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Abstract 

Entomopathogenic microorganisms such as bacteria, fungi, viruses, nematodes and protozoa play an 

important role for regulation of insect pest populations and, this leads to use these microorganisms as bi-

ological control agents against pest species as an alternative to chemicals insecticides. In this study, we 

tested different bacteria originated from stored product pests and fungi isolated from different sources 

against two important stored product pests, Acanthoscelides obtectus (Say) (Coleoptera: Chrysomelidae) 

and Callosobruchus maculatus (F) (Coleoptera: Bruchidae), under laboratory conditions. Based on the la-

boratory screening, the highest mortality against A. obtectus within bacteria and fungi was obtained from 

Staphylococcus kloosii Fbe-10 with 73% and Lecanicillium muscarium ARSEF3600, Beauveria pseudobassiana 

ARSEF8664 and, Beauveria bassiana ARSEF8668 with 100%, respectively. Also, the highest mycosis within 

fungi was obtained from Lecanicillium muscarium ARSEF3600 and Beauveria bassiana ARSEF8668 with 

100%. The highest mortality against C. maculatus within bacteria and fungi was obtained from Bacillus 

pumilus Be-2with 57% and Lecanicillium muscarium ARSEF3600, Beauveria pseudobassiana ARSEF8664 and, 

Beauveria bassiana ARSEF8668 with 100%, respectively. Also, the highest mycosis within fungi was ob-

tained from Beauveria bassiana ARSEF8668 with 90%. These results showed that the fungal isolates used in 

this study seem to be more effective than bacteria and, should be further investigated in terms of devel-

oping microbial control agent against stored product pests. 

 

Keywords— Bacteria, fungi, microbial control, stored product pests 

 
Depolanmış Ürün Zararlılarına Karşı Entomopatojenik Fungus ve 

Bakterilerin Virulansları 
 

Özet 

Bakteri, fungus, virus, nematod ve protozoa gibi entomopatojenik mikroorganizmalar zararlı böcek 

popülasyonlarının düzenlenmesinde önemli rol oynamaktadırlar ve bu entomopatojen 

mikroorganizmaların kimyasal insektisidlere alternative olarak zararlı böceklere karşı biyolojik mücadele 

etmeni olarak kullanımına yol açmaktadır. Bu çalışmada, depolanmış ürün zararlılarından izole edilen 

farklı bakteriler ve farklı kaynaklardan izole edilen funguslar iki önemli depolanmış ürün zararlısı olan 

Acanthoscelides obtectus (Say) (Coleoptera: Chrysomelidae) veCallosobruchus maculatus (F) (Coleoptera: 

Bruchidae)’a karşı laboratuar koşulları altında test edilmiştir. Laboratuar tarama testlerine göre, A. 
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obtectus’a karşı en yüksek ölüm %73 ile bakteriler arasından Staphylococcus kloosii Fbe-10’dan ve %100 ile 

funguslar arasındanLecanicillium muscarium ARSEF3600, Beauveria pseudobassiana ARSEF8664 veBeauveria 

bassiana ARSEF8668’den elde edilmiştir. Funguslar arasından en yüksek mikozlanma oranı ise %100 ile 

Lecanicillium muscarium ARSEF3600 ve Beauveria bassiana ARSEF8668’den elde edilmiştir. C. maculatus’a 

karşı ise en yüksek ölüm %57 ile bakteriler arasından Bacillus pumilus Be-2’den ve %100 ile funguslar 

arasından Lecanicillium muscarium ARSEF3600, Beauveria pseudobassiana ARSEF8664 veBeauveria bassiana 

ARSEF8668’den elde edilmiştir. Funguslar arasında en yüksek mikozlanma oranı ise %90 ile Beauveria 

bassiana ARSEF8668’den elde edilmiştir. Bu sonuçlar bu çalışmada kullanılan fungal izolatların 

bakterilerden daha etkili olduğunu ve bu bakterilerin depolanmış ürün zararlılarına karşı mikrobiyal 

mücadele etmeni olarak geliştirilmesi amacıyla daha fazla araştırılması gerektiğini göstermektedir. 

 

Anahtar kelimler— Bakteri, fungus, mikrobiyal mücadele, depolanmış ürün zararlıları 

 

1 Introduction 

Infestation of stored products by insects results in 

various damages and economic losses in agriculture. 

These insect pests can cause damage by physical loss 

of commodity, spoilage and loss of quality, encour-

agement of mould growth, contamination of commod-

ities with insect bodies and, safety and environmental 

concerns throughout the world [1]. These insects can 

be hidden in inaccessible places and, survive on small 

amount of food particles. Subsequently, they might 

move from these places into bulk-stored products [2]. 

