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Abstract 

The decline of honeybees is a current cause of concern globally. A major factor implicated in their 

decline is exposure to agricultural chemicals, particularly neonicotinoid insecticides. Here, we assess the 

effects of neonicotinoids on honey bees mortality as they foraged on treated mustard bloom under field 

and semi field conditions. Neonicotinoid insecticides were sprayed on mustard at 50 percent bloom under 

field (thiamethoxam 0.1g/l) and semifield (thiamethoxam 0.1g/l and imidacloprid 0.3ml/l) conditions. 

The results obtained under semifield conditions showed significantly higher mortality on 1st and 2nd day 

after spray of thiamethoxam (293 and 231.83 bees/DBT/day) and the same trend was also recorded in 

imidaclprid (70.17 and 74 bees) spray in comparision to control (4.17 and 9.83). The mortality in both 

the insecticidal treatments reduced significantly after 3rd day of spray, suggesting avoidance of foraging 

on treated crop by honeybees. Similarly under field conditions, the average bee mortality of A. mellifera 

was significantly higher on 1st (112.50 bees/DBT/day) 2nd (112 bees) and 3rd day (46.33 bees) after spray 

in comparison to mortality observed in control. The overall mortality of A. mellifera exposed to the 

insecticidal treatments under both the conditions was recorded higher in comparison to control. These 

data demonstrate that there is a risk to honey bees from systemic residues in nectar and pollen following 

the spray of neonicotinoids during flowering period. 

 

Keywords: Apis mellifera, semifield conditions  

 

Introduction 

Honeybees play a crucial role in the pollination of agricultural crops. Bees are estimated to 

pollinate over 66 per cent of the world's 1,500 crop species. They also contribute directly or 

indirectly to 15–30 per cent of global food production. Less than eleven of the 20,000–30,000 

bee species are used for agricultural purposes worldwide. Out of above species, the honeybee 

is used intensively to enhance the agricultural productivity in developed nations (Kremen et 

al., 2002) [1]. The economic role of honeybees in pollination has been valued to be around 153 

billion worldwide in the year 2005 (Gallai et al., 2009) [2] that makes 9.5 per cent of the total 

value of food production (Kremen et al., 2002) [1]. However, their positive effect on natural 

ecosystems is often overlooked and the declining population of honeybees would have drastic 

and long-term effects on the bio diversity of ecosystems.  

The food production is becoming increasingly dependent on pollinators, especially honeybees, 

in contrary, the populations of these pollinators are currently declining (Aizen and Hardar 

2009).The decline of honey bees has been a major cause of concern globally for the past 

decades and in recent years, beekeepers experiencing high colony losses, which posed a 

serious threat to food security, agriculture productivity as well as intercontinental trade. Varroa 

mites, bacterial and viral infection, malnutrition, colony stress and pesticides are some of the 

important factors contributing towards bee losses (Van Engelsdrop et.al., 2013) [3]. Among 

these, the most important causing direct bee mortality is the use of various kinds of pesticides 

on cultivated crops. Exposure to pesticides not only results in reduced foraging activity of 

honey bees but also of other insect pollinators having direct impact on the colony performance 

(Weick and Thorn, 2002) [4] and decline in bee population (Cresswell et al., 2012) [6]. Recent 

studies on global pollinator declines (Biesmeijer et al., 2006; Potts et al., 2010; Cameron et al., 

2011) [5, 7, 8] are alarming, especially with respect to the increasing demand for pollination 

services (Klein et al., 2007; Aizen and Harder, 2009) [9, 10]. The annual estimated cost of 

pollination losses is $210 million USD due to pesticide exposure (Pimentel, 2005) [11]. 

