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Pathogenicity of entomopathogenic fungus Beauveria bassiana and bacterium
Bacillus thuringiensis var. kurstaki against the lesser grain borer Rhyzopertha
dominica F. (Coleoptera: Bostrichidae) under laboratory conditions
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Abstract: A laboratory strain of Beauveria bassiana (Balsamo) Vuillemin and a commercial formulation of Bacillus thuringiensis
var. kurstaki were assayed against the adult of Rhyzopertha dominica F. under laboratory conditions. Four concentrations of B.
bassiana (5 x10% 5 x107,5 x10® and 5 x10° conidia /ml) and four of B. thuringiensis (1, 1.5, 2 and 2.5 mg/ml) were used alone
against the adult of R. dominica. The mortality was recorded after 1, 3, 5 and 7 days of treatment. Regardless of the pathogen,
mortality increased with concentration. Results showed that R. dominica was more sensitive to B. thuringiensis than to B. bassiana.
Also, B. thuringiensis caused the highest mortality (93%) at 2.5 mg/ml. In case of B. bassiana, the LCs, value was 5.48 x 10" conidia
/ml while the LTswas 5.45 days at 5 x10° conidia /ml, whereas the LCs, value of B. thuringiensis was 1.19 mg/ml and the LTs, was
5.05 days at 2.5 mg/ml. These results also showed that the strain of B. bassiana AUMC 3847 isolated from the insect Galleria
mellonella could infect the lesser grain borer R. dominica which means no specificity of infection among the strains of B. bassiana

and the host insect.
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Introduction

The lesser grain borer, Rhyzopertha dominica is the
essential insect pest of stored cereals (Hagstrum and
Flinn 1994). Previous studies considered the best way to
control this pest be in the adult stage or controlling the
young stage of larvae before they enter a grain of wheat.
Whereas females lay eggs on the surface of the grain and
these eggs hatch into larvae that enter the grain and
remained inside until complete their development
(Neethirajan et al. 2007 and Ozkaya et al. 2009).

A number of entomopathogenic fungi have been
reported in various studies effectively as  biological
control agents of stored product insect pests (Gillespie
1988, Wakefield et al. 2002, Akbar et al. 2004,
Michalaki et al. 2006 and Wakil and Ghazanfar 2010).
Beauveria bassiana (Balsamo) Vuillemin (Hypocreales:
Clavicipitaceae) is a widely distributed fungal species
and has the potential to infect several important stored
product insects pest (Michalaki et al. 2006).

Bacillus thuringiensis used for insect control
become known active as insect pesticide safe to natural
enemies; it does not cause adverse effects on mammals
and less harmful environmental impact (Entwistle et al.
1993).

Various strains of B. thuringiensis indicate that they
are comparatively efficacious versus the rice weevil,
Sitophilus oryza L., the granary weevil, S. granaries L.,
the lesser grain borer, Rhyzopertha dominica and the
Angoumois grain moth, Sitotroga cerealella (Olivier)
Steinhaus and Bell (1953). The Initial determination of
the pathogenicity of B. thuringiensis in which a dose of
250 ppm caused 86% fatality rate to the R. dominica
adult reared on cracked wheat (Mummigatti et al. 1994).
Previous studies showed that the integration between B.
bassiana and B. thuringiensis leads to increase the
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proportion of death in many types of beetles (Wraight
and Ramos 2005).

The purpose of this study is to estimate
pathogenicity of the fungus Beauveria bassiana and the
bacterium Bacillus thuringiensis against the adult stage
of lesser grain borer, Rhyzopertha dominica under
laboratory conditions.

Materials and Methods

1-Insect rearing

Adults of Rhyzopertha dominica was collected from
the public wheat storages and reared on whole wheat
grains. Culture was maintained in plastic jars (1 liter)
covered with muslin cloth. Insects were reared under
condition of 27 +1°C and 75 + 2% R.H. in the laboratory
of Plant Protection Department, Faculty of Agriculture,
South Valley University, Qena, Egypt.

2-Source of pathogens

2.1- Fungus, Beauveria bassiana

B. bassiana AUMC 3847, isolated from Galleria
mellonella L., was obtained from Assiut University
Mycological Center (AUMC) and kept in the refrigerator
till using for conidiospores production.