The order of Coleoptera comprises approximately 

250.000 insect species and, the members of 40 families 

within this order have been recorded in stores world-

wide. Many species known as stored product pests is 

located in the families of Bostrichidae, Bruchidae, 

Cucujidae, Curculionidae, Dermestidae, Silvanidae 

and, Tenebrionidae [3]. Within the family of 

Bruchidae, two species known as Acanthoscelides 

obtectus and Callosobruchus maculatus (F) are major 

concerns for bean and cowpea, respectively [4-5]. 

 

The control of stored product pests is conducted with 

using many strategies such as physical control, inert 

dust, ionizing irradiation, light and sound, thermal 

control, ozonation, fumigation, semiochemicals and 

some kind of repellents [6]. Also, chemical pesticides 

such as the group of organophosphorus pesticides 

have been used against storage pests to protect bulk-

stored products [7]. However, these chemicals have 

undesirable effects to human health and environment. 

Therefore, biological control of these insect pests is 

considered an interesting alternative to traditional and 

chemical control methods. 

 

Entomopathogenic microorganism such as bacteria, 

fungi, nematodes, viruses and protozoa have been 

used as microbial control agents against various pests 

species in both agriculture and forestry [8-9]. The use 

of these microorganisms in the control of insect pests 

is favorable because they kill undesirable agricultural 

and forest pests without harming the environment 

and humans [8]. The use of microbial insecticides is 

growing at a rapid rate of 10-25 per cent per year. 

Among entomopathogens, Bacillus thuringiensis (Bt), 

the entomopathogenic spore forming bacterium, is the 

most widely used microbial pest control agents and, 

has been the principle target of product development 

and accounts for most sales in US $75 million global 

market for biological control products [10-12]. Also, 

the entomopathogenic fungi include approximately 

750 fungal species belonging to 56 genera attack ter-

restrial and aquatic arthropods. In terms of microbial 

control, these fungi as a biological control agent 

against pest species have not made a good impact so 

far, compared to entomopathogenic bacteria (especial-

ly Bt) [11]. However, fungal entomopathogens are 

unique pathogens because they are able to infect their 

host via the external cuticle. Therefore, there is no 

need to be ingested to initiate infection with few ex-

ceptions such as Ascosphaera. This makes them primer 

candidates for use against plants sucking insects [13-

15]. Moreover, there are many fungal species that are 

in commercial or experimental production stages in 

USA, Brazil, UK, India and some other countries. The 

most common species used are Beauveria, bassiana and 

Metarhizium anisopliae [11]. 

In this study, we aimed to test different bacteria origi-

nally isolated from stored product pests (A. obtectus 

and C. maculatus) and entomopathogenic fungi from 
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different sources against stored product pests under 

laboratory conditions to find possible biological con-

trol agent against these pests. 
 

2 Material and Methods 
2.1 Bacteria and Fungi 

The bacterial isolates used in this study were previ-

ously isolated from Acanthoscelides obtectus and 

Callosobruchus maculatus and identified based on tradi-

tional and molecular techniques (unpublished data). 

The fungal isolates were provided from Dr. Richard 

Humber (The USDA-ARS Collection of 

Entomopathogenic Fungal Cultures (ARSEF), Ithaca, 

New York). All bacterial and fungal isolates and their 

sources are given in Table 1. 
Table 1. Bacterial and fungal isolates used in this study  

and their origin. 

 Fungal isolates Isolate no Origin 

1 Metarhizium anisopliae ARSEF8341 Soil 

2 Metarhizium anisopliae ARSEF8432 Soil 

3 Metarhizium anisopliae ARSEF8433 Soil 

4 Lecanicillium muscarium ARSEF3600 Lymantria 

dispar (Lepi-

doptera: 

Lymantriidae) 

5 Beauveria pseudobassiana ARSEF8664 Soil 

6 Beauveria pseudobassiana ARSEF8666 Soil 

7 Beauveria bassiana ARSEF8668 Rhynchites 

baccus 

(Coleoptera: 

Curculionidae) 

