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This study aimed to evaluate the effects of pesticides from different origins on several bacteria 

in the microbiota of Bombus terrestris. In the experiments, recommended field doses (1/1) and 
sublethal doses (1/10, 1/100, 1/1000) of Subtilex Foliar (Bacillus subtilis MBI 600, Bioglobal©) 

and Pusula (Thiamethoxam, Hektaş©) were used. The experiments were performed with 5 

replications (10 worker bees per replication). The worker bees were fed the sugar syrup + 
pesticide mixture prepared for 5 days in each replication. On the fifth day after applications, 5 

random individuals from each trial were selected from the live worker bees and, after being 

mechanically euthanized, placed in sterilized falcon tubes labeled with experimental group 
details. The same procedure was applied to the microbiota analysis of the control group as the 

experimental groups. These individuals were then analyzed to determine microorganism 

changes. According to the results obtained, the colony development of two different species of 
bacteria, Staphylococcus xylosus and S. gallinarum, was determined in the control group. 

Staphylococcus xylosus and S. gallinarum were completely inhibited in 1/1 and 1/10 dose 
applications of B. subtilis MBI 600, while the dominant species was B. subtilis MBI 600. 

Staphylococcus xylosus in the control group became dominant after the application of 1/100 

dose of B. subtilis MBI 600, and after the application of 1/1000 dose, B. subtilis MBI 600 could 
not colonize. When Thiamethoxam applications were compared with the control group, 

Staphylococcus gallinarum colonies and Pseudomonas sp. colonies became dominant in 

individuals who received 1/1 dose application. The results show that the different origins of the 
pesticides used cause significant changes in the microbiota of worker bees for life.  
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1. Introduction 
 

Bumblebees are of significant global ecological importance 

due to their role as pollinators for a considerable number of plant 

species (Klein et al. 2007; Garibaldi et al. 2013). They have high 

commercial value as they can be used to pollinate a variety of 

agriculturally grown plants in field environments and are raised 

for commercial use in greenhouse environments (Goulson 2003; 

Velthuis and Van Doorn 2006; Nayak et al. 2020; Weinhold et 

al. 2024). The bumblebee has a simple but specific gut microbiota 

that plays an important role in food digestion (Kwong et al. 2013; 

Killer et al. 2014; Praet et al. 2017) and absorption, enhances 

immunity, and resists pathogen infection (Li et al. 2015; Kwong 

et al. 2017). For both honeybees and bumblebees, the native gut 

microbiota has been shown to support the development and 

health of adult workers (Engel et al. 2016; Zheng et al. 2018). It 

has been reported that the gut microbiota in healthy individuals 

increases the production of bee-encoded P450 enzymes (Wu et 

al. 2020) that can neutralize toxins in food but do not protect from 

commonly used insecticides (Raymann et al. 2018). However, it 

has been observed that some pesticides that reach the bee gut are 

detoxified by the gut microbiota, and in this context, the 

microbiota causes a decrease in pesticide toxicity for the bee 

(Zhang et al. 2024). However, the unequal distribution of 

microbiomes in the bee gut (low concentrations in the foregut and 

midgut, and abundance in the hindgut) may hinder their ability to 

detoxify pesticides encountered through oral exposure (Kwong 

and Moran 2016; Kesnerova et al. 2017). Apart from unequal 

distribution, the detoxification capacity of the microbiota can be 

affected by many factors, such as pesticide type and 

concentration, exposure time, and colony seasonality (Hotchkiss 

et al. 2022). In current agricultural practice, a range of pesticides 

are commonly utilized to protect plants against pests. However, 

the elevated levels of these pesticides in soil, water, and pollen 

have adversely affected the health of non-target organisms, 

particularly pollinators such as bumblebees. The scientific 

evidence indicates that neonicotinoids may have adverse effects 

on non-target organisms, particularly honeybees and other wild 

pollinators such as bumblebees (Laycock et al. 2012; Bonmatin 

et al. 2015; Dussaubat et al. 2016; Zhang et al. 2022). 

Neonicotinoids have been widely used in agricultural settings 

since their introduction in the 1990s, and their use has continued 

to steadily increase globally (Simon-Delso et al. 2015). 

Neonicotinoid pesticides are suggested to be one of the causes of 

population declines in bumblebees and other pollinators due to 

their widespread use, specificity to the nervous system of 
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invertebrates, and toxicity to bees (Campa and Lehmann 2021). 

The majority of the study on the effects of neonicotinoids on 

bumblebee health was focused on imidacloprid, while it has been 

reported that wild populations are increasingly exposed to 

alternative neonicotinoids, such as Thiamethoxam (Laycock et 

al. 2014). 

