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Abstract  

 
Montreal protocol has deprived the world from Methyl bromide which had been used as one of 

the most effective pesticide since many decades. Alternative fumigation methods are therefore 
urgently required to fill this gap in relation to the pest control especially the stored grain insect pest 
management. Investigations were therefore carried out to evaluate the potential role of Bacillus 
thuringiensis (Bt) as a natural pest control agent against the rust red flour beetle. Different 
formulations of the pathogens were tested for their efficacy against the pest. Results revealed that two 
out of the three commercial formulations used in the experiment i.e., Dipel ES and Bactospeine 
showed moderate results with 59.33 and 54.66 % mortality. Ecotech Pro was however found to be the 
most effective exhibiting 79.66 % mortality after 7 days of the treatment. The results further revealed 
that liquid formulations yielded comparatively better results as compared to the powder formulation. 
Mortality exhibited in case of Ecotech Pro was perhaps due to its active ingredient transconjugant Bt 
kurstaki x Bt aizawi, its potency as well as more ingestion of the Bt spores and toxins because of its 
liquid base. Liquid formulations not only enhanced the moisture contents but also made the grain 
more palatable for T. castaneum adults resulting in more mortality as compared to dry formulation. 
 
Introduction 
 

Extensive use of Methyl bromide is in practice for combating all sorts of grain 
infestations caused by insect and fungal pests since 1930s (Mueller, 1994). But 
destructive effects of Methyl bromide, CFCs, HCFCs and other ozone depleting 
substances (ODS) on the earth’s stratospheric ozone layer, have convinced the global 
community to reduce and eliminate the production and use of these substances. Since, 
ozone layer has no boundaries; it needs to be protected by everyone on this planet. The 
Montreal Protocol is the first international environmental treaty, signed by 178 countries, 
to provide a plan to help solve this global problem. Methyl bromide (MB) is one of the 
most significant ozone depleting substances due to its bromine which is 45 times more 
reactive as compared to chlorine (Daniel et al., 1999). That is  why the chemical was 
added to the Montreal Protocol in (Anon., 1992). At the moment use and production of 
the fumigant has almost been scheduled to end in developed countries with effect from 
January 2005 and worldwide by 2015 (Anon., 2002). Phase out of this valuable 
disinfectant has created a lot of concerns as well as brainstorming among the scientists 
urging search for the safe alternatives. Although many chemical and non-chemical 
alternatives have been proposed and tried, yet each has limitations that prevent it from 
being  a  direct  replacement  for  methyl  bromide in all its current uses (Bell et al., 1996).  
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Candidate alternatives include some physical measures such as exploitation of low and 
high temperature, lowering the ambient humidity, entoleters, physical barriers, trapping, 
pheromones, food attractants, growth regulators, predators and parasites, space treatments 
with contact pesticides, residual treatment and environment friendly fumigants such as 
Phosphine, Sulfuryl fluoride, Carbonyl sulfide, Carbon dioxide, Carbon disulfide, Ethyl 
formate, Ethylene oxide, Hydrogen cyanide, Methyl iodide, Methyl isothiocyanate, 
Ozone, Sulphur dioxide, Ethyl or methyl formate and Acetaldehyde (Dobie, 1984; Annis 
& Waterford, 1996; Anon., 1998). Nevertheless, phosphine has been extensively used as 
a key alternative to the Methyl bromide in the grain industry to counter infestations of 
live insects and their eggs. Unfortunately, T. castaneum has shown resistance to this vital 
fumigant. Several cases of phosphine resistance and failure of fumigation have been 
reported from Indonesia, UK, India, Philippine, Australia and China (Pike, 1994; 
Pinniger, 1985; Rajendran, 1994; Sayaboc & Gibe, 1997, Nayak et al., 2000; Nayak et al., 
2003). There is sufficient evidence in the literature that red flour beetle has shown 
resistance to some other groups of chemical insecticides too. On the other hand, this pest 
has been reported to cause both quantitative and qualitative damage to wheat and other 