 Bacterial isolates Isolate no Origin 

1 
Staphylococcus kloosii Fbe-1 

Acanthoscelides 

obtectus 

2 Staphylococcus sp. Fbe-2 A. obtectus 

3 Enterococcus faecalis Fbe-3 A. obtectus 

4 S. kloosii Fbe-4 A. obtectus 

5 S. saprophyticus Fbe-5 A. obtectus 

6 Staphylococcus sp. Fbe-6 A. obtectus 

7 S. kloosii Fbe-7 A. obtectus 

8 E. faecalis Fbe-8 A. obtectus 

9 Staphylococcus sp. Fbe-9 A. obtectus 

10 S. kloosii Fbe-10 A. obtectus 

11 Staphylococcus sp. Fbe-11 A. obtectus 

12 
Bacillus pumilus Be-1 

Callosobruchus 

maculatus 

13 B. pumilus Be-2 C. maculatus 

14 B. pumilus Be-3 C. maculatus 

15 Staphylococcus sp. Be-4 C. maculatus 

16 Pantoea sp. Be-5 C. maculatus 

17 Staphylococcus sp. Be-6 C. maculatus 

18 B. pumilus Be-7 C. maculatus 

19 Staphylococcus sp. Be-8 C. maculatus 

20 Pantoea sp. Be-9 C. maculatus 

21 B. pumilus Be-10 C. maculatus 

22 B. pumilus Be-11 C. maculatus 

2.2 Preparation of bacterial and fungal suspensions 

for bioassays 

For the bacterial isolates, each isolate was 

initiallystreaked on nutrient agar plates to obtain sin-

gle colony. After that, each isolate coming from single 

colony was inoculated into 4 ml of Laura Bertani broth 

(LB broth) and, incubated at 30°C over night. After 

incubation, the bacterial cells were centrifuged at 5.000 

rpm for 20 min and, the pellets were dissolved in 5 ml 

of sterile phosphate buffer solution (PBS). Finally, the 

cell density was measured at OD (optical density)600 nm 

absorbance and adjusted to 1.89 (1.8 × 109 cfu ml-1) [16-

18]. Subsequently, these samples were used for the 

bacterial bioassay. 

 

For fungal isolates, each isolate was propagated from 

single colony using fungal stock solutions (1 × 106 ml-1 

spor/ml) at -20°C. To do this, each fungal stock solu-

tion was platedon PDAY (potato dextrose agar + 1% 

yeastextract; Merck, Darmstadt, Germany) and incu-

bated at 25 °C for 4 to 5 days under a12-h L / 12-h D 

photoperiod. At the end of the incubation period, sin-

gle colony for each isolate was taken and, transfrred to 

another fresh PDAY plate and incubated at 25 °C for 4 

to 5 weeks until plates were fully overgrown and 

sporulated. After sporulation, the conidial suspen-

sions of the fungal isolates were prepared by scraping 

conidia from petri-dishes into distiled water with 

0.01% Tween-80 (Applichem, Darmstadt, Germany). 

The conidial suspensions were filtered through two 

layers of the sterile cheesecloth to remove mycelial 

and agar particles. The concentration of conidia in the 

final suspensions was determined using a Neubauer 

Haemocytometer and, was adjusted to 1 × 107 ml-

1conidia/ml using sterile 0.01% Tween-80.  The viabil-

ity of conidia was determined by enumerating the 

percentage of the germinated conidia 24 h after 

spreading 100 μL of conidial suspensions (1 × 106 mL-1) 

on PDAY medium. Conidia were considered to have 

germinated if the germ tube was longer than the di-

ameter. Isolates with higher germination rates of 95% 

were used for bioassay experiments [19]. 

 

 

2.3 Experimental infection 

 

For the bioassay experiments, insect samples were 

grown on bean and pea in glass jars (1.000 ml volume) 

in the laboratory at 28°C under dark. Among growing 
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insects, randomly selected adults were used in bioas-

says. For the bacterial bioassay, the bacterial isolates 

from Acanthoscelides obtectus were tested on it and, the 

isolates from Callosobruchus maculatus were tested on 

it. Firstly, bean particles for A. obtectus and pea parti-

cles for C. maculatus were contaminated with the bac-

terial solutions prepared as described above for each 

isolate. The control groups were treated with sterile 

PBS. Following this, the contaminated seeds were put 

into a plastic box (20 mm) with ventilated lids to per-

mit airflow. Finally, randomly selected adults of A. 

obtectus and C. maculatus were put into each box of 

bean and pea, respectively. The bacterial bioassays 

were conducted during ten days and dead insects 

were checked at 10th day. 

 

For the fungal bioassay, adult individuals of A. 

obtectus and C. maculatus were dipped into the 10 ml of 

spore suspensions (1 × 107 mL-1) as described previ-

ously to contaminate insects with spores [20]. The 

control group was treated with sterile 0.01% tween 80. 

After that, they were put on filter paper to remove 

excessive spore suspension for 2-3 seconds. Finally, 

they were put into plastic boxes (200 mm) with bean 

seeds (for A. obtectus) and pea (for C. maculatus). The 

fungal bioassays were conducted during two weeks 

and dead insects were checked at 14th day. 

