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Abstract.- Soil samples (n=500) collected from different areas of Pakistan were screened for various species of
Bacillus by Gram staining, spore staining and by a number of biochemical tests. Seven identified species i.e. B.
thuringiensis, B. sphaericus, B. brevis, B. firmus, B. coagulans, B. stearothermophilus and B. megaterium were then
administered to the house flies, Musca domestica to ascertain and evaluate their toxic effects. B. thuringiensis and B.
sphaericus were found to be the most toxic isolates against houseflies and were then selected to study their growth
conditions with specific objective of enhancing their toxin production.
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INTRODUCTION

The chemical insecticides are being

extensively used in agricultural countries like
Pakistan. The residues of these toxic compounds
persist in the environment and food stuffs, which
not only contaminate the environment but also result
in the development of resistance against these
chemicals in the target organisms (Chatterjee et al.,
1986; Hoellinger et al., 1987; Olcay and Keriman,
1987; Hardy, 1987; Miellet, 1988; Van Den
Bercken and Henk, 1988; Sharma and Agarwal,
1988; Kawano et al., 1988; Zahida and Masud,
1988). The three main groups of insecticides i.e.,
organo-phosphorus (OP), organochlorinated (OC)
and pyrethroids, have proven to be toxic, both to
target as well as non-target organisms (Edwards et
al., 1987; Khillare and Waghs, 1988; Reddy and
Bashamohideen, 1989; Shakoori at al., 1990).
According to US World Resource Institute and
International Federation Control Meeting held in
Brussels, pesticides cause about 400,000 illnesses
and 20,000 deaths every year (Bhatti et al., 1993).
Inspite of the deleterious effects of all these
insecticides, tons of these insecticides are being
poured into the field every year as these are the
easiest short cut to increase agricultural production.
Keeping in view the hazards of chemical compounds
attention have been focussed on the development of
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alternate and relatively safe means to control
harmful insects. One of the strategies involves the
use of micro-organisms, especially bacteria, against
insects (Mittal et al., 1993; Pietrantonio and Gill,
1992; Orduz et al., 1992). Among microbial
biological control, bacteria belonging to Genus
Bacillus have been implicated as potential
insecticide (Lambert and Peferoen, 1992; Priest,
1992; Vadlamudi et al., 1993; Harcourt et al., 1996)
because endotoxin proteins of different species of
Bacillus have several advantages over the prevalent
chemical insecticide, regarding hazard to human
beings and non-target organisms (Bauer and
Gameron, 1995).

Various Bacillus species, particularly Bacillus
thuringiensis (B.t.) are being used for the biological
control of a great variety of insects like mosquitoes
(Rosso and Delecluse, 1997), Helicoverpa zea,
Spodoptera frugiperda, Diatraea graridiosella and
Diatraea saccharalis (Bohorova et al., 1996),
Glossina morsitans (Omolo et al., 1997), etc.
Recent efforts suggest the use of ICP of B.t. in
combination with endochitinase (Regev et al., 1996)
or with insecticide, pyrethroid (Migranov and
Poskryakov, 1996) to increase its insecticidal effect.

These days, a wide range of bacteria-based
products especially of B.t. (Sundaram et al., 1994;
Hou, 1997) and B. sphaericus (Mittal et al., 1993)
are in use for the control of most of the agricultural
pests. No comprehensive effort has been made in
Pakistan to look for microorganisms with biocidal
activity. This is an attempt to look for different
species of Bacillus with their potential biocidal
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activity against house flies, Musca domestica.
MATERIALS AND METHODS

Isolation and identification of different
species of Bacillus

Soil samples were collected from different
parts of Pakistan in sterilized bottles. These samples
were suspended in normal saline, serially diluted,
and aliquots transferred to Luria Bertani (LB) agar
plates (prepared by dissolving 10 g NaCl, 10 g
tryptone, 5yg yeast extract and 15 g agar in 1 L
distilled water). The plates were incubated at 37°C
for 24 hours. The isolates were then characterized
by Gram staining, spore staining, and a number of
biochemical tests, i.e. catalase test, Voges-Proskauer
test, motility test, test for acid production from
glucose, xylose, mannitol and arabinose, nitrate
reduction test, indole test, tyrosine decomposition
test, citrate utilization test, hydrolysis of casein and
starch, growth at Sabouraud dextrose agar,
phenylalanine deamination test, growth at 65°C,
growth in 7% NaCl and 0.001% lysozyme,
production of intracellular protein crystal, as
recommended in Bergey's Manual of Determinative
Bacteriology (Holt et al., 1994). The details of all
these tests are given in Benson (1994) and Collee et
al. (1989).

Characterization of isolated strains of Bacillus
Different isolated species of Bacillus were
further characterized by their interaction with
antibodies raised against them in domesticated
rabbits. Formation of precipitate helped in
identifying different strains of bacterial isolates. For
this purpose bacterial isolates were cultured in 20 ml
LB Broth medium (prepared by dissolving 0.2 g
NaCl, 0.1 g tryptone and 0.05 g yeast extract in 20
ml distilled water) in a conical flask for 24 h at
37°C. The culture was centrifuged at 6000 rpm, 4°C
for 10 min. The cell pellet was resuspended in 10 ml
sterile saline solution (0.85%). To break clumps of
bacterial pellet, the suspension was shaken with
sterile beads (n=70; diameter=2 mm) for 15 min on
Gyromixer. The suspension was then filtered
through Whatman filter paper (pore size, 0.22 um).
The filtered suspension (0.5 ml) was inoculated in
10 ml of LB medium or thioglycollate medium and
incubated for 48 hours at 37°C. If no turbidity

developed in the test medium, then the cells were
ready to be injected in the rabbit. Each rabbit was
given i.v. a dose of 0.1 ml (1x10°® cells), followed by
a second dose of 0.2 ml (1x10° cells) after an
interval of one week. A control experiment was also
run simultaneously in which water was injected i.v.
After 14 days of last injection, the rabbit was bled
and blood serum was separated as antisera. The
antisera were tested for the formation of precipitates
against the specific bacterial isolates, against which
antibodies were raised.

Toxicity of Bacillus sp. against houseflies

Large scale growth of bacterial isolates

Each bacterial isolate was grown in glass jar
fermenter (Eyde, Tokyo) for large scale production.
Pure bacterial culture inoculum was added in 1500
ml autoclaved medium (glucose 1%, peptone 0.5%,
potassium dihydrogen phosphate 1%, magnesium
sulphate .025%, beef extract 0.25%, yeast extract
0.1% dissolved in 100 ml distilled water, pH 7-7.3)
in a sterilized fermenter and allowed to incubate
with shaking at 37°C for 48 hours. The bacterial
culture was centrifuged at 4,000 rpm for 15 minutes
at 4°C and the pellet dried at 37°C. The dried pellet
was used for toxicity studies on housefly.

Preparation of house fly culture

A master culture of houseflies was prepared
by taking male and female flies in 1:2 ratio in a
glass jar containing diet (prepared by dissolving 0.5
g yeast powder, 100 g flour, one big spoon of
molasses, 3 g of sodium benzoate, 0.2 g agar in 400
ml distilled water). After achieving 2 or 3
generations, 10 male and 20 female flies were
introduced in wide mouthed sterilized glass bottles
with cotton soaked in sugared milk at the bottom
and sterilized tissue paper at the top. Eggs were laid
by the flies in the furrows, grooves and corners of
the tissue paper.

Procedure adopted

Fifty house fly eggs from above culture
bottles were transferred in each of two sets, control
and treated, comprising of 3 sterilized glass bottles
each with 70 g diet in slant forms. In experimental
jars 2.5 ml of 20% bacterial suspension (prepared in
autoclaved distilled water) was uniformly mixed,
whereas the control jars were without bacterial
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mass. The total number of adult flies emerged in
each bottle at 26+3°C after 10 days, were counted to
ascertain the mortality of flies due to bacilli. To test
the bacterial toxicity, the dead Ilarvae were
homogenized in autoclaved distilled water and
streaked on LB agar medium. The plates were
incubated at 37°C for 24 hours. The bacterial
colonies were examined under the microscope and
characterized biochemically.

Determination of optimum growth conditions

Bacterial strains showing most significant
toxicity against houseflies were selected for
determination of optimum growth conditions.

For determination of optimum temperature, 4
sets each of 3 test tubes were used for this study. In
each tube 5 ml of LB medium was inoculated with
100 pl of log phase growing bacterial cells and
incubated at 20, 30, 37 and 40°C for overnight. The
bacterial growth was assessed by measuring
absorbance at 600 nm, and by determining cell
count with the help of haemocytometer.

For ascertaining optimum pH, LB liquid
medium was adjusted at various pH viz. 4, 4.5, 5,
5.5,6,6.5,7,7.5,8, 85,9, 9.5, 10 in 3 sets of test
tubes. The cultures were inoculated with log phase
growing bacterial cells (100 pl) and incubated at
37°C for 10 hours. The cells were counted and
optical density (O.D) of culture was taken at 600nm.

The optimum inoculum size was determined
by inoculating LB liquid medium (6 ml) in different
sets of glass tubes with 5% (300 pl), 10% (600 ul),
20% (1200 pl) and 40% (2400 upl) log phase
bacterial culture in shaking water bath at 37°C.
After 10 hours, OD was taken at 600 nm on UV
spectrophotometer and bacterial cells were counted
by haemocytometer counting chamber.

Determination of growth curve

For preparation of growth curves 24 test tubes
for each strain were prepared with LB broth medium
and inoculated with (10%) inoculum of log phase
bacterial culture. The tubes were incubated in
shaking water bath at 37°C. Every hour the tubes
were taken out, cells were counted and O.D.
recorded at 600ynm. Growth curves were prepared
by plotting graph between time of incubation and
0O.D., and time of incubation and cell count.

RESULTS

Out of 500 soil samples collected from all
over the Pakistan, 7 species of Bacillus were
identified i.e., B. megaterium, B. coagulans, B.
firmus, B. thuringiensis, B. sphaericus, B. brevis, B.
stearothermophilus. For confirmation of various
strains of Bacillus spp, the antisera raised against
these bacterial isolates in rabbits, were used for
bacterial precipitation. Result showed that there was
only one strain of B. firmus, B. stearothermophilus
and B. sphaericus because all these strains showed
positive reaction with their respective antisera. The
other four Dbacterial isolates B. brevis, B.
megaterium, B. thuringiensis and B. coagulans
showed two strains each, as some of these isolates
did not give positive reaction with the antisera.

Toxicity of bacterial isolates

The isolated strains of Bacillus were used in
toxicity experiment against house flies, Musca
domestic. Among 7 isolates of Bacillus, B.t. and B.
sphaericus were found to be the most toxic isolates,
causing, respectively, 34% and 33% mortality of the
houseflies. The houseflies were also found to be
susceptible to B. megaterium, B. firmus and B.
brevis which showed 30%, 27% and 26% toxicity,
respectively (Table I). The dead larvae were then
examined for the presence of bacteria, which these
insects were fed on. All the dead larval had the
specific bacteria.

Growth conditions and growth curve

Bacillus species i.e., B.t. and B. sphaericus
showing maximum toxicity against domestic house
flies were selected to study their optimum growth
conditions just to enhance the production of toxic
compound in these isolates. To make the
comparison between two different strains of B.t.,
both strains were selected to study the growth
conditions. For all these strains the optimum pH was
7 and optimum temperature was 37°C. The
inoculum size of 10% of the volume (for B.t. 1 and
B. sphaericus) and 20% of the volume (for B.t. 2)
was found to be the most optimum for bacterial
growth (Fig. 1).