Among different classes of chemical insecticides, the use of neonicotinoid insecticides has 

been suspected to represent a major threat to honey bee survival (Desneux et al., 2007; 

Goulson, 2013; Pisa et al., 2015) [12, 13, 14] and sharp decline of both managed and wild bee 

population (Goulson et al., 2015) [14]. Since their commercial introduction in the early 1990s, 

neonicotinoids became the most commonly used group of insecticides in the world. Their 

subsequent demand increased substantially on a global scale over last decade
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(Elbert et al., 2008; Mullin et al., 2010; Goulson et al., 2015) 
[16, 17, 14] and market share grew very soon from 16 per cent in 

2005 to 24 per cent in 2008, valued at roughly €1.5 billion in 

2008 (Giri, 2017) [18]. At present, neonicotinoids account for 

more than 15% of global pesticide sales (Blacquière et al., 

2012; Dively et al., 2015) [19, 20] and imidacloprid is now a 

top-selling pesticide globally (Stoner and Eitzer, 2012) [21, 23]. 

Neonicotinoids have high selectivity towards invertebrate 

over vertebrate organisms (Jeschke and Nauen, 2012) [23]. 

Neonicotinoids are applied as field sprays and seed treatments 

(Krupke et al., 2012) [22], so honey bees may be exposed via 

direct application, contact with treated surfaces, seed dusts 

and plant products including pollen, nectar and exudate from 

extra-floral nectaries leading to the adverse impact on the 

colony health. Neonicotinoids translocate into pollen and 

nectar, which are principal food sources for bees (Cresswell, 

2011) [24]. Foraging bees collect insecticide along with pollen 

and store it in the brood frames. Nurse bees feed the 

contaminated pollen and nectar to the developing brood. This 

results in the total loss of the colony. Foraging bees are killed 

as they collect and transport contaminated pollen; nurse bees 

while storing and feeding pollen and the brood through 

ingestion of contaminated pollen (Giri et al., 2017) [18].  

Since, the honey bees provide vital pollination services to 

crops and wild plants and are important components in food 

security and the maintenance of natural biodiversity. 

Therefore, the present study was conducted to evaluate the 

potential effects of neonicotinoids on mortality of adult honey 

bees. 

 

Materials and Methods 

Mustard crop (Brassica juncea) was sown in the semi field 

and field conditions in department of Entomology and 

Department of Seed Science and Technology, Dr. YS Parmar 

University of Horticulture and Forestry, Nauni, Solan, 

Himachal Pradesh as per the package and practices. 

 
Table 1: Insecticides applied as foliar spray under semi field and open field conditions. 

 

Sr. No Insecticide Dosage Stage of the crop Field condition 

1. Thiamethoxam (25WG) 0.1g/l 50 per cent flowering stage of the crop semi field and open field conditions 

2. Imidacloprid (17.8 SL) 0.5ml/l 50 per cent flowering stage of the crop semi field conditions 

 

1. under semi-field condition 

Design and layout of the experiment 

Each treatment had three replicate cages (40 m2) and one bee 

colony per cage was kept. The treatment included one 

insecticide spray as mention above and one water control 

treatment.  

 

Details of bee colonies 

Small healthy bee colonies, disease free with no history of 

medical treatment within the last four weeks were selected to 

evaluate the effect of neonicotinoids on the mortality of Apis 

mellifera under semi field condition. Nine cages, three for 

each treatment of size 40 m2 was erected on the bamboo 

sticks, each cages was provided with a colony of 3000-5000 

worker bees with enough food stores. All hives were equipped 

with a dead bee trap at the entrance (100×50×10 cm). The 

colony was prepared as a “split” with young workers shortly 

(2-3 days) before placing in the cages to minimize the number 

of established foragers and placed in the cages at the 50 per 

cent flowering of mustard crop. During the whole testing 

period of 14 days, colony was supplied with water and then 

removed to a site free from pesticide exposure, where all 

colonies were set up together in one location. 

 

Application of test insecticide  

The application of the neonicotinoids and water was 

performed 3 days after the bee colonies were set up in the 

cages, when the relocation-related background mortality after 

the transfer has ceased. The application of the neonicotinoids 

and water control was done at 1700 hours. The application 

rate for each treatment was recorded based on nozzle output 

rate and time for application. Application was made to the 

cages in the order, control and then test product.  

