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Abstract: Bees are essential elements of agricultural production because of their 
role in pollination. However, some practices during production, especially 
pesticide applications have negative effects on bee life and behaviours. In order to 
decrease the side effects of pesticides, alternative methods, especially biological 
control, gained importance. In this study, effects of preparations containing; 
Beaveria bassiana, Verticillium lecanii and Metarhizium anisopliae var. anisopliae, 
and also Chlorpyrifos-ethyl for comparison, on Apis mellifera and Bombus 
terrestris, were investigated. Preparations were applied with two different 
methods; directly as food and by spraying, with concentrations recommended by 
the producer companies. In the first method, bees were fed with 5 ml solutions of 
the preparations mixed with sucrose solution and antenna, wing, leg and abdomen 
movements of the bees were controlled and scored 4 hours after applications. In 
the second method, bees were sprayed with the preparations and mortality rates 
were found. As a result of feeding method, entomopathogen preparations slightly 
affected the movement of the honey bees, while Chlorpyrifos-ethyl, almost totally 
inhibited their movement. Similarly, entomopathogens had no harmful effect on 
the movement of bombus bees, but the insecticide totally inhibited their 
movement. In the spraying method, the insecticide killed all the individuals of both 
bee species, while entomopathogens caused the death of only a few individuals. 

  
  

Bazı Entomopatojen Fungusların Apis mellifera L. ve Bombus terrestris L.’e Etkileri 
 
 

Anahtar Kelimeler 
Beauveria bassiana, 
Metarhizium anisopliae var. 
anisopliae, 
Verticillium lecanii,  
Bal arısı, 
Bombus arısı, 
Toksik etki  

 

Özet: Arılar tozlaşmadaki önemli rolleri nedeniyle bitkisel üretimin vazgeçilmez 
unsurlarıdır. Ancak üretim sırasındaki bazı işlemlerin, özellikle de pestisit 
uygulamalarının arıların canlılığı ve davranışları üzerinde olumsuz etkileri 
bulunmaktadır. Pestisitlerin istenmeyen etkilerini azaltmak amacıyla alternatif 
yöntemler, bunlar arasında da biyolojik mücadele önem kazanmıştır. Bu  çalışmada 
Beaveria bassiana, Verticillium lecanii ve Metarhizium anisopliae var. anisopliae ile 
karşılaştırma ilacı olarak Chlorpyrifos-ethyl etken maddeli preparatların, Apis 
mellifera ve Bombus terrestris’e etkisi incelenmiştir. Preparatlar yedirme ve 
püskürtme şeklinde iki yöntemle, önerilen dozlarda uygulanmıştır. İlk yöntemde, 
sukroz çözeltisi ile karıştırılarak hazırlanmış preparatlar arılara 5’er ml yedirilmiş 
ve 4 saat sonra anten, kanat, bacak ve abdomen hareketleri kontrol edilerek 
puanlanmıştır. İkinci yöntemde ise preparatlar arılara püskürtülmüştür. Çalışma 
sonucunda, entomopatojenlere ait preparatlar ağız yoluyla uygulandığında bal 
arılarının hareketleri üzerinde çok düşük seviyede etkili olurken, Chlorpyrifos-
ethyl arı hareketlerini neredeyse tamamen engellemiştir. Aynı şekilde, bombus 
arılarının hareketleri üzerinde entomopatojenlerin hiçbir olumsuz etkisi olmazken 
insektisit bunların hareketini de tamamen engellemiştir. Püskürtme yönteminde 
ise insektisit her iki arı türüne ait bireylerin tamamını öldürürken, 
entomopatojenler çok az sayıda bireyin ölümüne neden olmuştur. 
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1. Introduction 
 
Honey bees and bombus bees have important role in 
the pollination of plants [1,2]. Albert Einstein 
mentioned that human can live only 4 years if bees 
disappear. Actually he meant that human and animal 
life will be distressed by the absence of pollination 
without the activity of bees [3]. Recently bombus 
bees gained importance in greenhouse production to 
obtain high and qualified yield [4,5]. Bees have been 
negatively affected by the human activities, especially 
from pesticide applications in agriculture. There are 
many studies on the harmful effects of agricultural 
chemicals both on honey bees and bombus bees [6-
13]. In U.S.A. 121 different pesticides and their 
metabolites were determined in bee products such as 
pollen, beewax and honey [14]. Pesticides have 
various effects on bees. Besides direct lethal effect, 
they shorten bee life [15,16], cause disorientation 
[17], disrupt memory and brain metabolism, 
decrease learning performance [18,19], and disrupt 
motor functions [20,21].  
 