2.2- Bacterium, Bacillus thuringiensis

The wettable powder (WP) commercial formulation
(Biotect) containing B. thuringiensis var. Kkurstaki
bearing a density of active toxin 9.4% and other inert
material 90.6% with the potency of 32000 x10° I.U. was
provided by Organic Biotechnology Corporation,
Albuhayrah, Egypt.
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3-Suspesion preparation of B. bassiana

The fungus was grown on Potato Dextrose Agar
(PDA), which consisted of 250 g potato, 25 g dextrose,
20 g agar and 1000 ml distilled water. The medium was
autoclaved at 120°C for 20 minutes, then the medium
was poured in Petri dishes under sterilized conditions.
The fungus was inoculated under these sterilized
conditions and then incubated at 25°C in the dark for 15
days. Conidia were obtained by swilling with sterile
distilled water containing 0.05% Triton x-100 and then
washed twice in sterile distilled water by centrifugation
at 5000 revolutions / minute for 5 minutes. A
haemocytometer was used to determine the concentration
of conidia in the premiered suspension. Subsequent
alleviation was then made to get the required
concentration of the conidia (Nazir et al. 2007).

4-Bioassay
4.1- B. bassiana

Four concentrations of conidial suspension (5x10°,
5x10, 5x10° and 5x10° conidia /ml) from B. bassiana as
well as control treatment were prepared. Ten adults of R.
dominica insect were treated by dipping them for 10
seconds in the conidial suspension in 50 ml-conical flask
at room temperature. Thereafter the adults were
transmited into a Petri dish with wet filter paper, then
kept for 7 days under conditions of 251 °C and 80-90%
RH. Each treatment was replicated three times with 10
insects per replicate.
4.2- B. thuringiensis

Four concentrations from B. thuringiensis var.
kurstaki (1, 1.5, 2 and 2.5 mg/ml) were used against the
adult of R. dominica in the laboratory under controlled
temperature of 25+1 °C. In Petri dish, 10g of broken
wheat were sprayed by 50 ml from tested concentrations
of B. thuringiensis var. kurstaki and left to dry under
laboratory conditions. Each bioassay treatment was
conducted with ten adults of R. dominica. Insects were
fed on treated broken wheat with tested concentrations of
B. thuringiensis. Control treatment was made by feeding
the adult on untreated broken wheat. Each treatment was
replicated three times with 10 insects per replicate.

5-Statistical analysis

The mortality data was recorded after 1, 3, 5 and 7 days
of treetment. Data were analyzed by probit analysis using
SPSS program to calculate LTsyand LCs, values.

Results and Discussion

1- Effect of fungal entomopathogen B. bassiana on
the mortality of adult R.dominica.

The results in table (1) revealed that mortality was
noted in the control and in all concentrations one day
after treatment. The percentage mortality was regularly
increased with concentration and with the elapse of time
so that the highest mortality (77%) was induced by the
highest concentration (5x10°) after 7 days. Mahdneshin
et al. (2009) cleared that the application of B. bassiana
had a great impact on the adult of R. dominica that
achieved a significantly high cumulative mortality
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percentage averaged 89.35% after 7 days. When using B.
bassiana at the lowest rate of 0.05 g mixed with long
grain rice the mortality percentage averaged 80% to the
rice weevils within seven days of treatment (Hendrawan
and lbrahim 2006). Tahira, et al. (2011) determined a
correlation between the conidial concentrations of B.
bassiana and mortality percentages of the lesser grain
borer R. dominica. Nevertheless low concentrations of
the fungus B. bassiana achieved high performance in the
mortality rate of R. dominica, Oryzaephilus surinamensis
and Cryptolestes ferrugineus (Lord, 2001). EL-Sebai
(2011) indicated that the mortality rate recorded for the
adult phase insect of R. dominica increased with
increasing concentrations of B. bassiana seven days after
the treatment. Adane et al. (1996) tested the
pathogenicity of ten different isolates of B. bassiana on
the maize weevil and found that one of these
concentrations (1x10* conidia /ml) has caused the death
rate of 88% during the eight days of treatment, which
confirmed that the very pathogenic isolates lead to a high
rate of death even in low concentrations.