 

Both bacterial and fungal bioassay experiments were 

performed with 10 adults per replicate and each iso-

late, and all experiments were repeated 3 times on 

different occasions. All treated and untreated adults 

were kept in rearing boxes at 25 °C for 10 days (for 

bacterial isolates) and for two weeks (for fungal iso-

lates) under dark. At the end of the fungal bioassay, 

dead insects were counted and cadavers were imme-

diately surface sterilized with 1% sodium hypochlorite 

for 30 s, followed by 3 rinses with sterile distilled wa-

ter. They were placed on wet filter paper in sterile 

plastic petri dishes (15 mm), sealed with Parafilm and 

incubated at 25 °C to induce sporulation on the cadav-

ers. Finally, virulence results fromthree replicate as-

says (30 adults / treatment) werecombined and mor-

tality data were corrected using Abbott’s formula (Ab-

bott 1925) and the percentage of mycosed cadavers 

was calculated for the fungal bioassays. 

 

2.4 Statistical analysis 

 

Mortality data were corrected according to Abbott’s 

formula [21] and percent mycosis values for the fungal 

bioassays were calculated based on the mycelia 

growth outside cadaver. The data were subjected to 

analysis of variance (ANOVA)followed by LSD multi-

ple comparison tests to compare test isolates with each 

other and the control group with respect to mortality 

and mycosis (for the fungal bioassays) (P < 0.05). Be-

fore performing the ANOVA, all data set were tested 

for homogeneity of variance using Levene’s statistic. 

Computations for all experiments were performed 

using SPSS 16.0. 

 

3 Results 
For the bacterial bioassay, there was a significant dif-

ference among the bacterial isolates from A. obtectus 

with respect to mortality against on it (F= 3.8, df= 11, 

p<0.05). Among the A. obtectus isolates, the highest 

mortality was obtained from S. kloosii Fbe-10 with 73% 

mortality (F= 3.8, df= 11, p<0.05). Other isolates caused 

mortality values raging from 50 to 20%. The isolates of 

Staphylococcus sp. Fbe-6, E. faecalis Fbe-8 and, Staphylo-

coccus sp. Fbe-11 caused the same mortality with con-

trol (p>0.05) (Figure 1). There was also a significant 

difference among C. maculatus isolates with respect to 

mortality against on it (F= 3.557, df= 11, p<0.05). 

Among C. maculatus isolates, the highest mortality was 

obtained from B. pumilus Be-2 with 57% (F= 3.557, df= 

11, p<0.05). The other isolates caused the same mortal-

ity with the control (p<0.05) (Figure 1)
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Figure 1. Mortality values of the bacterial isolates within ten days after inoculation under laboratory conditions. Mortality 

data were calculated based on the Abbott’s formula 21. Bars indicate standard deviations. Different letters indicates statisti-

cally differences among the isolates. Control: PBS. A; the mortality values of the bacterial isolates from A. obtectus against on 

it. B; the mortality values of the bacterial isolates from C. maculatus against on it. 

 

For the fungal bioassay, there was a significant differ-

ence among treatments with respect mortality against 

A. obtectus (F= 58.56, df= 7, p<0.05). The isolates of L. 

muscarium ARSEF3600, B. pseudobassiana ARSEF8664 

and, B. bassiana ARSEF8668 caused the highest mortal-

ity against A. obtectus with 100% (F= 58.56, df= 7, 

p<0.05). Other fungal isolates caused produced mor-

tality ranging from 93 to 70%. There was also a signifi-
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cant difference among treatments with respect myco-

sis on the outside of A. obtectus cadavers (F= 36.753, df= 

7, p<0.05). The highest mycosis value was obtained 

from Lecanicillium muscarium ARSEF3600 and 

Beauveria bassiana ARSEF8668 with 100% (F= 36.753, 

df= 7, p<0.05) (Figure 2). 

  

The fungal isolates produced different mortalities on 

C. maculatus (F= 13.835, df= 7, p<0.05). The highest 

mortality was obtained from L. muscarium ARSEF3600, 

B. pseudobassiana ARSEF8664 and, B. bassiana 

ARSEF8668 with 100% (F= 13.835, df= 7, p<0.05). Other 

isolates caused mortalities, ranging from 93 to 83%. 

Also, the fungal isolates produced different mycosis 

values on the outside of C. camulatus cadavers (F= 

23.065, df= 7, p<0.05).  The highest mycosis value was 

obtained from B. bassiana ARSEF8668 with 90% (F= 

23.065, df= 7, p<0.05) (Figure 2). 