grains. Quantitative damage is due to grain weight loss caused by insect feeding (Steffan, 
1963; Golebiowska, 1969) whereas qualitative loss is due to product alterations such as 
loss of nutritional and aesthetic value, increased levels of rejects in the grain mass and 
loss of industrial (baking) characteristics. Among the qualitative losses, reduction in 
germination percentage is the most important as it has direct impact on lowering wheat 
yield (Gallo et al., 1978; Vieira, 1983; Baier & Webster, 1992; Moino et al., 1998). 
Infestation caused by T. castaneum in wheat stored for 9 months reduced germination 
from 89% to 2% and increased visually damaged kernels from 9 to 39% (Edwards et al., 
1991). Venkatrao et al., (1960) determined the positive correlation between insect 
numbers and fragment counts in wheat flour obtained from wheat infested by T. 
castaneum. Insect fragments in flour increased with time mainly due to the growth of 
immature stages of insects. Decreased loaf volume, compact and inelastic crumb, bitter 
taste, and off-flavours were observed in bread made from wheat flour infested by T. 
castaneum (Venkatrao et al., 1960; Smith et al., 1971; Edwards et al., 1991; Sanchez-
Marinez et al., 1997). The quinone secretions of T. castaneum are very bitter and affect 
the baking and taste qualities of the products (Smith et al., 1971). While chemicals used 
for controlling this pest have also resulted in toxicity of the treated food grains ultimately 
creating some sanitary and phytosanitary problems. Biologists are therefore concentrating 
on controlling this pest with non-chemical alternatives including use of natural products, 
predators, parasitoids and microbes for the development of successful integrated pest 
management (IPM) approaches to meet the demands of HACCP (Hazard Analysis and 
Critical Control Points) (Quiniones, 1992; Copping & Menn, 2000). Luckily, a bacterium 
Bacillus thuringiensis Berliner has shown a promising role in controlling coleopteran as 
well as lepidopteron pests. The literature reveals that the pathogen was first used as an 
insecticide in an experiment during 1938 (Worthington, 1991). It took another 20 years to 
use B. thuringiensis as biopesticide on commercial scale in the United States for the first 
time in 1958 (Ghassemi et al., 1981). Although bacterial toxins have proved to be 
effective weapons against many insects yet toxins of B. thuringiensis var. kurstaki have 
given optimistic results (Varma & Dubey, 1999). Much of the success lies in the ways in 
which it can be considered as similar to chemical insecticides. B. thuringiensis, a gram-
positive bacteria, produces a proteinaceous parasporal crystalline inclusion during 
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sporulation. This crystal structure is non toxic to insects. Upon ingestion by insect, this 
prototoxin, due to high pH in the stomach of the insects, cleaves the protein into smaller 
subunits called endotoxins. The activated toxins interact with the midgut epithelium 
causing a disruption in membrane integrity and ultimately leading to instant death. 
Insects that do not have a high pH in the gut are incapable of this reaction. Likewise 
mammals which have an acidic pH in the stomach are not capable of breaking the 
prototoxin down into smaller units (Knutti & Terwedow, 1987). There are currently 410 
registered formulations of B. thuringiensis and 6 registered formulations of B. 
lentimorbus and B. popillae approved for use against insect pests. Conventional Bt 
products, which utilize naturally occurring Bt strains, account for approximately 90% of 
the world Microbial Pest Control Agent (MPCA) market. Most Bt products contain 
insecticidal crystal proteins (ICP) and viable spores, but in some Bt products, the spores 
are inactivated. Each year, around 13000 tonnes Bt pesticide is produced using aerobic 
fermentation technology (Anon., 1999). Dipel ES, Dipel 2X Bt subsp. kurstaki and 
Vectobac Bt subsp israelensis are the product of Abbot Laboratories, Bactospeine 
(Philips Duphar), Thuricide, Javelin and Teknar (Sandoz), Bathurin 82 and Moskitur 
(Slu1ovice), Coleoptera Bt subsp. san diego Trident (Sandoz), M-One (Mycogen) and 
Ecotech Pro is the product of Aventis (Taborsky, 1992; Thomson, 2005). 

The present study focuses on use of some commercial formulations of B. 
thuringiensis against T. castaneum as an alternative to methyl bromide and other 
hazardous chemical insecticides.  
 