In recent years, environmentally friendly methods, 
especially biological control, have increasingly been 
used as an alternative to pesticides. Among the 
beneficial organisms used in the biocontrol of pests, 
entomopathogenic fungi have important role and 
their usage have gradually been increasing [22-25]. 
Now there are 750-1000 described 
entomopathogenic fungus species. In addition, from 
1960’s 171 fungus preparations, most of which 
contains Beauveria bassiana (Bals.-Criv.) Vuill., 
Metarhizium anisopliae (Metchnikoff) Sorokin) and 
Isaria fumosorosea Wize, have been used in the 
biocontrol of agricultural pests [26]. Although there 
are many studies on the effects of entomopathogens 
on harmful organisms mainly insects, there are less 
report on their effects on beneficial insects and bees 
[27-30]. Conflicting results were obtained in the 
studies performed to determine the effects of 
entomopathogens on bees. It was reported that high 
concentrations (106-108 spore/bee) of B. bassiana 
shortened the lifespan of honey bees [31]. In another 
study, M. anisopliae was found to be more pathogenic 
for bees than B. bassiana [32]. In contrast, when bees 
were fed with sucrose solution containing M. 
anisopliae, B. bassiana and V. lecanii, mortality rates 
were higher than controls when bees were fed with 
the latter two entomopathogens, while M. anisopliae 
did not significantly affect the mortality rates of the 
bees [33]. In another study, it was determined that 
the infestation of a dust formulation of B. bassiana on 
bees significantly decreased average lifespan of the 
bees [34]. Similarly, M. anisopliae and B. bassiana 
commercial preparations were compared in terms of 
their effects on vitality of honey bees. It was found 
that both preparations decreased the rates of alive 
individuals and the latter entomopathogen was more 
effective [35]. In a study performed both under 
laboratory conditions and on beehives, it was found 

that B. bassiana and M. anisopliae caused slight 
infection on the bees but they didn’t cause any 
change in bee behaviour, larval development and 
colony features [36]. Furthermore, some researchers 
mentioned that bombus bees could be used as a 
vector for the dissemination of entomopathogen 
fungus B. bassiana in greenhouses [37]. 
 
In this study, effects of three entomopathogen fungus 
preparations and an insecticide with active 
ingredient Chlorpyrifos-ethyl for comparison, on 
vitality and motor functions of honey bees and 
bombus bees, were investigated..  
 
2.  Material and Method 
 
The main materials of the study were Apis mellifera L. 
and Bombus terrestris L. Honey bees were obtained 
from a beekeeper (Ümit Ferahzade, Beyşehir, Konya) 
and bombus bees from Koppert® company in 
Turkey. Two entomopathogens used in the study; 
Beauveria bassiana (Bals.-Criv.) Vuill. and Verticillium 
lecanii (Zimm.) Viegas (Syn.: Lecanicillium lecanii R. 
Zare & W. Gams) were obtained from Agrobest 
company. The third entomopathogen isolate used in 
the study was Metarhizium anisopliae (Metsch.) 
Sorokin var. anisopliae Strain F52 (Syn.: M. brunneum 
Petch) isolated from Cydia pomonella and was 
obtained from Swansea University (UK). Insecticide 
Chlorpyrifos-ethyl produced by Dow AgroSciences 
company was also used for comparison. Commercial 
names, rates of active ingredients, formulation types 
and doses of the preparations were given in Table 1. 
 