Table 1. Percentage mortality of R. dominica adult as
affected by different concentrations of B. bassiana.

Concentration % Mortality
(conidia/ml) 1day | 3days | 5days | 7 days
Control 0 0 0 0
5x10° 0 0 10 37
5x10’ 0 3 17 50
5x10° 0 7 23 60
5x10° 0 10 33 77

The LCx value for B.bassiana was 5.48 x10’ conidia
/ml for the adult of R. dominica (Table 2).. Searle and
Doberski (2007) mentioned that the LCsy, and LCgq
values of B. bassiana against R. dominica adult were
5.40 x10" and 8.11 x10’ conidia /ml respectively,
whereas Abdel-Raheem et al. (2015) recorded that the
LCs value was 1.20 x10° conidia /ml after 11 days
treatment by B. bassiana.

The efficacy of the conidia of B. bassiana against the
adult stage was expressed in terms of LTs, (Table 3)
which revealed that LTs, values were 7.80, 7.19, 6.48
and 5.48 days for the concentration of 5 x10° 5 x107, 5
x10%and 5 x10° conidia /ml respectively.

The difference in the time necessary to kill 50% of
insects exposed to the highest and lowest concentrations
of B. bassiana was 2.32 days. Results of treatment with
B. bassiana announced that the effectiveness of the tested
entomopathogenic fungus in killing the adult insects is
depending on both the fungus concentration and the time
elapse after treatment, i.e., the same percentage of
mortality could be obtained either when the insects were
treated with high concentration for shorter time or treat
with low concentration for longer time. Exterior white
mycelial outgrowth from all deceased bodies was
apparent within 48-72 hours of dying. After the death of
the insect mycelial growth proves that the fungal
pathogen is the causal agent of insect's death. These
results are consistent with Ramlee et al. (1996) who
announced that later transplantation of B. bassiana to the
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insect body, the hyphae insinuate to the cuticle into entire
body hole up to the fat bodies, neural and muscle tissues
destroying them. As well, it connects to malpighian
tubule, epithelial cells and eventually settles in the gut
lumen. Over time the infective insects becomes lifeless.
Similar results were obtained by Batta (2008) who
recorded that LTs, value was 5 days for the lesser grain
borer R. dominica inoculated with B. bassiana. Quesada-
Moraga et al. (2006) demonstrate that the performance of
B. bassiana begins its influence to emerge after 48 hrs.
After infection and the hyphae infiltrate, the internal
membrane of the trachea and the epithelial and epidermal
cells. The mortality rate of up to 100% in the treatment
insects with this fungus after 96 hours, whereas during
this period corruption occurs for all the fatty tissues of

the body of the insect, which leads to certain death in the
end. Vassilakos et al. (2006) reported that LTs, values
were 6.34 and 5.25 days for B. bassiana in combination
with diatomaceous earth (DEBBM) respectively when
they were applied against lesser grain borer R. dominica
and Sitophilus oryzae on stored wheat. Batta (2005)
explained that the insect R. dominica achieved the
highest percentage of mortality after 7 days of treatment
with M. anisopliae. The differences are attributed to the
effect of different isolates of the same species of fungus
to many factors, including the species of insect, the
circumstances in which was conducted the experiment,
the materials used in the experiment and finally the
pathogenicity effect of each isolate of the fungus.

Table (2): LCs, values of B. bassiana and B. thuringiensis against the adult of R. dominica

Analysis program Confidence limits
Pathogen LCs Lower Upper Slope + S.E
B. bassiana 5.48 x 10" (conidia/ml) 3.53 x 10° 2.71 % 10° 0.340.11
B.thuringiensis 1.19 ( mg/ml) 0.92 1.38 4.110.89
Table (3): LTs, Values of B. bassiana against the adult of R. dominica.
Analysis program Confidence limits
lope + SE
Concentration (conidia/ml) LTso (days) Lower Upper Slope + S
5x10° 7.80 6.79 12.48 6.90+ 2.25
5x10’ 7.19 6.20 10.04 5.27+ 1.41
5x10° 6.48 5.62 8.35 4.93+1.19
5x10° 5.48 4.84 6.37 5.50+1 .13

2-Effect of B. thuringiensis var. kurstaki on the
mortality of adult R.dominica

Four different concentrations of the bacterium (1,
1.5, 2 and 2.5 mg/ml) were tested against the adult of R.
dominica. No mortality was noted in the control.
Percentage mortality of adult was dose dependent and
increased with increasing concentration. Mortality rate of
R. dominica adult treated with B. thuringiensis var.
kurstaki ranged from 40% to 93% after 7 d (Table 4).

The mortality was enhanced by increasing
concentration and time. At first concentration of B.
thuringiensis, the mortality was 40%, the second
concentration was 63%, the third concentration was 80%
and the fourth concentration was 93% respectively after
seven days post treatment as shown in (Table 3).

Table 4: Percentage mortalality of R. dominica as
affected by different concentrations of B. thuringiensis
var. kurstaki.

Concentration % Mortality
(mg/ml) lday | 3days | 5days | 7 days
Control 0 0 0 0
1 0 0 13 40
1.5 0 0 23 63
2 0 0 33 80
25 0 7 43 93
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The results obtained from this study are consistent on
the whole with the result of Phillips and Throne (2010)
who observed that 93.3% mortality of different instars of
lesser grain borer R. dominica treated by various strains
of B. thuringiensis. Similarly, Zhang et al. (1995)
recorded a maximum mortality (92.88%) of lesser grain
borer R. dominica one day old adult in a formulation
containing B. thuringiensis var. kurstaki. Also, a
significant correlation between the increase in the
proportion of death in insects and its association with
increased ratio of the concentrations used. Kausarmalik
and Rizwana (2014) determined a correlation between
the concentrations of B. thuringiensis and mortality
percentages of the red flour beetle Tribolium castaneum.
Brenda et al. (2011) declared the relationships between
the virulence of B. thuringiensis and the concentrations
of the bacterium toward coleopteran storage pests.

The LCs, value for B. thuringiensis was 1.19 mg/ml
for adult of R. dominica. High slope value indicated that
small variation in bacterium concentration promoted
large variation in the mortality of adult R. dominica
(Table 2).

Consistent with the results obtained from former
bioassays of R. dominica adult, it was observed that the
extent of toxicity recorded for B. thuringiensis was from
1 to 5 mg/ml (LCsp) relying on when the assays were
estimated from 5 days to 2 weeks (Herrnstadt et al.
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1986). Brenda et al. (2011) illustrated that the LCs, value
for B. thuringiensis was 1.18 mg/ml for the adult of R.
dominica.

The LTs, values were slightly decreased with
increasing concentration. The difference in the time

needed to kill 50% of insects exposed with the highest
concentration (2.5 mg/ml) of B. thuringiensis and the
lowest one (1 mg/ml) was only 2.53 days indicating a
relatively intensive effect of B. thuringiensis on the adult
of R.dominica (Table 5).

Table (5): LTsoValues of the Bacillus thuringiensis var. kurstaki to the adult stage of Rhyzopertha dominica.

Analysis program LTso (days) Confidence limits
- Slope £ S.E
Concentration (mg/ml) Lower Upper
1 7.57 6.61 11.12 6.59+ 2.00
15 6.28 571 7.18 8.04+1.87
2 5.64 5.14 6.17 0.73+0. 85
25 5.04 4.56 5.57 8.05+0 .47

In this respect, Ahmedani et al. (2008) recorded that
LTs, varied from 3 and 7 days for commercial
formulations of B. thuringiensis when they were applied
against Tribolium castaneum adults. Also, Naiema et al.
(2013) found that the LTs, values varied from 96.7 hours
to 188 hours for B. thuringiensis isolations against
Tribolium castaneum adults. Alternatively, Elyass (2004)
examined different isolates of B. thuringiensis against
Henosepilachna elaterii and reported that LTs, ranged
from 48.6 to 72 hours for the higher concentrations
examined.

In general, the proportion of death of the treated adult
increases with the passage of time, the reason for this is
due to the requirement of bacteria to enough time to
interact into the midgut after being swallowed. Also time
needed to activate the poison produced by the bacteria,
which leads to an imbalance ion stability, and finally
leads it to death (Lonc et al., 2003).

Finding an isolate with high potentiality gives hope
in controlling this devastating pest, which can live for up
to three years. This insect acquired resistance to most
insecticides, while the most effective ones, such as
methyl bromide were banned (Ahmedani et al. 2008).
The present result revealed that B. bassiana AUMC 3847
and B. thuringiensis are potential, effective and
economically feasible organisms for controlling R.
dominica, but the former is more efficient than the latter.

References

Abdel-Raheem, M.A, Ismail I.A,. Abdel Rahman RS,
Farag NA and Abdel Rhman IE (2015):
Entomopathogenic  fungi, Beauveria bassiana
(Bals.) and Metarhizium anisopliae (Metsch.) As
biological control agents on some stored product
insects. Journal of Entomology and Zoology
Studies 3(6): 316-320.

Adane, KD, Moore and Archer SA (1996): Preliminary
studies on the use of Beauveria bassiana to
control  Sitophilus  zeamais  (Coleoptera:
Curculinoidae) in the laboratory. Journal of Stored
Products Research (32): 105-113.

Ahmedani MS, Haque MH, Afzl SN; Igbal U and Naz S
(2008): Scope of commercial formulations of

42

Bacillus thuringiensis Berliner as an alternative to
methyl bromide against Tribolium castaneum
adults. Pakistan Journal of Botany 40(5): 2149-
2156.

Akbar W, Lord JC, Nechlos JR and Loughin TM (2005):
Efficacy of Beauveria bassiana for red flour
beetle when applied with plant essential oils or
mineral oil and organosilicon carriers. Journal of
Economic Entomology 98: 683-688.

Akbar W, Lord JC, Nechols JR and Howard RW (2004):

Diatomaceous earth increases the efficacy of

Beauveria bassiana against Tribolium castaneum

larvae and increase conidia attachment. Journal of

Economic Entomology 97: 273-280.

YA (2005): Control of the lesser grain borer

(Rhyzopertha  dominica  (F.), Coleoptera:

Bostrichidae) by treatments with residual

formulations  of  Metarhizium  anisopliae

(Metschnikoff) Sorokin (Deuteromycotina:

Hyphomycetes). Journal of stored  products

Research 41(2): 221-229.

Batta YA (2008): Control of main stored-grain insects
with new formulations of entomopathogenic fungi
in diatomaceous earth. International Journal of
Food Engineering 4: 56—64.

Brenda O, Tom DM and Karl JK (2011): Efficacy of
Bacillus thuringiensis Cry3Aa protoxin and
protease inhibitors against coleopteran storage
pests. Pest Management Science 67: 568-573.

EL-Sebai OA (2011): Laboratory assessment of
entomopathogenic  fungi Beauveria bassiana
(Balsamo) to control the lesser grain borer
Rhzopertha dominica F. on wheat kernels. Journal
of Mansoura University 2(2): 227 — 237.

Elyass ME (2004): Biochemical, Serological and
Entomopathogenic Characterization of Bacillus
thuringiensis Isolates from Various Habitats,
M.Sc. Thesis, University of Khartoum.

Entwistle PF, Cory JS, Bailey M and Higgs S (1993):
Bacillus  thuringiensis, an  Environmental
Biopesticide: Theory and Practice. Wiley, New
York, USA

Ferro DN and Lyon S.M (1991): Colorado potato beetle
(Coleoptera:Crysomelidae) laval mortality:
operative effects of Bacillus thuringiensis subsp.

Batta




Journal of Basic & Applied Mycology (Egypt) 7 (2016): 39-44

© 2010 by The Society of Basic & Applied Mycology (EGYPT)

http://www.aun.edu.eg/aumc/Journal/index.html

san diego. Journal of Economic Entomology
84(3):806-8009.

Gillespie A (1988): Use of fungi to control pests of
agricultural importance. In: Burge MN (ed.) Fungi
in Biocontrol Systems, pp. 32-60. Manchester
University Press, New York.

Gringorten JL, Milne RE, Fast PC, Sohi SS and
VanFrankenhuyzen K (1992): Suppression of
Bacillus thuringiensis delta-endotoxin activity by
low alkaline PH. Journal of Invertebrate Pathology
60:47-52.

Hagstrum DW and Flinn PW (1994): Survival of
Rhyzopertha dominica (Coleoptera: Bostrychidae)
in stored wheat under fall and winter temperature
conditions. Environmental Entomologist 23: 390-
395.

Hendrawan S and Ibrahim Y (2006): Effects of dust
formulations of three entomophatogenic fungal
isolates against Sitophilus oryzae (Coleoptera:
Curculionidae) in rice grain. Jouranl Biosains
17(1): 1-7.

Herrnstadt C, Soares GG, Wilcox ER and Edwards DL
(1986): A new strain of Bacillus thuringiensis
with  activity against coleopteran insects.
Biotechnology 4:305-308.

Kausarmalik and Rizwana R (2014): Study of combined
effect of locally isolated Bacillus thuringiensis and
Turmeric powder on Red Flour Beetle
(Triboliumcastaneum). International Journal of
Current Microbiology and Applied Sciences 3(4):
760-773.

Khan SM and Marwat A.A (2004): Effect of Bakain
(Melia azadarach) and AK (Calatropis procera)
against lesser grain borer Rhyzopertha dominica
(F.). Journal of Research Science 15: 319-324.

Koller CN, Bauer LS and Hollinggworth RM (1992):
Characterisation of the PH-mediated solubility of
Bacillus thuringiensis var. san diego native delta-
endotoxin crystals. Biochemical and Biophysical
Research Communication 184(2): 692-699.

Lonc E, Kucinska J and Ryzanicz K (2003): Comparative
delta endotoxin of Bacillus thuringiensis against
mosquito vectors (Aedes aegypti and Culex
pipiens). Acta Microbiologica Polonicaa 52(3):
293-300.

Lord, JC (2001): Desiccant dusts synergies the effect of
Beauveria bassiana (Hyphomycetes: Moniliales)
on stored grain beetles. Journal of Economic
Entomology 94:367-372.

Mahdneshin Z, Safaralizadah MH and Ghosta Y (2009):
Study on the Efficacy of Iranian Isolates of
Beauveria bassiana (Balsamo) Vuillemin and
Metarhizium anisopliae (Metsch.) Sorokin against
Rhyzopertha dominica F. (Coleoptera:
Bostrichidae). Journal of Biological Sciences 9(2):
170-174.

Michalaki MP, Athanassiou CG, Kavallierateos NG,
Batta YA and Balotis GN (2006): Effectiveness of
Metarhizium anisopliae (Metschinkoff) Sorokin
applied alone or in combination with
diatomaceous earth against Tribolium confusum

43

Du Val larvae: Influence of temperature, relative
humidity and type of commodity. Crop Protection
(25): 418-425.

Mummigatti SG, Raghunathan AN and Karanth NGK
(1994): Bacillus thuringiensis var tenebrionis
(DSM-2803) in the control of coleopteran pests of
stored wheat. In: Highley E, Wright EJ, Banks HJ,
Champ BR (Eds.), Proceedings of the 6"
International Working Conference on Stored-
product Protection, Canberra, Australia, pp. 1112-
1115.

Murdock LL, Brookhart GL, Dunn PE, Ford DE, Kelley
S, Kitch L, Shade RE, Shuklead RH and Wolfson
JL (1987): Cysteine digestive proteinases in
Coleoptera.Comparative ~ Biochemisttry  and
Physiology 87B: 783-787.

Naiema EG, Hamadttu AE, Hamid AH and Dirar HD
(2013): Pathogenicity of different isolates of
Bacillus thuringiensis to the larvae of the red flour
beetle Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae). Global Journal of Biodiversity
Science and Management 3(2): 219-227.

Nazir N, Mirza JH, Akhtar N, Bajwa R and Nasim G
(2007): Some studies of thermophilic and
thermotolerant fungi from Lahore, Pakistan.
Mycopath 5(2): 95-100.

