
The effect of two isolates of Beauveria bassiana (Bals.) Vull. 
on the larvae of confused flour beetle [Tribolium confusum 
du Val., 1863 (Coleoptera: Tenebrionidae)]

1 Department of Organic Farming 
Business Management, Faculty 
of Applied Sciences, Pamukkale 
University, 20680, Çivril, Denizli, 
Türkiye

2 Department of Plant Protection, 
Faculty of Agriculture, Isparta 
University of Applied Sciences,  
32260, Isparta, Türkiye

INTRODUCTION

Grain production ranks first among cultivated crops in Türkiye and in the 
world. Wheat and barley are the leading grains produced in Türkiye The annual 
production of wheat, which is cultivated on an area of approximately 6 million 
800 thousand hectares, is 18 million tons while that of barley, which is cultivated 
on an area of approximately 3 million 200 thousand hectares, is 6 million tons 
annually (TSI, 2021).  After harvest, grains need to be stored and protected 
with minimal losses for a long time until consumption. For this, it is important 
to identify the organisms that adversely affect the quality and quantity of the 
products (Bağcı et al., 2014). Stored-grain insects cause damage to by feeding on 
grain prodcuts directly and indirectly, resulting in a decrease in the seed quality 
weight. nutritional values, and consequently commercial value (Boxall, 2001). 
Every year, approximately 10% to 40% of stored grains around the world are 
damaged both qualitatively and quantitatively by insects, especially in tropical 
and subtropical regions of developing or underdeveloped countries (Tripathi et 
al., 2009). 

Stored foods are destroyed by mites and various harmful beetles and moths insects 

Abstract
The confused flour beetle cause economic losses in stored products, 
especially in products obtained from wheat. Although using insecticides 
against storage pests is an effective method, their frequent and continuous 
use can lead to resistance and toxicity issues in non-target organisms. In this 
study, the effect of local Beauveria bassiana isolates (BMAUM LD.2016 and 
BMAUM M6-4) on the 3rd instar larvae of confused flour beetle (Tribolium 
confusum) was determined under laboratory conditions. As a result of the 
experiment, both isolates of B. bassiana were found to be more effective 
on the larvae in the spraying method compared to the dipping method. In 
the spraying method, mortality rates on the 9th day were 72% in BMAUM 
LD.2016 isolate, 34% in the dipping method, respectively. Mortality rates 
of BMAUM M6-4 isolate were recorded as 96% in the spraying method and 
8% in the dipping method. In the spraying method, the mortality date (LT50) 
was determined as 6.09 days for BMAUM LD.2016 isolate and 3.90 days for 
BMAUM M6-4 isolate. The LT50 value could not be calculated in the dipping 
method, since the mortality rates were below 50% for both isolates. BMAUM 
M6-4 isolate caused higher mortality in larvae than BMAUM LD.2016 isolate. 
As a result, B. bassiana isolates have shown a high level of effectiveness 
against T. confusum, demonstrating that they can be used as isolates for 
insect control.
Keywords: Beauveria bassiana, Biological control, Entomopathogenic fungi, 
Mortality rate, Tribolium confusumReceived: June 2, 2023

Revised: July 26, 2023

Accepted: August 1, 2023

Published Online: September 18, 2023

Corresponding Author: 

Alime Bayındır Erol

E-mail: abayindir@pau.edu.tr

Available online at 
https://jaefs.com/
https://dergipark.org.tr/jaefs

 

This article is an open access article distributed 
under the terms and conditions of the Creative 
Commons Attribution-NonCommercial 
(CC BY-NC) 4.0 International License 
(https://creativecommons.org/licenses/by-nc/4.0/).

Copyright © 2023 by the authors. 

RESEARCH ARTICLE

533

International Journal of Agriculture, Environment and Food Sciences 2023; 7(3): 533-539

DOI: https://doi.org/10.31015/jaefs.2023.3.7 

Alime Bayındır Erol1          • Oktay Erdoğan1          • İsmail Karaca2

Citation: Bayindir Erol, A., Erdogan, O., 
Karaca, I. (2023). The effect of two isolates 
of Beauveria bassiana (Bals.) Vull. on the 
larvae of confused flour beetle [Tribolium 
confusum du Val., 1863 (Coleoptera: 
Tenebrionidae)]. International Journal 
of Agriculture, Environment and Food 
Sciences, 7 (3), 533-539

mailto:abayindir%40pau.edu.tr?subject=
https://jaefs.com/
https://dergipark.org.tr/jaefs
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.31015/jaefs.2023.3.7
https://orcid.org/0000-0003-1466-3035
https://orcid.org/0000-0002-0975-789X
https://orcid.org/0000-0001-6845-5915