 

Mortality of honey bees  

Data on mortality of honey bees was taken daily on dead bee 

trap and linen sheets spread out in front of the hive and along 

central paths running the length and across the cages. 

Following observations were taken on daily basis: 

 The number of dead bees was recorded collectively as 

adult worker bees, larvae, and pupae.  

 Mortality assessments in dead bee traps were conducted 

throughout the study period of 14 days.  

 

2. Under field condition 
The field study was conducted to determine the effect on 

honey bees after thiamethoxam spray (0.1g/l) on mustard at 

50 per cent bloom. The exposure phase was carried out using 

two experimental sites; site one exposed to thiamethoxam 

treated crop and other site to untreated (control), which was 

separated by 2-3 km from each other to avoid bee foraging on 

the other plots. During the exposure phase, the honey bee 

colonies were monitored for the assessment of immediate 

post-exposure mortality.  

 

Mortality of honey bees in front of the bee hives and in the 

field  

Dead bee traps was fitted to each hive and water-permeable 

sheets of 1.5 m width and about 3 m length spread out in front 

of the hives, once the hives were set up at the test plots. At 

two places within the crop water permeable sheets (15 m2) 

was placed between the rows of the crop on which dead bees 

found were counted. Each day the number of dead bees was 

recorded (the bees in the dead bee trap and on the linen sheet 

in front of the hives were counted collectively). Assessments 

of number of dead bees was made daily until the end of the 

exposure period (i.e 14 days).  

 

Results and discussion 

1. Semi field conditions  

Mortality of bees as per dead bee trap (DBT) in 

thiamethoxam and imidacloprid treated mustard boom 

under semi field conditions during 2017-2018 

Data presented in Table 2 pertaining to comparative mortality 

of bees in both the insecticidal treatments during 2017 -2018 

showed maximum mortality on first two days after spray. The 

data further revealed that mortality of A. mellifera was 

significantly higher on 1st and 2nd day after spray of 

thiamethoxam (293 and 231.83 bees/DBT/day) and the same 

trend was also recorded in imidaclprid (70.17 and 74 bees) 

spray in comparison to control (4.17 and 9.83). The mortality 

in both the insecticidal treatments reduced significantly after 
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3rd day of spray. Among the treatments significantly higher 

bee mortality was recorded in thiamethoxam upto 2nd day 

after spray.  

Thus, the mortality of bees was maximum during first two 

days after spray which might be due to residual action of 

insecticides and it find support from the work of Bajiya and 

Abrol (2017) [25], who found 97.5 per cent bee mortality after 

the spray of recommended dose of thiamethoxam at an 

interval of 12 and 24 hours of spray in mustard and it was also 

reported that thiamethoxam caused high mortality during first 

four days after spray in mustard under semifield conditions 

(Giri, 2017 and Henry et al., 2012) [18, 26]. The reduced 

mortality from 3rd to 14th day after spray might be due to 

avoidance of foraging on treated mustard crop as it is in 

conformity with study conducted by Cresswell (2011) [24], 

who found bees exposed to high level of neonicotinoids in 

nectar may reduce or avoid feeding on contaminated nectar. 

Reduced mortality after spray could also be due to dilution of 

insecticidal spray and this inference finds support from the 

work of Danka et al. (1985) [27] with dimethoate on apple 

bloom and of Mayer and Johansen (1985) [28] with acephate 

on alfalfa bloom. 