This study aimed to determine the relationship between the 

bacteria in the gut microbiota (competition) when B. terrestris 

worker bees are exposed orally to B. subtilis MBI 600, which is 

a biopesticide with a high probability of exposure, especially in 

greenhouses and open production areas, and Thiamethoxam, an 

insecticide in the neonicotinoids group, at the recommended field 

dose and sublethal doses with sugar water. 

 

2. Materials and Methods 
 

In the study, Bombus terrestris L. worker bees (8-12 day-

old), biopesticide Bacillus subtilis MBI 600 (2x1011 cfu g-1, 

Subtilex Foliar, Bioglobal©, 50 g 100 L-1), and an insecticide 

Thiamethoxam (Pusula, Hektaş Company©, 350 g 100 L-1) from 

the neonicotinoid group were used. 
 

2.1. Application of pesticides to worker bees 
 

Bacillus subtilis MBI 600 (Subtilex Foliar, Bioglobal©, 50 g 

100 L-1) and Thiamethoxam (Pusula Hektaş©, 350 g 100 L-1) 

sugar syrup were mixed in 4 different doses, namely 

recommended maximum field dose (1/1) and sublethal doses 

(1/10, 1/100, 1/1000), and worker bees were fed orally (Table 1). 

Five replications were given for each pesticide dose, and 10 B. 

terrestris worker bees were given the sugar syrup+pesticide 

mixture as food for 5 days in each replication. The experiments 

were carried out with a randomized plot design. Bombus 

terrestris colonies were produced in growth chambers (27-28°C, 

50-60% relative humidity). Worker bees within the colony were 

randomly selected, and the experiments were conducted with 5 

replications. 10 B. terrestris worker bees were given the sugar 

syrup+pesticide mixture as food for 5 days in each replication. In 

the control group, worker bees were given sugar water (50 brix) 

without pesticide for the same period. On the fifth day, 5 

individuals from each dose were randomly selected from the 

living worker bees and taken into falcon tubes. These individuals 

were mechanically euthanized. These individuals were then 

analyzed to determine microorganism changes. 

 
Table 1. Pesticides used in the study and their application doses 

Pesticides 
Doses (g 100 L-1 water) 

1/1 1/10 1/100 1/1000 

Pusula (Thiamethoxam) 350 35 3.5 0.35 

Subtilex Foliar (Bacillus 

subtilis MBI 600) 
50 5 0.5 0.05 

 

2.2. Isolation of bacteria from worker bees 
 

Following the observation of the health status of B. terrestris 

worker bees exposed to varying doses of biopesticide and 

chemical pesticide, the bees were subsequently killed by 

mechanical means and placed in specially designed falcons that 

had been previously sterilized and transported to the 

microbiology laboratory. Here, two different bee samples from 

each trial were randomly selected from the trials and surface 

sterilized with alcohol (70%). Then, the insects were cleaned of 

alcohol (70%) to remove possible contaminants, and were 

homogenized in a Nutrient Broth (NB) by using a sterilized glass 

tissue grinder. Homogenization was performed to isolate 

microorganisms associated with the insect. Homogenization was 

repeated three times on different occasions. After 

homogenization, the samples were filtered and diluted with NB 

at different rates (103, 104, 105). 100 µL of the final dilutions were 

taken, and the samples were spread onto Nutrient Agar (NA) 

using sterile swabs. The inoculated petri dishes were incubated at 

30°C for 16-18 hours (Poinar and Thomas 1978). The entire 

study was performed in duplicate. 
 

2.3. Isolation and identification of bacterial cultures 
 

After incubation, the bacterial isolates obtained were 

carefully examined and pure cultures were obtained by streaking 

colonies on NA medium from colonies that were found to be 

morphologically different from each other. Pure cultures were 

stored in sterile glycerol (30%) at -20°C to be used in subsequent 

studies. To identify the isolates, the gram properties of the pure 

cultures were first elucidated (Suslow et al. 1982). Then, the 

isolates were streaked on Mueller Hinton Agar (MHA), left for 

24 hours of incubation, and identified with the VITEK 2 device 

(Verweij et al. 1999; Pincus 2002). 

In this study, bacteria living together with insects were 

determined. Worker bees kept in the same conditions without any 

application were evaluated as control applications. 

Microorganism developments in Petri dishes were presented in 

terms of microorganism diversity and inhibition of worker bees 

kept in the same conditions with different doses of pesticides 

compared to the control application. In addition, bacterial 

development experiments were performed in 3 replicates. 

 

3. Results 
 

According to the results, in the control intensive colonization 

was observed in the nutrient agar (NA) medium under aerobic 

conditions at 30°C, and these dominant colonies were first 

evaluated morphologically as white and orange colonies (Figure 

1a). Then, the gram properties of the purely cultured colonies 

were determined and the isolates were determined to be gram (+). 