Bayındır Erol et al. The effect of two isolates of Beauveria bassiana	 Int J Agric Environ Food Sci 2023; 7(3): 533-539 

534

(Rajendran and Sriranjini, 2008). The beetles (Coleoptera) 
include many harmful species such as Sitophilus 
granarius (L.) (Curculionidae), Tribolium castaneum 
(Herbst) (Tenebrionidae), Oryzaephilus surinamensis (L.) 
(Silvanidae), and Rhyzopertha dominica (Bostrichidae), 
Tribolium confusum du Val. (Tenebrionidae) (Hill, 1990; 
Hodges et al., 1996; Lord, 2007). Confused flour beetles, 
particularly in products derived from wheat (such as 
flour, etc.), pasta, dried fruits, biscuits, and nuts, causes 
damage and leads to losses (Karunakaran et al., 2004).  

Farmers use different insecticides to control stored-
product insects, such as malathion (Arthur and Zettler 
1991, 1992), deltamethrin (Arthur, 1997), cyfluthrin 
(Arthur, 1994; 1999), bioresmethrin (Ardley, 1976) and 
chlorpyrifos-methyl (LaHue, 1997)]. Although these 
chemicals are effective their frequent and continuous 
use can lead to serious problems such as resistance and 
toxicity on non-target organisms (Isman, 2006; Daglish, 
2008; Watts and Williamson, 2015). Hence, there has 
been a trend towards using safer alternative control 
methods (Upadhyay and Ahmad, 2011). In this context, 
pathogens have been used as biological control agents 
to control stored product insects. Such pathogens 
include entomopathogenic fungi, protozoa, viruses, and 
nematodes (Moore et al., 2000). Field and laboratory 
studies have shown that entomopathogenic fungi (EPF) 
are quite successful in controlling many pests of stored 
grains (Batta, 2004; Vassilakos et al., 2006; Sabbour et al., 
2012).

Currently, approximately 700 species of 
entomopathogenic fungi belonging to 90 genera have 
been identified (Roberts and Humber, 1981). Among 
these, EPFs such as Beauveria bassiana (Balsamo) 
Vuillemin, Metarhizium anisopliae (Metschn.) Sorokin 
1883, and Isaria fumosorosea Wize (=Paecilomyces 
fumosoroseus  (Wize) A.H.S. Br. & G. Sm.), have been 
used in various studies for the control of stored-product 
insects (Bello et al., 2001; Padin et al., 2002; Khashaveh 
et al., 2011; Shafighi et al., 2014; Kubilay Er et al., 2016). 
B. bassiana and M. anisopliae are reported as the most 
extensively studied fungi species in the control of 
stored-product insects (Rumbos and Athanassiou, 2017). 
Particularly, it has been determined that B. bassiana 
isolates are effective against stored grain insects, 
including Sitophilus oryzae, Rhyzopertha dominica, and 
Tribolium castaneum (Padin et al., 1996; Bello et al., 2001).

In this study, the effects of B. bassiana BMAUM LD.2016 
and BMAUM M6-4 isolates obtained from Isparta 
province (Western Turkey) on the 3rd instar larvae of of 
the confused flour beetle, T. confusum, were investigated 
under laboratory conditions.

MATERIALS AND METHODS

Rearing of Tribolium confusum 

The adult individuals of T. confusum were obtained from 
infested seeds of wheat varieties in Pamukkale University, 

Faculty of Applied Sciences, Department of Organic 
Agricultural Management, Genetic Stock Unit. The larvae 
were cultured in a laboratory conditions in plastic pots 
(20 x 20 cm in size) containing a mixture of bran and flour. 
These containers were kept in plant growth chambers 
with a temperature of 25°C, relative humidity of 60±5%, 
photoperiod 16:8  (light:dark) lighting conditions.

Preparation of Beauveria bassiana isolates and spore 
suspensions

The study utilized the B. bassiana BMAUM M6-4 isolate, 
which was isolated using the Galleria trap method from 
soil samples collected from agricultural fields in the 
city center of Isparta (Zimmermann, 1986), and the B. 
bassiana BMAUM LD.2016 isolate, which was isolated 
from adult Leptinotarsa decemlineata (Say) (Coleoptera: 
Chrysomelidae) collected on the campus of Süleyman 
Demirel University and found to be highly pathogenic 
(Baydar et al., 2016).