Materials and Methods 
 
Insect rearing: Adults of T. castaneum were collected from provincial reserve centers of 
the Punjab Food Department and were mass produced in glass jars (250 ml) covered with 
a piece of fine cloth. Insects were reared on a diet of wheat flour, wheat kernels and bean 
grains, respectively. The cultures were maintained in a controlled environment chamber 
under a 12/12 h light-dark photoperiod at 27 ± 2°C and 70 ± 5% r.h. All experiments 
were carried out in stored grain laboratory of the University of Arid Agriculture, 
Rawalpindi under the same environmental conditions used to maintain the cultures. Adult 
insects, two weeks after eclosion, were used for the experiments. 
 
Bacillus thuringiensis formulations used in the experiment: Commercial Bt 
formulations used in the experiment are presented in Table 1. These included, Ecotech 
Pro 7.5 (24,000 international units [iu]/mg formulation, 3% [ai] B. thuringiensis subsp. 
Kurstaki, strain EG 2348, transconjugant Bt kurstaki x Bt aizawi [Ecogen); Bactospeine 
16000 iuAK/mg 3% [ia] containing viable spores of B. thuringiensis subsp. Kurstaki 
[Biochem product] and Dipel ES (17,600 international units [iu]/mg formulation, 3.2% 
[ai] spores of B. thuringiensis subsp. Kurstaki, [Abbott Laboratories, North Chicago, IL]. 
Dipel is based on B. thuringiensis subsp. kurstaki HD-1 (17,600 iu mg-1 [wettable 
powder]), which produces Cry1Aa, Cry1Ab, Cry1Ac, Cry2A, and vegetative insecticidal 
protein (Schnepf et al., 1998). Ecotech pro and Dipel ES were used in liquid form at 
concentrations of 12000 iu/mg and 8800 iu/mg, respectively. Whereas, Bactospeine was 
used in powder form at concentrations of, 8000 iu/mg. The bio-insecticide were applied 
on Petri dish as well as mixed with grains used as diet in the medium for larvae.  
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Table 1. Commercial formulations of B. thuringiensis used in the experiment. 

S.No. Generic name & Active ingredient Potency Trade name Formulation 
type Source 

1. Bacillus thuringiensis subsp kurstaki strain EG 
2348, transconjugant Bt kurstaki x Bt aizawi 

24,000 
iu/mg 

Ecotech Pro 
7.5 

SC Ecogen 

2. Bacillus thuringiensis subsp kurstaki strain SA-11 16000 
iuAK/ mg 

Bactospeine 
20% 

WP Biochem 
product 

3. Bacillus thuringiensis subsp kurstaki HD-1  17,600 
iu/mg 

Dipel ES 
3.2% 

WP Abbot 
laboratories 

 
Table 2. Analysis of variance showing effect of different Bt formulations on mortality of  

T. castaneum adults for different exposure periods. 
Source of variation df Sum of square M.S. F P 
Treatments 3 26832.7 8944.2 1114.79 0.000 
Exposure time 6 21884.8 3647.5 454.61 0.000 
Treatment x time 18 2869.0 159.4 18.86 0.000 
Error 56 449.3 8.023   

Total 83 52035.8    
 
Bioassay: For carrying out bioassay, 30 uniform sized adults of T. casatneum (two weeks 
old) from each strain were taken from the jars and placed in the Petri plates already 
having grains and treated with different formulations of B. thuringiensis. For each 
treatment three replicates were used in completely randomized design. The Petri plates 
were placed in the incubator at 28oC and 70% relative humidity (RH). The mortality data 
was recorded after 24, 48, 72, 96, 120 and 168 hours, respectively. Mortality in control 
was also noted to correct the mortality data according to Abbot’s formula (Abbot, 1925). 
 
Statistical procedures: Statistical analysis was carried out in multi-factorial completely 
randomized designs (CRD) in MSTATC package (Anon., 1999) and the means were 
compared by Duncan’s Multiple Range tests at 95% level of confidence (Gomez & 
Gomez, 1984).  
 