 
Table 2: Mortality of bees as per dead bee trap (DBT) in thiamethoxam and imidacloprid treated mustard boom under semi field conditions 

during 2017-2018 
 

Treatments 

Number of dead bees /DBT/day 

Days after spray 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean 

Thiamethoxam 
293.00 

(16.78 

231.83 

15.12 

20.17 

4.57 

51.83 

7.26 

36.83 

6.06 

34.33 

5.79 

33.83 

5.76 

17.50 

4.23 

19.33 

4.49 

15.00 

3.96 

8.50 

3.06 

18.50 

3.82 

6.50 

2.70 

6.33 

2.56 

56.68 

(6.16) 

Imidacloprid 
70.17 

(8.39 

74.00 

8.47 

9.33 

3.15 

7.00 

2.58 

9.17 

3.16 

6.83 

2.69 

17.83 

3.95 

18.00 

4.27 

13.33 

3.55 

17.33 

4.04 

15.50 

3.78 

19.33 

4.25 

9.17 

3.17 

6.67 

2.75 

20.98 

(4.16) 

Control 
4.17 

2.26 

9.83 

3.27 

4.33 

2.31 

6.83 

2.79 

5.33 

2.51 

15.67 

4.06 

17.33 

4.26 

9.17 

3.18 

12.33 

3.63 

2.50 

1.85 

2.67 

1.91 

3.50 

2.12 

4.33 

2.30 

1.33 

1.50 

7.10 

(2.71) 

CD (P=0.05) Treatment(0.55), Treatment ×Days (2.06) 

*Figuresinparenthesesare√n+1transformationvalues 

 

2. Field conditions  

Mortality of bees on dead bee trap (DBT) in 

thiamethoxam treated mustard under field conditions 

during 2017 
Data presented in Table 3 pertaining to the observations on 

the mortality of bees as per dead bee trap (DBT) in 

thiamethoxam treated mustard bloom under field conditions 

during 2017 revealed that average bee mortality of A. 

mellifera was significantly higher on 1st (101.67 

bees/DBT/day), 2nd (182.67 bees) and 3rd day (68 bees) after 

spray in comparison to control. In general, average bee 

mortality of A. mellifera in dead bee trap was significantly 

more (36.79 bees/DBT/day) in thiamethoxam treated field as 

compared to control (8.81 bees). 

 
Table 3: Observations on mortality of bees on dead bee trap (DBT) in thiamethoxam treated mustard under field conditions during 2017 

 

Treatment 

Number of dead bees /DBT/day 

Days after spray 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean 

Thiamethoxam 
101.67 

(10.13*) 

182.67 

(13.41) 

68.00 

(7.56) 

27.00 

(5.02) 

14.00 

(3.70) 

14.00 

(3.87) 

8.33 

(2.99) 

6.33 

(2.69) 

19.67 

(4.35) 

13.33 

(3.64) 

5.00 

(2.00) 

31.00 

(5.60) 

15.00 

(3.98) 

9.00 

(3.16) 

36.79 

(5.15) 

Control 
10.00 

(3.28) 

14.00 

(3.87) 

13.00 

(3.72) 

12.00 

(3.60) 

12.33 

(3.60) 

9.67 

(3.24) 

10.33 

(3.36) 

7.67 

(2.94) 

8.00 

(2.99) 

8.00 

(2.97) 

7.33 

(2.89) 

4.33 

(2.31) 

3.67 

(2.10) 

3.00 

(1.99) 

8.81 

(3.06) 

CD (P=0.05) Treatment (0.50), Treatment ×Days (1.84) 

*Figures in parentheses are √n+1 transformation values 

 

Mortality of bees on dead bee trap (DBT) in 

thiamethoxam treated mustard under field conditions 

during 2018 

A perusal of data in Table 4 pertaining to the observations on 

the mortality of bees in dead bee trap (DBT) in thiamethoxam 

treated mustard bloom under field conditions during 2018 also 

revealed that average bee mortality was significantly higher 

on 1st (123.33 bees/DBT/day) and 2nd (41.33 bees) after spray 

in comparison to control. In general, average bee mortality of 

A. mellifera as per dead bee trap was significantly higher 

(20.21 bees/DBT/day) in thiamethoxam treated plots as 

compared to control (8.43 bees). 