Neethirajan S, Karunakaran C, Jayas DS and White NDG
(2007): Detection techniques for stored-product
insects in grain. Food Control 18: 157-162.

Ozkaya H, Ozkaya B and Colakoglu AS (2009):
Technological properties of a variety of soft and
hard bread wheat infested by Rhyzopertha
dominica (F.) and Tribolium confusum du Val.
Journal of Food Agriculture & Environment 7:
166-179.

Phillips TW and Throne JE (2010): Biorational
approaches to managing stored-product insects.
Annual Review of Entomology 55:375-397.

Quesada-Moraga E, Carrasco-Diaz JA and Santiago-
Alvarez C (2006): Insecticidal and antifeedant
activities of proteins secreted by
entomopathogenic  fungi  against Spodoptera
littoralis (Lep., Noctuidae). Journal of Applied
Entomology 130: 442-452.

Ramlee M, Ali ASR and Basri WM (1996):
Histopathology of Metia plana (Lepidoptera:
Psychidae) infected with Beauveria bassiana
(Deuteromycetina: effect of the entomopathogenic
fungus Hyphomycetes). Elaeis 8: 10-19.

Searle T and Doberski J (2007): An investigation of the
entomogenous fungus Beauveria bassiana (Bals.)
Vuill. as a potential biological control agent for
Rhyzopertha dominica F.). Journal of Stored
Products Research 20:17-23.

Steinhaus EA and Bell CR (1953): The effect of certain
microorganisms and antibiotics on stored grain
insects. Journal of Economic Entomology 46(4):
582-597.

Subramanyam BH and Hagstrum DW (1995): Resistance
measurement and management. In: Subramanyam
BH, Hangstrum DW (eds) Proceedings of



Journal of Basic & Applied Mycology (Egypt) 7 (2016): 39-44

© 2010 by The Society of Basic & Applied Mycology (EGYPT)

http://www.aun.edu.eg/aumc/Journal/index.html

Integrated Management of Insects in Stored
Products, Marcel Decker, New York, pp. 331-
398.

Tahira R, Wagas W, Muhammad A and Shahbaz TS
(2011): Effect of Beauveria bassiana mixed with
diatomaceous earth on mortality, mycosis and
sporulation of Rhyzopertha dominica on stored
wheat. Phytoparasitica 39: 325-331.

The NMR and Houseman JG (1990): Identification of
Cathepsin,B.D.and H in the larval midgut of
Colorado potato beetle Leprinotarsa decemlineata
(Say), (Coleoptera:Crysomelidae). Insect
Pathology 4: 384-386.

Vassilakos TN, Athanassiou CG, Kavallieratos NG and
Vayias BJ (2006): Influence of temperature on the
insecticidal effect of Beauveria bassiana in
combination with diatomaceous earth against
Rhyzopertha dominica and Sitophilus oryzae on
stored wheat. Biological Control 38(2): 270-281.

Wakefield M, Cox PD, Wildey KB, Price NR, Moore D
and Bell DA (2002): The use of entomopathogenic
fungi for stored product insect and mite control-

44

further progress in the Mycopest project. In:
Zdarkova E, Lukas J, Hubert J (eds) Proceedings
of the Second Meeting of WG-4 of COST Action
842 Prague, Research Institute of Crop
Production, Prague, 30-31, pp. 110-115.

Wakil W and Ghazanfar M.U (2010): Entomopathogenic
fungus as a biological control agent against
Rhyzopertha dominica F. (Coleoptera:
Bostrychidae) on stored wheat. Archives of
Phytopathology and Plant Protection 43: 1236—
1242,

Wraight SP and Ramos ME (2005): Synergistic
interaction between Beauveria bassiana and
Bacillus thuringiensis tenebrionis-based
biopesticides applied against field populations of
Colorado potato beetle larvae. Journal of
Invertebrate Pathology 90: 139-150.

Zhang H, Deng W and Yu Z (1995): A review on the
progresses of controlling stored product insects
With Bacillus thuringiensis. Chinese Journal of
biological control 11(4): 178 - 182.