Tablo 1. Preparations used in the experiments  

Active 
Ingredient 

Commercial 
Name 

Rate and  
Formulation  

Doses 

Beauveria 
bassiana strain 
Bb-1 

Nostalgist 
BL® 

1.5% SL 0.25 ml/l 

Verticillium 
lecani strain 
V1-1 

Nibortem® 1.5% SL 0.25 ml/l 

Metarhizium 
anisopliae var. 
anisopliae  

Strain F52  9X1011 
cfu/kg  G 

0.10 gr/l 

Chlorpyrifos-
ethyl  

Dursban4® 480 g/l EC 1.50 ml/l 

 
Preparations were applied to the bees by two 
methods; feeding and spraying. At first 2 M sucrose 
solution in 5 cm Petri dishes were placed 10 m away 
from the beehives in the field and bees visiting the 
dishes were picked in small plastic boxes. Bees were 
brought to the laboratory and kept at -18°C for a few 
minutes [38]. When they become inactive, they were 
fixed to plastic syringe from their thorax, without 
preventing the movement of their head, legs and 
abdomen. After a few minutes, they were checked if 
they were healthy or not, by touching a small cotton 
with sucrose solution to their antenna and inspecting 
their response. Each bee was fed by sucrose solution 
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until they become full and checked again after 24 
hours and healthy bees were selected. Then 5 μl 
solutions of the entomopathogen and insecticide 
formulations were prepared, mixed with 5 μl sucrose 
solutions and bees were fed with the solutions 
dropped in petri dishes. After the bees finished all the 
solutions, they were kept in the laboratory for 4 
hours and then they were scored according to the 
movement of their proboscis, antenna, legs and 
abdomen. Bees which couldn’t move any of their 
body parts were given 0 point, bees moving their 
proboscis, antenna, legs or abdomen slowly and 
irregularly were given 1 point, and bees moving their 
body parts normally were given 2 points for each of 
their body parts. Thus, bees normally moving all of 
their body parts were given 8 points, while those 
totally paralysed were given 0 point [39]. 
Experiments were performed with 5 replicates and 5 
bees were used for each replicate. Bees in the control 
group were fed only with 2M sucrose solution.  
 
Applications were changed a little bit for bombus 
bees, since they have different behaviour and 
response. Beehives with about 60-70 bombus bees 
were kept under red light and bees were transferred 
to falcon tubes in groups of 5 bees. Tubes were kept 
at -18°C for 3-4 minutes and after the bees became 
inactive, they were fixed onto plastic syringe from 
their thorax. Bees were then fed with preparations 
mixed with sucrose solution and scored for their 
motor functions 4 hours after feeding, similar with 
honey bees experiment.  
 
For the spraying method, honey bees were put into 
plastic boxes (10x10x10 cm) and preparations with 
recommended doses were applied on them by using a 
simple hand sprayer. Bees in the control group were 
sprayed with distilled water and 5 replications, and 5 
bees in each replicate, were used in the experiment. 
Dead and alive honey bees were recorded 4, 12 and 
24 hours after spraying. Preparations were applied to 
bombus bees in beehives and bees were checked one 
week after the applications. Three beehives were 
used each with 60-70 bees.   
 
JMP (Ver. 8) program was used to evaluate the 
results. Data were subjected to analyses of variance 
and Tukey’s multiple comparison test was used to 
compare the means. Efficacy of the preparations were 
calculated by Abbott’s formula [40]. 
 
3. Results  
 
As a result of feeding method, there was no 
significant difference among the movements of the 
body parts of honey bees fed with entomopathogen 
preparations and controls. This result showed that 
the entomopathogens had no negative effect on 
motor functions of honey bees. In contrast, 
movement scores of the bees fed with Chlorpyrifos-
ethyl were statistically different and formed another 

group. This meant that the insecticide significantly 
inhibited the motor functions of honey bees. Similar 
results were obtained with the bombus bees. All the 
individuals fed with the entomopathogen 
preparations were scored with 8 point as in control 
group showing that entomopathogens had no 
inhibitory effect on bombus bee’s motor functions. 
Bombus bees fed with Chlorpyrifos-ethyl became 
motionless and it was observed that all were dead 4 
hours after the application (Table 2). 
 
Table 2. Effects of feeding with the entomopathogens and 
Chlorpyrifos-ethyl on motor functions of the bees (Mean ± 
SE) 

 
Applications 

Body Movement Scores 
Honey bee Bombus bee 

Control    7.96±0.04 a*   8.0±0.00 a* 
Beauveria bassiana 7.36±0.39 a 8.0±0.00 a 
Verticillium lecani 7,04±0.39 a 8.0±0.00 a 
Metarhizium anisopliae 
var. anisopliae 

7.36±0.39 a 8.0±0.00 a 

Chlorpyrifos-ethyl 0.36±0.22 b 0.0±0.00 b 
* Means in the same column shown by the same letter were not 
significantly different from each other according to Tukey’s test 
(p≤0.05) 

 
As a result of spraying method, it was determined in 
the first observation made 4 hours after the 
application, Chlorpyrifos-ethyl caused death of all the 
bees, while in the control and entomopathogen 
applications, all bees were alive. In the second 
observation made 12 hours after the application, it 
was observed that all the bees in the control group 
and those in B. bassiana and V. lecanii applications 
were still alive, while a few bees were dead in the 
group sprayed with Metarhizium anisopliae var. 
anisopliae. In the third observation made 24 hours 
after the application, all entomopathogens caused 
death of a few bees, but means were not significantly 
different from the control group where all the bees 
were alive (Table 3). 
 
Table 3. Effects of spraying with the entomopathogens and 
Chlorpyrifos-ethyl on the number of alive Apis mellifera 
individuals (Mean ± SE) 

 
Applications 

Mean Number of Alive Bees 

4. hour 12. hour 24. hour 

Control 5.0 ± 0.0 a* 5.0 ± 0.0 a 5.0 ± 0.0 a 
Beauveria 
bassiana 

5.0 ± 0.0 a 5.0 ± 0.0 a 4.6 ± 0.2 a 

Verticillium 
lecanii 

5.0 ± 0.0 a 5.0 ± 0.0 a 4.6 ± 0.2 a 

Metarhizium 
anisopliae var. 
anisopliae 

5.0 ± 0.0 a 4.8 ± 0.2 a 4.6 ± 0.4 a 

Chlorpyrifos-
ethyl 

0.0 ± 0.0 b 0.0 ± 0.0 b 0.0 ± 0.0 b 

* Means in the same column shown by the same letter were not 
significantly different from each other according to Tukey’s test 
(p≤0.05) 

 
According to the results obtained 24 hours after the 
applications, the insecticide showed 100% efficacy on 
both bee species (Figure 1, 2). 
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Figure 1. Efficacy of the entomopathogens and 
Chlorpyrifos-ethyl on Apis mellifera, 4, 12 and 24 hours 
after spraying (%) 

 
Similar results were obtained in the observation 
made one week after the application of preparations 
by spraying method, on the beehives containing B. 
terrestris individuals. Chlorpyrifos-ethyl caused death 
of all the bees when applied by spraying method, 
while entomopathogen applications caused death of a 
small number of bees and statistically arranged in the 
same group with control (Table 4). When the results 
were evaluated by Abbott’s formula, the efficacy of 
the entomopathogen preparations on bombus bees 
were less than 2%, while spraying the insecticide had 
100% efficacy (Figure 2).  
 
Table 4. Effects of spraying with the entomopathogens and 
Chlorpyrifos-ethyl on the number of alive Bombus terrestris 
individuals (Mean ± SE) 

Applications 
Mean Number of Alive 

Bees 
Control   65.00 ± 0.00 a* 
Beauveria bassiana 64.00 ± 1.00 a 
Verticillium lecani 64.33 ± 0.66 a 
Metarhizium anisopliae var. 
Anisopliae 

64.67 ± 0.33 a 

Chlorpyrifos-ethyl   0.00 ± 0.00 b 
* Means shown by the same letter were not significantly different 
from each other according to Tukey’s test (p≤0.05) 
 

 

 
Figure 2. Efficacy of spraying with the entomopathogens 
and Chlorpyrifos-ethyl on Bombus terrestris (%) 

 
4. Discussion and Conclusion 
 
In this study, entomopathogen B. bassiana, V. lecani 
and M. anisopliae var. anisopliae preparations were 
applied to honey bees and bombus bees by feeding 
and spraying methods. As a result, both on honey 
bees and bombus bees, no harmful effect of the 

entomopathogens were determined and mean 
numbers of alive bees were not significantly different 
from the control group. Conversely, a commonly used 
insecticide Chlorpyrifos-ethyl which was used in the 
study as a comparison pesticide, was found to be very 
effective and caused death of all the individuals of 
both bee species. It was previously shown that 
Chlorpyrifos-ethyl had toxic effect on bees. In a study 
made in South Italy, it was mentioned that this 
chemical was one of the most commonly used 
insecticides and was responsible from the bee losses. 
Residues of this insecticide were found on 32% of the 
dead bee samples taken from the areas where bee 
losses were observed [41]. In a risk evaluation report 
on pesticide residues and bees,  it was indicated that 
Chlorpyrifos was one of the most risky chemicals for 
bees and that besides its direct effect, it caused harm 
by its residues in pollen and beewax [42]. Results of 
this study were in harmony with the previous records 
on the toxic effects of this chemical on bees.  
 