 

 

 

Figure 2. Mortality values of the fungal isolates within 15 days after application of 1 × 107 conidia mL–1. Mortality data were 

calculated based on Abbott’s formula 21. Different uppercase and lowercase letters represent statistically significant differ-

ences among mortality and mycosis, respectively, between treatments according to LSD multiple comparision test (P < 0.05). 

Bars show standard deviation. Control, 0.01% tween 80. A; mortalities of A. obtectus. B; mortalities of C. maculatus. 
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4 Discussion 
 

There is a global interest to find and develop microbial 

control agents against insect pests in both agriculture 

and forestry because the main interest in microbial 

insecticides as opposed to chemical insecticides is 

their high specificity and thus less damage to non-

target organisms. The control of stored product pests 

in turkey mainly relies on fumigation which is a 

method of pest control using almost gaseous chemical 

pesticides. In Turkey, approximately 297 tons of chem-

ical pesticides has been used for controlling of stored 

product pests based on nonofficial data in 1998 [22]. 

So, there is a need to find safer and more effective 

control method in combating with stored product 

pests. For this reason, we tested different possible 

entomopathogenic bacteria which were originally 

isolated from A. obtectus and C. maculatus and fungi 

from different sources against the aforementioned 

stored product pests. 

 

Until now, different species of the genus of Staphylo-

coccus have been isolated from different insects be-

longing to different orders such as Coleoptera, 

Lepitoptera, Diptera and, Homoptera [23-27]. Howev-

er, there is no any study that Staphylococcus species are 

insect pathogen. In this study, we found that two 

Staphylococcus species (Staphylococcus sp. Fbe-6 and 

Staphylococcuskloosii Fbe-10) showed significant mor-

tality against A. obtectus under laboratory conditions. 

This suggest that some of Staphylococcus species might 

be entomopathogen but further studies such more 

detailed bioassays are certainly needed to prove this. 

 

E. faecalis is a commensal bacterium inhabiting the 

gastrointestinal tracts of humans and other mammals 

[28]. There are also some studies that species of the 

genus of Enterococci can be found in insect digestive 

tracks [16,29]. Channaiah et al. (2010)isolated 154 

enterococcal strains from stored product insects and, 

they found that E. faecalis comprises 7% of all isolates 

[29]. They also suggested that stored product insects 

can serve as potential vectors in disseminating antibi-

otic-resistant and potentially virulent enterococci. 

Although many Enterococci species are known as 

common symbionts in the gastrointestinal tracts of 

domestic animals, with this study, we showed for the 

first time that E. faecalis Fbe-8 has an important mor 

 

tality value (50%) against A. obtectus. 

 

The entomopathogenic bacteria belonging to the ge-

nus of Bacillus are natural agents which are used for 

biological control of many insect pests worldwide [30]. 

Within this genus, B. pumilus a gram posi-

tive, aerobic, spore forming bacillus that can be com-

monly found in soil 31. This bacterium has been also 

isolated from many insect species and, it has been 

showed that it had pathogenic effects against insects 

[32-33]. Molina et al. (2010) found that some strains of 

B. pumilus showed important mortality against 

Ceratitis capitata (Wiedemann (Diptera: Tephritidae)). 

In this study, we also showed that B. pumilus Be-2 

caused 57% mortality against C. maculatus [34]. 

 

Entomopathogenic fungi are considered environmen-

tally safe and natural mortality agents of many insect 

pests such as Corythucha ciliata (Say) (Hemiptera: 

Tingidae) [19]. There is worldwide interest in the use 

of these fungi for the biological control of insect pests 

and other arthropod species [35]. There are many 

commercially available bioinsecticides based on 

entomopathogenic fungi to control insect pests such as 

the banana weevils (Cosmopolites sordidus (Germar 

(Coleoptera: Curculionidae)) and the pine caterpillars 

(Dendrolimusspp.) [13]. In this study, we showed that 

entomopathogenic fungi containing different species 

caused important mortality values against both A. 

obtectus and C. maculatus. Also, we considered and 

observed important mycosis values from these fungi 

since sporulation is an important factor for the dis-

semination of fungi in the field [13, 36]. 

 

In conclusion, we tested different bacteria (originally 

isolated from test insects) and entomopathogenic fun-

gi against two important stored product pests under 

laboratory conditions. In the event, we observed 

promising results from both some bacterial species 

(especially Staphylococcus sp. Fbe-6, 

Staphylococcuskloosii and, B. pumilus) and 

entomopathogenic fungi (for all species). These mi-

croorganisms should be further investigated for the 

future biocontrol of A. obtectus and C. maculatus. 
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