 
Table 4: Observations on mortality of bees on dead bee trap (DBT) in thiamethoxam treated mustard under field conditions during 2018 

 

Treatment 

Number of dead bees /DBT/day 

Days after spray 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean 

Thiamethoxam 
123.33 

(11.04*) 

41.33 

(6.48) 

24.67 

(4.99) 

19.33 

(4.46) 

11.33 

(3.36) 

8.00 

(3.00) 

9.33 

(3.01) 

5.67 

(2.50) 

8.33 

(3.02) 

8.00 

(2.87) 

7.67 

(2.91) 

7.67 

(2.94) 

3.33 

(2.06) 

5.00 

(2.41) 

20.21 

(3.93) 

Control 
14.33 

(3.89) 

14.00 

(3.86) 

13.00 

(3.71) 

8.00 

(2.99) 

8.67 

(3.10) 

8.67 

(3.09) 

10.67 

( 3.41) 

7.00 

(2.82) 

5.00 

(2.44) 

9.33 

(3.21) 

6.00 

(2.62) 

4.00 

(2.23) 

4.33 

(2.29) 

5.00 

(2.39) 

8.43 

(3.00) 

CD (P=0.05) Treatment (0.54), Treatment × Days (2.01) 

*Figures in parentheses are √n+1 transformation values 

 

Pooled data (2017-2018) 

It is clearly apparent from the pooled data in Table 5 that 

average bee mortality was significantly higher on 1st (112.5 

bees/DBT/day) 2nd (112 bees) and 3rd day (46.33 bees) after 

spray in comparison to mortality observed in control. On the 

whole, overall bee mortality was significantly higher (28.50 



 

~ 62 ~ 

Journal of Pharmacognosy and Phytochemistry 
bees/DBT/day) in thiamethoxam as compared to control (8.62 

bees). From this experiment it was found that mortality of 

bees in colonies placed on treated mustard field (both semi 

field and open field conditions) was significantly higher for a 

period of one to four days after spraying which might be due 

to residual action of insecticides and it find support from the 

work of Bajiya and Abrol (2017) [25] and it was also reported 

that thiamethoxam caused high mortality during first four 

days after spray in mustard under semifield and field 

conditions (Giri, 2017a and Henry et al., 2012) [18, 16]. 

 
Table 5: Pooled data on mortality of bees on dead bee trap (DBT) in thiamethoxam treated mustard under field conditions during 2017- 2018 

 

Treatment 

Number of dead bees /DBT/day 

Days after spray 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean 

Thiamethoxam 
112.50 

(10.61*) 

112.00 

(10.55) 

46.33 

(6.55) 

23.17 

(4.88) 

12.67 

(3.59) 

11.00 

(3.46) 

8.83 

(3.03) 

6.00 

(2.62) 

14.00 

(3.77) 

10.67 

(3.27) 

6.33 

(2.60) 

19.33 

(4.49) 

9.17 

(3.18) 

7.00 

(2.82) 

28.50 

(4.67) 

Control 
12.17 

(3.62) 

14.00 

(3.87) 

13.00 

(3.72) 

10.00 

(3.31) 

10.50 

(3.38) 

9.17 

(3.17) 

10.50 

(3.38) 

7.33 

(2.89) 

6.50 

(2.74) 

8.67 

(3.10) 

6.67 

(2.76) 

4.17 

(2.27) 

4.00 

(2.21) 

4.00 

(2.21) 

8.62 

(3.04) 

CD (P=0.05) Treatment(0.33), Treatment ×Days (1.24) 

*Figures in parentheses are √n+1 transformation values 

 

Plates 

 

 
 

Dead bees on dbt at hive entrance under cage 

 

 
 

Dead bees insdie hive 

 

 
 

Hive placement inside cage 

 
 

Overview of open filed 

 

Conclusion 

From the present findings it is concluded that neonicotinoids 

exposed A. mellifera showed maximum mortality upto 2 day 

after applications of thiamethoxam and imidacloprid as per 

data recorded on dead bee trap under semi field conditions, 

while, it was less pronounced under field conditions, 

suggesting avoidance of foraging on treated crop by 

honeybees. Thus, suggesting that thiamethoxam and 

imidacloprid should be applied in a restricted manner to 

conserve the natural biodiversity. 