B. bassiana isolates used in the experiment were cultured 
in potato dextrose agar (PDA-39 g/l, Difco) medium. For 
this purpose, PDA was prepared using distilled water 
(dH2O) and poured into glass Erlenmeyer flasks (500 ml) 
and sterilized in an autoclave at 121°C for 15 minutes. 
PDA medium cooled at room temperature was poured 
into plastic Petri dishes (90 mm) at a volume of 20 ml. 
Spore discs (0.5 cm) of BMAUM M6-4 and BMAUM 
LD.2016 isolates were transferred to the center of Petri 
dishes containing PDA medium in a sterile cabinet. The 
Petri dishes, sealed with Parafilm, were incubated for 
14 days in a dark, cooled incubator at a temperature 
of 25°C and a relative humidity of 75%. After 14 days 
of incubation, the spores developed on PDA plates of 
BMAUM M6-4 and BMAUM LD.2016 cultures were gently 
scraped and collected. These spores were then added to 
50 ml of sterile distilled water containing 0.05% Tween 
80 to prepare spore suspensions. In order to calculate 
the spore density from the prepared suspension, a 10-2 
dilution was made and counted with the help of Thoma 
Slide under the light microscope, and spore suspensions 
were prepared at a density of 1 x 108 conidia/ml for each 
B. bassiana isolate (Fancelli et al., 2013).

Application of B. bassiana isolates to T. confusum 
larvae

Each B. bassiana isolate was applied to five 3rd instar larvae 
of T. confusum using spraying and dipping methods. 
Each experiment was carried out with 10 replications 
according to the randomized plots design.

Spraying method

In the spraying method, spore suspensions of B. bassiana 
isolates were sprayed on the 3rd instar larvae in a Petri 
dish (90 mm) from a distance of 20 cm with a hand 
sprayer. As a control, sterile distilled water containing 
0.05% Tween 80 was sprayed onto the 3rd instar larvae. 
In order to provide high humidity, the bottoms of Petri 



dishes were covered with blotting paper, and 1 ml of 
sterile distilled water was impregnated on these papers. 
Experiments were carried out with 10 replicates and 5 
individuals in each replication. Numbers of live larvae 
were recorded at 1, 3, 5, 7 and 9 days after spraying. The 
spraying experiment was carried out in a plant growth 
chambers with 25±1°C temperature, 60±5% humidity, 
photoperiod 16:8 (light:dark) lighting conditions.

Dipping method

In the dipping method, the larvae of the 3rd instar 
larvae were placed in a cheesecloth and kept in spore 
suspensions of B. bassiana isolates for 5 seconds, and then 
transferred to Petri dishes containing moistened blotting 
paper. In control applications, third instar larvae were 
dipped in sterile distilled water containing 0.05% Tween 
80. Experiments were carried out with 10 replicates and 
5 individuals in each replication. Numbers of live larvae 
were recorded at 1, 3, 5, 7 and 9 days after dipping. The 
dipping experiment was carried out in a plant growth 
cabinet with 25±1°C temperature, 60±5% humidity, 
photoperiod 16:8 (light: dark) lighting conditions.

Data analysis 

Data for this study was subjected to analysis of variance 
(ANOVA), and the differences between means were 
compared using the Tukey’s multiple comparison test 
at a significance level of P≤0.05 (Tukey, 1949). The data 
analysis was performed using the IBM® SPSS® Statistics 
software (Version 20.0, August 2011, SPSS Inc., Chicago, 
IL, USA) statistical package program. Abbott formula 
is used to determine the percentage of mortality rates 
(Abbott, 1925). In addition, the estimated time (LT50) to 
kill 50% of the insects was determined by the Probit 
analysis program (Throne et al., 1995).

RESULTS AND DISCUSSION

Spraying and dipping methods of B. bassiana BMAUM 
LD.2016 showed that this isolate was effective on the 
3rd instar larvae of T. confusum and percentage mortality 
rates in the larvae (Fig. 1). Mortality rates increased 
depending on the application days in both spraying and 
dipping methods. The highest mortality rates in 3rd instar 
larvae were recorded as 72% for the spraying method 
and 34% for the dipping method (Fig. 1).