This bacterial was identified as the white colony of 

Staphylococcus xylosus and an orange colony Staphylococcus 

gallinarum at the species level (100% rate) by VITEK. However, 

there were serious changes in the microbiota of the worker bees 

treated with B. subtilis MBI 600 compared to the control group 

depending on the biopesticide concentration acquired to their 

guts. The dominant S. xylosus and S. gallinarum bacteria in the 

control group were completely inhibited as a result of the 

treatment with 1/1 and 1/10 doses of B. subtilis MBI 600 and the 

dominant species was B. subtilis MBI 600 (Figure 1b and c). The 

white colony S. xylosus bacteria in the control group became 

dominant as a result of the treatment with 1/100 dose of B. 

subtilis MBI 600, however, B. subtilis MBI 600 colonies were 

still dominant in the environment (Figure 1d). After the 

application 1/1000 dose of B. subtilis MBI 600, S. xylosus and S. 

gallinarum which are the same colonies as the control were 

detected in the microbiota, it was observed that B. subtilis MBI 

600 could not colonize (Figure 1e). Higher doses of B. subtilis 

MBI 600 (1/1, 1/10) led to a dominance of B. subtilis, whereas 

lower doses (1/1000) allowed recolonization by native bacteria 

such as S. xylosus and S. gallinarum. When the results of the 

microbiota obtained in line with the nutrient medium, 

temperature, and aerobic conditions used in this study were 

evaluated, it was seen that the treatment with high levels of B. 

subtilis MBI 600 changed the microbiota of the bee and became 

the dominant species. In addition, it was determined that the 

dominant species in the control group became dominant again 
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due to the B. subtilis MBI 600 treatment at decreasing application 

rates. 

The evaluation of the Pusula applications revealed that the 

orange colonies of S. gallinarum bacteria and Pseudomonas sp. 

colonies exhibited a dominant growth pattern in individuals 

administered with the 1/1 dose, in comparison to the control 

group. However, it was observed that the white colonies of S. 

xylosus were inhibited (Figure 2b). In other applications, all 

bacterial colonies were inhibited and a different microorganism 

not defined in this study became dominant (Figure 2c, d, and e). 

The insecticide Pusula, which includes the active ingredient 

Thiamethoxam, was determined to be a highly effective molecule 

with a low dosage of 1/1000. It was observed that this molecule 

causes significant bacterial inhibition and the growth of a single 

type of microorganism in the context of the conditions studied in 

B. terrestris bees.  

 

4. Discussion and Conclusion 
 

Bumblebees are important pollinators in natural and 

agricultural ecosystems and also play an important role in 

maintaining plant diversity and ecological balance (Gallai et al. 

2009; Williams and Osborne 2009). The bumblebee gut hosts a 

relatively simple yet specialized microbiota (Koch et al. 2012; 

Martinson et al. 2011; Li et al. 2021). The gut microbiota of 

various social insects belonging to the genera Apis mellifera L. 

(Hymenoptera: Apidae) and B. terrestris (Hymenoptera: Apidae) 

plays an important role in their health, ability to absorb nutrients, 

and defense against pathogens (Engel et al. 2016; Zheng et al. 

2016; Mondal et al. 2023). Previous studies have focused on the 

lethal and sub-lethal effects of pesticides on B. terrestris. The 

widespread use of commercial pesticides poses a problem for 

bumblebees due to the sublethal effects of exposure to field doses 

(Cameron and Sadd 2020). Exposure to neonicotinoid pesticides 

such as Thiamethoxam and Imidacloprid can disrupt the social 

networks, foraging behaviors, learning and memory abilities of 

bumblebees, leading to colony failures (Gill et al. 2012; Feltham 

et al. 2014; Gill and Raine 2014; Stanley et al. 2015; Crall et al. 

2018; Smith et al. 2020; Richman et al. 2021). It has been 

supported by different studies that non-lethal doses of 

Thiamethoxam negatively affect the hemocytes and 

morphological structure of the brain of B. terrestris worker bees 

(Çakıcı et al. 2023a, b). It has been reported that under laboratory 

conditions, B. subtilis QST713 (Serenade) on B. terrestris caused 

100% mortality in worker bees after 72 hours of weekly exposure 

to sugar water (maximum recommended field dose, 

7.5 × 109 CFU L-1) for 11 weeks, and 79% mortality occurred at 

1/10 recommended field dose (Mommaerts et al. 2009). Previous 

studies have determined that neonicotinoid and bacterial 

pesticides have lethal and sub-lethal effects on B. terrestris 

worker bees. It has also been reported that exposure to low-dose 

pesticides poses a threat to beneficial pollinators by reducing 

immune function and increasing susceptibility to infection 

(Chmiel et al. 2019). Pesticides affect not only bees but also their 

resident gut microbial communities, which are linked in a 

fundamental symbiosis (Hotchkiss et al. 2022). The decline of 

bumblebee populations, especially due to pesticides, and the 

agricultural importance of bumblebees necessitate a better 

understanding of factors related to bumblebee health, such as the 

gut microbiota and their health-related functions (Wang et al. 