 

References 

1. Kremen C, Williams NM, Thorp RW. Crop pollination 

from native bees at risk from. PNAS. 2002; 

99(26):16812-16816. 

2. Gallai Salles N, Settele JM, Vaissière BE. Economic 

valuation of the vulnerability of world agriculture 

confronted with pollinator decline. Ecological 

Economics. 2009; 68:810-821. 

3. Van Engelsdrop D, Tarpy DR, Lengerich EJ, Pettis JS. 

Idiopathic brood disease syndrome and queen events as 

Precursours of colony mortality in migratory beekeeping 

operations in the eastern United States. Preview of 

Veterinary Medicine. 2013; 108:225:33. 

4. Weick J, Thorn RS. Effects of acute sublethal exposure to 

coumaphos or diazinon on acquisition and discrimination 

of odor stimuli in the honey bee (Hymenoptera: Apidae). 

Journal of Economic Entomology. 2002; 95:227-36. 

5. Biesmeijer JC, Roberts SPM, Reemer M, Ohlemueller R, 

Edwards M, Peeters T, et al. Parallel declines in 

pollinators and insect-pollinated plants in Britain and the 

Netherlands. Science. 2006; 313:351-354.  



 

~ 63 ~ 

Journal of Pharmacognosy and Phytochemistry 
6. Cresswell JE, Desneux N, Van ED. Dietary traces of 

neonicotinoid as pesticides as a cause of population 

declines in honey bees: an evaluation by hills 

epidemiological criteria. Pest Management Science. 

2012; 68:819-827. 

7. Potts SG, Biesmeijer JC, Kremen C, Neumann P, 

Schweiger O, Kunin WE. Global pollinator declines 

trends, impacts and drivers. Trends in Ecology and 

Evolution. 2010; 25:345-53. 

8. Cameron SA, Lozier JD, Strange JP, Koch JB, Cordes N, 

Solter LF, Griswold TL. Patterns of widespread decline 

in North American bumble bees. Proceedings of the 

National Academy of Sciences of the U.S.A. 2011; 

108:662-667. 

9. Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter I, 

Cunningham SA, Kremen C. Importance of pollinators in 

changing landscapes for world crops. Proceedings of the 

Royal Society B- Biological Sciences. 2007; 274:303-13. 

10. Aizen MA, Harder LD. The global stock of domesticated 

honey bees is growing slower than agricultural demand 

for pollination. Current Biology. 2009; 19:915-918. 

11. Pimentel D. Environmental and economic costs of the 

application of pesticides primarily in the United States. 

Environment Development and Sustainability. 2005; 

7:229-52. 

12. Desneux N, Decourtye A, Delpuech JM. The Sub lethal 

effects of pesticides on beneficial arthropods. Annual 

Review of Entomology. 2007; 52:81-106. 

13. Goulson D. Review: an overview of the environmental 

risks posed by neonicotinoid insecticides. Journal of 

Applied Ecology. 2013; 50:977-87. 

14. Pisa LW, Amaral-Rogers V, Belzunces LP, Bonmatin 

JM, Downs CA, Goulson D, et al. Effects of 

neonicotinoids and fipronil on non-target invertebrates. 

Environmental Science and Pollution Research. 2015; 

22:68-102. 

15. Goulson D, Nicholls E, Botias C, Rotheray EL. Bee 

declines driven by combined stress from parasites, 

pesticides, and lack of flowers. Science. 2015; 347:125-

29. 

16. Elbert A, Haas M, Springer B, Thielert W, Nauen R. 

Applied aspects of neonicotinoid uses in crop protection. 

Pest Management Science. 2008; 64:1099-1105.  

17. Mullin CA, Frazier M, Frazier JL, