22 PA-Sb-59.3, PA-S-59.5, PA-S-59.7 + Unswollen + + + 

23 PA-Sb-61.2, PA-Sb-61.3 + Unswollen + + + 
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24 PA-S-62.4 + Unswollen + + + 

25 PA-Sb-62.3 + Unswollen + + + 

26 PA-S-63.3 + Unswollen + + + 

27 PA-Sb-63.1 + Unswollen + + + 

28 PA-S-64.1 + Unswollen + + + 

29 PA-Sb-64.3 + Unswollen + + + 

30 PA-Sb-67.5 + Unswollen + + + 

31 PA-S-68.4, PA-S-68.7 + Unswollen + + + 

32 PA-Sb-73.1 + Unswollen + + + 

33 PA-Sb-74.1, PA-Sb-74.3 + Unswollen + + + 

34 PA-Sb-75.1 + Unswollen + + + 

♠ + ive = Sample positive for catalase test            
  ♠ - ive = Sample negative for catalase test 
♣ + ive = Sample          positive for glucose test              
♣ - ive = Sample negative for glucose test 
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The presence of cryI gene in B. thuringiensis isolates 

 

Polymerase chain reaction was performed for the dectection of cryI gene 

(Lepidoptera specific) in B. thuringiensis isolates by using template DNA from the 81 

B. thuringiensis isolates and the reference standard B. thuringiensis strain, var. 

kurstaki. The amplied PCR products obtained were analysed on 1.5% agarose gel by 

electrophoreses. The results shown in Table-16 indicated that reference strain and 69 

(85.19%) out of 81 isolates were positive for cryI gene giving product size of range 

272-290 base pairs. All isolates were negative for specific cryIG group indicating 

absence of this cryI sub-group in our isolates. There was also difference in the 

intensity of bands because unstandardized quantity of DNA was used in the PCR 

mixture. In Fig. 24- a/b, 25- a/b, 26- a/b only 33 B. thuringiensis isolates i.e., one B. 

thuringiensis isolate/Petri plate/positive sample are presented. 

 

The B. thuringiensis isolates that did not contain cryI gene were PA-S-3.1 

(Fig. 24-b lane-1) PA-Sb-73.1 (Fig. 26-a lane-7) PA-S-22.1, PA-Sb-23.1, PA-S 25.1, 

PA-Sb-25.2, PA-S-34.1, PA-S-3.1 (Fig. 26-b lane-3, 4, 5, 6, 7 and 8 respectively).  

 

The B. thuringiensis isolates which showed presence of cryI gene contained 

typical bipyramidal with irregulal or cuboidal crystal like the reference strain (Table-

14). Among the remaining 12 (14.81%) isolates that did not contain cryI gene only 3 

isolates contained typical bipyramidal with cuboidal crystal like the reference strain 

while the others 6 isolates contained round and the remaining 3 contained 

bipyramidal/cuboidal with irregular crystal (Table-14). These results also indicated 

that there is correlation between crystal morphology and presence of cry type gene. 

Among the B. thuringiensis isolates having typical bipyramidal crystal occurrence of 

cryI gene was 95.83%. Results showed that cryI gene occurs frequently in our 

isolates. 

 

The PCR amplification was performed 2-4 times in order to avoid false 

negative result and confirm the presence of relavent gene. The B. thuringiensis 

isolates that did not contain cryI gene and one that have typical bipyramidal crystal 

might contain other group of cry gene or novel cry1 gene as we have analysed our 

isolates only for the presence of cryI gene, toxic against the Lepidoptera. 
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Fig. 24-a   Isolates showing presence of cry1 gene  

M (100 bp ladder) (1) Reference standard strain  

(2) PA-Sb-46.3 (3) PA-S-6.1 

 

 

Fig. 24-b   Isolates showing presence of cry1 gene 

 M (100 bp ladder) (1) PA-S-3.1 (2) PA-S-8.2  

(3) PA-S-8.1 (4) PA-S-11.2 (5) PA-S-11.3  

(6) PA-Sb-15.2 (7) PA-S-19.2 
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Fig. 25-a   Isolates showing presence of cry1 gene  

M (100 bp ladder) (1) PA-Sb-62.3 (2) PA-Sb-63.1  

(3) PA-Sb-64.3 (4) PA-Sb-67.5 

 

 

Fig. 25-b   Isolates showing presence of cry1 gene  

M (100 bp ladder) (1) PA-Sb-46.3 (2) PA-Sb-47.2  

(3) PA-S-6.1 (4) PA-S-39.2 (5) PA-Sb 39.4  

(6) PA-S-43.2 (7) PA-Sb-43.4 (8) PA-S-49.7  

(9) PA-S-62.3 (10) PA-S-63.3  
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Fig. 26-a   Isolates showing presence of cry1 gene  

M (100 bp ladder) (1) PA-S-8.1 (2) PA-Sb-61.2  

(3) PA-Sb-67.5 (4) PA-S-68.4 (5) PA-S 19.2  

(6) PA-Sb-73.1 (7) PA-Sb-74.3 (8) PA-Sb-75.1 

 

 

 

    Fig. 26-b   Isolates showing presence of cry1 gene  

M (100 bp ladder) (1) PA-Sb-46.3 (2) PA-Sb-47.2  

(3) PA-S-22.1 (4) PA-Sb-23.1 (5) PA-S 25.1  

(6) PA-Sb-25.2 (7) PA-S-34.1 (8) PA-S-3.1 (9) PA-S-49.2 
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Table-16 The presence of cryI type gene in B. thuringiensis isolates 

S.Nos B. thuringiensis isolates  cryI gene 
+ ive / -ive 

1 B.t. Reference (LC) + ive 
2 PA-S-3.1, PA-S-3.3, PA-S-3.4  -ive 
3 PA-S-6.1, PA-S-6.3 + ive 
4 PA-S-8.1, PA-S-8.5, PA-S-8.7 + ive 
5 PA-S-11.2, PA-S-11.3 + ive 
6 PA-Sb-11.3, PA-Sb-11.4, PA-Sb-11.5, PA-Sb-11.6 + ive 
7 PA-Sb15.2 + ive 
8 PA-S-19.2, PA-S-19.3 + ive 
9 PA-S-22.1, PA-S-22.3, PA-S-22.4  -ive 
10 PA-Sb-23.1  -ive 
11 PA-S-25.1  -ive 
12 PA-Sb-25.2, PA-Sb-25.3 -ive 
13 PA-S-34.1  -ive 
14 PA-S-39.2 + ive 
15 PA-Sb-39.4 + ive 
16 PA-S-43.2 PA-S-43.3 + ive 
17 PA-Sb-43.4, PA-Sb-43.5, PA-Sb-43.6, PA-Sb-43.8 + ive 
 
 

18 

PA-Sb-46.1, PA-Sb-46.3, PA-Sb-46.4, PA-Sb-46.5, 
PA-Sb-46.7, PA-Sb-46.9, PA-Sb-46.11, PA-Sb-46.14, 
PA-Sb-46.16, PA-Sb-46.17, PA-Sb-46.18, PA-Sb-
46.19, PA-Sb-46.21, PA-Sb-46.22, PA-Sb-46.23, PA-
Sb-46.24, PA-Sb-46.29 

 
 

+ ive 

19 PA-Sb-47.2 PA-Sb-47.3 + ive 
20 PA-Sb-49.1, PA-Sb-49.4, PA-Sb-49.5, PA-Sb-49.6, 

PA-Sb-49.7, PA-Sb-49.8, PA-Sb-49.9, PA-Sb-49.10 
+ ive 

21 PA-S-59.2, PA-S-59.3, PA-S-59.9 + ive 
22 PA-Sb-59.3, PA-Sb-59.5, PA-Sb-59.7 + ive 
23 PA-Sb-61.2, PA-Sb-61.3 + ive 
24 PA-S-62.4 + ive 
25 PA-Sb-62.3 + ive 
26 PA-S-63.3 + ive 
27 PA-Sb-63.1 + ive 
28 PA-S-64.1 + ive 
29 PA-Sb-64.3 + ive 
30 PA-Sb-67.5 + ive 
31 PA-S-68.4, PA-S-68.7 + ive 
32 PA-Sb-73.1  -ive 
33 PA-Sb-74.1, PA-Sb-74.3 + ive 
34 PA-Sb-75.1 + ive 

          + ive = Presence  of  cryI gene and ,  - ive = Absence of cryI gene in B.t. isolates. 
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Protein profile of spore-δ-endotoxin of B. thuringiensis isolates  

 

Purified spore-δ-endotoxin of 81 B. thuringiensis isolates were analysed on a 

12.5% gel and protein profile obtained was compared with protein profile of marker 

protein and reference standard strain var kurstaki. The SDS-PAGE analysis indicated 

that overall protein profile of spore-δ-endotoxin of all the isolates ranged from 23 kDa 

to 130-140 kDa. However protein profile of maximum number of isolates ranged 

from 26 kDa to 140 kDa and resembled with the protein profile of reference strain 

(Fig. 27, 28, 29, 30 and 32) but some also showed different protein profile (Fig. 27 

lane 2 & 8, Fig. 28 lane 6, Fig. 29 lane 2 & 4, Fig.30 lane 1 & 2, Fig.31 lane 2, 3 & 4).  

 

Reference strain carrying cryI gene and having typical bipyramidal with 

cuboidal crystal gave rise to a strong protein bands at around 65 kDa and 130-140 

kDa and one weak band at 26 kDa. Some isolates showed weak band of 26 kDa and 

some isolates showed strong band of 26 kDa. Some isolates also had some additional 

bands i.e. PA-S-8.1 (Fig. 27 lane 5), PA-S-43.2 and PA-Sb-43.4 (Fig. 28 lane 4 and 

Fig. 29 lane 4), PA-S-64.1 and PA-Sb-64.3 (Fig. 30 lane 1 & 2), The protein profile of 

all the B. thuringiensis isolates carrying cryI gene and having both bipyramidal with 

cuboidal or irregular crystal produced the same protein profile pattern as the reference 

strain excluding 3 isolates PA-S-22.1, PA-S-22.3 and PA-S-22.4 of same soil sample. 

These isolates contained both bipyramidal with cuboidal crystal but did not carry cryI 

gene. This indicated that isolates producing morphologically similar crystal but 

different genetically produced different protein profile pattern. 

 

The isolates that produced different protein profile were different genetically 

(did not contain cryI gene) as well in crystal morphology from the reference strain. 

Isolates PA-S-3.1, PA-S-3.3 and PA-S-3.4 contained small round crystal and 

produced same bands of 26, 39, 72, 78, 200 kDa, isolates PA-S-25.1, PA-Sb-25.2 and 

PA-Sb-25.3 contained big round crystal showed protein profile of molecular masses 

of 26, 34, 95, 107 & 118 kDa and isolates that contained bipyramidal/cuboidal, big 

broad with irregular crystal produced bands of same molecular masses of 23, 26, 65, 

92, 120 & 150 kDa (Fig. 31 isolates PA-Sb-23.1, PA-S-34.1 and PA-Sb-73.1 

respectively). These results also indicated some relationship between crystal 

morphology, crystal protein and genetic of B. thuringiensis isolates. 
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Table-17  Protein profile of spore-δ-endotoxin of B. thuringiensis isolates 

S.Nos B. thuringiensis Isolates Molecular weight 
(kDa) 

1 B.t. Reference (LC) 26, 65, 130-140 
2 PA-S-3.1, PA-S-3.3, PA-S-3.4 26, 39, 72, 78, 200 
3 PA-S-6.1, PA-S-6.3 26, 65, 130-140 
4 PA-S-8.1, PA-S-8.5, PA-S-8.7 33, 37, 65, 130-140 
5 PA-S-11.2, PA-S-11.3 26, 65, 130-140 
6 PA-Sb-11.3, PA-Sb-11.4, PA-Sb-11.5, PA-Sb-11.6 26, 65, 130-140 
7 PA-Sb15.2 26, 65, 130-140 
8 PA-S-19.2, PA-S-19.3 26, 65, 130-140 
9 PA-S-22.1, PA-S-22.3, PA-S-22.4 40, 68, 130, 132 
10 PA-Sb-23.1 23, 26, 65, 92, 120, 

150 
11 PA-S-25.1 26, 34, 95, 107, 118 
12 PA-Sb-25.2, PA-Sb-25.3 26, 34, 95, 107, 118 
13 PA-S-34.1 23, 26, 65, 92, 120, 

150 
14 PA-S-39.2 26, 65, 130-140 
15 PA-Sb-39.4 26, 65, 130-140 
16 PA-S-43.2 PA-S-43.3 26, 28, 65, 130-140 
17 PA-Sb-43.4, PA-Sb-43.5, PA-Sb-43.6, PA-Sb-43.8 26, 28, 65, 130-140

 
 

18 

PA-Sb-46.1, PA-Sb-46.3, PA-Sb-46.4, PA-Sb-46.5, PA-
Sb-46.7, PA-Sb-46.9, PA-Sb-46.11, PA-Sb-46.14, PA-
Sb-46.16, PA-Sb-46.17, PA-Sb-46.18, PA-Sb-46.19, 
PA-Sb-46.21, PA-Sb-46.22, PA-Sb-46.23, PA-Sb-
46.24, PA-Sb-46.29 

 
 

26, 65, 130-140 

19 PA-Sb-47.2 PA-Sb-47.3 26, 27, 65, 130-140 
20 PA-Sb-49.1, PA-Sb-49.4, PA-Sb-49.5, PA-Sb-49.6, PA-

Sb-49.7, PA-Sb-49.8, PA-Sb-49.9, PA-Sb-49.10 
65, 130-140 

21 PA-S-59.2, PA-S-59.3, PA-S-59.9 26, 65, 130-140 
22 PA-Sb-59.3 26, 65, 130-140 
23 PA-Sb-61.2, PA-Sb-61.3 26, 65, 130-140 
24 PA-S-62.4 26, 65, 130-140 
25 PA-Sb-62.3 26, 65, 130-140 
26 PA-S-63.3 65, 130-140 
27 PA-Sb-63.1 26, 65, 130-140 
28 PA-S-64.1 26, 32,34, 65, 130-

140 
29 PA-Sb-64.3 26, 32,34, 65, 130-

140 
30 PA-Sb-67.5 26, 65, 130-140 
31 PA-S-68.4, PA-S-68.7 26, 65, 130-140 
32 PA-Sb-73.1 23, 26, 65 ,92, 120, 

150 
33 PA-Sb-74.1, PA-Sb-74.3 65, 130-140 
34 PA-Sb-75.1 65, 130-140 
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      Fig. 28   M (marker) (1) PA-Sb-49.7 (2) PA-Sb-47.2 (3) PA-Sb-46.3 (4) PA-S-     
43.2 (5) PA-Sb-39.4 (6) PA-S+-25.2 (7) PA-S-19.2 (8) Reference standard B. 
thuringiensis (9) M (marker) (10) PA-S-19.2     

 

Fig. 27   M (marker) (1) Reference standard B. thuringiensis (2) PA-S-3.1 (3) 
Reference standard B. thuringiensis (4) PA-S-6.1 (5) PA-S-8.1 (6) PA-S-11.2 
(7) PA-Sb-15.2 (8) PA-S- 22.1 (9) Marker 

M 1 2 3 4 M5 6 7 8 M 9
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34 
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11 
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M 8 M1 2 3 4 5 6 7 
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95 

72 

55 

43 

34 

26 

17 

11 
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Fig. 29 M   (marker) (1) Reference standard B. thuringiensis (2) PA-Sb-25 .1 (3) 
PA-S-49.2 (4) PA-Sb-43.4 (5) PA-Sb-39.4 (6) PA-S-59.2 (7) PA-Sb- 59.3 (8) PA-
Sb- 61.2 (9) PA-S-62.4 (10) PA-Sb-63.1 
 

 

Fig. 30 M   (marker) (1) PA-S-64.1 (2) PA-Sb-64.3 (3) PA-Sb-67.5 (4) PA-S-68.4 
(5) PA-Sb-74.3 (6) PA-Sb-75.1 (7) PA-Sb-62.3 (8, 9, 10) Reference standard B. 
thuringiensis 
 

 

 

M 1 2 3 4 5 6 7 8 9 10 

M 1 2 3 4 5 6 7 8 9 10 
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95 
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43 
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Fig. 31   M (marker) (1) Reference   Fig. 32   (1) PA-S-63.3 (2) PA-S-  

standard B. thuringiensis (2) PA-Sb-23.1   64.1 (3) Reference standard 

(3) PA-S-34.1 (4) PA-S-73.1    B. thuringiensis 

 

 

 

 

 

 

 

 

 

 

1 2 3 4 1 2 3 M
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Production of spore-δ-endotoxin of B. thuringiensis isolates in powder form by shake 

flask technique 

 

Laboratory scale production was carried out with one litre of liquid BGM by 

using shake flask technique under same set of experimental conditions from 33 

selected isolates and reference standard var. kurstaki (Table-18). The pH of the 

fermented culture of each B. thuringiensis isolate was found to be alkaline as 

indicated in Table-18. Observation of cultures in phase contrast microscope indicated 

that this medium was suitable for the growth of majority of B. thuringiensis isolates 

(30 out of 33) and approximately 95-98% sporulation was observed after 72 h but 

three isolates, PA-Sb-23.1, PA-S-34.1 and PA-Sb-73.1 showed slow growth rate, 

about 50-60% sporulation after 72 h in the liquid BGM whereas on the surface of 

solid BGM 95-98% sporulation. 

 

Yield biomass 

 

Different isolates produced different yield of spore-δ-endotoxin powder (Yield 

biomass). Isolate PA-Sb-46.3 produced maximum yield biomass of 1.34 g from one 

litre of fermented medium, 3 isolates PA-S-62.4, PA-S-68.4 and PA-Sb-74.3 

produced minimum yield biomass of 0.98 g/L and the other isolates showed values in 

between these two as illusrated in Table-18. 

 

Economic yield index  

 

The economic yield index was the highest in isolate PA-Sb-46.3 (0.101), the 

lowest in isolates PA-S-62.4, PA-S-68.4 and PA-Sb-74.3 (0.074) and the rest of 

isolates showed economic yield index in between these two values as indicated in 

Table-18. 

 

Spore count in 1.0 mg of spore-δ-endotoxin powder 

 

Spores counted in 1.0 mg of spore-δ-endotoxin powder ranged from 6.50 X 

109 in isolate PA-S-43.2 to 2.04 X 109 in isolate PA-S-39.2. The results are shown in 

Table-18 
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Preliminary screening bioassay for toxicity evaluation of B. thuringiensis isolates 

 

Spore-δ-endotoxin powder obtained by shake flask technique of 33 selected B. 

thuringiensis isolates and reference strain were used for rapidly screening the toxic 

isolates by preliminary screening bioassay. The detailed results of preliminary 

screening bioassays of B. thuringiensis isolates @ 500 g of spore-δ-endotoxin 

powder per mL of artificial diet against 1st instar larvae of H. armigera are illustrated 

in Table-18. 

 
Corrected mortality % of each isolate was calculated as illustrated in Table-18. 

Results obtained showed that isolate PA-Sb-63.1 caused higest mortality 103.10%, 

three isolates PA-Sb-15.2, PA-S-22.1 and PA-Sb-75.1 caused mortality, 102.1%, two 

isolates PA-Sb-61.2, and PA-Sb-62.4 caused mortality 102%, four isolates PA-S-6.1, 

PA-S-8.1, PA-S-64.1 and PA-Sb-64.3 caused mortality 101%, isolates PA-Sb-62.3, 

caused mortality 100.90%, three isolates, PA-S-19.2 , PA-Sb-67.5 and PA-S-68.4 

caused mortality 100.57%, isolate, PA-Sb-59.3 caused mortality 100.50%, isolate, 

PA-S-39.2 caused mortality 100%, two isolates, PA-S-63.3 and PA-Sb-74.3 caused 

mortality 99.97%, isolate, PA-Sb-62.3 caused mortality 99.90%, two isolates, PA-Sb-

49.7 and PA-S-59.2 caused mortality 99.89%, two isolates, PA-S-43.2 and PA-Sb-

43.4 caused mortality 99.81%, two, isolates PA-S-11.2 and PA-Sb-11.3 caused 

mortality 99.77%, isolate, PA-Sb-47.2 caused mortality 98.82%, isolate PA-Sb-46.3 

caused mortality 96.55%, isolate, PA-Sb-23.1 caused mortality 45.32%, isolate, PA-

Sb-73.1 caused mortality 30.96%, isolate, PA-S-34.1 caused mortality 30.77%, 

isolate, PA-S-25.1 caused mortality 24.15%, isolate, PA-Sb-25.2 caused mortality 

19.11%, isolate, PA-S-3.1 caused mortality -7.33%. 

 

Over all results indicated (Table-18) that 27 isolates were toxic and 6 isolates 

(S.Nos 2, 11, 12, 13, 14 and 32) were non-toxic to H. armigera. Among the toxic 

isolates corrected mortality % ranged from 96.55 to 103.10% in comparison with 

reference standard (cultured in the laboratory) and among non-toxic isolates -7.33 to 

45.32%. 

Results obtained indicated that among the selected isolates/Petri plate/positive 

sample percentage occurrence of toxic and non-toxic isolates were 81.82% and 

18.18% respectively. 
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Table-18 Production of spore-δ-endotoxin of B. thuringiensis isolates by shake flask technique 
and their toxicity evaluation against H. armigera 

 

 
S.Nos 

 
Isolates 

pH of 
fermented 

culture 

Yield 
 

(g/L) 

 
EYI 

No. of spores /mg 
powder 
(X109) 

Observed mortality 
(%) at 500 g/mL  

diet 

♠ Mortality 
(%) at 500 
g/mL diet 

1 B.t.Reference 
standard (LC) 

8 1.09 0.082  3.71 100 101 

2 PA-S-3.1 8 1.27 0.095 4.01 10 -7.33 

3 PA-S-6.1 8 1.02 0.077 3.50 100 101 

4 PA-S-8.1 8 1.12 0.084 3.92 100 101 

5 PA-S-11.2 8 1.08 0.081 5.05 100 99.77 

6 PA-Sb-11.3 8 1.18 0.089 4.60 100 99.77 

7 PA-Sb-15.2 8 1.07 0.080 5.10 100 102.1 

8 PA-S-19.2 8 1.18 0.089 5.65 100 100.57 

9 PA-S-22.1 8 1.12 0.084 5.02 100 102.1 

10 PA-Sb-23.1 8 1.24 0.095 3.97 49.99 45.32 

11 PA-S-25.1 8 1.13 0.085 5.21 28 24.15 

12 PA-Sb-25.2 8 1.26 0.096 4.91 21 19.11 

13 PA-S-34.1 8 1.18 0.089 3.21 33.67 30.77 

14 PA-S-39.2 8 1.03 0.077 2.04 100 100 

15 PA-Sb-39.4 8 1.04 0.078 5.21 100 101.1 
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16 PA-S-43.2 8 1.24 0.093 6.50 100 99.81 

17 PA-Sb-43.4 8 1.18 0.089 5.10 100 99.81 

18 PA-Sb-46.3 8 1.34 0.101 3.60 100 96.55 

19 PA-Sb-47.2 8 1.17 0.088 3.97 100 98.82 

20 PA-Sb-49.7 8 1.04 0.078 5.55 100 99.89 

21 PA-S-59.2 8 1.00 0.075 4.00 100 99.89 

22 PA-Sb-59.3 8 1.08 0.081 4.36 100 100.50 

23 PA-Sb-61.2 8 1.02 0.077 5.66 100 102 

24 PA-S-62.4 8 0.98 0.074 4.71 100 102 

25 PA-Sb-62.3 8 1.03 0.077 3.00 100 100.90 

26 PA-S-63.3 8 1.12 0.084 3.96 100 99.97 

27 PA-Sb-63.1 8 1.01 0.076 3.10 100 103.10 

28 PA-S-64.1 9 1.02 0.077 5.60 100 101 

29 PA-Sb-64.3 9 1.08 0.081 5.95 100 101 

30 PA-Sb-67.5 8 1.13 0.085 4.55 100 100.57 

31 PA-S-68.4 8 0.98 0.074 5.05 100 100.57 

32 PA-Sb-73.1 8 1.01 0.076 3.95 31 30.96 

33 PA-Sb-74.3 8 0.98 0.074 5.61 100 99.97 

34 PA-Sb-75.1 8 1.20 0.090 6.21 100 102.1 

  LC = Laboratory Cultured,   EYI = Economic Yield Index,  ♠Corrected mortalit1 by Abbott’s formula (1925)
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Determination of LC50 value, potency and relative potency of toxic B. 

thuringiensis isolates against H. armigera  

 

Twenty seven B. thuringiensis isolates causing more than 80% mortality were 

subjected for further bioassays to find the most toxic B. thuringiensis isolates against 

H. armigera by determining their LC50 values, potencies and relative potencies. 

 

Detailed results obtained from bioassays are summerised in Table-19. These 

results indicated that LC50 of different toxic B. thuringiensis isolates varied from, 2.28 

g/mL diet for isolate PA-Sb-11.3 to 29.65 µg/mL diet for isolate PA-Sb-74.3, and 

potencies ranged from 3192 IU/mg for isolate PA-Sb-75.1 to 1177515 IU/mg for 

isolate PA-Sb-46.3. Relative potency given in Table-19 indicated that 19 isolates (S. 

Nos. 3, 4, 7,. 8, 9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 22, 23, 24, 25 and 26) were 

comparatively more toxic than reference strain and showed higher potencies, 7 

isolates (S.Nos. 1, 2, 5, 10, 18, 21 and 27) showed potencies, lower than reference 

strain and 1 isolate (S. No. 6) showed potency equal to reference strain. The highest 

relative potency, 73.59 was observed in isolate PA-Sb-74.3, as shown in Fig. 33. This 

result indicated that the isolate was 73.59 times toxic than the reference standard 

strain (HD-I-S-1980). 
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Table-19   LC50 value, Potency and Relative potency of toxic B. thuringiensis  isolates 

against H. armigera 

 
S.Nos Isolates LC50 

g/mL diet 

Potency 
IU/mg 

Relative 
potency 

1 HD-I-S-1980 
PA-S-6.1 

10.72 
15.08 

16000 
11374 

1.00 
0.71 

2 HD-I-S-1980 
PA-S-8.1 

10.72 
23.27 

16000 
7371 

1.00 
0.46 

3 HD-I-S-1980 
PA-S-11.2 

07.22 
02.32

16000 
49793

1.00 
3.11 

4 HD-I-S-1980 
PA-Sb-11.3 

06.70 
02.28

16000 
47018

1.00 
2.94 

5 HD-I-S-1980 
PA-Sb-15.2 

03.80 
08.97 

16000 
6778 

1.00 
0.42 

6 HD-I-S-1980 
PA-S-19.2 

18.08 
18.01 

16000 
16062 

1.00 
1.00 

7 HD-I-S-1980 
PGA-S-22.1 

18.77 
13.72 

16000 
21889 

1.00 
1.27 

8 HD-I-S-1980 
PA-S-39.2 

10.38 
05.37 

16000 
30927 

1.00 
1.93 

9 HD-I-S-1980 
PA-Sb-39.4 

18.08 
10.06 

16000 
28755 

1.00 
1.8 

10 HD-I-S-1980 
PA-S-43.2 

3.80 
04.68 

16000 
12991 

1.00 
0.53 

11 HD-I-S-1980 
PA-Sb-43.4 

16.67 
13.17 

16000 
20252 

1.00 
1.27 

12 HD-I-S-1980 
PA-Sb-46.3 

334.12 
04.54 

16000 
1177515 

1.00 
73.59 

13 HD-I-S-1980 
PA-Sb-47.2 

6.69 
05.60 

16000 
19142 

1.00 
1.19 

14 HD-I-S-1980 
PA-Sb-49.7 

65.13 
06.57 

16000 
158612 

1.00 
9.91 

15 HD-I-S-1980 
PA-S-59.2 

65.13 
05.63 

16000 
185094 

1.00 
11.57 

16 HD-I-S-1980 
PA-Sb-59.3 

65.13 
06.76 

16000 
154153 

1.00 
9.63 

17 HD-I-S-1980 
PGA-Sb-61.2 

5.57 
04.88 

16000 
18262 

1.00 
1.14 

18 HD-I-S-1980 
PA-S-62.4 

5.57 
05.67 

16000 
15718 

1.00 
0.98 

19 HD-I-S-1980 
PA-Sb-62.3 

9.62 
07.02 

16000 
21926 

1.00 
1.37 

20 HD-I-S-1980 
PA-S-63.3 

43.01 
12.29 

16000 
55993 

1.00 
3.50 

21 HD-I-S-1980 
PA-Sb-63.1 

10.38 
11.09 

16000 
152367 

1.00 
0.94 

22 HD-I-S-1980 
PA-S-64.1 

3.80 
03.53 

16000 
17224 

1.00 
1.08 

23 HD-I-S-1980 
PA-Sb-64.3 

10.38 
05.47 

16000 
30362 

1.00 
1.90 

24 HD-I-S-1980 
PA-Sb-67.5 

64.59 
05.19 

16000 
199121 

1.00 
12.45 

25 HD-I-S-1980 
PA-S-68.4 

18.08 
15.58 

16000 
18567 

1.00 
1.16 

26 HD-I-S-1980 
PA-Sb-74.3 

197.71 
29.65 

16000 
106690 

1.00 
6.67 

27 HD-I-S-1980 
PA-Sb-75.1 

3.80 
19.05 

16000 
3192 

1.00 
0.20 
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Fig. 33 LC50 value and Relative potency of toxic B. thuringiensis  isolates against H. 
armigera
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              Fig. 34   Chickpea pod-borer damaging the pod 

 

 

    

 

Fig. 35   Chickpea plants damaged by chickpea pod-borer H. armigera      

at National Agriculture Research Centre (NARC) Islamabad, Pakistan 

experimental field 
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Laboratory scale production of B. thuringiensis biopesticide against chickpea 

pod-borer, H. armigera 

 

Suitability of medium selected for the preparation of biopesticide  

 

Medium selected for the production of biopesticide was found to be suitable 

for the preparation of biopesticide as indicated in Table-20.  

 

Table-20   Characteristics of fermented medium of biopesticide 

 

Fermented medium Time pH Sporulation CFU/mL 
(X109) 

LC50 

g/mL 
diet 

B.t. isolate Medium 
(Composition) 

 
PA-Sb-46.3 

Blood, Molases, 
CaCl, Distilled 

water 

 
72 h 

 
7 

 
95-99% 

 
3.97 

 
0.53 

 

 

Effect of preservatives and diluents on the toxicity of biopesticide formulation 

 

Fermented culture of biopesticide (without preservatives and diluents) and 

biopesticide formulation (prepared from the same fermented culture of biopesticide 

by adding preservatives and diluents) were tested against 1st instar larvae of H. 

armigera through bioassay for the observation of effect of preservatives and diluents 

on the toxicity of biopesticide formulation. Results as given below in Table-21 

showed no effect of preservatives and diluents on the toxicity of biopesticide 

formulation.  

 

Table-21   Effect of preservatives and diluents on the toxicity of biopesticide 
formulation 

 
 

Culture 
Biopesticide 

pH  
No. of spores/mL 

of biopesticide 
(X109) 

LC50g/
mL diet 

Fermented Culture (Batch-1) 7 3.97 0.53 

Biopesticide Formulation 
(Batch-2) 

7 4.25 0.50 
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As there was not significant difference between the LC50 value of fermented 

culture (Batch-1) i.e., 0.53 g/mL diet and LC50 value of biopesticide formulation 

prepared from the same fermented culture (Batch-2) i.e., 0.50 g/mL diet when 

compared by applying two samples T-Test as given below:- 

 

Two Samples T-Test for Mortality by Batch 

  

     Batch  Mean  N   SD     SE 

         1   18.286  28 8.0868  1.5283 

         2   18.714  28 7.8733  1.4879 

Difference  -0.4286 

 

                                                 95% CI for Difference 

Assumption       T  DF     P   Lower Upper 

Equal Variances  -0.20   54.0 0.8415  -4.7049 3.8478 

Unequal Variances  -0.20   54.0 0.8415  -4.7050 3.8478 

 

Test for Equality     F    DF       P 

of Variances   1.05  27, 27  0.4452 
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Toxicity evaluation of biopesticide formulation against H. armigera in the 

laboratory 

  

The LC50value of six batches and pooled batch of biopesticide as in Table-22 

showed that biopesticide was effective against H. armigera. Their pH value and 

spores X109 /mL were also given. These values also indicated that no correlation 

exists between number of spores and toxicity of biopesticides as the toxicity value did 

not increase or decrease with increase or decrease of number of spores as indicated in 

Table-22. 

 

Table-22   Characteristics of different batches and pooled batch of biopesticide 

formulation 

 
Batches 

of 
biopesticide formulation 

Biopesticide 
pH 

No. of spores/mL 
of biopesticide 

(X109) 

LC50g/mL 
diet 

1 7 4.25 0.50 

2 7 4.54 0.39 

3 7 3.61 0.91 

4 7 3.89 0.69 

5 7 4.37 0.93 

6 7 3.81 0.65 

Pooled batch 7 4.01 0.59 
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Mortality of H. armigera at different concentrations of biopesticides 
 

Mortality % against 1st instar larvae of H. armigera at different concentrations 

of biopesticides of six batches and pooled batch was observed as indicated in Fig. 36 

that with the increase of toxin in diet mortality of the larvae also increased. The 

concentration 2%, 4%, 8% and 16% of biopesticide in diet caused more than 80% 

mortality against 1st instar larvae and were considered as toxic concentrations of 

biopesticide. 

 

Analysis results in Table-23 (Tukey Comparisons Test of Mortality for 

Concentrations of Batch 1-6 Batches and Pooled Batch) and Fig. 37 to 45 also 

indicated that mortality of the larvae also increased with the increase of toxin 

concentrations of biopesticide in diet.  

 

 

Analysis results (Table-23) of Batches 1-6 and Pooled Batch, and Fig. 43, 44 

and 45 showed that all prepared Batches of biopesticide were effective against H. 

armigera.  
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                        Table-23 Tukey HSD All-Pairwise Comparisons Test of Mortality for concentrations 

Batch No. 1-6 and Pooled Batch 

Conc Mortality 
Means 
Batch-1 

Mortality 
Means 
Batch-2 

Mortality 
Means 
Batch-3 

Mortality 
Means 
Batch-4 

Mortality 
Means 
Batch-5 

Mortality 
Means 
Batch-6 

Mortality 
Means 

Pooled Batch-
7 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 

6 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 25.00 A 

5 25.00 A 24.75 A 25.00 A 24.75 A 24.25 A 24.25 AB 25.00 A 

4 21.75 B 24.25 A 20.25 B 24.25 A 19.75 B 21.50 B 23.00 A 

3 17.75 C 20.00 B 12.25 C 15.50 B 12.25 C 14.75 C 16.25 B 

2 14.00 D 16.25 C 8.25 D 10.25 C 7.75 D 12.25 C 10.00 C 

1 2.50 E 2.00 D 0.75 E 1.25 D 0.75 E 1.00 D 0.25 D 

LSD, (α 
= 0.05) 

 
2.36 

 
2.97 

 
3.36 

 

 
4.54 

 
4.24 

 
3.30 

 
4.23 

Batch No. 1 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Batch No.2 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Batch No.3 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Batch No.4 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Batch No.5 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Batch No.6 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Pooled Batch There are 4 groups (A, B, C and D) in which the means are not significantly different from one another.  
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Comparison of 6 Batches 

 
Tukey HSD All Pairwise Comparisons Test of Mortality for 6 Batches 
 

Batch No.  Mean   Homogeneous Groups 

      2   19.607    A 

      1     18.714    AB 

      4   18.000       BC 

      6   17.679       BCD 

      3   16.643          CD 

      5   16.393              D 

 

LSD, (α = 0.05) = 1.4606 

 

There are 4 groups (A, B, C and D.) in which the means are not significantly different 

from one another. 

 

 
Tukey HSD All Pairwise Comparisons Test of Mortality for Concentrations 

 
Conc.  Mean   Homogeneous Groups 
 
7  25.00    A 
6  25.00    A 
5  24.67               A 
4  21.96       B 
3  15.42          C 
2  11.46     D 
1  1.38          E 
 
LSD, (α = 0.05) = 1.6321       

 
There are 5 groups (A, B, C, D and E) in which the means are not significantly 
different from one another. 
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Fig. 36 Mortality % of H. armigera at different 
concentrations of biopesticide batches
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Fig. 37  Means and standard deviations of mortality 
for Batch No. 1
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Fig. 38 Means and standard deviations of motality 
for Batch No. 2
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Fig. 39 Means and standard deviations of mortality for 
Batch No. 3
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Fig. 40 Means and standard deviations of mortality 
for Batch No. 4
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Fig. 41 Means and standard deviations of mortality 
for Batch No. 5

0

5

10

15

20

25

30

1 2 3 4 5 6 7

Concentrations

M
o
rt

al
it

y 
(m

ea
n
s 

&
 

st
an

d
ar

d
 d

ev
ia

ti
o

n
s)

Concentration

means

standard
deviations

 

 

 

Fig. 42 Means and standard deviations of mortality 
for Batch No. 6
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Fig. 43 Means and standard deviations of 
mortality for pooled batch 
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Fig. 44 Average mortality with standard deviations 
of 6 batches  
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Fig. 45 Comparison between average mortality of 
Pooled Batch and 6-Batches  
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Shelf life evaluation of biopesticide in laboratory/evaluation of stability period of 

toxin in biopesticide placed at room temperature  

 

Results obtained as indicated in Table-24 through bioassay experiments 

performed against 1st instar larvae of H. armigera at three month’s time interval over 

a period of 30 months showed that there was gradual decrease in the toxicity of 

biopesticide after one year but no change in the number of spores and no 

contamination was observed during this time period. Biopesticide was considered 

effective over a period of 30 months (laboratory bioassay test). The LC50 value of 

biopesticide after 30 months was 4.95 g/mL diet whereas LC50 value of the same 

isolate PA-Sb-4.3 (initially used for toxicity evaluation) was 4.54 g/mL diet as 

given in Table-19 and was 73.6 times more potent than reference strain var. kurstaki 

(HD-I-S-1980).  

 

 

Table-24   Evaluation of shelf life/stability period of toxin in biopesticide placed at 

room temperature over a period of thirty months 

 
Bioassay 

Expriment 
(1-11) 

 
Interval  

(in months) 

 
Time period 
(in months) 

 
Biopesticide 

pH 

No. of 
spores/mL of 
biopesticide 

(X109) 

 
LC50 

g/mL 
diet 

1 00 Fresh) 00 7 3.89 0.59 

2 3 03 7 3.71 0.23 

3 3 06 7 4.40 0.30 

4 3 09 7 3.55 1.22 

5 3 12 7 4.27 1.83 

6 3 15 7 3.21 2.28 

7 3 18 7 3.70 2.34 

8 3 21 7 3.45 3.23 

9 3 24 7 4.30 3.80 

10 3 27 7 3.65 4.14 

11 3 30 7 3.93 4.95 
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Table-25 Analysis Results for Shelf-Life Evaluation of Biopesticide 
 

Tukey HSD All-Pairwise Comparisons Test of Mortality 

Bioassay Expeiments 1-11 

 

Conc. Mortality Means of Bioassay Experiments No. 1-11 
 

1 2 3 4 5 6 7 8 9 10 11 

7 25.000 

A 

24.750 

A 

25.00 

A 

19.5000 

A 

17.750 

A 

16.500 

A 

15.250 

A 

14.250 

A 

19.750 

A 

13.000 

A 

13.250 

A 

6 25.000 

A 

24.500 

A 

23.750 

A 

15.000 

B 

12.750 

B 

13.00 

AB 

13.250 

AB 

11.500 

AB 

18.500 

A 

10.000 

AB 

9.750 

AB 

5 25.000 

A 

24.000 

A 

20.000 

B 

10.750 

C 

10.500 

BC 

10.250 

BC 

9.750 

BC 

9.750 

ABC 

16.000 

AB 

9.750 

AB 

7.750 

BC 

4 23.000 

A 

18.750  

B 

17.250 

B 

8.000 

C 

9.250 

BC 

7.750 

CD 

7.250 

CD 

6.750 

BCD 

12.000 

BC 

6.250 

BC 

6.750 

BCD 
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3 16.250 

B 

11.750 

C 

10.750 

C 

4.250 

D 

8.250 

CD 

5.000 

DE 

5.000 

CD 

5.000 

CD 

8.250 

CD 

5.000 

BC 

5.250 

CDE 

2 10.000 

C 

10.000 

C 

9.250 

C 

3.750 

D 

5.000 

DE 

2.500 

E 

2.250 

D 

2.500 

D 

5.750 

DE 

2.750 

C 

3.750 

DE 

1 0.250 

D 

1.250 

D 

2.000 

D 

0.250 

E 

2.000 

E 

2.000 

E 

2.250 

D 

2.250 

D 

1.750 

E 

2.250 

C 

2.250 

E 

LSD, (α 
= 0.05) 

4.23 3.53 3.31 3.35 4.01 5.15 5.17 6.17 5.32 6.03 3.69 

Experiment No. 1 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Experiment No.2 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Experiment No.3 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Experiment No.4 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Experiment No.5 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Experiment No.6 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Experiment No.7 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Experiment No.8 There are 4 groups (A, B, C and D) in which the means are not significantly different from one another. 
Experiment No.9 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another. 
Experiment No.10 There are 3 groups (A, B and C) in which the means are not significantly different from one another. 
Experiment No.11 There are 5 groups (A, B, C, D and E) in which the means are not significantly different from one another
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Effectiveness of preservatives and diluents in biopesticide 

 
The result obtained from shelf-life evaluation of biopesticide indicated that 

peservatives and diluents used were effective to preserve fermentation medium in the 

form of formulation because no change as indicated in Table-23 was observed: (1) in 

pH value (2) significant change in number of spores and (3) no growth of other 

microorganism (bacteria and fungi) was observed during spore counting (Fig. 11) 

over a period of thirty months 

 

Efficacy of biopesticide and chemical insecticides in field during 

three years 

 
Evaluation of indigenous biopesticide and chemical insecticides for the control of 

H. armigera in field 

Results of first year experiment No. 1 

 

Grain yield was obtained from randomly selecting 15 plants/plot or replicate. 

In normal cases sample size is 5 plants at the minimum. However if we want to 

minimize the standard error we have to increase the sample size and that sample size 

may be any convenient number, more than 5. It ensures the reliability of results to get 

sufficient degree of freedom to minimize the standard error (Steel and Torrie, 1980).  

 

The results are summerised in Table-26. The maximum number of pods (433) 

was recorded in the treatment of Indigenous biopesticide @ 10 L/ha dose which was 

not significantly different from all the other treatments. The lowest undamaged pods 

(86.7%) was recorded in control, which was not significantly different from all the 

other treatments. The highest grain yield (113.3 g) was obtained in the treatment of 

Tracer Naturalite and this treatment was significantly different from control (73.9 g) 

and Thunder 50 EC @ 1.25 L/ha (82.7 g) but not significantly different from (110.7 

g, 103.3 g, 103.0 g and 95.0 g) the other treatments: Indigenous biopesticide, Decis 

super, Dipterix 80 SP and Seven 85 SP respectively. 

 

The result indicated that Indigenous biopesticide @ 10 L/ha dose gave higher 

grain yield (110.7 g) than contol grain yield (73.9 g) and could be used for the control 

of H. armigera as the substitute of hazardous chemical insecticides.  
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Table-26   Evaluation of indigenous biopesticide and chemical insecticides for the control of  

H. armigera in field, Experiment No. 1.1 

 
S.Nos 

 
Treatments/ha 

Total pods/15 
plants 

Undamaged 
pods/15 plants 

(%) 

Yield/15 plants
(g) 

Calculated yield
(Kg/ha) 

1 Seven 85 SP (1.25 Kg) 350.7 A 90.5 A 95.0 ABC 1741.67 

2 Dipterix 80 SP (0.25 Kg) 409.3 A 86.9 A 103.0 AB 1888.33 

3 Thunder 50 EC (1.25 Kg) 324.3 A 91.4 A 82.7 BC 1516.17 

4 Decis super (200 mL) 369.7 A 92.4 A 103.3 AB 1893.83 

5 Tracer Naturalite (200 mL) 349.0 A 92.6 A 113.3 A 2443.83 

6 Indigenous biopesticide (10 L) 433.0 A 87.7 A 110.7 A 2029.49 

7 Control (Water, 200 L) 313.7 A 86.7 A 73.9 C 1354.83 

LSD 
CV (%) 

115.4 
17.81 

6.295 
3.94 

22.81 
13.16 

 

             Average of three replicates 
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Second year results of experiment No. 1 

 

 The results for the evaluation of biological and chemical insecticide for 

control of chickpea pod-borer are summerised in Table-27. The maximum number of 

pods (351.3) was recorded in the treatment of Thunder 50 EC @1.25 Kg/ha dose 

which was significantly different (188) from control but not significantly different 

(326.3, 312.3, 306.7, 284.3 and 261.0) from the other treatments Indigenous 

biopesticide, Decis super, Tracer Naturalite, Dipterix 80 SP and Seven 85 SP 

respectively. The lowest undamaged pods (64.3%) was recorded in the treatment of 

Dipterix 80 SP @ 0.25 Kg/ha dose which was not significantly different from all other 

the treatments. The maximum grain yield (103.5 g) was recorded in the treatment of 

Thunder 50 EC @ 1.25 L/ha dose and this treatment was significantly different from 

control (56.6 g) but not significantly different from (99.3 g, 93.7 g, 91.9 g, 80.6 g and 

78.9 g) the other treatments: Decis super, Tracer Naturalite, Indigenous biopesticide, 

Seven 85 SP, and Dipterix 80 SP respectively. 

 

The result indicated that Indigenous biopesticide @ 10 L/ha dose gave 

significantly higher grain yield (91.9 g) as compared with contol grain yield (56.6 g). 

The higher grain yield was in result of more undamaged pods due to insect mortality. 

So, Indigenous biopesticide could be used for the control of H. armigera as the 

substitute of hazardous chemical insecticides.  
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Table-27   Evaluation of indigenous biopesticide and chemical insecticides for the control of  
H. armigera in field, Experiment No. 1.2 

 
S.Nos 

 
Treatments/ha 

Total pods/15 
plants 

Undamaged 
pods/15 plants 

(%) 

Yield/15 
plants 

(g) 

Calculated yield 
(Kg/ha) 

1 Seven 85 SP (1.25 Kg) 261.0 AB 72.8 A 80.6 AB 1477.67 

2 Dipterix 80 SP (0.25 Kg) 284.3 AB 64.3 A 78.9 AB 1446.50 

3 Thunder 50 EC (1.25 Kg) 351.3 A 70.9 A 103.5 A 1897.50 

4 Decis super (200 mL) 312.3 A 75.2 A 99.3 A 1820.50 

5 Tracer Naturalite (200. mL) 306.7 A 79.2 A 93.7 A 1719.59 

6 Indigenous biopesticide (10 L) 326.3 A 68.9 A 91.9 A 1684.83 

7 Control (Water, 200 L) 188.0 B 64.5 A 56.6 B 1037.67 

LSD 
CV (%) 

106.1 
20.56 

14.46 
11.48 

29.42 
19.15 

 

Average of three replicates 
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Third year results of experiment No. 1 

 

The results for the evaluation of biological and chemical insecticide for 

control of chickpea pod-borer are summerised in Table-28. The maximum number of 

pods (362) was recorded in the treatment of Seven 85 SP @ 1.25 Kg/ha dose which 

was not significantly different from all other treatments. The lowest undamaged pods 

(82.66%) was recorded in Indigenous biopesticide which was significantly different 

from Tracer Naturalite (90.13%) and not significantly different from (89.41%, 

89.01%, 86.48%, 85.48% and 84.97%) other treatments: Thunder 50 EC, Decis super, 

Seven 85 SP, Dipterix 80 SP, and Control, respectively. The highest yield/15 plants 

(106.4 g) was obtained in the treatment of Tracer Naturalite and this treatment was 

significantly different (68.30 g, 62.83 g, 61.40 g and 60.13 g) from Dipterix 80 Sp, 

control, Decis super and Thunder 50 EC but not significantly different from (101.5g, 

and 87.43 g ) other treatments: Seven 85 SP and Indigenous biopesticide respectively. 

 

The result indicated that Indigenous biopesticide @ 10.L/ha dose gave not 

significantly higher grain yield (87.43 g) as compared with contol grain yield (62.3g) 

which might be due to decrease in efficacy of biopesticide with the passage of time. 

We still recommend the use of biopesticide for the control of H. armigera keeping in 

mind the hazardous effects of chemical insecticides. 

 

The doses of biopesticides were kept same in field trials over three years to evaluate 

the effect of adjuvant (corn flour and wheat flour). These flours have also been used 

by other workers to protect B.t. crystals from UV rays of sunlight (increase residual 

activity) and also act as feeding attractants for the insect to (eat more and more) 

sprayed leaves of chickpea plants. Quality of B.t. toxin in the biopesticides was the 

same. The spraying technique used was KNAP SAC hand operated spray machine 

which gave spray coverage on the dorsal and ventral surfaces of the leaves of 

chickpea plants. Treatments were usually applied at the evening at relatively low 

temperature ranging from 25-30oC followed by night to allow the insects to feed 

bacterial toxin along with adjuvant. The objective of single spray was decided that the 

treatments should applied at appropriate time when maximum population of 2nd and 

3rd instar of chickpea pod-borer was in field (by studying the larval population in 

field) being economical application of insecticides.  



 122

Table-28   Evaluation of indigenous biopesticide and chemical insecticides for the control of  
H. armigera in field, Experiment No. 1.3 

 
S.Nos 

 
Treatments/ha 

Total pods/15 
plants 

Undamaged 
pods/15 plants 

(%) 

Yield/15 
plants 

(g) 

Calculated yield 
(Kg/ha) 

1 Seven 85 SP (1.25 Kg) 362 A 86.48 AB 101.5 AB 1851.67 

2 Dipterix 80 SP (0.25 Kg) 270.3 A 85.48 AB 68.30 BC 1252.17 

3 Thunder 50 EC (1.25 Kg) 262.6 A 89.41 AB 60.13 C 1102.38 

4 Decis super (200 mL) 267.3 A 89.01 AB 61.40 C 1125.67 

5 Tracer Naturalite (200. mL) 354 A 90.13 A 106.4 A 1950.67 

6 Indigenous biopesticide (10 L) 317.6 A 82.66 B 87.43 ABC 1602.88 

7 Control (Water, 200 L) 312 A 84.97 AB 62.83 C 1151.88 

LSD 
CV (%) 

116.2 
21.31 

6.695 
4.33 

31.99 
22.97 

 

Average of three replicat 
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Efficacy of biopesticide and chemical insecticides in field during three years 

 
Experiment No. 1 

 

Figure 46 indicated that there was gradual decrease in the grain yield obtained 

where treatments Dipterix 80 SP, Decis super and Indigenous biopesticide were 

applied. But still Indigenous biopesticide gave better results than Dipterix 80 SP, 

Thunder 50 EC, Decis super and control. In the first year fresh B. thuringiensis 

formulation was used and in third year 24 months old B. thuringiensis formulation 

was used.  

 

The over all results indicated that Indigenous biopesticide was effective over a 

period of 24 months when stored at room temperature and could be used for the 

control of H. armigera to reduce the use of hazardous chemical insecticides. 
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Fig. 46 Comparison of three years yield of Experiment No. 1
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Efficacy of biopesticide and chemical insecticides in comparison with control in 

field during three years 

 
Experiment No. 1 
 

Figure 47 indicated that in 1st and 2nd years all the treatments and in 3rd year 

Seven 85 SP, Tracer Naturalite and Indigenous biopesticide showed better 

performance and grain yield obtained was higher than control. While in 3rd year 

Dipterix 80 SP, Thunder 50 EC and Decis super did not show better performance 

when compared grain yield with control. Indigenous biopesticide gave better results 

than control in three years and could be used for the control of H. armigera.  
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Fig. 47 Comparison of three years yield with control for 
Experiment No. 1
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Average yield obtained in three years and climatic effect  
 
Experiment No. 1  
  

Average yield obtained in three years as in Fig. 48 indicated that all the 

treatments: Seven 85 SP, Dipterix 80 SP, Thunder 50 EC and Decis super Tracer 

Naturalite and Indigenous biopesticide showed better performance than control. 

Biopesticide showed better performance than all the treatments except Tracer 

Naturalite and could be used for the control of H. armigera. 

 

Rresults in Fig. 48 and Table-29 revealed that the different grain yield 

obtained in three consecutive years was also the result of interaction between 

treatments and climatic conditions i.e., temperature, rainfall, wind blow and sun shine.
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Fig. 48 Three years average yield with standard deviation for
 Experiment No. 1
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Table- 29   Cummulative analysis of variance table showing climatic effect of three years  

Experiment No. 1 

K Value 

  

Source Degrees of 

Freedom 

Sum of  

Squares 

Mean 

Square 

F Value Prob 

 

1 Years 2 3853.041 1926.520 0.5949  

-3 Error 6 19431.493 3238.582   

4 Treaments 6 8730.884 1455.147 5.5439 0.0004 

5 Years & 
Treaments  

12 6694.140 557.845 2.1253 0.0403 

-7 Error 36 9449.117 262.475   

 Total 62 48158.674    

                                        LSD, (α = 0.05) 
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Evaluation of indigenous biopesticide and chemical insecticides for the control of 

H. armigera in field 

 

First year results of experiment No. 2 

 

Indigenous biopesticide was evaluated for residual activity by adding corn 

flour and wheat flour in spray formulation for the control of H. armigera in chickpea 

field. Results illustrated in Table-30 showed that maximum number of pods/15 plants 

(509.25) was recorded in the treatments of Decis super @ 200 mL/ha and Indigenous 

biopesticide @ 10 L/ha + wheat flour (0.5%) which was not significantly different from 

the other treatments. The higest undamaged pods/15 plants (94.59%) were recorded in 

the treatment of Indigenous biopesticide @ 10 L/ha, which were significantly different 

from control (89.43%) and not significantly different from all the other treatments 

including chemical insecticide. The lowest grain yield (104.02 g) was observed in 

control that was significantly different from all the other treatments. 

 

The results indicated that Indigenous biopesticide with the addition of corn 

flour and wheat flour did not show better performance than the other pesticides 

(Indigenous biopesticide and Decis super) for the control of chickpea pod-bore.
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                Average of three replictaes 

 

Table-30   Evaluation of indigenous biopesticide and chemical insecticides for the control of  

H. armigera in field, Experiment No. 2.1 

 
S.Nos 

 
 Treatments/ha  

Total pods/ 
15 plants 

Undamaged 
pods/15 plants 

(%) 

Yield/15 
plants 

(g) 

Calculated 
yield 

(Kg/ha) 
1 Indigenous biopesticide (10 L) 504.50 A 94.55 A 152.02 A 2786.67 

2 Indigenous biopesticide (10 L) 
+Corn flour (0.5%) 

482.25 A 92.24 AB 130.73 A 2396.72 

3 Indigenous biopesticide (10 L) 
+Wheat flour (0.5%) 

509.25 A 91.03 AB 148.73 A 2726.72 

4 Decis super (200 mL) 509.25 A 91.04 AB 145.73 A 2671.72 

5 Control (Water 200 L) 477.23 A 89.43 B 104.02 B 1907.03 

LSD 
CV (%) 

148.4 
11.90 

3.786 
2.19 

33.23 
9.71 
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Second year results of experiment No. 2 

 

Indigenous biopesticide was evaluated for residual activity by adding corn 

flour and wheat flour in spray formulation for the control of H. armigera in chickpea 

field. The idea of using flour at the time of application of B. thuringiensis based 

biopesticide was that the heavy organic matter protect the B. thuringiensis toxins from 

deterioration by UV ray of sunlight and further it attracts the larvae of H. armigera at 

more contaminated/sprayed leaves of the treated plants and thus the larval mortality is 

expected to be more.  

 

Results illustrated in Table-31 showed that maximum number of pods/15 

plants (451.7) was recorded in the treatment of Decis super @ 200 mL/ha dose which 

was significantly different from control (270) and not significantly different from all 

the other treatments. The higest undamaged pods/15 plants (78.6%) was recorded in 

the treatment of Decis super which was significantly different from the treatment of 

Indigenous biopesticide @ 10 L/ha and not significantly different from all the other 

treatments. The lowest yield/15 plants (80.2 g) was observed in control that was 

significantly different from Decis super (137.8 g) and not significantly different from 

all the other treatments.  

 

The result indicated that Indigenous biopesticide with the addition of corn 

flour and wheat flour did not show better performance than the other pesticides 

(Indigenous biopesticide and Decis super) for the control of chickpea pod-borer. 
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             Average of three replicates 

 

Table-31   Evaluation of indigenous biopesticide and chemical insecticides for the control of  

H. armigera in field, Experiment No. 2.2 

 
S.Nos 

 
Treatments/ha 

Total pods/ 
15 plants 

Undamaged 
pods/15 plants 

(%) 

Yield/15 
plants 

(g) 

Calculated 
yield  

(Kg/ha 
1 Indigenous biopesticide (10 L) 388.3 AB 68.5 B 123.9 AB 2271.50 

2 Indigenous biopesticide (10 L) 
+Corn flour (0.5%) 

356.7 AB 76.3 AB 115.5 AB 2117.50 

3 Indigenous biopesticide (10 L) 
+Wheat flour (0.5%) 

361.7 AB 70.8 AB 110.8 AB 2031.33 

4 Decis super (200 mL) 451.7 A 78.6 A 137.8 A 2526.33 

5 Control (Water, 200 L) 270.0 B 69.6 AB 80.2 B 1470.33 

LSD 
CV (%) 

132.8 
19.29 

8.834 
6.45 

42.32 
19.78 
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Third year results of experiment No. 2  

 

Indigenous biopesticide was evaluated for residual activity by adding corn flour 

and wheat flour in spray formulation for the control of H. armigera in chickpea field. 

Results illustrated in Table-32 showed that maximum number of pods/15 plants (427) 

was recorded in the treatment of Decis super @ 200 mL/ha dose that was not 

significantly different from all the other treatments. The higest undamaged pods/15 plants 

(88.95%) was recorded in the treatment of Decis super that was not significantly different 

from all the other treatments. The lowest yield /15 plants (107 g) was observed in 

control that was not significantly different from all the other treatments.  

 

The above results indicated that Indigenous biopesticide with the addition of corn 

flour and wheat flour performed better for control of chickpea pod-borer, so in future it 

could be improved by increasing its quantity in biopesticide. 
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               Table-32   Evaluation of indigenous biopesticide and chemical insecticides for the control of 

                                                  H. armigera in field, Experiment No. 2.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

           Average of three replicates

 
S.Nos 

 
Treatments/ha 

Total pods/ 
15 plants 

Undamaged 
pods/15 

plants (%) 

Yield/15  
plants 

(g) 

Calculated 
yield 

(Kg/ha) 
1 Indigenous biopesticide (10 L) 400.3 A 83 03 A 122.16 A 2239.60 

2 Indigenous biopesticide (10 L) 
+Corn flour (0.5%) 

405 A 79.87 A 119.66 A 2193.77 

3 Indigenous biopesticide (10 L) 
+Wheat flour (0.5%) 

397 A 87.03 A 127.5 A 2337.50 

4 Decis super (200 mL) 427 A 88.95A 147 A 2695 

5 Control (Water, 200 L) 340.3 A 84.9 A 107 A 1961.67 

LSD 
CV (%) 

212.8 
28.70 

10.48 
6.58 

78.33 
33.37 
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Efficacy of indigenous biopesticide and chemical insecticides in field during 

three years  

 

Experiment No. 2 

   

Results in Fig. 49 indicated that all treatments were effective for the control of 

H. armigera. The addition of corn flour and wheat flour showed better performance 

in 1st and 2nd years than 3rd year. So in future it could be tested by increasing its 

quantity. On the basis of results Indigenous biopesticide could be used to reduce the 

toxic effect of chemical insecticides. 
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Fig. 49 Comparison of three years yield of 
Experiment No. 2
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Efficacy of biopesticide and chemical insecticides in comparison with control in 
field during three years  
 
Experiment No. 2  

 

Results in Fig. 50 indicated that all treatments were effective and in each year 

gave higher grain yield than control grain yield. The addition of wheat flour showed 

better performance than corn flour. So in future it could be tested by using its 

different quantities in biopesticide.  

 

On the basis of results indigenous biopesticide could be used to reduce the 

toxic effect of chemical insecticides. 
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Fig. 50 Comparison of three years yield with control for 
Experiment No. 2
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Average yield obtained in three years and climatic effect 
 

Experiment No. 2 
   

Average yield obtained in three years as in Fig. 51 indicated that all the 

treatments were effective. The addition of wheat flour showed better performance than 

corn flour. So in future it could be tested by increasing its quantity. On the basis of 

results Indigenous biopesticide could be used to reduce the toxic effect of chemical 

insecticides. 

 

Rresults in Fig. 51 and Table-33 revealed that the different grain yield obtained 

in three consecutive years was also the result of interaction between treatments and 

climatic conditions i.e., temperature, rainfall, wind blow and sun shine.
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Fig. 51 Three years average yield with standard 
deviation for Experiment No. 2
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Table- 33   Cummulative analysis of variance table showing climatic effect of three years  

Experiment No. 2 

K Value Source Degrees of 

Freedom 

Sum of  

Squares 

Mean 

Square 

F Value Prob 

 

1 Years 2 3833.174 1916.587 1.2817 0.3440 

-3 Error 6 8971.967 1495.328   

4 Treaments 4 10865.982 2716.496 2.8457 0.0461 

5 Years & 
Treaments  

8 1821.496 227.687 0.2385  

-7 Error 24 22910.074 954.586   

 Total 44 48402.693    

                                        LSD, (α = 0.05) 
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Evaluation of exotic and indigenous biopesticide, and chemical insecticides for 

the control of H. armigera in field 

 

First year results of experiment No. 3 

 

The results for the evaluation of biological (indigenous and exotic) and 

chemical insecticide for control of chickpea pod-borer are summerised in Table-34. 

The maximum number of pods (473.3) was recorded in the treatment of China B.t 50 

BIUS @ 1.2 Kg/ha dose and Match @ 200 mL/ha dose which was significantly 

different from the treatment of control (303.3) but not significantly different from the 

other treatments: Indigenous biopesticide (438.3) and China B.t. 32 BIUS (345). The 

lowest undamaged pods (67.50%) was recorded in control which was significantly 

different from treatments: China B.t. 50 BIUS (79.16%) and Match (88.86%) but not 

significantly different from the other treatments: China B.t. 32 BIUS (72.38%) and 

Indigenous biopesticide (71.30%). The highest yield/15 plants (139.3 g) was obtained 

in the treatment of Match @ 200 mL/ha dose and this treatment was significantly 

different (82.67 g) from control but not significantly different from (130.2 g, 119.6 g 

and 100.9 g ) the other treatments: China B.t. 50 BIUS, Indigenous biopesticide and 

China B.t. 32 BIUS respectively. 

 

The results indicated that exotic and indigenous biopesticide were equally 

effective and could be used for the control of H. armigera to reduce the use of 

hazardous chemical insecticides. 
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                                       Average of three replicate 
 

Table-34   Evaluation of exotic and indigenous biopesticide, and chemical insecticides for the 

control of H. armigera in field, Experiment No. 3.1 

 
S.Nos 

 
Treatments/ha 

Total pods/15 
plants 

Undamaged 
pods/15 

plants (%) 

Yield/15 
plants 

(g) 

Calculated 
yield 

(Kg/ha) 
1 China B.t 32 BIUS (1.2 Kg) 

 
345.0 AB 72.38 BC 100.9 AB 1849.83 

2 China B.t 50 BIUS (1.2 Kg) 
 

473.3 A 79.16 B 130.2 A 2387 

3 Indigenous biopesticide (10 L) 
 

438.3 A 71.30 BC 119.6 AB 2192.67 

4 Match (200 mL) 
 

473.3 A 88.86 A 139.3 A 2553.83 

5 Control (Water 200 L) 
 

303.3 B 67.50 C 82.67 B 1515.62 

LSD 
CV (%) 

126.0 
16.45 

8.307 
5.82 

37.11 
17.21 
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Second year results of experiment No. 3  

 

The results for the evaluation of biological (indigenous and exotic) and 

chemical insecticide for the control of chickpea pod-borer are summerised in Table-

35. The maximum number of pods (277) was recorded in the treatments of China B. t. 

32 BIUS @ 1.2 Kg/ha dose and was not significantly different from all the other 

treatments. The lowest undamaged pods (75.91%) was recorded in control which was 

not significantly different from all the other treatments. The highest yield/15 plants 

(66.5 g) was obtained in the treatment of Match @ 200 mL/ha dose and this treatment 

was not significantly different from all the other treatments. 

 

The result indicated that exotic and indigenous biopesticide were equally 

effective and could be used for the control of H. armigera to reduce the use of 

hazardous chemical insecticides. 
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   Table-35   Evaluation of exotic and indigenous biopesticide, and chemical insecticides, for the  
control of H. armigera in field, Experiment No. 3.2 

 
S.Nos 

 
Treatments/ha 

Total 
pods/15 
plants 

Undamaged 
pods/15 

plants (%) 

Yield/15 
plants 

(g) 

Calculated 
yield 

(Kg/ha) 
1 China B.t 32 BIUS (1.2 Kg) 277 A 

 
83.66 A 64.33 A 1179.38 

2 China B.t 50 BIUS (1.2 Kg) 258 A 
 

87.96 A 58.66 A 1075.43 

3 Indigenous biopesticide (10 L) 201.3 A 
 

83.71 A 58.16 A 1066.27 

4 Match (200 mL) 252 A 
 

87.09 A 66.5 A 1219.17 

5 Control (Water 200 L) 237 A 
 

75.91 A 44.50 A 815.83 

LSD 
CV (%) 

123.9 
26.84 

11.51 
7.30 

27.10 
24.65 
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Third year results of experiments No. 3 

 

The results for the evaluation of biological (indigenous and exotic) and 

chemical insecticide for the control of chickpea pod-borer are summerised in Table-

36. The maximum number of pods (335) was recorded in the treatment of Match @ 

800 mL/ha dose which was significantly different from the treatment China B.t. 32 

BIUS (230) but was not significantly different (326, 297 and 244.5) from the other 

treatments: China B.t. 50 BIUS, Indigenous biopesticide and control. The lowest 

undamaged pods (82.25%) was recorded in control which was significantly different from 

all the other treatments. The highest yield/15 plants (99 g) was obtained in the treatment 

of Match @ 800 mL/ha dose and this treatment was significantly different (55.2 g, 61.1 g, 

67.5 g and 68 g) from all the other treatments: control, China B.t. 32 BIUS, Indigenous 

biopesticide and China B.t. 50 BIUS respectively. 

 

The result indicated that exotic and indigenous biopesticide were equally 

effective and could be used for the control of H. armigera to reduce the use of 

hazardous chemical insecticides. 
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Table-36   Evaluation of exotic and indigenous biopesticide, and chemical insecticides, for the control 

of H. armigera in field, Experiment No. 3.3 

 
S.Nos Treatments/ha 

Total pods/15 
plants 

Undamaged 
pods/15 

plants (%) 

Yield/15 
plants 

(g) 

Calculated 
yield 

(Kg/ha) 
1 China B.t 32 BIUS (1.2 Kg) 

 
230 B 85.80 B 61.1 B 1120.17 

2 China B.t 50 BIUS (1.2 Kg) 
 

326 A 88.63 AB 68.0 B 1246.67 

3 Indigenous biopesticide (10 L) 
 

297 AB 85.86 B 67.5 B 1237.50 

4 Match (800 mL) 335 A 
 

90.13 A 99.0 A 1815 

5 Control (Water 200 L) 244.5 AB 
 

82.25 C 55.2 B 1012 

LSD 
CV (%) 

86.09 
15.96 

2.921 
1.79 

16.39 
12.35 
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Efficacy of exotic and indigenous biopesticides, and chemical insecticide in field 

during three years 

  
Experiment No. 3 
 

Results in Fig. 52 indicated that exotic and indigenous biopesticides as well as 

chemical insecticide were equally effective. All treaments showed better performance 

in 1st year than 2nd and 3rd years. 
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Fig. 52 Comparison of three years yield of Experiment No. 3
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Efficacy of exotic and indigenous biopesticides, and chemical insecticides in 

comparison with control in field during three years 

 
Experiment No. 3 

 

Results in Fig. 53 indicated that all treatments were effective and in each year 

gave higher grain yield than control yield. In 1st year all the treatments showed better 

performance than 2nd and 3rd years. Results showed that their efficacy decreased with 

the passage of time. In future each year fresh biopesticide could be tested in 

comparison with old biopesticide. On the basis of results indigenous biopesticide 

could be used to reduce the toxic effect of chemical insecticides. 
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Fig. 53 Comparison of three years yield with control for 
Experiment No. 3
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Average yield obtained in three years and climatic effect 

 

Experiment No. 3 

  

Average yield obtained in three years as in Fig. 54 indicated that all the 

treatments were effective. On the basis of results indigenous biopesticide could be used 

to reduce the toxic effect of chemical insecticides. 

 

Rresults in Fig. 54 and Table-37 revealed that the different grain yield obtained 

in three consecutive years was also the result of interaction between treatments and 

climatic conditions i.e., temperature, rainfall, wind blow and sunshine. 
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Fig. 54 Three years average yield with standard deviation for 
Experiment No. 3
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      Table- 37   Cummulative analysis of variance table showing climatic effect of three years  

Experiment No. 3  

K Value Source Degrees of 

Freedom 

Sum of 

Squares 

Mean 

Square 

F Value Prob 

 

1 Years 5 26167.552 13083.776 12.5319 0.0072 

-3 Error 6 6264.215 1044.036   

4 Treaments 4 7982.387 1995.597 8.9143 0.0001 

5 Years & 
Treaments  

8 2592.679 324.085. 1.4477 0.2281 

-7 Error 24 5372.779 223.866   

 Total 44 48379.612    

                                     LSD, (α = 0.05) 
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General view about the efficacy of indigenous biopesticide in laboratory and field 

for the control of H. armigera 

 

The biopesticide was stored at room temperature and evaluated in the laboratory 

over a period of 30 months and in field over a period 24 months. In field three years data 

was collected and in first year freshly prepared biopesticide was used. The reason for not 

using fresh biopesticide every year was that we want to evaluate the shelf life of the 

biopesticide and insect does not develop any resistance/adaptation. Frequent and on 

large scale application of biopesticide over more than 4 year creates possibility of the 

development of resistance. We also know that if we keep the exotic sample of the 

biopesticide at the temperature which does not allow any deterioration of the product 

then it could be used for more than two years in experimentation. Moreover the 

potency of the indigenous biopesticide was also evaluated from time to time (at three 

months time interval) in the laboratory through bioassay. 

 

The Laboratory (shelf life evaluation results) and field results were in close 

agreement regarding the efficacy of indigenous biopesticide. On the basis of our results 

indigenous biopesticide could be used in field over a period of 24 months.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 157

DISCUSSION 

 

In Pakistan, the insect pests are controlled only with the help of chemical 

insecticides to reduce economic losses caused by these insect pests. Economically 

chemical insecticides are proven to be expensive. Moreover, chemical pesticides are 

hazradous to human, wildlife, aquatic life and beneficial insects, causing ground water 

and environmental pollution, and developed resistance in insect pests. Hence, there is 

a need to use biological control to avoid all these negative effects of chemical 

insecticides. 

  

 At present the use of biopesticide in Pakistan is negligible whereas many 

developing countries are using imported commercial products but several including 

Pakistan are trying to develop their own B. thuringiensis based products (Karim, 

2000). The present research is also a step towards the production of our own B. 

thuringiensis based biopesticides. 

 

 The present study was an effort to develop an effective indigenous B. 

thuringiensis biopesticide against 1st instar larvae of H. armigera by using indigenous 

toxic B. thuringiensis and selecting local cheap and easily available materials as 

medium. For this purpose B. thuringiensis were isolated from soil samples, identified 

and characterized. Bioassay experiments were performed for the search of highly 

toxic B. thuringiensis isolates. Indigenous B. thuringiensis biopesticide was produced 

by using toxic B. thuringiensis isolate, suitable medium and effective diluents and 

preservatives. Toxicity of biopesticide was evaluated in the laboratory (through 

bioassay), and in field with chemical insecticides and exotic biopesticides. Stability 

period of toxin in biopesticide placed at room temperature was also determined. 

 

In the present study B. thuringiensis were isolated from natural habitats where 

there was no previous history of any B. thuringiensis application. After screening of 

150 soil samples collected from different regions of Pakistan: Northern Punjab, 

Khyber Pakhtoonkhwa and Gilgit Baltistan, 33 (22%) were found to be positive for B. 

thuringiensis. From positive samples, 81 colonies of B. thuringiensis were isolated. 

Method selected for isolation was simple heat treatment of soil suspension at 80oC for 
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10 minutes to kill the vegetative cells of other spore formers and to eliminate non 

spore formers bacteria. Morris et al., (1998) have also conducted a similar study. 

They examined 159 soil samples and 53 (33.3%) were positive for B. thuringiensis. 

From positive soil samples, 102 B. thuringiensis were isolated. They also heat treated 

soil samples at 80oC for 3 minutes for the isolation of B. thuringiensis. 

 

B. thuringiensis isolates were obtained, 73 (90.12%) from soil rich in organic 

matter (cultivated by different crops) and 8 (9.88%) from soil free in organic matter 

(Fallow land). The occurrence of B. thuringiensis was higher in soil rich in organic 

matter. Our results were in accordance with the results reported by Morris et al., 

(1998). They isolated 102 B. thuringiensis strains from six different types of Canadian 

soil and dust from various storage bins. They stated that B. thuringiensis was found 

most frequently in soil rich in organic matter. However, there is little information of 

the relationship between the soil types and the frequency of occurrence of B. 

thuringiensis. Salama et al., (1986) have reported B. thuringiensis in samples 

collected from clay, clay loam and sandy loam. DeLucca et al., (1981) have reported 

the presence of B. thuringiensis in a soil samples collected from cultivated fields, 

grass, rock, virgin woods. Martin and Travers, (1989) reported B. thuringiensis from 

beach, subterranean desert, Savannah grasslands, tropical rain forest, steppe and arctic 

tundra. Shreshtha et al., (2007) have also reported the presence of B. thuringiensis in 

the soil sample collected from high altitude (above 4000 m). It seems that B. 

thuringiensis have a very wide geographic and topographic distribution.  

 

For the isolation of B. thuringiensis, all bacterial colonies i.e., 1055 appearing 

were observed and out of which 81 (7.67%) were found to be B. thuringiensis. Other 

workers have also conducted similar study. Maeda et al., (2000) analyzed marine 

sediments from a Japanese bay for the presence of B. thuringiensis, and out of 1313 

colonies belonging to the B. cereus / B. thuringiensis group, 22 (1.7%) were found to be 

B. thuringiensis. 

  

The B. thuringiensis isolation index (Number of B. thuringiensis colonies / The 

number of bacterial colonies examined) has been shown to be 0.85 in Asia, 0.38 in 

Europe, 0.25 in United States, 0.28 in world wide region and 0.02 in Africa (Martin and 

Travers, 1989). In Pakistan (as per results obtained in the present study), the B. 
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thuringiensis isolation index was 0.07, which has indicated that B. thuringiensis 

population was higher in Pakistan when compared to Africa but was less when 

compared to Asia, Europe and United States. 

 

The B. thuringiensis isolation index was also calculated in different regions of 

Pakistan and found (as per results obtained in the present study) to be 0.09 0.05 and 

0.08 in Northern Punjab, Khyber Pakhtoonkhwa and Gilgit Baltistan respectively. 

These results showed that B. thuringiensis isolates were more abundant in Northern 

Punjab than the other regions of Pakistan. 

 

The frequency of occurrence of B. thuringiensis in the present study was 22% 

in the soil of Pakistan which was in close agreement when compared to the soil 

frequencies reported by the other workers i.e., 18.2% (Shakoori et al., 1999), 13.2% 

(Ohba et al., 2000) and 33.3% (Morris et al.,1998). But it differs significantly when 

compared to the soil frequencies reported in the literature i.e., 0.5% (DeLucca et al., 

1981), 56-70% (Martin and Travers, 1989), 70% (Chilcott and Wigley, 1993), 70-

75% (Khan et al., 1994). This data indicated that B. thuringiensis has broad 

environmental distribution and vary from place to place e.g., as in Pakistan, according 

to the present the frequency of occurrence of B. thuringiensis in the soil of Northern 

Punjab was 28.33%, in Khyber Pakhtoonkhwa, 25% and in Gilgit Baltistan, 13.79%. 

From this result it was also observed that the occurrence of B. thuringiensis was 

higher in the soil of Northern Punjab than the other parts of Pakistan. These results 

were in agreement with the results of the B. thuringiensis isolation index. 

 

The percentage occurrence (12%) of B. thuringiensis was higher in the soil 

samples taken at the depth of 3-4 cm than the soil samples taken from surface (10%). 

This might be due to the less affect of ultra-violet light in the samples taken from the 

depth. Other worker supports these results e.g., B. thuringiensis is sensitive to the UV 

component of sunlight, although the spores and crystals may be deactivated at 

different rates (Jarrett, 1980). The half-life of B. thuringiensis spores applied to 

foliage may be only a few days (Pinnoch et al., 1971) but below the soil surface, 

spores are protected from UV light and are able to survive much longer.  
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B. thuringiensis has typical colony morphology like fried eggs and on the 

basis of which it can distinguish from the other Bacillus species. Colony morphology 

of the majority of isolated B. thuringiensis strains was creamy, white or off white, flat 

or thick, oval, round or irregular in shape with smooth or lobate semi-transparent 

margins. These results were in close agreement with the results reported by Iriarte et 

al., (2000) and Chatterjee et al., (2007). Colony morphology of some B. thuringiensis 

isolates were different from the results reported by Iriarte et al., (2000) and Chatterjee 

et al., (2007) as the colony morphology of B. thuringiensis  isolates i.e., PA-Sb-23.1, 

PA-S-34.1 and PA-Sb-73.1 were fluffy, spreading type having creamy white centre 

surrounded by thread like structure with circinate tips.  

 

Phase contrast microscope is the best criterion for the identification of B. 

thuringiensis species and is being used by all the workers who are isolating B. 

thuringiensis species. In the present study crystal forming colonies were detected by 

using phase contrast microscope. Similar study was also reported by Ohba and 

Aizawa, (1986). The microscopic examination revealed that the vegetative cells of the 

B. thuringiensis were rods or rectangular in shape. The sporulating mother cell 

contained an oval or ellipsoidal spore at one pole and crystal at the other pole of the 

mother cell. Similar observations have also been also reported by other workers (Fast, 

1981; Kim et al., 1999; Iriarte et al., 2000). The size of the sporangium was also 

noted under microscope which was unswollen (characteristic of B. thuringiensis 

species). Similar observation was also reported by Chatterjee et al., (2007). 

 

There was variation in number of crystal present/cell as per this study. In the 

majority, 75 (92.59%) of the isolated B. thuringiensis two crystals/cell were observed 

but in some isolates, 6 (7.41%) one crystal/cell were also observed. Bacillus 

thuringiensis strains having one or two crystals/cell were also observed by other 

workers (Morris et al., 1988). 

 

Present study indicated that in our B. thuringiensis soil isolates crystals were 

morphologically heterogeneous and were roughly grouped into four categories: 

bipyramidal with cuboidal or irregular, bipyramidal/cuboidal (big broad) with 

cuboidal or irregular, spherical small, spherical big. Similar crystal morphology 

belonging to any categories were also observed by other workers, i.e., bipyramidal 
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and a few bipyramidal with cuboidal or spherical or cuboidal or spherical alone 

(Morris et al., 1998), bipyramidal/cuboidal, spherical/ovoid, irregular pointed and 

irregular shaped (Ohba et al., 2000), ovoid (Roh et al., 1996), cuboidal and 

rhomboidal (Höfte and Whitely, 1989).  

 

Phase contrast microscopy results obtained were also supported by performing 

some standard tests such as Gram staining, catalase test and glucose fermentation test 

for the confirmation of isolated bacteria as B. thuringiensis. Some of these tests were 

also performed by other workers (Chatterjee et al., 2007) for the identification of B. 

thuringiensis. 

 

As we were searching toxic B. thuringiensis isolates against Lepidoptera 

group as it contains insect pests of economic importance. Eighty one B. thuringiensis 

isolates were screened for cryI gene group (specific to Lepidopteran larvae) and found 

that 69 (85.12%) B. thuringiensis isolates contained cryI gene. This result indicated 

that cryI gene was abundant in our isolates. Patel et al., (2009) also reported similar 

results and stated that cryI was prevalent in their all analyzed isolates. 

 

The proteins profile of maximum number of B. thuringiensis isolates ranged 

from 26 kDa to 140 kDa and resembled with the proteins profile of reference standard 

strain and contained bipyramidal with cuboidal or irregular crystal. Some B. 

thuringiensis isolates also showed different proteins profile. The B. thuringiensis 

isolates that produced different proteins profile were different genetically as well as in 

crystal morphology from the reference standard strain. Isolates, PA-S-3.1, PA-S-3.3 

and PA-S-3.4 contained small round crystal and produced bands of 26, 39, 72, 78 and 

200 kDa and isolates, PA-Sb-23.1, PA-S-34.1 and PA-Sb-73.1 contained 

bipyramidal/cuboidal, (big broad) with irregular crystal produced bands of 23, 26, 65, 

92, 120 and 150 kDa. Our results were in close agreement with the results reported by 

Subba Rao, (1999), “bipyramidal crystal contains a protein of 130-140 kDa size, 

designated as P1 type while the cuboidal crystal contains a protein of about 65 kDa 

and designated as P2 type. P1 protein appears to be active against Lepidopterans 

insects where as P2 protein seems to be active against certain Dipterans, especially 

mosquitoes and Lepidopterans as well”. Our results were also in close agreement with 

the results reported by Yamamoto and Powell, (1993) who stated that Type I gene 
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encode 130-kDa protein (bipyramidal crystal proteins) toxic against only Lepidoptera 

species. Type II gene encode 70-kDa protein (cuboidal crystal proteins) also 

maintains activity against Lepidoptera species. Same protein profile may be due to 

genetic similarity. Obeidat et al., (2004) reported similar results. 

 

For toxicity evaluation of B. thuringiensis isolates against H. armigera spore-

δ-endotoxin was produced in the laboratory by shake flask technique. The yield 

biomass, spore-δ-endotoxin of the different isolates obtained from the same type of 

fermentation medium and under same set of environmental conditions ranged between 

0.98 g/L in three B. thuringiensis isolates (PA-S-62.4, PA-S-68.4 and PA-Sb-74.3) to 

1.34 g/L in B. thuringiensis isolate (PA-Sb-46.3). Results reported by Morris et al., 

(1998) were quite different. They reported that the yield biomass obtained from the 

fermentation medium of 9 isolates ranged from 9.5 g/L to 12.2 g/L. There is about 10 

times difference in our results and the results reported by Morris et al., (1998). They 

also reported that with the change in medium, the yield biomass of the same isolates 

ranged from 4.4 g/L to 12.1 g/L. Similarly, Morris et al., (1997) reported that the 

yield biomass of B. thuringiensis aizawai in different agricultural products ranged 

from 4.7 g/L to 19.0 g/L. These differences in the results may be due to the difference 

in the composition of the medium and the type of B. thuringiensis used in the present 

study and used by Morris et al., (1997) and the other factors such as the size of the 

fermenting flasks, rpm of the flask shaker, temperature and pH of the medium, the use 

of antifoam, the period of incubation and the growth rate of bacterium.  

 

Economic yield index recorded in the present study ranged from 0.101 in B. 

thuringiensis isolate PA-Sb-46.3 to 0.074 in B. thuringiensis isolates PA-S-62.4, PA-

S-68.4 and PA-Sb-74.3. The economic yield index reported by Morris et al., (1998) 

ranged between 0.262-0.337 in 9 B. thuringiensis isolates. However, with the change 

in the medium Morris et al., (1998) reported change in the EYI of the same 9 isolates 

i.e., 0.121-0.358. Similarly Morris et al., (1997) reported economic yield index of B. 

thuringiensis aizawai in different agricultural products ranging 0.130-0.404. These 

differences in the results reported in the present study and the Morris et al., (1997) 

may be, again, due to the difference in the composition of the medium the type of B. 

thuringiensis used and the other factors such as the size of the fermenting flasks, rpm 
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of the flask shaker, temperature and pH of the medium, the use of antifoam, the period of 

incubation and the growth rate of bacterium. 

 

The spore count in our primary powder of spore-δ-endotoxin ranged from 6.50 

X 109 spores/mg in isolate PA-S-43.2 to 2.04 X 109 spores/mg in isolate PA-S-39.2. 

Morris et al., (1998) reported spore count in ten different isolates ranging from 1.7 X 

108 spores/mg to 10.9 X 108 spores/mg. The results reported in the present work were 

different from the the results reported by Morris and coworkers. With the change in 

medium, they observed 0.21 X 108 spores/mg to 11.73 X 108 spores/mg. Similarly, 

Morris et al., (1997) reported spore count in B. thuringiensis aizawai ranged from 

0.002 X 108 spores/mg to 3.35 X 108 spores/mg cultured in different agricultural 

products. There was a significant difference in the spore count in the same subspecies 

but cultured in different media. Thus composition of the medium plays very important 

role for the culturing of B. thuringiensis. 

 

A preliminary screening bioassay was conducted in order to evaluate the 

toxicity of 33 isolated B. thuringiensis and one reference standard against the 1st instar 

larvae of chickpea pod-borer H. armigera @ 500 g concentration of spore-- 

endotoxin/mL diet. Reference standard B. thuringiensis strain and 27 (81.81%) 

isolated B. thuringiensis caused more than 80% corrected mortality against the test 

insect and considered as toxic B. thuringiensis. isolates. Whereas 6 (18.18%) B. 

thuringiensis isolates caused less than 80% corrected mortality against the test insect 

and considered as less toxic or non-toxic B. thuringiensis isolates against the H. 

armigera. These results were in close agreement with the results obtained by other 

workers against H. armigera using the B. thuringiensis var. kurstaki (Khalique et al., 

1989; Ahmed et al., 1994, 1996). Chilcott and Wigley, (1993) reported that the 

percentage of isolates obtained from the soil showing toxicity against Lepidopteran 

larvae ranged from 77 to 88%. 

 

Among the non-toxic isolates the B. thuringiensis isolate PA-Sb-23.1 caused 

45.32% corrected mortality and was found to be less toxic against the 1st instar larvae 

of H. armigera. Trottier et al., (1988) reported 50.5, 58.8, and 51% corrected 

mortality caused by WPG-19, WPG-90 and WPG-75 strains respectively @ 500 

g/mL diet against Mamestra configurata were similar to our results. 
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The crystal morphology plays an important role in pathogenicity. All toxic B. 

thuringiensis isolates contained typical bipyramidal with cuboidal/irregular crystal. 

The results were in agreement with the results reported by the other workers. Ohba 

and aizawa, (1986) stated a relationship between crystal morphology and toxicity that 

strains producing bipyramidal crystal were the most toxic. Most workers reported that 

strains producing bipyramidal crystal exhibited toxicity to lepidoptera (Karamanlidou 

et al., 1991; Martin and travers, 1989; Meadows et al., 1992). Obeidat et al., (2004) 

reported that five toxic isolates against E. kuehniella larvae, three produced both 

bipyramidal and cuboidal crystal and the remaining two isolates produced 

bipyramidal crystal. 

 

The crystals morphology of our non-toxic B. thuringiensis isolates were that 

one isolate (PA-S-3.1) produced small spherical crystal, two isolates (PA-S-25.1, PA-

Sb-25.2) produced big spherical crystal and three isolates (PA-Sb-23.1, PA-S-34.1, 

PA-Sb-73.1) produced bipyramidal/cuboidal (big broad) and irregular crystals. 

Similar results were also obtained by other workers. Roh et al., (1996) isolated four B. 

thuringiensis isolates from soil samples produced parasporal inclusions, which were 

non-toxic to insects. These isolates were named as B. thuringiensis NTB-1, NTB-2, 

NTB-3 and NTB-4. The parasporal inclusions were ovoid when observed in phase 

contrast and scanning electron microscope. Iriarte et al., (2000) reported that two B. 

thuringiensis subspecies, balearica and navarrensis, which did not cause mortality 

nor showed any evidence of pathogenicity against any of the eight Lepidopteran, six 

Coleopteran or six Dipteran species tested. 

 

Ohba et al., (2000) reported that B. thuringiensis isolates forming spherical to 

ovoid parasporal inclusions were tested against silkworm, Bombyx mori. None of the 

isolates showed toxicity against the larvae of this insect. Only four isolates belonging 

to four different serotypes killed the larvae of the mosquitoes, Ades aegypti. These 

mosquito-specific isolates all produced spherical parasporal inclusions. This means 

that same B. thuringiensis isolates, which were non-toxic to Lepidopterans, were 

found to be toxic against Dipterans or Coleopterans.  

 

These results indicated that B. thuringiensis isolates are host-specific and vary 

in their pathogenicity for particular species of insects e.g., some are toxic against 
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Lepidopterans, some against Dipterans and some against Coleopterans. Crystal 

morphology plays a very important role in pathogenicity. Even the crystals of one 

variety may be highly toxic to one insect and weakly to the others. In the present 

study, weakly toxic and non-toxic B. thuringiensis isolates have been tested only 

against the H. armigera only. So there is a need to test these isolates against the other 

insects also. 

 

The toxic isolates were further assayed for their bioactivity agains the 1st instar 

larvae of H. armigera to determine their the LC50 values, potency and relative potency 

in comparison with reference standard B. thuringiensis strain var. kurstaki (HD-I-S-

1980). The LC50 of all toxic isolates ranged from 2.28 µg/mL to 29.65 µg/mL and 

potency ranged from 3192 IU/mg to 1177515 IU/mg. The relative potency of these 

isolates PA-Sb-11.2, PA-Sb-11.2, PA-S-22.1, PA-Sb-39.2, PA-Sb-46.3, PA-Sb-49.7, 

PA-S-59.2, PA-Sb-59.3, PA-S-63.3, PA-Sb-67.5 and PA-Sb-74.3 was higher than the 

reference strain. The relative potency showed that isolate PA-Sb-46.3 was 73.6 times 

toxic than the reference standard B. thuringiensis var. kurstaki (HD-I-S-1980) and 

was used for biopesticide production. Tariq, (2001) also performed similar work and 

determined LC50, potency and relative potency of local isolates NARC-6,11.1 µg/mL, 

42,400 IU/mg and 2.3, respectively, in comparison with reference standard B. 

thuringiensis var. kurstaki (HD-I-S-1980) which LC50 value 25.3 µg/mL and potency 

18,600 IU/mg. Similarly, Moar et al., (1989) determined that LC50 of NARC-12 and 

HD-1 strains of B. thuringiensis subsp. kurstaki against neonate beet armyworm, 

Spodoptera exigua (Hubner) and LC50 value of NARC-12 and HD-1 were 20.8 µg/mL 

and 49.3 µg/mL of diet, respectively. These results were in agreement with our 

findings. 

 

The bioassay experiments of B. thuringiensis isolates conducted in the 

laboratory have shown that 27 isolates were found to be highly effective against the 

test insects. Among the toxic isolates, the most toxic isolate was further used for the 

preparation of biopesticide. 

 

Due to the safety associated with B. thuringiensis products, scientists all over 

the world are trying to produce effective B. thuringiensis biopesticide by using 

inexpensive and locally available raw material as medium in order to lower the 
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production cost and compete with the commercial B. thuringiensis products. Obeta 

and Okafor, (1984) formulated five different media from the seeds of legumes dried 

beef blood and mineral salts and assessed growth and production of insecticidal toxins 

of B. thuringiensis israelensis which were effective against A aegypti, C. 

quinquefasciatus, A. gambiae and Poopathi and Abidha, (2009) used bioorganic 

wastes (chicken feathers) as medium for the production B. thuringiensis biopesticide. 

A similar attempt has been made here for the production of effective B. thuringiensis 

biopesticide against H. armigera by selecting local, cheap and easily available 

medium ingredients consisting of e.g., molasses as a carbohydrate source, beef blood 

as protein source and salt solution as inorganic ions for the enhancement of 

sporulation. Similar requirements were also reported by Prasertphon, (1996) that the 

sporulation and crystal production depends upon a source of carbon, nitrogen, minor 

elements and growth factor. Bernhard and Utz, (1993) stated that sporulation was 

stimulated by the inorganic ions particularly Ca+2 and Mg+2.  

 

Medium contained entire nutrient in proper ratio necessary for the optimal 

growth of B. thuringiensis and for the production of crystal in good quality and 

quantity. During process of bacterial growth no smell of ammonia was observed 

indicating an appropriate amount of protein in the medium. These results were also in 

agreement with the result reported by Prasertphon, (1996) who stated that good 

quality and quantity of crystal production can be achieved by carefully balancing the 

nutrition ratio i.e., carbohydrate and protein in the medium. If the nutrition ratio is not 

properly balanced it will prevent the B. thuringiensis to sporulate. Insufficient protein 

in the medium results poor quantity of crystal and too rich of protein results in 

bacterial lysis giving odour of ammonia. 

 

The neutral pH of fermented culture and biopesticide formulations indicated 

appropriate amount of carbohydrates and protein in the media. Similar pH was also 

reported by Morris et al., (1998). Conditions for shake flask technique such as 

temperature, rpm, time size of flask was suitable for the growth of B. thuringiensis 

temperature, rpm and time were in close agreement as reported by Yusoff et al., 

(2003). 
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Insect bioassay is the best way of finding the toxicity of B. thuringiensis 

preparation. All bioassays of fermented culture and six batches and pooled batch of 

biopesticide formulations were tested against 1st instar larvae of H. armigera and LC50 

values were found to be 0.53, 0.50, 0.39, 0.91, 0.69, 0.93 and 0.65 µg/mL diet 

respectively. These results indicated that the fermented culture and biopesticide 

formulation were toxic against the H. armigera and was suitable to control them. 

Other workers have also checked the toxicity of commercial products through 

bioassay. Ahmed et al., (1996) reported LC50 of a commercial B. thuringiensis 

formulation (Dipel 2x) against the third instar larvae of H. armigera and was 21.0 

µg/mL diet in comparison with other commercial B. thuringiensis products and found 

to be effective. 

 

Different concentrations of biopesticide were used for toxicity evaluations 

which showed that with the increase of toxin, mortality also increased. Ahmed et al., 

(1996) have also reported similar results of B. thuringiensis, var. kurstaki against H. 

armigera that with the increase of toxin concentration mortality was also increased. 

The uses of different concentrations of toxin are helpful in finding appropriate dose of 

toxin that can be used against insect pests to control them. 

 

All bioassay results also indicated that there was no correlation between the 

number of spores and toxicity value of biopesticide as with the increase of number of 

spores the toxicity was not increased as indicated in Table- 22 and 23. These results 

were in agreement with the results reported by Dulmage and Rhodes, (1971) “there is 

no relationship between the number of spores in preparation and its insect killing 

power which is true for lepidopterous active isolate”. 

 

Toxicity test of biopesticide stored at room temperature against H. armigera at 

three month’s time interval over a period of 30 months indicated that B. thuringiensis 

biopesticide could be stored at room temperature for more than 30 months without 

losing its effectiveness by using preservatives and diluents. These results were in 

agreement with Prasertphon, (1996) results who stated that fresh liquid B. 

thuringiensis culture could be stored at room temperature for more than 24 months 

without losing its effectiveness by using preservatives and diluents. Some 
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characteristics such as no change in pH value, number of spores and no growth of 

other microorganism (bacteria and fungi) also supported these results. 

 

The efficacy of chemical insecticides, exotic and indigenous biopesticide in 

field was checked against H. armigera. Three years experiments results showed that 

all pesticides applied were effective and could be used for the control of H. armigera. 

But due to the safety associated with the B. thuringiensis products we should use 

indigenous biopesticide to control insect’s pest. In field three years data was collected 

and in first year freshly prepared biopesticide was used. So the field results indicated 

that biopesticide placed at room temperature was effective over a period of 24 

months. The efficacy of commercial B. thuringiensis products was also checked by 

other workers (Ahmed et al., 1996). They tested a commercial B. thuringiensis 

formulation (Dipel 2x) against the third instar larvae of H. armigera (Hubn) and 

found to be effective. A number of commercial B. thuringiensis formulations are 

being used successfully through out the world therefore we should also use B. 

thuringiensis formulations which will reduce the amount of broadly toxic chemical 

insecticides released into the agro-ecosystem of Pakistan. 
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CONCLUSIONS 

 

The techniques used in the entire study were proven to be effective. The 

indigenous isolates have potential to be used as bioinsecticide against H. armigera. 

Cost analysis of raw material used as culture medium indicated that it is highly 

economical and effective for the production of indigenous B. thuringiensis 

biopesticide on commercial scale as a substitute of toxic chemical pesticides which 

are released into the agro-ecosystem of Pakistan. So, it is obvious from our results that 

by the use of biopesticide, the control of insect pests infesting chickpea, cotton, 

vegetables, and fruits is possible at a very low cost. In this way by the application of 

biopesticide we can save foreign exchange used in the import of chemical insecticides 

as well as can produce agriculture products which are free from chemical pesticides 

contamination. 
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RECOMMENDATIONS 

 

B. thuringiensis biopesticide are non-toxic and non pathogenic to human’s 

wild-life, pollinator and non-targeted organism. Unlike chemical insecticides, 

biopesticide are specific for a particular pest and have no adverse effect on beneficial 

living organisms, environment and water quality. They offer a more environmentally 

friendly alternative to chemical insecticides.  

 

The agricultural development should encourage such studies for developing 

pollution free approaches in combating insects infesting various crops in Pakistan.  

 

Waste products could be used to develop economical medium for the 

production of inexpensive biopesticide 

Joint research project assisted by both private and public sectors should be 

initiated for the development and use of B. thuringiensis biopesticide on a commercial 

scale. 

 

.  

 

 

 

 

 

 

 



 171

      REFERENCES  

 

Abbott, W.S., (1925). A method of computing the effectiveness of an insecticide. J. 

Econ. Entomol. 18: 265-267. 

 

Abida, B., (2002). Isolation, purification, culturing and toxicity evaluation of Bacillus 

thuringiensis, M.Phil Thesis, Department of Biological Sciences. Quaid-i-Azam 

University, Islamabad, Pakistan. 

 

Ahmed, K., (1980). Scope of Cultural Control of Pest. Pak. Agriculture. 3(1 (1987).  

 

Ahmed, K., Raja, N.U., Afzal, M., Khalique, F., and Malik, B.A., (1988). Bioefficacy 

of four strains of Bacillus thuringiensis (Berliner) against hairy Caterpillar 

Diaorisia obliqua. Pak. J. Sci. Ind. Res. 31(9): 637-639. 

 

Ahmed, K., Khalique, F., and Malik, B.A., (1989-90). Survey report on the incidence 

of insect pests and diseases on chickpea in major chickpea growing areas in 

Sindh.pp 3-7. 

 

Ahmed, K., Khalique, F., and Malik, B.A., and Riley, D., (1994). Use of microbial 

insecticides in Pakistan: Special reference to control of Helicoverpa 

(Heliothis) armigera (Hubn.). Subtropical Plant Sci. 46: 38-44. 

 

Ahmed, K., (1995). Isolation, characterization and production of Bacillus 

thuringiensis and Nuclear Polyhelosis Virus. Training report. Natural 

Resources Institute. Central Avenue, Chatham Maritime, United Kingdom. 

 

Ahmed, K., Khalique, F., and Malik, B.A., and Ferro, D.N., (1996). Susceptibility of 

larval instars of Helicoverpa (Heliothis) armigera to HD-1-δ-1980 and 

relative toxicities of commercial Bacillus thuringiensis. The 2nd Pacific Rim 

Conf. on Biotech. of  B.t., Chiang Mai, Thailand. pp. 579-594. 

 



 172

Ahmed, K., Khalique, F., and Malik, B.A., (1998). Evaluation of synergistic 

interactions between Bacillus thuringiensis and malic acid against Chickpea 

Pod-Borer, Helicoverpa armigera (Huebn) (Lepidoptera: Noctuidae). Pakistan 

J. Biological Sci.1 (2): 105-108. 

 

Ahmed, K., (2004). Production of spor-δ-edotoxin of Bacillus thuringiensis strains and 

studies on cross-resistance of Cry1Ac and B.t.-based biopesticide resistant 

Helicoverpa armigera. Post Doctoral Dissertation. Graduate School Chinese 

Academy of Agricultural Sciences Institute of Plant Protection. Chinese 

Academy of Agricultural Sciences, Beijing 100094, P.R. China. 

 

Ahmedani, M. S., Khaliq, A., and Irfan-ul- Haq. (2007). Scope of commercial 

formulations of Bacillus thuringiensis, Berliner as an alternative to Methyl 

bromide against Trogoderma granarium Ev. Larvae. Pak. J. Bot., 39(3): 871-

880. 

 

Ahmedani, M. S., Haque, M. I., Afzal, S. N., Iqbal, U., and Naz. (2008). Scope of 

commercial formulations of Bacillus thuringiensis, Berliner as an alternative 

to Methyl bromide against Tribolium castaneum adults. Pak. J. Bot., 40(5): 

2149-2156. 

 

Ahsan, R., and Ataf, Z., (2009). Development, Adoption and Performance of Bt 

Cotton in Pakistan: A Review. Pakistan J. Agri. Res. Vol 22 No 1-2. 

 

Akiba T, Higuchi K, Mizuki E, Ekino K, Shin T, Ohba M, Kanai R, and Harata K., 

(2006). Nontoxic Crystal Protein from Bacillus thuringiensis Demonstrates 

a Remarkable Structural Similarity to b-pore-Forming Toxins. Proteins. 

63:243-248.  

Ali, A., Nadeem, A.M., Tahir, M.T.A., and Hussain, M., (2007). Effect of different 

potash levels on the growth, yield and protein contents of chickpea (Cicer 

arietinum L.). Pak. J. Bot., 39(2): 523-527. 

 



 173

Aly, C., and Mulla, M.S., (1987). Effect of two microbial insecticides on aquatic 

predators of mosquitoes. J. Appl. Entomol. 103: 113-118. 

 

Andrews, R.E.Jr., Faust, R.M., Wabiko, H., Raymond, K.C., and Bulla, L.A.Jr., 

(1987). The biotechnology of Bacillus thuringiensis. C.R.C. Cait. Rev. 

Biotechnol. 6: 163-232. 

 

Anonymous, (1978). Studies on crystalliferous bacteria infecting lepidopterous pests 

of Pakistan. Final Technical Report. Department of Physiology, University of 

Karachi, Karachi, Pakistan. 

 

Anonymous, (1982). Investigations on new strains of Bacillus thuringiensis (B.t.) 

affecting Lepidopterous Pests. (B.t Research Project), Department of 

Microbiology, University of Karachi. pp 66-78. 

 

Anonymous, (1996). Annual Technical Report. Pulses Programme, Crop Sciences 

Institute NARC, PARC, Islamabad Pakistan, 79-97. 

 

Anonymous, (1997). Annual Technical Report. Pulses Programme, Crop Sciences 

Institute NARC, PARC, Islamabad Pakistan, 89-101. 

 

Anonymous, (1998). Annual Technical Report. Pulses Programme, Crop Sciences 

Institute NARC, PARC, Islamabad Pakistan, 100-116. 

 

Anonymous, (1999). International Programme on Chemical Safety, Environmental 

Health Criteria 217. Bacillus thuringiensis World Health Organization. 

Geneva. 

 

Aronson, A.I., (1994). Bacillus thuringiensis and its use as a biological insecticide. 

Plant Breed. Rev. 12: 19–45. 

 

Baloch, A.A., (1989). Insect pests of cotton, their identification, mode of damage and 

control strategy. Proceedings of workshop organized by CWM Project of 



 174

Sindh in collaboration with USAID, May 20-25th, 1989, Sakrand, Pakistan, 

pp. 20 

  

Baloch, A.A., Kalroo, A.M., and. Sanjrani, M.W., (2000a). A perspective review on 

eco-biological aspect of Helicoverpa (Heliothis) armigera Hubn 

(Lepidoptera: Noctuidae) as a pest of cotton in Pakistan. I. Taxonomy, 

biology, ecology and population dynamics. Balochistan J. Agric. Sci., 1: 36-

43. 

 

Beegle, C.C., Cauch, T.R., Alls, R.T., Versoi, P.L., and Lee, B.L., (1986). 

Standardization of HD-1-S-1980: US Standard for assay of lepidopterous-

active Bacillus thuringiensi. Bull. Entomol. Soc. Am. 32: 44-45. 

 

Bernhard, K., and Utz, R., (1993). Production of Bacillus thuringiensis insecticide for 

experimental and commercial uses. In: Entwistle P.F. Cory, J.S. Baily, M.J., & 

Higgs S. ed. Bacillus thuringiensis, an environmental biopesticide: Theory and 

practice. Chichester, New York, Toronto, Wiley & Sons. pp. 255-267. 

 

Bourque, S. N.,Vale´ro, J.R., Mercier, J., Lavoie, M.C., and. Levesque, R.C., (1993) 

Multiplex polymerase chain reaction for detection and differentiation of the 

microbial insecticide Bacillus thuringiensis. Appl. Environ. Microbiol. 59: 

523–527. 

 

Bukhari, D.A., and shakoori, A.R., (2010). Isolation and Molecular Characterization 

of cry4 Harbouring Bacillus thuringiensis Isolates from Pakistan and 

Mosquitocidal Activity of Spores and Total Proteins. Pakistan J. Zool. Vol. 

42(1). PP. 1-15. 

 

CAB International, (2006). Crop Protection Compendium. Wallingford, UK: CAB 

International 

 

Cappuccino, J.G., and Sherman, N., (1996). Microbiology, A laboraty manual. 4th ed. 

pp. 14. Published by the Benjamin/Cummings Publishing Co., Inc. California. 

 



 175

Carozzi, N.B., Kramer, V.C., Warren, G.W., Evola, S., and Koziel, M.G., (1991). 

Prediction of insecticidal activity of Bacillus thuringiensis strains by 

polymerase chain reaction product profiles. Appl. Environ. Microbiol. 57: 

3057–3061. 

 

Ceron, J., Ortiz, A., Quintero, R., Guereca, L., and Bravo, A., (1995). Specific PCR 

primers directed to identify cryI and cryIII gene with in a Bacillus 

thuringiensis strain collection. Appl. Environ. Microbiol. 61: 3826–3831. 

 

Chak, K.F., and Young, Y.M., (1990). Characterization of the Bacillus thuringiensis 

isolates from Taiwan. Proc. Natl. Sci. Counc. Repub. China B. 14(3): 175-182. 

 

Chak, K.F., Chow, C.D., Tseng, M.Y., Kao, S. S. Tuan, S.J., and Feng, T.Y., (1994). 

Determination and distribution of cry-type genes of Bacillus thuringiensis 

isolates from Taiwan. Appl. Environ. Microbiol. 60: 2415–2420. 

 

Chandra, B.K.N., and Rai, P.S., (1974). Two new ornamental host plants of Heliothis 

armigera Huebner in India. Indian Journal of Horticulture, 31(2): 198 

 

Chaudhry, L.M., and Shah, B.H., (1977). Laboratory trial of Dipel (Bacillus 

thuringiensis and Chitinase) against popular defoliation, Ichtyura anastomosis 

steph (Notodemidae: Lepidoptera). Pak. J. Forestry. 27(1): 29-32. 

 

Chaudhry, J. P., and. Sharma, S. K., (1982). Feeding behaviour and larval population 

levels of Helicoverpa armigera (Hb.) causing economic threshold damage to 

the gram crop. Haryana Agric. Univ. J. Res. 12(3): 462-466. 

 

Chilcott, C.N., and Eller, D.J., (1988). Comparative toxicity of Bacillus thuringiensis 

var. israelensis crystal proteins in vovo and in vitro. J. Gen. Microbiol. 134: 

2551-2558. 

 

Chilcott, C.N., and Wigley, P.J., (1993). Isolation and toxicity of Bacillus 

thuringiensis from soil and insect habitats in New Zealand. J. Invertebrate. 

Pathol. 61: 224-247. 



 176

 

Chatterjee, S.N. Bhattacharya, T., Dangar, T.K., and Chandra, G., (2007). Ecolology 

and diversity of Bacillus thuringiensis in soil environment African Journal of 

Biotechnology vol. 6(13) pp. 1587-1591  

 

CSIRO Australia, (2008, June 23). Unlocking Genome Of Worlds Worst Insect Pest. 

 

de Barjac, H., and Frachon, E., (1990). Classification of Bacillus thuringiensis strains. 

Entomophaga 35: 233–240. 

 

DeLucca, A.J., Simonsen, J.G., and Larso, A.D., (1981). Bacillus thuringiensis 

distribution in soils of the United States Canadian. J. Microbiol. 27: 865-870. 

 

de Maagd Ra, Bravo, A., and Crickmore, N., (2001). How Bacillus thuringiensis has 

Evolved Specific Toxins to Colonize the Insect World. Trends Genet. 17: 193-

199. 

 

Dulmage, H.T., and. Rhodes, R.A., (1971). Production of pathogens in artificial 

media, p. 507-40. In: H.D. Burges & N.W. Hussey (eds.), Microbial Control 

of Insects and Mites. Academic Press, NY. 861 p. 

 

Dulmage, H.T., and Cooperators, (1981). Insecticidal activity of isolates of Bacillus 

thuringiensis and their potential for pest control. In: Microbial control of pests 

and plant diseases. 1970-1980. Edited by H.D. Burges, Academic Press, New 

York, pp. 193-222. 

 

Donovan, W.P., Dankocsik, C., and Gilbert, M.P., (1988). Molecular characterization 

of a gene encoding a 72 kilodalton mosquito toxic crystal protein from 

Bacillus thuringiensis subsp. israelensis. J. Bacteriol. P. 4732-4738. 

 

Extension Toxicology Network, (1996). Pesticide Information Profile, Bacillus 

thuringiensis. 

 



 177

EPPO, (2006). Distribution maps of Quarantine Pests. Helicoverpa armigera. 

www.eppo.org/QUARANTINE/insects/Helicoverpa_armigera/HELIAR_map.

htm 

 

Estruch, J.J., Carozzi, N.B., Desai, N., Duck, N.B., Warren, G. W., and Koziel, M.G., 

(1996). Transgenic plants: an emerging approach to pest control. Nat. 

Biotechnol. 15, 137. 

 

Fast, P.G., (1981). The crystal toxin of Bacillus thuringiensis. In: Microbial control of 

pests and plant diseases. 1970-1980. Edited by H.D. Burges Academic Press, New 

York, pp. 223-248. 

 

Fisher, R., and Rosner, L., (1959). Toxicology of the microbial insecticide, Thuricide. 

Agri. Food Chem. 7: 686-688. 

 

Freed, R.D., and Eesinsmith, S.P., MStatC Software (1986). Crop and Soil Sciences 

Department. Michigan State University. Version 1.42. 

 

Frutos, R., (2001). Bacillus thuringiensis: From Technical Achievements to Societal 

Debates.  4th Pacific Rim Conf. on the Biotech, of Bacillus thuringiensis and 

its Environmental Impact. Australian National University, Canberra, Australia. 

pp. 15-16. 

 

Gahukar, R.T., (2002). Population dynamics of Helicoverpa armigera (Hubner) 

(Lepidoptera: Noctuidae) on rose flowers in central India. Journal of 

Entomological Research, 26(4): 265-276 (abstract). 

 

Gill, S.S., Cowles, E.A., and Pietrantonio, P.V., (1992). The mode of Action of 

Bacillus thuringiensis endotoxins. Annu. Rev. Entomol. 37: 615-636. 

 

Gleave, A.P., Williams, R., and Hedges. R.J., (1993). Screening by polymerase chain 

reaction of Bacillus thuringiensis serotypes for the presence of cryV-like 

insecticidal protein genes and characterization of a cryV gene cloned from B. 

thuringiensis subsp. kurstaki. Appl. Environ. Microbiol. 59: 1683–1687. 



 178

 

Goldberg, L.H., and Margatit, J., (1977). “A bacterial spore demonstrating rapid 

larvicidal activity against Anopheles sergentii, Uranotaenia unguiculata, Culex 

univattatus, Ades aegypti and Culex pipiens”. Mosq. News. 37: 355-358. 

 

Hadley WM, Burchiel SW, McDowell TD, Thilsted JP, Hibbs CM, Whorton JA, Day 

PW, Friedman MB, and Stoll RE, (1987. Five-month oral (diet) toxicity/ 

infectivity study of Bacillus thuringiensis insecticides in sheep.Fundam Appl. 

Toxicol. 8: 236-242. 

 

Heimpel, A.M., (1967). A critical review of Bacillus thuringiensis var. Berliner and 

other crystalliferous bacteria. A. Rev. Ent. 12: 287-322. 

 

Höfte, H., and Whiteley, H.R., (1989). Insecticidal Crystal Proteins of Bacillus 

thuringiensis  Microbiol. Rev. 53: 242-255. 

 

Hazara, A.H., Khan, J., Shakeel, M., Iqbal, M., and Bajwa, A.H., (2000). Population 

dynamics and control of Helicovepa (Heliothis) armigera, Hubner 

(Lepidoptera; Noctuidae) on different crops in Balochistan. Balochistan J. 

Agric. Sci. 1: 52-62 

 

Iqbal, N., and Mohyuddin, A.I., (1990). Eco-Biology of Heliothis spp. in Pakistan. 

Pakistan J. Agric. Res. 2(4): 257-266 

 

Iriarte, J., Dumanoir, V.C., Bel, Y., Porcar, M., Ferrnandis, M.D., Lecadet, M.M., 

Ferre, J. and Caballero, P., (2000). Characterization of Bacillus thuringiensis 

ser. balearica (Sterotype H48) and ser navarrensis (Serotype H50): Two 

Novel Serovars isolated in Spain. Current Microbiol. Vol. 40: pp. 17-22. 

 

Iriarte, J., Bel, Y., Ferrandis, M.D., Andrew, K., Murillo, J., Ferre, J., and Caballero, 

P., (1998). Environmental distribution and diversity of Bacillus thuringiensis 

in Spain. Syst. Appl. Microbial. 21(1): 97-106. 

 



 179

Jarret, P., (1980). “Persistance of Bacillus thuringiensis on tomatoes”. Annual Report, 

Glasshouse Crops Research Institute. pp. 117. 

 

Jallow, M.F.A., Cunningham, J.P., and Zalucki. M.P., (2004). Intra-specific variation 

for host plant use in Hubner) (Lepidoptera: Noctuidae): Implications for 

management. Crop Prot. 23: 955–964.  

 

Karim, S., Murtaza, M., and Riazuddin, S., (1999a). Field evaluation of Bacillus 

thuringiensis, insect growth regulators, Chemical pesticides against 

Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) and their 

compatibility for integrated pest management. Pak. J. Biol. Sci. 2: 320-326. 

 

Karim, S., Zafar, A.U., Nasir, I.A., and Riazuddin, S., (2000). Field efficacy of 

CAMB Bacillus thuringiensis Biopesticide to Control Helicoverpa armigera 

(Hübner)) and Earias vitella (Fabricis) in Okra Crop. Pakistan J. Biol. Sci. 

3(8): 1296-1298. 

 

Kim, K.H., Ohba, M., and Aizawa, K., (1984). Purification of the toxic protein from 

Bacillus thuringiensis serotype 10 isolates demonstrating a preferential 

larvicidal activity to the mosquito. J. Invertebr. Pathol. 44: 214-219. 

 

Kim, S.Y., Kang, M.H., Choi, H.B., Lee, J.U., Charles, J.F., Dumanoir, V.C., 

Lecadet, M.M., and Lee, H.H., (1999). Characteristics of thirty six Bacillus 

thuringiensis isolates and a new serovar of Bacillus thuringiensis Subsp. Kim 

(Serotype H52). J. Microbiol. Biotechnol. 9 (5): 534-540. 

 

Kalman, S., Kiehne, K.L., Libs, J.L., and Yamamoto, T., (1993). Cloning of a novel 

cryIC-type gene from a strain of Bacillus thuringiensis subsp. galleriae. Appl. 

Environ. Microbiol. 59: 1131–1137. 

 

Khalique, F., Ahmed, K., and Afzal, M., (1989). Evaluation of Bacillus thuringiensis 

Berliner against Chickpea Pod-Borer. Pak. J. Sci. 32 (2): 114-116. 

 



 180

Khalique, F., (1993). Studies on disorientation in the development of Helicoverpa 

armigera (Huebn.) after exposure to Spor-δ-edotoxin complex of Bacillus 

thuringiensis (Berliner). A Ph.D. Thesis, Department Zoology, University of 

Karachi, Karachi, Pakistan.  

 

Khalique, F., and Ahmed, K., (2001a). Synergistic Interaction Between Bacillus 

thuringiensis (Berliner) and Lambda-Cyhalothrin (Pyrothroid) Against, 

Chickpea Pod-Borer Helicoverpa armigera (Huebner). Pakistan J. of Biol. Sci. 

4 (1): 1120-1123. 

 

Khalique, F., and Ahmed, K., (2001b). Toxicity of Bacillus thuringiensis Subsp. 

kurstaki (Berliner) and Sub-lethal effect on development of Helicoverpa 

(Heliothis) armigera (Huebner). Pakistan J. Biol. Sci. 4 (supplementary issue 

No.5) 529-534. 

 

Khalique, F., and Ahmed, K., (2003). Impact of Bacillus thuringiensis of Subsp. 

kurstaki on Biology of Helicoverpa armigera. Pakistan J. Biological Sci.6 (6): 

615-621. 

 

Khan, E., Karims, S., Makhdoom, R., and Riazuddin, S., (1995). Abundance, 

distribution and diversity of Bacillus thuringiensis in Pakistan environment. 

Pak. J. Sci. Ind. Res. 38 (5-6): 192-195.   

 

Khan, E., Mateen, A., Rubin, S.P. Karim, S., Makhdoom, R., Sohail, A., and 

Rizuddin, S. (1994). Entomocidal activity of local isolates of Bacillus 

thuringiensis Pakistan J. Agric. Res. 15 (1): 297-301. 

 

Krattiger, F., (1997). Insect resistant in crops: A case study of Bacillus thuringiensis 

(B.t.) and its transfer to developing countries. ISAAA Briefs. No.2. ISAAA: 

pp. 1-42. Ithaca, NY. USA. 

 

Karamanlidou, G., Lambropoulos, A., Koliais, S., Manousis, T., Ellar, D., and 

Kastritsis, C., (1991). Toxicity of Bacillus thuringiensis to laboratory 



 181

populations of the olive fruit fly (Dacus oleae). Appl. Environ. Microbiol. 

57(8): 2277-2282. 

 

Kumar, P.A., Sharma, R.P., and. Malik, V.S., (1996). The insecticidal proteins of 

Bacillus  thuringiensis. Adv. Appl. Microbiol. 42: 1-43. 

 

Kuo, W.S., and Chak, K.F., (1996). Identification of novel cry-type genes from 

Bacillus thuringiensis strains on the basis of restriction fragment length 

polymorphism of the PCR-amplified DNA. Appl. Environ. Microbiol. 62: 

1369-1377. 

 

Laemmli, U.K., (1970). Cleavage of structural proteins during the assembly of the 

head of bacteriophage T4. Nature. 277: 680-685. 

 

LeOra Software, (1987). POLO-PC-a user’s guide to probit or logit analysis, LeOra 

Software, Berkeley, CA (1987).  

 

Lisansky, S. G., Quinlan, R., and Tassoni., G., (1993). The Bacillus thuringiensis 

Production Handbook. Laboratory Methods Manufacturing Formulation 

Quality Control Registration. 

 

Li, R.S., Jarett, P., and Burges, H.D., (1987). Importance of Spores, Crystals and δ-

endotoxin in the Pathogenicity of different varieties of Bacillus thuringiensis 

in Galleria mellonella and Pieris brassica. J. Invertebr. Pathol. 50: 277-284. 

 

Maeda, M., Mizubi, E., Nakamura, Y., Hatano, T., and Ohba, M., (2000). Recovery of 

Bacillus thuringiensis from marine sediments of Japan, Current Microbiol. 

40(6): 418-422. 

 

Malik, M.F., Khan, A.G., Hussainy, S.W., Rahman, D.U., and Amin, M., (2002b). 

Scouting and Control of Helicoverpa armigera by Synthetic Pheromone 

Technology in Apple. Asian J. Pl. Sci., 1: 652-654 

 



 182

Malik, M.F., Hussainy, S.W., Rahman, D.U., Munir, A., and Ali, L., (2002c). 

Efficacy of synthetic pheromone for the control of Helicoverpa armigera in 

tomato. Asian J. Plant. Sci. (In Press) 

 

Malik, M.F., Rahman, D.U., Bajwa, M.A., Lodhi, N.L., Ali, L., and Shah, S.N.A., 

(2003). Monitoring and Control of Helicovepa armigera by Synthetic 

Pheromone Traps in Peas, Pisum sativum. J. Biological Sci. .3(10): 926-931. 

  

Magalit, J., and Dean, D., (1985). The story of Bacillus thuringiensis var. israelensis 

(B.t.i.). J. Am. Mosq. Control Assoc. 1: 1-7. 

 

Martin, A.W., and Travers, R.S., (1989). Worldwide abundance and distribution of 

Bacillus thuringiensis isolates. Appl. Environ . Microbiol. 55: 2437-2442. 

 

Martin, P.A.W., (1994). An iconoclastic view of Bacillus thuringiensis ecology. Am. 

Entomol. 40(1): 85-90 

 

Meadows, M., Ellis, D., Butt, J., Jarrettt, P., and Burges, H., (1992). Distribution 

frequency and diversity of Bacillus thuringiensis in an animal feed mill. Appl. 

Environ. Microbiol. 58(4): 1334-1350. 

Mizuki, E. Ohba, M. Akao, T. Yamashita, S. Saitoh, H., and Park, Y.S., (1999). 

Unique Activity Associated with Non-Insecticidal Bacillus thuringiensis 

Parasporal Inclusions: in vitro Cell-Killing Action on Human Cancer Cells. 

J. Appl. Microbiol. 86: 477 486. 

Mizuki E, Park Ys, Sayito H, Yamashita S, Akao T, Higuchi K, and Ohba M., (2000). 

Parasporin, a Human Leukemic Cell-Recognizing Parasporal Protein of 

Bacillus thuringiensis. Clin Diagn Lab Immunol. 7: 625-634. 

Moar, W.J., Trumble, J.T., and Federici, B.A., (1989). Comparative toxicity of spores 

and crystals from the NRD-12 and HD-1 strains of Bacillus thuringiensis subsp. 

kurstaki to neonate but arymycoorm (Lepidoptera: Noctuidae). J. Econ. Entomol. 

82(6): 1593-1603. 



 183

Morris, O.N., Converse, V., Kanagaratnam, P., and Cote, J.C., (1998). Isolation, 

Characterization and Culture of Bacillus thuringiensis from soil and dust from 

grain storage bins and their toxicity for Mamestra configurata (Lepidoptera: 

Noctuidae). The Canadian Entomologist. 130: 515-537. 

 

Morris, O.N., Kanagaratnam, P., and Converse, V., (1997). Suitability of 30 

agricultural products and byproducts as nutrient sources for laboratory 

production of Bacillus thuringiensis subsp. Aizawai (HD 133). J. Inverteb. 

Path. 70: 113-120. 

 

Mulligan FS III and Schaefer CH, (1982) Integration of a selective mosquito control 

agent Bacillus thuringiensis serotype H-14, with natural predator populations in 

pesticide-sensitive habitats. Proc Calif Mosq Vector Control Assoc, 49: 19–22. 

 

Munthali, D.C., Obopile, M., Modise, D.M., Madisa, M.E., Malope, P., Kwerepe, 

B.C., and Emongor, V.E., (2004). A guide to commercial production of selected 

vegetables in Botswana. Printing and Publishing Company, Gaborone, 

Botswana.  

 

Niazi, T., (1989). When solution becomes a problem. PARC Clipping service. Daily 

Frontier Post, 28th November. 

 

Obeta, J.A.N., and Okafor, N., (1984). Medium for the production of primary powder 

of Bacillus thuringiensis subsp, israelensis. App. Environ. Micro 47: 863-867. 

 

Ohba, M., and Aizawa, K., (1986). Insect toxicity of Bacillus thuringiensis isolated 

from soil of Japan. J. Invertebr. Pathol. 47: 12-20. 

 

Ohba, M., Wasano, N. and Mizuki, E., (2000). Bacillus thuringiensis soil populations 

naturally occuring in the Ryukyus Subtropic region of Japan. Microbiol. Res. 

155 (1): 17-22. 

 

Obeidat, M., Hassawi, D., and Ghabeish, I., (2004). Characterization of Bacillus 

thuringiensis strains from Jordan and their toxicity to the Lepidoptera, 



 184

Ephestia kuehniella Zeller. African Journal of Biotechnology. Vol. 3(11). pp. 

622-626. 

 

PARC, (2007). Status of cotton harboring Bt gene in Pakistan. Plant Biotechnology 

Program, Institute of Agri-Biotechnolgy and Genetic Resources, Natioal 

Agricultural Research Centre, Islambad. 

 

Patel, K.H., Jani, J.J., and Vyas, H., (2009). Isolation and characterization of 

Lepidopteran specific Bacillus thuringiensis. International Journal of 

Integrative Biology. 6: 121-126 

 

Pinnock, D.E., Brand, RJ., and Milstead, J.E., (1971). “The field persistence of 

Bacillus thuringiensis spores”. J. Invert. Pathol. 18: 405-411. 

 

Poopathi, S.and Abidha, S., (2009). Medium for the production of Biopesticides 

(Bacillus sphaericus and Bacillus thuringiensis subsp. israelensis) in 

mosiquito control J, Econ. Entomol. 102(4): 1423-1430. 

 

Prasertphon, S., (1996). Historical background on use of Bacillus thuringiensis in 

Thailand. Proceedings of 2nd rim conference on biotechnology of B.t. and its 

impact on the environment. pp 1-14. 

 

Qaim, M., and Zilberman, D., (2003). Yield effects of genetically modified crops in 

developing countries. Science, 299: 900-902. 

 

Rao, I.A., (2006). Future of Bt cotton in Asia, Pakistan. www.pakissan.com. 

 

Rao, I.A., (2009). First Bt cotton grown in Pakistan. www.pakissan.com. 

 

Rao, I.A., (2009). Adoption of Bt cotton in Pakistan. www.pakissan.com. 

 

Razaq, M. Recurring problem of insecticides resistance (In Dawn, 25th December 

2004). www.dawn.com/2004/12/25/ebr23.htm 

 



 185

Reed, W., and Pawar, C.S., (1982). Heliothis; a global problem. Intnal. Workshop on 

Heliothis management, 15-20 Nov 1981. Patancheru A.p., India. pp: 9-14 

 

Regupathy, A., Kranthi, K., Singh, J., Iquabal, A., Wu, Y., and. Russell, D., (2003). 

Patterns and magnitude of insecticide resistance levels in India, Pakistan and 

China. Proceeding of World Cotton Research Conference, 9-13, March, 

Cape Town, South Africa. Abstract, PS 30.9. 

 

Roh, J.Y., Park, H.W., Jin, B.R., Kim, H.S., Yu, Y.M., and Kang, S.K., (1996). 

Chharacterization of novel non-toxic Bacillus thuringiensis isolates from Korea. 

Lett. Appl. Microbial. 23 (4): 249-252. 

 

Salama, H.S., and Morris, O.N., (1993). The Use of Bacillus thuringiensis in Developing 

Countries. In: Bacillus thuringiensis an Environmental Biopesticide: Theory and 

Practice. Edited by P.F. Entwistle, J.S. Cory, M.J. Balley, and S. Higgs. 

Chichester, New York, Toronto, Wiley and Sons. pp. 237-253. 

 

Saleem, M., and Yunus, M., (1982). Host Plants, nature and extent of damage of 

Heliothis armigera (Hubn.). Pak. Agri. Res. 3: 54-58. 

 

Saleem, M., and Arshad, M., Environmental hazards of pesticides. News paper, The 

Dawn. 2006. The web: pakistan.com Issues and analysis. 

 

Saleem, M., Hussain, S., Arshad, M., and Ziaulhasan. Promoting use of microbial 

biopesticides. News paper, The Dawn. 2006. The web: pakistan.com Issues 

and analysis. 

 

Saraswathy, N., and Kumar, P.A., (2004). Protein engineering of δ-endotxns of Bacillus 

thuringiensis. Electronic Journal of Biotechnology.Vol 7 No, 2 P 180-190. 

 

Schnepf, E., Crickmore, N., Van Rie, J., Lereclus, D., Baum, J., Feitelson, J., Zeigler, 

D.R., and Dean, D.H., (1998). Bacillus thuringiensis and its Pesticidal Crystal 

Proteins. Microbiol Mol. Biol. Rev. 62: 775-806. 



 186

Sears, M.K., (2001). Monarch Butterflies and B.t. Corn Pollen: Risk Assessment. 4th  

Pacific Rim Conf. on the Biotech. of Bacillus thuringiensis and its 

Environmental Impact. Australian National University, Canberra, Australia. 

pp. 76. 

 

Shaikh, M.R., Shaikh, D., and Naqvi, B.S., (1988). Comparison of insecticidal 

capability of locally isolated B. thuringiensis (kurstaki) with standard 

Heliothis armigera (Hubn). Pakistan J. Sci. Ind. Res. 31(1): 45-48. 

 

Shaikh, M.R., Shyum,B., Shaikh, D., and Khan, A.F., (1986). Distribution of Bacillus 

thuringiensis serotypes in Pakistan. Pakistan J. Sci. Ind. Res. 39(4): 295-296. 

 

Shakoori, A.R., Iftikhar, N., and Khurshed, N., (1999). Evaluation of different species 

of Bacillus isolated from soil samples as bioinsecticide against housfly, Musca 

domestica. Pakistan J. Zool. Vol. 31(4): pp. 379-383. 

 

Sharma, H.C., (2001). Cotton bollworm/legume pod borer, Helicoverpa armigera 

(Hubner) (Noctuidae: Lepidoptera): biology and management. Crop protection 

compendium. International Crops Research Institute for the Semi-Arid Tropics  

 

Sharma, C., Sharma, K., Seetharama, N., and Ortiz, R., (2002). Prospects for using 

transgenic resistance to insects in crop improvement. Electronic Journal of 

Biotechnology ISSN: 0717-3458 

 

Shreshtha, U.T., Shahukhat, G.S., Tawari, K.B., Pokhrel, S. Singh, A., and Agrawal, 

V.P., (2007). Strong mosquitocidal Bacillus thuringiensi from Mt. Everest. Our 

Nature. 5: 67-69. 

 

Siegel, J.P., and Shadduck, J.A., and Szabo, J., (1987). Safety of entomopathogen. 

Bacillus thuringiensis var. israelensis for mammals. J. Econ. Entomol. 80: 717-

723. 

 
Siegel, J.P., and Shadduck, J.A., (1990). Clearance of B. sphaericus and B.t. ssp. 

israelensis from mammals. J. Econ. Entomol. 83: 347-355. 



 187

 

Stahly, D.P., Andrews, R.E., and Yousten, A.A., (1991). The genus Bacillus-insect 

pathogen. In: Balows, A., Truper, H.G., Dworkin, M., Harder, W., and 

Schleifer, K.H ed. The Prokaryotes, 2nd ed. New York, Basel, Springer-Veriag, 

Vol. 11: pp. 1697-1745. 

 

Statistics- software Version 9 (2008). www. spss. com/IBM SPSS Statistics 

 

Steel, R.G.D., and Torrie, J.H., (1980). Principles and Procedures of Statistics: A 

Biometrical approach. McGraw- Hill publishing company. pp. 633. 

 

Tailor, R., Tippett, J., Gibb, G., Pells, S., Pike, D., Jordan, L., and Ely, S., (1992). 

“Identification and characterisation of a novel Bacillus thuringiensis δ-

edotoxin entomocidal to coleopteran and lepidopteran larvae”. Mol. 

Microbiol. 6(9) (in press). 

 

Tariq, M., (2001). Isolation, Identification, Culturing and Characterisation of Bacillus 

thuringiensis, M.Phil Thesis, Department of Biological Sciences. Quaid-i-Azam 

University, Islamabad, Pakistan. 

 

Tomlin, C.D.S ed., (1997). The pesticide manual, 11th ed. Farnham, Surrey, British Crop 

Protection Council, 1606 pp. 

 

van Frankenhuyzen, K., and Fast, P.G., (1989). Susceptibility of three coniferphagous 

Choristoneura species. (Lepidoptera: Tortricidae) to Bacillus thuringiensis 

var. kurstaki. J. Econ. Entomol. 82(1): 193-196. 

 

van Frankenhuyzen, K., (1993). The challenge of Bacillus thuringiensis. In Entevistle 

PF, Cory JS, Bailey MJ and Higges S ed. Bacillus thuringiensis an 

environmental biopesticide. Theory and practice. Chichester, New York, 

Toronto, Wiley and Sons, pp. 1-35. 

 

Wilson, G.R., and Benoit, T.G., (1993). Alkaline pH activates Bacillus thuringiensis 

Spores. J. Invertebr. Pathol. 62: 87-89. 



 188

Waring, P., Martin, T., and Richard, L., (2003). Field Guide to the Moths of Great 

Britain and Ireland. British Wildlife Publishing, Hook, UK. p. 374.  

 

Xu, Z., Yao, B., Sun, M., and Yu, Z., (2004). Protection of Mice Infected with 

Plasmodium berghei by Bacillus thuringiensis Crystal Proteins. Parasitol Res., 

92: 53-57. 

Yadava, C.P., and Lal, S.S., (1997). Studies on host plant resistance against gram pod-

borer Helicoverpa armigera in chickpea. In Symposium on Integrated Pest 

Management for Sustainable Crop Protection (2-4 December 1997), Souvenir 

and Abstract, Organised by Division of Entomology, Indian Research 

Institute, New Delhi, India. pp 37. 

Yamamoto, T., and Powell, G., (1993). Bacillus thuringiensis crystal proteins: recent 

advances in understanding its insecticidal activity. In: Kim L. (ed). Advanced 

Engineered Pesticides. Marcel Dekker. Inc. New York, N.Y. pp. 3-42 

 

Yusoff, W.M.W, Masri, M.M.M., and Mei, C.C., (2003). Effect of ammonium 

sulphate on the sporulation of Bacillus thuringiensis subsp. aizawaiSN2 (A 

local isolate) during batch fermentation. Jurnal Teknology, 39(C): 53-60. 

 

Zafar, A.U., Karim, S., Nasir, I.A., and Riazuddin, S., (2000). Shelf life and Field 

evaluation of CAMB Bacillus thuringiensis biopesticide against Helicoverpa 

armigera (Hübner) (Lepidoptera: Noctuidae) on tomato. Pak. J. Biol. Sci. 3: 

000-000 

 

Zalucki, M.P., Daglish, G., Firempong, S., and Twine, P.H., (1986). The biology and 

ecology of Helicoverpa armigera (Hubner) and H. puctigera Wallengren 

(Lepidoptera: Noctuidae) in Australia: what do we do? Aust. J. Zool., 34: 779-

814.  

 

Zaman, M., (1984). Efficacy of different insecticides and their combination with 

Bacillus thuringiensis against the corn stalk borer on sorghum. J. Agricultural 

Res. Pakistan. 24 (4): 327-332. 



 189

 APPENDIX  

 

Buffers and Solutions for Protein Extraction and SDS-PAGE 

Electrophoresis 

 

Table-A1                           2 X Sample Buffer 

0.5 M Tris-HCl (pH 6.8) 1.6 mL 

Water 3.0 mL 

10% SDS 1.6 mL 

Β-mercaptoethanol 0.4 mL 

Bromo-phenol Blue 0.05% (w/v) 0.4 mL 

Glycerol 30% 1.0 mL 

  Stored in a refrigerator 

 

 

            Table-A2         Solution A   (3.0 M Tris-HCl pH 9.0, 0.4% SDS) 

Tris 36.3 g 

SDS 0.4 g 

Distilled Water About 70 mL 

HCl (conc.) Adjusted to pH 8.8,Total volume of 100 mL 

 

 

 

Table-A3-      Solution B   (0.493 M Tris-HCl pH 7.0, 0.4% SDS) 

Tris 5.98 g 

SDS 0.4 g 

Distilled Water About 80 mL 

HCl (conc.)  Adjusted to pH 7.0 
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Table-A4-    Solution C   (30% Acrylamide, Acrylamide/Bis = 30: 0.8) 

Acrylamide*   30 g 

Bis-acrylamide (Bis)*   0.8 g 

Distilled Water Total volume of 100 mL 

Stored in a refrigerator: Solution A, B & C 

Acrylamide and Bis-acrylamide are highly toxic and carcinogenic. Gloves 

were used when solution from these reagents were prepared. 

 

 

            Table-A5                      10% Ammonium Per Sulfate  

Ammonium Per Sulfate (APS) 0.1 g 

Distilled Water Total volume 1.00 mL 

It was always prepared fresh for better performance. 

 

 

Table-A6-                         Separating Gel (12.5%) 

Distilled water 7.5 mL 

Solution A 5.0 mL 

Solution C (30%) 7.5 mL 

10% Ammonium Per Sulfate 200 µL 

TEMED 15 µL 

   

 

Table-A7                               Staking Gel (4.5%) 

Distilled water 6.0 mL 

Solution B 2.5 mL 

Solution C (30%) 1.5 mL 

10% Ammonium Per Sulfate 70 µL 

TEMED 17 µL 
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Table-A8-           5 X Electrode Buffer, pH 8.3 (1 litre) 

Glycine 72 g 

SDS 5.0 g 

Tris Base 15 g 

Distilled water Making volume up to 1 litre 

Adjust pH at 8.3 with Conc. HCl 

 

  

Table-A9-                         Staining Solution 

Coomassie R-250 2.25 g 

Methanol 440 mL 

Acetic Acid 60 mL 

Distilled Water 200 mL 

 

 

Table-A10                     Destaining Solution 

Methanol 200 mL 

Acetic Acid 50 mL 

Distilled Water 750 mL 
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