Percentage of mortality rates resulting from the 
application of the second B. bassiana isolate, BMAUM 
M6-4, on 3rd instar larvae of T. confusum using the 
spraying and dipping methods are given in Figure 2. 
Percentage mortality rates increased with time after 
the treatment. In contrast, in the dipping method, the 
mortality rate was recorded as 6% on the third day and 
8% on the ninth day of counting. In the spraying method, 
the highest mortality rate of 96% was observed in the 3rd  

stage larvae, while in the dipping method, the highest 
mortality rate was recorded as 8% (Fig. 2).

The results obtained in this study are in agreement 

with results of previous studies. The mortality rate was 
determined as 40% on the 7th day after the application of 
M. anisopliae isolate at 8x1010 spore/ml concentration to 
T. confusum larvae (Michalaki et al., 2006). When applied 
to adults of S. oryzae and T. castaneum, B. bassiana 
isolate resulted in mortality rates of 63.3% and 26.7% 
respectively, while M. anisopliae isolate resulted in 
mortality rates of 50.0% and 20.2% respectively (Batta, 
2008). In another study, B. bassiana (BbWeevil™) was 
applied at a concentration of 1,000 mg/kg to adults of 
S. granarius, Oryzaephilus surinamensis, and T. castaneum, 
resulting in mortality rates of 88.33%, 78.31%, and 
64.99% respectively (Khashaveh et al., 2011). The highest 
mortality rate was recorded as 57.35% 21 days after the 
application of B. bassiana (RacerTM) to the 3rd instar larvae 
of T. confusum at 0.9×108 conidia/kg concentrations 
(Rehman et al., 2018). Çetinpolat et al. (2019) reported 
that the application of B. bassiana isolate to T. confusum 
larvae resulted in 97.4% mortality at a dose of 500 ppm 
and 100% mortality at a dose of 1000 ppm. In a study 
conducted with four isolates of B. bassiana (GN22-1, HP15, 
HP5-2, HP3-1) on T. castaneum adults, it was reported that 
after 13 days of application at a concentration of 1 x 108 
conidia/ml, the mortality rates were recorded as follows: 
GN22-1 - 72.85%, HP3-1 - 48.88%, HP15 - 47.37%, and 
HP5-2 - 30.43% (Uçar et al., 2020). B. bassiana (Bals.-Criv.) 
Vuill. (Hypocreales: Cordycipitaceae) WG-50 and WG-51 
isolates, when applied at a dose of 1×108 conidia/kg to T. 
castaneum adults, recorded mortality rates of 88.1% and 
83.4% respectively after 21 days (Wakil et al., 2021). B. 
bassiana, when applied at a dose of 1 x 107 conidia/ml to 
T. confusum, showed effects of 87.5%, 97.5%, and 100% 
at 24, 48, and 72 hours respectively (Youssra Sekrane et 
al., 2022).

When the mortality rates of the 3rd instar larvae of T. 
confusum were examined depending on time, the LT50 
value, which indicates the time required for half of the 
T. confusum larvae to die in the spraying method, was 
calculated as 6.09 and 3.90 days in BMAUM LD.2016 
and BMAUM M6-4 isolates, respectively (Fig. 3 and Fig. 
4). In the dipping method, the mortality rate for both B. 
bassiana isolates remained below 50%, so the LT50 value 
could not be calculated.

Unlike the LT50 values we obtained in our study, Uçar 
et al. (2020) reported that LT50 values as 28.813 days for 
HP5-2, 17.186 days for HP3-1, 10.327 days for GN22-1, 
and 18.615 days for HP15 when different isolates of B. 
bassiana were applied to T. castaneum adults.

CONCLUSION

Results show that BMAUM M6-4 isolate of B. bassiana, 
isolated from agricultural fields, was more effective 
than BMAUM LD.2016 isolate on T. confusum larvae. The 
percentage of mortality rates obtained with the spraying 
method used in the experiment were found to be higher 
than the dipping method. In future studies, the interaction 
of these isolates with pesticides used against stored-
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Figure 1. Percentage mortality rates of B. bassiana BMAUM LD.2016 isolate applied on T. confusum larvae with spraying 
and dipping methods. (The differences between the means (±standard error) of the columns indicated with different 
letters for each day are statistically significant (Tukey’s HSD test P<0.05)). DAA: Days after application

Figure 2. Percentage mortality rates of B. bassiana BMAUM M6-4 isolate applied on T. confusum larvae with spraying 
and dipping methods. (The differences between the means (±standard error) of the columns indicated with different 
letters for each day are statistically significant (Tukey’s HSD test P<0.05)). DAA: Days after application



product insects should be investigated. Furthermore, the 
development of the use of entomopathogenic fungal 
isolates, including for other stored-product insects, 
would be beneficial for integrated pest management.

Abbreviations
ANOVA: Analysis of variance, B. bassiana: Beauveria 
bassiana, DAA: Days after application, EPF: 
Entomopathogenic fungi, PDA: Potato dextrose agar.
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Figure 3. Mean LT50 values of B. bassiana BMAUM LD.2016 isolate in spraying method

Figure 4. The mean LT50 values of B. bassiana BMAUM M6-4 isolate in spraying method



Bayındır Erol et al. The effect of two isolates of Beauveria bassiana	 Int J Agric Environ Food Sci 2023; 7(3): 533-539 

538

Data availability
Not applicable. 
Consent to participate 
Not applicable.
Consent for publication 
Not applicable.

REFERENCES

Abbott, W. S. (1925). A method of computing the effectiveness 
of an insecticide. Journal of Economic Entomology, 18, 
265-267. http://dx.doi.org/10.1093/jee/18.2.265a

Ardley, J. H. (1976). Synergized bioresmethrin as a potential 
grain protectant. Journal of Stored Products Research, 12, 
253-259. https://doi.org/10.1016/0022-474X(76)90041-2

Arthur, F. H. (1999). Effect of temperature on residual toxicity 
of cyfluthrin wettable powder. Journal of Economic 
Entomology, 92, 695–699. https://doi.org/10.1093/
jee/92.3.695

Arthur, F. H. (1997). Differential effectiveness of deltamethrin 
dust on wood, concrete, and tile surfaces against three 
stored-product beetles. Journal of Stored Products 
Research, 33, 167-17. https://doi.org/10.1016/S0022-
474X(96)00041-03

Arthur, F. H. (1994). Residual efficacy of cyfluthrin emulsifiable 
concentrate and wettable powder formulations applied to 
sealed and unsealed concrete. Journal of Stored Products 
Research, 30, 79-86. https://doi.org/10.1016/0022-
474X(94)90276-3

Arthur, F. H., Zettler, J. L. (1992). Malathion resistance in Tribolium 
confusum Duv. (Coleoptera: Tenebrionidae): correlating 
results from topical applications with residual mortality on 
treated surfaces. Journal of Stored Products Research, 28, 
55-58. https://doi.org/10.1016/0022-474X(92)90029-P

Arthur, F. H., Zettler, J. L. (1991). Malathion resistance in Tribolium 
castaneum (Coleoptera: Tenebrionidae): differences 
between discriminating concentrations by tropical 
application and residual mortality on treated surfaces. 
Journal of Economic Entomology, 84, 721-726. https://doi.
org/10.1093/jee/84.3.721 

Bağcı, F., Yılmaz, A., Ertürk, S. (2014). Insect pest species in grain 
warehouses in Ankara province. Plant Protection Bulletin, 
54 (1), 69-78. (in Turkish)

Batta, Y.  A. (2008). Control of main stored-grain insects with new 
formulations of entomopathogenic fungi in diatomaceous 
earth dusts. International Journal of Food Engineering, 4, 
1-16. https://doi.org/10.2202/1556-3758.1240

Baydar, R., Güven, Ö., Karaca, İ. (2016). Occurrence of 
entomopathogenic fungi in agricultural soils from Isparta 
Province in Turkey and their pathogenicity to Galleria 
mellonella (L.) (Lepidoptera: Pyralidae) larvae. Egyptian 
Journal of Biological Pest Control, 26 (2), 323-327.

Bello, G. D., Padina, S., Lopez-Lastra, C., Fabrizio, M. (2001). 
Laboratory evaluation of chemical biological control 
of the rice weevil (Sitophilus oryzae L.) in stored grains. 
Journal of Stored Products Research, 37, 77-84. https://doi.
org/10.1016/S0022-474X(00)00009-6

Boxall, R.  A. (2001). Post-harvest losses to insect-a 

world overview. International Biodeterioration and 
Biodegradation, 48, 137-152. https://doi.org/10.1016/
S0964-8305(01)00076-2

Çetinpolat, E., Er, M. K., Barış, C., Işıkber, A. A., Tunaz, H. A. (2019). 
Effects of Beauveria bassiana on quantity of F1 larvae 
and larval mortality of Tribolium confusum (Coleoptera: 
Tenebrionidae). KSU Journal of Agriculture and Nature, 
22 (6), 916-921. https://doi.org/10.18016/ksutarimdoga.
vi.541840

Daglish, G. J. (2008). Impact of resistance on the efficacy of 
binary combinations of spinosad, chlorpyrifos-methyl 
and s-methoprene against five stored-grain beetles. 
Journal of Stored Products Research, 44, 71-76. https://doi.
org/10.1016/j.jspr.2007.06.003

Fancelli, M., Dias, A. B., Júnior, I. D., Cerqueira de Jesus, S., Souza 
do Nascimento, A., Oliveira e Silva, S., Caldas, R. C., Silva 
Led, C. A. (2013). Beauveria bassiana strains for biological 
control of Cosmopolites sordidus (Germ.) (Coleoptera: 
Curculionidae) in Plantain. BioMed Research International, 
184756, 7s. https://doi.org/10.1155/2013/184756

Hill, D. S. (1990). Pests of stored products and their control. 
Belhaven Press, London, UK, pp, 274. 

Hodges, R. J., Robinson, R., Hall, D. R. (1996). Quinone 
contamination of de-husked rice by Tribolium 
castaneum (Herbst) (Coleoptera: Bostrichidae).  Journal 
of Stored Products Research, 32, 31-37. https://doi.
org/10.1016/0022-474X(95)00036-7

Isman, M. B. (2006). Botanical insecticides deterrents and 
repellents in modern agriculture and an increasingly 
regulated world. Annual Review Entomology, 51, 45-66. 
https://doi.org/10.1146/annurev.ento.51.110104.151146

Karunakaran, C., Jayas, D. S., White, N. D. G. (2004). Identification 
of wheat kernels damaged by the red flour beetle using 
X-ray image. Biosystems Enginering., 87 (3), 267-274. 
https://doi.org/10.1016/j.biosystemseng.2003.12.002

Khashaveh, A., Ghosta, Y., Safarlizadeh, M. H., Ziaee, M. (2011). 
The use of entomopathogenic fungus, Beauveria bassiana 
(Bals.) Vuill. in assays with storage grain beetles. Journal of 
Agricultural Science and Technology, 13 (1), 35-43. 

Kubilay Er, M., Tunaz, H., Ucuk, C., Barış, C., Işikber, A. A. (2016). 
Occurrence of entomopathogenic fungi on insect pests 
of stored wheat and maize in Central and South Anatolia 
in Turkey. Turkish Journal of Entomology, 40 (3), 249-263. 
http://dx.doi.org/10.16970/ted.56436

LaHue, D. W. (1997). Chlorpyrifos-methyl: doses that protect 
hard winter wheat against attack of stored grain insects. 
Journal of Economic Entomology, 70 (6), 734. https://doi.
org/10.1093/jee/70.6.734

Lord, J. C. (2007). Desiccation Increases the efficacy of Beauveria 
bassiana for stored-grain Pest insect control. Journal of  
Stored Products Research, 43 (4), 535-539. https://doi.
org/10.1016/j.jspr.2007.03.002

Michalaki, M. P., Athanassiou, C. G., Kavallieratos, N. G., Batta, 
Y. A., Balotis, G. N. (2006).  Effectiveness of Metarhizium 
anisopliae (Metschinkoff) sorokin applied alone or in 
combination with diatomaceous earth against Tribolium 
confusum du Val. larvae: influence of temperature, relativ 

https://academic.oup.com/jee
http://dx.doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1016/0022-474X(76)90041-2
https://doi.org/10.1093/jee/92.3.695
https://doi.org/10.1093/jee/92.3.695
https://doi.org/10.1016/S0022-474X(96)00041-03
https://doi.org/10.1016/S0022-474X(96)00041-03
https://doi.org/10.1016/0022-474X(94)90276-3
https://doi.org/10.1016/0022-474X(94)90276-3
https://doi.org/10.1016/0022-474X(92)90029-P
https://doi.org/10.1093/jee/84.3.721
https://doi.org/10.1093/jee/84.3.721
https://doi.org/10.2202/1556-3758.1240
https://doi.org/10.1016/S0022-474X(00)00009-6
https://doi.org/10.1016/S0022-474X(00)00009-6
https://doi.org/10.1016/S0964-8305(01)00076-2
https://doi.org/10.1016/S0964-8305(01)00076-2
https://doi.org/10.18016/ksutarimdoga.vi.541840
https://doi.org/10.18016/ksutarimdoga.vi.541840
https://doi.org/10.1016/j.jspr.2007.06.003
https://doi.org/10.1016/j.jspr.2007.06.003
https://doi.org/10.1155/2013/184756
https://doi.org/10.1016/0022-474X(95)00036-7
https://doi.org/10.1016/0022-474X(95)00036-7
https://doi.org/10.1146/annurev.ento.51.110104.151146
https://doi.org/10.1016/j.biosystemseng.2003.12.002
http://dx.doi.org/10.16970/ted.56436
https://doi.org/10.1093/jee/70.6.734
https://doi.org/10.1093/jee/70.6.734
https://doi.org/10.1016/j.jspr.2007.03.002
https://doi.org/10.1016/j.jspr.2007.03.002


humidity and type of commodity. Crop Protection, 25,  
418-425. https://doi.org/10.1016/j.cropro.2005.07.003

Moore, D., Lord, J. C., Smith, S. M. (2000). Pathogens. 193-227. 
In: Alternatives to pesticides in stored-product IPM (Eds. 
Subramanyam BH, Hagstrum DW). Kluwer Academic 
Publishers, pp, 437.

Rajendran, S., Sriranjini, V. (2008). Plant products as fumigants for 
stored-product insect control. Journal of Stored Products 
Research, 44 (2), 126-135. https://doi.org/10.1016/j.
jspr.2007.08.003

Rehman, H., Hasan, M., Sagheer, M., Sahi, T. S. (2018). Bio-
efficacy of entomopathogenic fungus Beauveria bassiana 
(Bals.) aganist Trigoderme granarium (Everst) and Tribolium 
castaneum (Herbest). Pakistan Journal Agricultural 
Sciences, 56 (2), 429-434. https://doi.org/10.21162/
PAKJAS/19.6746

Roberts, D. W., Humber, R. A. (1981). Entomogenous fungi.
(Editors: Cole GT, Kendrick B), Biology of conidial fungi, 
Academic Press, New York, USA, pp, 201–236.

Rumbos, C. I., Athanassiou, C. G. (2017). Use of entomopathogenic 
fungi for the control of stored-product insects: can fungi 
protect durable commodities. Journal Pest Science, 90, 
839-854. https://doi.org/10.1007/s10340-017-0849-9

Padin, S., Bello, G. D., Fabrizio, M. (2002). Grain loss caused by 
Tribolium castaneum, Sitophilus oryzae and Acanthoscelides 
obtectus in stored durum wheat and beans treated with 
Beauveria bassiana. Journal of Stored Production Research, 
38, 69-74. https://doi.org/10.1016/S0022-474X(00)00046-1

Padin, S. B., Bello, G. M., Vasicek, A. L., Dal-Bello, G. (1996). 
Bioinsecticide potential of entomopathogenic fungi for 
stored-grain pests. Revista de la Facultad de Agronomia 
Universidad de Buenos Aires, 15 (1), 1-7.

Sabbour, M. M., Abd-El-Aziz, S. E. S., Sherief, M. A. (2012). 
Efficacy of three entomopathogenic fungi alone or in 
combination with diatomaceous earth modifications for 
the control of three pyralid moths in stored grains. Journal 
of Plant Protection Research, 52 (3), 359-363. https://doi.
org/10.2478/v10045-012-0059-7

Shafighi, Y., Ziaee, M., Ghosta, Y. (2014). Diatomaceous earth 
used against insect pests, applied alone or in combination 
with Metarhizium anisopliae and Beauveria bassiana. 
Journal of Plant Protection Research, 54 (1), 62-66.  https://
doi.org/10.2478/jppr-2014-0009

Throne, J. E., Weaver, D. K., Chew, V., Baker, J. E. (1995). Probit 
analysis of correlated data: multiple observations over time 
at one concentration. Journal of Economic Entomology, 88 
(5), 1510-1512. https://doi.org/10.1093/jee/88.5.1510

Tripathi, A. K., Singh, A. K., Upadhyay, S. (2009). Contact 
and fumigant toxicity of some common spices 

against the storage insects Callosobruchus maculatus 
(Coleoptera: Bruchidae) and Tribolium castaneum 
(Coleoptera:Tenebrionidae). Internatioal Journal Tropical 
Insect Science, 29 (3), 151-157. https://doi.org/0.1017/
S174275840999018X  

Tukey, W. (1949). Comparing individual means in the analyses 
of variance. Biometrics, 5 (2), 99-114. https://doi.
org/10.2307/3001913

TSI. (2021). Agricultural structure and production. Government 
Statistic Institute of Prime Minister Publication. http://
www.tuik.gov.tr 

Uçar, S., Atay, T., Yanar, Y. (2020). Insecticidal activities of four 
native entomopathogenic fungus Beauveria bassiana 
Bals. (Vuill) isolates against Tribolium castaneum (Herbst, 
1797) (Coleoptera: Tenebrionidae) adults under laboratory 
conditions. Turkish Journal of Agriculture-Food Science 
and Technology, 8 (sp I), 67-69. https://doi.org/10.24925/
turjaf.v8isp1.67-69.3973 

Upadhyay, R. K., Ahmad, S. (2011). Management strategies for 
control of Stored grain insect pests in farmer stores and 
public ware houses. World Journal of Agricultural Sciences, 
7 (5),  527-549.

Vassilakos, T. N., Athanassiou, C. G., Kavallieratos, N. G., Vayias, J. 
(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. 
https://doi.org/10.1016/j.biocontrol.2006.03.009

Wakil, W., Kavallieratos, N. G., Ghazanfar, M. U., Usman, M., 
Habib, A., El-Shafie, H. A. F. (2021). Efficacy of different 
entomopathogenic fungal isolates against four key stored-
grain beetle species. Journal of Stored Products Research, 
93, 101845. https://doi.org/10.1016/j.jspr.2021.101845

Watts, M., Williamson, S. (2015). Replacing chemicals with 
biology: phasing out highly hazardous pesticides with 
agroecology. Pesticide Action Network Asia and the Pacific, 
George Town, Penang, Malaysia.

Youssra Sekrane, F. Z., Righi, K., Righi Assia, F.,  Madani, Z., 
Karaca, I. (2022). Evaluation of the insecticidal potential 
of two medicinal plants and an entomopathogenic fungi 
against Tribolium confusum Jacquelin du Val. (Coleoptera: 
Tenebrionidae), a pest of stored foods. International 
Journal of Agriculture Environment and Food Sciences, 6 
(2), 204-209. https://doi.org/10.31015/jaefs.2022.2.1

Zimmermann, G. (1986). The	Galleria bait method for 
detection of entomopathogenic fungi in soil. Journal 
of Applied Entomology, 102, 213-215. https://doi.
org/10.1111/j.1439-0418.1986.tb00912.x

Int J Agric Environ Food Sci 2023; 7(3): 533-539 	 Bayındır Erol et al. The effect of two isolates of Beauveria bassiana

539

https://doi.org/10.1016/j.cropro.2005.07.003
https://doi.org/10.1016/j.jspr.2007.08.003
https://doi.org/10.1016/j.jspr.2007.08.003
https://doi.org/10.21162/PAKJAS/19.6746
https://doi.org/10.21162/PAKJAS/19.6746
https://doi.org/10.1007/s10340-017-0849-9
https://doi.org/10.1016/S0022-474X(00)00046-1
https://doi.org/10.2478/v10045-012-0059-7
https://doi.org/10.2478/v10045-012-0059-7
https://doi.org/10.2478/jppr-2014-0009
https://doi.org/10.2478/jppr-2014-0009
https://doi.org/10.1093/jee/88.5.1510
https://doi.org/0.1017/S174275840999018X
https://doi.org/0.1017/S174275840999018X
https://doi.org/10.2307/3001913
https://doi.org/10.2307/3001913
http://www.tuik.gov.tr
http://www.tuik.gov.tr
https://doi.org/10.24925/turjaf.v8isp1.67-69.3973
https://doi.org/10.24925/turjaf.v8isp1.67-69.3973
https://doi.org/10.1016/j.biocontrol.2006.03.009
https://doi.org/10.1016/j.jspr.2021.101845
https://dergipark.org.tr/en/pub/jaefs
https://dergipark.org.tr/en/pub/jaefs
https://doi.org/10.31015/jaefs.2022.2.1
https://doi.org/10.1111/j.1439-0418.1986.tb00912.x
https://doi.org/10.1111/j.1439-0418.1986.tb00912.x