There are conflicting reports on the effects of 
entomopathogens on bees. Some researchers had 
found them harmless for bees. Furthermore, some of 
them declared that entomopathogen fungi could be 
used against bee parasites [43,44], while some others 
stated that bees could be used to spread 
entomopathogens in greenhouses [37]. However, 
there are also some reports on the pathogenic effects 
of entomopathogens on bees. It was found that high 
concentrations (106-108 spores/bee) of Beauveria 
bassiana shortened life span of bees [31]. In another 
study, M. anisopliae were found to be more 
pathogenic for bees than B. bassiana [32]. Similarly, it 
was determined that B. bassiana and M. anisopliae 
caused infection and death of bees even in lower 
rates under laboratory conditions. But it was 
reported that the fungi caused no change in the 
behaviour, larval development and colony features 
[36]. Effects of commercial preparations of M. 
anisopliae, B. bassiana and Isaria fumosorosea on 
three bee species were investigated and two latter 
fungi caused less than 30% death on all three bee 
species, while the effect of M. anisopliae was higher 
and changed among 38.9-94.2% depending on the 
species [45]. In a research, different isolates of M. 
anisopliae were used against bees and it was found 
that some isolates had high toxic effect while some 
were less effective [46]. These reports showed that 
there were virulence differencies among species and 
also among the isolates belonging to same species 
and indicated the cause of conflicting results obtained 
in similar studies.  
 
In a recent study, effects of M. anisopliae, B. bassiana 
ve V. lecani on honey bees were investigated by three 
methods. When the spore suspensions of the fungi 
were sprayed on paper strips coated with starch, 
placed between the frames in front of the beehives, 
mortality rate was higher than others in the beehive 
where V. lecani was applied. When the fungi were 
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sprayed on marked areas of the beehive, M. anisopliae 
and V. lecani caused higher rates of death, but there 
were no statistically significant difference among the 
mortality rates. When bees were fed with sucrose 
solutions mixed with the fungi, M. anisopliae had no 
significant effect on bee mortality, while mortality 
rates of bees fed with B. bassiana and V. lecani were 
higher than controls [33]. In a similar research, four 
methods were used to apply M. anisopliae and B. 
bassiana commercial preparations on honey bees. B. 
bassiana decreased the rates of alive bees in all 
methods, while M. anisopliae were less effective [35]. 
These results indicated that the application methods 
could also change the efficacy of entomopathogens.  
 
It was determined in the present study that honey 
bees were more susceptible to entomopathogens 
than bombus bees. Efficacy of the entomopathogens 
on honey bees reached 8% in the observation made 
24 hours after the applications, while on bombus 
bees it was less than 2% one week after application. 
In a research made in Finland, it was found that M. 
anisopliae could infect bombus bees, but it would 
cause no risk if the fungus was applied in soil or on 
plants not attractive for bombus bees [47]. 
Conversely, application of a dust formulation of B. 
bassiana on bombus bees decreased the longevity of 
bees [34]. These reports indicated that the effects of 
entomopathogens on bombus bees changed 
depending on the isolates and application methods.  
 
In the previous studies, effects of entomopathogens 
on bees were only evaluated in terms of bee 
mortality. While the present study investigated the 
effects of entomopathogens both on mortality and 
also on motor functions of honey bees and bombus 
bees. The results of the study showed that the effects 
of entomopathogens on bees were relatively low. 
However, detailed field and greenhouse studies using 
different application methods will be better to 
understand the possible long-term effects of 
entomopathogens on bees. Then entomopathogens 
can safely be used against insect pests causing harm 
on agricultural crops, as part of integrated pest 
management strategies.  
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