Results and Discussion 
 

The mortality percentage of T. castaneum adults indicated statistically significant 
effect of Bt formulations used in the experiment. Exposure time also exerted significant 
effect on mortality of the pest. There was a positive interaction between the exposure 
periods and Bt formulations (Table 2). 

Detailed analyses regarding performance of the individual treatments through 
Duncan’s Multiple range Test at α=0.01 also indicated statistically significant variations 
among different treatments. Maximum mortality of 79.66% was observed in case of 
Ecotech Pro 7.5 treatment followed by Dipel ES and Bactospeine with 59.33 and 54.66%, 
respectively as compared to control which showed 20% mortality after 168 hours. Time 
of exposure to biocide significantly enhanced the pest mortality. In case of Ecotech Pro 
mortality was enhanced from 25.00 to 79.66% from 24 to 168 hours, respectively. 
Likewise mortality of the other two Bt formulations also increased from 2.00 to 54.66 
and 8.66 to 59.33% vis-à-vis Bactospeine and Dipel ES, respectively (Table 3). 
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Table 3. Comparative performance of different Bacillus thuringiensis formulations against 
mean mortality of T. castaneum adults at 28oC and 70 ± 5% r.h. 

Mortality (%) at different exposure times (hours) 
B.T. Formulations 

24 48 72 96 120 144 168 
Ecotech Pro 7.5 25.00 a 40.66a 57.66 a 64.00 a 71.33 a 75.00 a 79.66 a 
Bactospeine 20% 2.00 c 5.00 c 6.66 c 17.33 c 17.66 c 22.33 c 54.66 b 
Dipel ES 3.2% 8.66 b 15.33 b 25.66 b 35.66 b 46.00 b 54.33 b 59.33 b 
Control 0.00c 0.00 c 3.33 c 5.00 d 11.00 d 15.33 c 20.00 c 

 
It is further evident from the above Table that none of the Bt formulations exhibited 

100% control of the pest. Besides, mortality percentages of T. castaneum recorded for 
Bactospeine and that of control were found statistically similar at 24, 48, 72 and 144 
hours. However, performance of Bactospeine statistically equaled to that of Dipel ES at 
168 hours exposure time. The highest performance of Ecotech Pro may primarily be 
attributed to its potency i.e., 12000 iu/mg which was greater as compared to the other two 
formulations Dipel ES and Bactospeine having potencies of 8,800 and 8,000 i.u/mg, 
respectively. The second possible reason for the highest performance of Ecotech pro may 
be the characteristics of its active ingredient i.e., the strain EG 2348 which is reportedly a 
hybrid of subsp Bt kurstaki and Bt aizawi (Ahmedani et al., 2007). The type of 
formulation might be the tertiary reason because Ecotech Pro and Dipel ES used in the 
experiment was liquid based as compared to the Bactospeine which was used in powder 
form. The liquid formulation might have made the grain tender and more palatable due to 
moisture contents. The findings are in line with the work of Donovan et al., (2002) who 
found that B. thuringiensis strains contain novel crystal proteins which exhibit 
insecticidal activity against coleopteran insects including red flour beetle larvae (T. 
castaneum) and Japanese beetle larvae (Popillia japonica. Other scientists have also 
revealed significant effect of B. thuringiensis against T. castaneum (Abdel Razek & 
Salama, 1999). An investigation into the histopathology of two isolates of B. 
thuringiensis (subsp. indiana and subsp. morrisoni), in the larval tissues of T. castaneum 
and Plodia interpunctella (Hubner) revealed that most changes caused by ingestion of the 
pathogens were localized in the midgut of the insects. Other effects were observed in 
muscles and tracheoles. In T. castaneum, larvae were treated with a lethal dose of 5000 
μg of B.t. subsp. morrisoni/g of grains. Changes appeared in the regenerative cells, where 
cytoplasmic vacuolization and pycnotic nuclei were observed. The tracheal cells showed 
relaxation of the taenideal cuticular lining and disintegration of mitochondria and 
chromatin clumping granules around the nuclear membrane 48h after treatment. Seventy-
two hours after treatment, the tracheal and circular muscle fibers showed complete 
relaxation. The two varieties of Bt. that were collected from grain dust in Egypt, had 
potential as control agents for stored-product moths and beetles. The toxic action differed 
in the two tested insect species (Abdel-Razek et al., 2002). Three years later, Donovan et 
al., (2005) found that a diet containing spores and δ-endotoxin of Bt isolates B- 21365, 
B-21366, and B-21367 was active against the larvae of other species of Coleoptera, 
including the red flour beetle, T. castaneum and the Japanese beetle, Popillia japonica. 

Keeping findings of the present investigations and work of previous workers in view, 
it may be concluded that B. thuringiensis has a great potential to prove as an alternative 
to methyl bromide for controlling coleopterous pests including T. castaneum. It can even 
be used in combination with synthetic insecticides wherein some synergistic effect has 
been reported (Saleem et al., 1995, 1996). There is a dire need to search and test more 
and more isolates for tracing out the best to achieve maximum control of this pest. 



M. SHOAIB AHMEDANI ET AL., 2154 

Acknowledgements  
 

The authors are grateful to the Higher Education Commission of Pakistan for 
providing adequate funding to carry out this research work. The authors are also thankful 
to the authorities of the Food Department Government of Punjab, which facilitated the 
research work by allowing extensive survey and collection of Tribolium adults from 
different stores of the provincial reserve centers of the food department. 
 
References 
 
Abbott, W.S. 1925. A method of computing the effectiveness of an insecticide. J. Econ. Entomol., 

18: 265-267. 
Abdel Razek, A.S. and H.S. Salama. 1999. Effect of Bacillus thuringiensis on feeding and energy 

use by Plodia interpunctella (Lepidoptera: Pyralidae) and Tribolium castaneum (Coleoptera: 
Tenebrionidae). Can. Entomol., 131(4): 433-440. 

Abdel-Razek, A.S., O.N. Morris, N.D.G. White, H.S. Salama, A. El-Moursy and R. Aboul-Ela. 
2002. Comparative Histopathology of Plodia interpunctella (Lepidoptera: Pyralidae) and 
Tribolium castaneum (Coleoptera: Tenebrionidae) as affected by Bacillus thuringiensis 
varieties Indiana or Morrisoni. Arch. Phytopathol. & Plant Protec., 35(4): 307-320. 

Ahmedani, M.S., A. Khaliq and Irafan-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. 

Annis, P.C. and C.J. Waterford. 1996. Alternatives ± Chemicals. The Methyl Bromide Issue. (Ed.): 
C.H. Bell, N. Price and B. Chakrabarti, pp. 275 ± 322. John Wiley & Sons, Chichester. 

Anonymous. 1991. MSTATC User’s Guide. East Lansing, Michigan, USA: Michigan State 
University. 

Anonymous. 1998. Assessment of Alternatives to Methyl Bromide. Nairobi, Kenya: UN. Environ. 
Comm., Ozone Secretariat. 374 pp. 

Anonymous. 2002. Information Paper on the Montreal Protocol Control Schedule and its Evolution. 
UNEP DTIE Ozone Action Programme, Ozone action information clearinghouse. Tour Mirabeau 
39-43 quai Andre Citroen 73759 Paris Cedex 15 France. www.uneptie.org/ozonaction 

Baier, A.H. and B.D. Webster. 1992. Control of Acanthoscelides obtectus Say (Coleoptera: 
Bruchidae) in Phaseolus vulgaris L. seed stored on small farms. II. Germination and cooking 
time. J. Stored Prod. Res., 28: 295-299. 

Bell, C.H., N. Price and B. Chakrabarti. 1996.  The Methyl Bromide Issue.  John Wiley and Sons.  
Chinchester, England. 

Copping, L.G and J.J. Menn. 2000. Biopesticides: a review of their action, applications and 
efficacy. Pest Manag. Sci., 56: 651-676. 

Daniel, J.S., S. Solomon, R.W. Portmann and R.R. Garcia. 1999. Stratospheric ozone destruction: 
The importance of bromine relative to chlorine, Journal of Geophysical Research, 104(D19), 
23871-23880. 

Dobie, P .1984. Biological methods for integrated control of insects and mites in tropical stored 
products. In: The use of resistant varieties. II. Integrated control: the role of biological 
methods. (Ed.): J.A. McFarlane. Trop. Stored Prod. Inf., 48: 4-8 and 37-45. 

Donovan, W.P., A.C. Slaney and J.C. Donovan. 2002. Bacillus thuringiensis cryet 33 and cryet34 
compositions and uses thereof. US Patent No.549839. Monsanto Technology LLC. 
http://www.patentstorm.us/patents/6399330.html 

Donovan, W.P., J.C. Donovan and A.C. Slaney. 2005. Bacillus thuringiensis CryET33 and 
CryET34 compositions and uses therefore. U.S. Patent 6, 949, 626. 

Edwards, J.P., J.E. Short and L. Abraham. 1991. Large-scale evaluation of the insect juvenile 
hormone analogue fenoxycarb as a long-term protectant of stored wheat. J. Stored Prod. Res., 
27(1): 31-39.  



COMMERCIAL FORMULATIONS OF BACILLUS THURINGIENSIS  2155 

Gallo, D., O. Nokano, S. Silveira Neto, R.P.L. Carvalho, G.C. Batista, E. Berti Filho, J.R.P. Parra, 
R.A. Zucchi and S.B.  Alves. 1978. Manual de Entomolog. a Agrı cola. Agrono mica Ceres 
Ltda., Sao Paulo, Brasil. 

Ghassemi, M., L. Fargo, P. Painter, S. Quinlivan, R. Scofield and A. Takata. 1981. Environmental 
fates and impact of major forest use pesticides, U.S. Environmental Protection Agency, 
Washington, D.C. 1981. US Environmental Protection Agency, Office of Pesticides and Toxic 
Substances, A169-A194. 

Golebiowska, Z. 1969. The feeding and fecundityof Sitophilus granarius L., Sitophilus oryzae L. 
and Rhyzopertha dominica F. in wheat grain. J. Stored Prod. Res., 5: 143-155. 

Gomez, K.A. and A.A. Gomez. 1984. Statistical procedures for Agricultural Research. New York: 
John Wiley. 

Knutti, H.J. and H.A. Terwedow. 1987. In: Proceedings of the 11th International Congress on 
Plant Protection, Manila, pp. 256-263.  

Moino, A.Jr., S.B. Alves and R.M. Pereira. 1998. Efficacyof Beauveria bassiana (Balsamo) Vuillemin 
isolates for control of stored-grain pests. Journal of Applied Entomology, 122: 301-305. 

Mueller, D. K. 1994.  A new method of using low levels of phosphine in combination with heat and 
carbon dioxide. In: (Eds.): E. Highley, E.J. Wright, B.R. Champ and H.J. Banks.  Proceedings 
of the Sixth International Working Conference on Stored-Product Protection.  CABI Press.  
Canberra.123-125.  http://www.mbao.org/1994airc/055.pdf 

Nayak, M.K. and P.J. Collins. 2000. High level phosphine resistance in Liposcelis bostrychophila. 
Abstracts of the International Conference on Controlled Atmosphere and Fumigation in 
Stored Products, Fresno, California, p. 130. 

Nayak, M.K., P.J. Collins, H. Pavic and R.A. Kopittke. 2003. Inhibition of egg development by 
phosphine in the cosmopolitan pest of stored products Liposcelis bostrychophila (Psocoptera: 
Liposcelididae). Pest Manag. Sci., 59(11): 1191-1196. 

Pike, V. 1994. Laboratory assessment of the efficacy of phosphine and methyl bromide fumigation 
against all life stages of Liposcelis entomophila (Enderlein). Crop Protec., 13: 141-145. 

Pinniger, D. 1985. Recent research on psocids. In: Aspects of pest control. Symposium of the Soc. 
Food Hygiene Technol., 57-65. 

Quiniones, A.C. 1992. Entomopathogens for the control of storage pests. In: Towards integrated 
commodity and pest management in grain storage. (Eds.): R.L. Semple, P.A. Hicks, J.V. 
Lozare and A. Castermans. Proceedings and selected papers from the Regional Training 
Course on Integrated Pest Management Strategies in Grain Storage Systems, conducted by the 
National Post Harvest Institute for Research and Extension (NAPHIRE), Department of 
Agriculture, Philippines. 

Rajendran, S. 1994. Psocids in food commodities and their control.  Pestology, 28: 14-19. 
Saleem, M.A. and A.R. Shakoori. 1996. Synergistic effects of permethrin and cypermethrin in the 

toxicity of Bacillus thuringiensis in the adult beetles of Tribolium castaneum. Pak. J. Zool., 
28(3): 191-198.   

Saleem, M.A., N. Tufail and A.R. Shakoori. 1995. Synergistic Effect of Synthetic Pyrethroids on 
the Toxicity of Bacillus thuringiensis as Shown by the Biochemical Changes in the Sixth 
Instar Larvae of Tribolium castaneum. Pak. J. Zool., 27(4): 317-323. 

Sanchez-Marinez, R.I., M.O. Cortez-Rocha, F. Ortega-Dorame, M. Morales-Valdes and M.I. 
Silveira. 1997. End-use quality of flour from Rhyzopertha dominica infested wheat. Cereal 
Chem., 74(4): 481-483. 

Sayaboc, P.D. and A.J.G. Gibe. 1997. Resistance of Rhyzopertha dominica (Coleoptera: 
Bostrychidae) to phosphine in the Philippines. In: Proceedings of the International Conference 
on Controlled Atmosphere and Fumigation in Stored Products, (Eds.): E.J. Donahaye, S. 
Navarro and A. Varnava. 21-26 April 1996, Nicosia, Cyprus, 513-518. 

Schnepf, E., N. Crickmore, J. Van Rie, D. Lereclus, J. Baum, J. Feitelson, D.R. Zeigler and D.H. 
Dean. 1998. Bacillus thuringiensis and its pesticidal crystal proteins. Microbiol. Mol. Biol. 
Rev., 62: 775-806. 



M. SHOAIB AHMEDANI ET AL., 2156 

Smith, L.W., J.J. Pratt, I. Nii and A.P. Umina. 1971. Baking and taste properties of bread made 
from hard wheat flour infested with species of Tribolium, Tenebrio, Trogoderma, and 
Oryzaephilus. Journal of Stored Products Research, 6(4): 307-316.  

Steffan, J.R. 1963. Tribu des calandrini. Les calandres des grains (Sitophilus). In: Entomoloquie 
Applique` e a l’ Agriculture. (Eds.): A.S. Balachowsky. Tome I, Vol. 2. Masson et Cie, Paris, 
pp. 1070-1099. 

Taborsky, V. 1992. Small scale processing of Microbial pesticides. F.A.O. Agric. Service Bull. 
No.96. FAO, Viale delle Terme di Caracalla, 00100 Rome, Italy. 

Thomason, W. 2005. Current stored grain insecticide options crop and soil environmental news, 
October 2005. Virginia polytechnic institute and state university, USA. 
http://www.ext.vt.edu/news/periodicals/cses/2005-10/grain.html 

Varma, J. and N. K. Dubey. 1999.  Prospectives of botanical and microbial products as pesticides 
of tomorrow. Curr. Sci., 76(2): 172-178. 

Venkatrao, S., R.N. Nuggehalli, S.V. Pingale, M. Swaminathan and V. Subrahmanyan. 1960. The 
effect of infestation by Tribolium castaneum Duv. on the quality of wheat flour. Cereal Chem., 
37: 97-103.  

Vieira, C. 1983. Doenc as e pragas do feijoeiro. Ed. Imprensa Universitaria, Vic osa, Brasil. 
WHO.1999. Bacillus thuringiensis. Environmental Health Criteria 217. International Programme 

on chemical safety. U.N.E.P. http://www.inchem.org/documents/ehc/ehc/ehc217.htm  
Worthington, C.R. 1991. The Pesticide Manual, A World Compendium British Crop Protection 

Council, Surrey. 
 

(Received for publication 4 March 2008) 
 
 
 
 