2019). 

As a result of this study, no previous study has been found on 

the presence of S. xylosus and S. gallinarum, the two dominant 

bacterial species obtained from B. terrestris individuals in the 

control group without any application. However, it has been 

reported that S. gallinarum was isolated from the midgut of S. 

littoralis larvae, and S. xylosus was found in the Lymantria dispar 

microbiota (Johnston and Crickmore 2009; Ragab et al. 2022). In 

addition, it has been determined that Staphylococcus spp. in the 

insect microbiota are related to insect development and the 

effectiveness of insecticides. It has been reported that 

Staphylococcus spp. in the Drosophila melanogaster microbiota 

detoxify imidacloprid, which is in the neonicotinoid group 

(Chmiel et al. 2019). It has been determined that S. gallinarum 

strain SWGB 7 positively supports the development of Bombyx 

mori larvae and pupae (Saranya et al. 2019). In this study, 

especially with the application of high doses of B. subtilis MBI 

600 (1/1, 1/10), S. xylosus and S. gallinarum in the B. terrestris 

microbiota were inhibited, while in the control application of B. 

subtilis MBI 600 at a dose of 1/1000, S. xylosus and S. gallinarum 

were colonized and B. subtilis MBI 600 was not found. These 

results suggest that S. xylosus and S. gallinarum in the B. 

terrestris microbiota exposed to low doses of the biopesticide can 

tolerate B. subtilis MBI 600. 

 

 
Figure 1. Microbiota changes observed in Bombus terrestris bees after the application of different doses of Bacillus subtilis MBI 600. (a) Control, (b) 

1/1 biopesticide application, (c) 1/10 biopesticide application, (d) 1/100 biopesticide application, (e) 1/1000 biopesticide application. 

 

 
Figure 2. Microbiota changes observed in Bombus terrestris bees after the application of different doses of Thiamethoxam. (a) Control, (b) 1/1 pesticide 

application, (c) 1/10 pesticide application, (d) 1/100 pesticide application, (e) 1/1000 pesticide application. 
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It has been reported that pesticides can disrupt gut microbiota 

by directly affecting the growth of microbes and impairing the 

health of the host or by altering the gut environment (Daisley et 

al. 2020). Thiamethoxam is thought to indirectly disrupt bee gut 

microbial taxa by weakening host health (Rouzé et al. 2019; 

Hotchkiss et al. 2022). Thiamethoxam was concluded to be a 

highly potent molecule against the B. terrestris microbiota 

(including the 1/1000 dose) and causes severe bacterial 

inhibition. In particular, it should be emphasized that after having 

exposed B. terrestris bees to these pesticides orally for 5 days, 

the workers were evaluated before dying to observe the change 

in microbiota and to obtain healthy results. It was observed that 

different microorganisms became dominant in the gut microbiota 

of B. terrestris worker bees thanks to B. subtilis MBI 600 and 

Thiamethoxam and that it did not cause death in the short term. 

The length of pesticide exposure is one of the factors that play 

an important role in pesticide-induced bee gut microbiota 

changes. However, while long-term exposure to a pesticide does 

not necessarily indicate that the gut microbiota will be disrupted 

(Wintermantel et al. 2018; Yang et al. 2019), it is also known that 

short-term pesticide exposure causes disruptions in the bee gut 

microbiota (Motta et al. 2018; Motta et al. 2020). Similarly, it has 

been revealed that even short-term and low-dose Thiamethoxam 

application can cause serious changes in the microbiota. These 

changes need to be investigated in the long term, and the results 

obtained from this study have shown that changes in the 

microbiota may also be effective in bee deaths. However, high 

dosages of B. subtilis MBI 600 used as a biopesticide also appear 

to cause serious changes in the microbiota. Again, this situation 

can be tolerated in the short term. Nevertheless, it is thought that 

exposure of B. terrestris bees to high doses for a long time may 

cause dramatic changes in the microbiota. Microbiota dynamics 

are quite variable and depending on the environments exposed 

(nectar source or pollen availability, flower diversity, etc.) 

(Weinhold et al. 2024), existing species may become dominant 

or inhibited. This preliminary study uses limited environments 

(NA, temperature, aerobic environment, etc.). However, the 

results show us that the different origins of pesticides used cause 

dramatic changes in the microbiota of such species that are 

important for life. It has been observed that these changes in 

microbiota are especially dependent on the dosage. Changes in 

the microbiota adversely affect the health of the living being and 

are associated with death. Sensitivity regarding application doses 

of pesticides needs to be increased. Subsequent studies plan to 

include selective environments to detect and control the change 

in the entire microbiota. 
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