Fig. 2 shows growth curves of all the three
bacterial isolates. These are typical growth curves.
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Fig. 1. Optimum growth conditions of isolated strains of Bacillus. The figure shows effect of pH (top panel),
temperature (middle panel) and inoculum size (botton panel) on the growth of B. sphaericus ('l), B.t.1 (®) and B.t. 2
(A), which is represented in terms of optical density (O.D.) as well as number of cells.
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Fig. 2. Growth curve of isolated strains of
Bacillus. B. sphaericus (U)), B.t.I1 (®) and B.t.2
(A).
Table I.- Percentage mortality after exposure of

houseflies, Musca domestica, eggs in a feed
containing bacterial pellets

Name of organisms Control Treated
(n=150) (n=150)
Bacillus sphaericus 4+0.6 32.6+0.88%*
Bacillus thuringiensis 5.3+0.88 34+1.16%*
Bacillus firmus 7.6+0.88 27.3+1.45%*
Bacillus brevis 5.3+0.88 26.3£1.76%*
Bacillus megaterium 440.58 29.6+2.03**
Bacillus coagulans 4.3+0.67 16+2.08
Bacillus stearothermophilus 6.6+0.67 26+2.35%

Mean+SEM; Student's “t' test; * P<0.05, ** P<0.01.

DISCUSSION

Due to harmful effects of insecticides, there is
considerable interest in the use of biological
pesticides to control a wide range of pest. Several
products based on varieties of B.z. are preferred over
the chemicals for the control of agricultural and
forestry pests and also insect vectors of disease
(Watkinson, 1994). B.t. is gram positive bacterium,
the biocidal activity of which mainly resides in a
parasporal protein inclusion body or crystal (Prieto-
Samsonov et al., 1997). These insecticidal crystal
proteins synthesized by the Bacillus are the active
ingredient of various environmental-friendly
insecticides that are (i) highly compatible with
natural enemies and other non-target organisms due
to narrow host specificity, (ii) harmless to
vertebrates, (iii) biodegradable in the environment
and (iv) highly amenable to genetic engineering.

B.t. is used as bioinsecticide against a wide
spectrum of insects. Various strains of diamond
moth, Plutella xylostella were found to be
susceptible to B.tz. products (Hou, 1997). Similarly
Colorado beetle, Spodoptera litura (Grigor-Eva et
al., 1994; Asano and Hori, 1995), potato tuber moth
(Escriche et al., 1994), Culex quinquefasciatus
(Smith et al., 1995) etc. were also sensitive to B.t.
There is a need to look for more strains of Bacillus
that may be highly toxic and can be used as
bioinsecticide.

Present study shows the toxicity of Bacillus
species against houseflies i.e. Musca domestica,
Bacillus thuringiensis (34%) and B. sphaericus
(32.6%) are found to be the most toxic. But in
addition to B.t. and B. sphaericus, other strains also
show significant results i.e., B. megaterium (29.6%),
B. firmus (27.3%) and B. brevis (26.3%). Grigor-
Eva et al. (1994) and Kuznetsova et al. (1995)
described the toxicity of endotoxin protein of B.z.
against domestic fly (Diptera). Hodgman et al.
(1993) discovered B.t. isolate which was toxic to the
common housefly (Musca domestica). Crystal delta
endotoxin purified from this isolate killed 50% of
Musca larvae at concentration of 10.2 pg/ml, while
no beta-endotoxin was detected.

All Bacillus strains were isolated from soil
samples. The low frequency of isolates is due to the
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fact that dust from mills and soils as well as insects
from nature were more successful sources of
Bacillus than soil samples (Chaujaux et al., 1997).
This emphasizes the diversity of biotopes where the
Bacillus is encountered.

Bhattacharya  (1993) investigated the
correlation, if any, between sporulation and the
production of parasporal insecticidal crystal protein
(delta-endotoxin) in B.t. var israelensis. He found
that toxicity was exhibited in both cases either the
experiment was performed only with asporogenous
strains or with acrystalliferous asporogenous strains.

Toxicity against houseflies, in the present
study was tested by introducing bacterial isolates in
the artificial diet of houseflies. Robacker et al.
(1996) also used the same method of exposing
insects to B.t. pellets. They used pellets of B.r.
against adult Mexican fruit fly and observed 65-
80% mortality.

Briefly, several factors make the local
production of Bacillus highly appropriate for pest
control in developing countries. Bacillus can be
cheaply produced on a wide variety of low cost,
organic substrates.

ACKNOWLEDGEMENTS

The expert typing of Syed Haider Ali is
gratefully acknowledged.

REFERENCES

ASANO, S.S. AND HORI, H., 1995) Enhancing effects of
supernatants from various cultures of Bacillus
thuringiensis on larvicidal activity of delta-endotoxin
against the common cut worm, Spodoptera litura. Appl.
Ent. Zool., 30: 369-374.

BAUER, N.G. AND GAMERON, PJ., 1995) Developing
reduced spray programme for Brassica in New Zealand.
In: Management of diamond back moth and other pests.
pp- 341-450. AVRDC Shanhna, Taiwan.

BENSON, H.J., 1994. Microbiological applications. Complete
version. Laboratory manual in general microbiology.
6th edition. Wm. C. Brown Publishers, Dubeque,
Melbourn, Oxford.

BHATTACHARYA, PR., 1993. Insecticidal crystal protein
delta-endotoxin production in B.t. israelensis is
independent of sporulation specifdivc functions. Indian
J. exp. Biol., 31: 247-251.

BHATTI, M.I., KHUHRO, G.A. AND ANSARI, A.H., 1993.
Modern insects pest management practice in cotton (ed.
G.A. Khuhro), pp. 59-71. Agriculture Research

Institute, Tandojam, Sindh.

BOHOROVA, N. MACIEL, AM. BRITO, RM,,
AGUILART, L., IBARRA, J.E. AND HOISINGTON,
D., 1996. Selection and characterization of Mexican
strains of Bacillus thuringiensis active against four
major lepidopteran maize pests. Entomophaga, 41:
153-165.

CHATTERIJEE, K.K., SHARMA, A. AND TALUKDER, G.,
1986. Cytotoxicity of pyrethroid - a review. Nucleus
(Calcutta), 29: 66-82.

CHAUJAUX, J., MARCHAL, M., GILOIS, N., JEHANNO, L.
AND BUISSON, C., 1997. Investigation of natural
strains of Bacillus thuringiensis in different biotopes
throughout the world. Can. J. Microbiol. 43: 337-343.

COLLEE, J.G.,, DUGUID, J.P., FRASER, A.G. AND
MARMION, B.P., 1989. Mackie and McCartney
Practical medical microbiology. 13th edition. Churchill
Livingstone, Edinburgh.

EDWARDS, R., MILLBURN, P. AND HUSTON, D.H., 1987.
Factors influencing the selective toxicity of cis and
trans cypermethrin in rainbow trout, frog, mouse and
quail, biotransformation in liver, plasma, brain and
intestine. Pestic. Sci., 21: 1-21.

ESCRICHE, B., MARTINEZ-RAMIREZ, A.C., REAL, M.D.,
SILVA, F.J. AND FERRE, J., 1994. Occurrence of
three binding sites of Bacillus thuringiensis delta-
endotoxin in the mid gut brush border membrane of the
potato tuber moth, Phthorimaea operculella (Zeller).
Arch. Insect Biochem. Physiol., 26: 315-327.

GRIGOR-EVA, T.M., KUZNETSOVA, N.I,, SHAGOV, EM.
AND AZIZBEKYAN, R.R., 1994. A strain Bacillus
thuringiensis 4KH that synthesizes an endotoxin
specifically  active  against  colorado  beetle.
Biotekhnologiya, 0: 7-10.

HARCOURT, R.L., LLEWELLYN, D., MORTON, R.,
DENNIS, E.D. AND PEACOCK, WJ., 1996.
Effectiveness of purified Bacillus thuringiensis
Berliner, insecticidal ptroteins in controlling three insect
pests of Australian eucalypt plantations. J. econ. Ent.,
89: 1392-1398.

HARDY, AR., 1987. Ecotoxicity of pesticides: The laboratory
and field evaluation of the environmental hazards
presented by new pesticides. NATO ASI Ser., Ser. H., 13
(Toxicol. Pestic. Exp. Clin. Regul. Perspect), pp. 185-
196.

HODGMAN, T.C., ZINIU, Y., MING, S., SAWYER, T.,
NICHOLLS, CM. AND ELLAR, D.J., 1993.
Characterization of Bacilluis thuringiensis strain which
is toxic to the housefly Musca domestica. FEMS
Microbiol. Lett., 114: 17-22.

HOELLINGER, H., LECORSIER, A., SONNIER, M., LEGER,
C, THANG, D.C. AND NAM, NH., 1987.
Cytotoxicity, cytogenotoxicity and allergenecity tests
on certain pyrethrin. Chem. Toxicol., 10: 291-310.

HOLT, J.G., KRIEG, N.R., SNEATH, P.H.A., STALEY, J.T.
AND WILLIAMS, S.T., 1994. Bergey's Manual of
determinative bacteriology. Williams and Wilkins,
Baltimore.

HOU, R.F., 1997. Recent progress in microbial control of



TOXICITY OF BACILLI SPP. AGAINST HOUSEFLIES 255

insects in Taiwan. Plant Protect. Bull. (Taichung), 39:
75-84.

KAWANO, M., TSUVOSHL 1., TOYOHITO, W., HIDEO, H.
AND TATSUKANA, R., 1988. Bioconcentrations and
residues patterns of chlordane compound in marine
animals: invertebrates, fish, mammals and birds.
Environ. Sci. Technol., 22: 792-797.

KHILLARE, Y.K. AND WAGHS, S.B., 1988. Toxicity of an
organochlorine insecticide lindane to freshwater fish,
Barbus stigma. J. Adv. Zool., 9: 83-86.

KUZNETSOVA, N.I, SMIRNOVA, T.A., SHAMSHINA,
T.N., GANUSHKINA, L.A. AND AZIZBEKYAN,
R.R., 1995. A strain Bacillus thuringiensis with a
toxicity against domestic fly. Biotekhnologiya, 0: 11-14.

LAMBERT, B, AND PEFEROEN, M., 1992. Insecticidal
promise of Bacillus thuringiensis. Bioscience, 42: 112-
121.

MIELLET, A., 1988. Pesticide residues-evaluation of the yield
of a purification column. Ann. Falsif. Expert. Chim.
Toxicol., 81: 223-228.

MIGRANOV, M.G. AND POSKRYAKOV, A.V., 1996. Using
bitoxibacillin and pyrethroid mixtures to control the size
of Colorado beetle population. Agrokhimiya, 0: 105-
108.

MITTAL, P.K., ADAK, T. AND SHARMA, V.P., 1993. Effect
of temperature on toxicity of two bioinsecticides sperix
(Bacillus  sphaericus) and bactoculicide (Bacillus
thuringiensis) against larvae of four vector mosquitoes.
Indian J. Malariol., 30: 37-41.

OLCAY, A. AND KERIMAN, G., 1987. Organochlorine
pesticide residues in human fats. Rev. roum. Chim., 32:
83-86.

OMOLO, E.O., JAMES, M.D, OSIR, E.O. AND THOMSON,
J.A., 1997. Cloning and expression of a Bacillus
thuringiensis (L1-2) gene encoding a crystal protein
active against Glossina morsitans and Chilo partellus.
Curr. Microbiol., 34: 118-121.

ORDUZ, S., ROJAS, W., CORREA, M.M., MONTOGA, A.E.
AND DE-BARJAC, H., 1992. A new serotype of
Bacillus thuringiensis from Colombia toxic to mosquito
larvae. J. Inverteb. Path., 59: 99-103.

PIETRANTONIO, P.V. AND GILL, S.S., 1992. The parasporal
inclusion of  Bacillus thuringiensis subsp.
shandongiensis: characterization and screening for
insecticidal activity. J. Inverteb. Path.,59: 295-302.

PRIEST, F.G., 1992. Biological control of mosquitoes and other
biting flies by Bacillus sphaericus and Bacillus
thuringiensis. J. appl. Bact., 72: 357-369.

PRIETO-SAMSONOV, D.L., VAZQUEZ-PADRON, R.L,
AYRA-PARDO, C., GONZALEZ-CARBRERA, J.
AND DE-LA-RIVAS, G.A., 1997. Bacillus
thuringiensis: from biodiversity and biotechnology. J.
indust. Microbiol. Biotechnol., 19: 202-219.

REDDY, P.M. AND BASHAMOHIDEEN, M., 1989)
Fenvalerate and cypermethrin induced changes in
haematological parameters of Cyprinus carpio. Acta
Hydrochim. Hydrobiol., 17: 101-107.

REGEV, A., KELLER, M., STRIZHOV, N., SNEH, B.,
PRUDOVSKY, E., CHET, L., GINZBERG, L., KONCZ-
KALMAN, Z., KONCZ, C., SCHELL, J. AND
ZILBERSTEIN, A., 1996. Synergistic activity of a
Bacillus thuringiensis delta-endotoxin and a bacterial
endochitinase against Spodoptera liturtalis larvae. Appl.
environ. Microbiol., 62: 3581-3586.

ROBACKER, D.C., MARTINEZ, A.J., GARCIA, J.A., DIAZ,
M. AND ROMERO, C., 1996. Toxicity of Bacillus
thuringiensis to  Mexican fruit fly (Diptera:
Tephritidae). J. econ. Ent., 89: 104-110.

ROSSO, M.L. AND DELECLUSE, A., 1997. Contribution of
the 65-kilodalton protein encoded by the cloned gene
cry 19A to the mosquitocidal activity of Bacillus
thuringiensis  subsp. Jegathesan. Appl. environ.
Microbiol., 63: 4449-4455.

SHAKOORI, AR., ALAM, J., AZIZ, F. AND ALIL S.S., 1990.
Biochemical effects of bifenthrin (Talstar) administered
orally for one month on the blood and liver of rabbit.
Proc. Pakistan Congr. Zool., 10: 61-81.

SHARMA, J.P. AND AGARWAL, R.A., 1988. Residues of
synthetic pyrethroids in cotton seeds. Indian J. Plant
Prot., 16: 113-115.

SMITH, G.P., MERRICK, J.D., BONE, EJ. AND ELLAR,
DJ., 1995. Mosquitocidal activity of CrylC8-endotoxin
from Bacillus thuringiensis aizawai. Appl. environ.
Microbiol., 62: 680-684.

SUNDARAM, K.M.S, SUNDARAM, A. AND HAMMOCK,
B.D., 1994. Persistance of Bacillus thuringiensis
deposits in a hardwood forest after aerial application of
a commercial formulation at two dosage rates. J.
environ. Sci. Hith Part-B Pest. Fd. Contam. Agric.
Wastes, 29: 999-1052.

VADLAMUDI, RK., JI, TH. AND BULLA, L.A, 1993) A
specific binding protein from Manduca sexta for the
insectuicidal toxin of Bacillus thuringiensis subsp.
Berliner. J. biol. Chem., 17: 12334-12340.

VAN DEN BERCKEN, J.V. AND HENK, P.M., 1988. Mode
of action of pyrethroid insecticide. NATO Asia. Ser. A.
100 (Recent Adv. Nerv. Syst. Toxicol), pp. 91-105.

WATKINSON, M.I, 1994. Global view of present and future
markets of Bt products. Agricul. Ecosyst. Environ., 49:
3-7.

ZAHIDA, P. AND MASUD, S.Z., 1988. Organochlorine
pesticide residues in cattle drinking water. Pakistan J.
scient. indust. Res., 31: 53-56.

(Received 11 February 2004)



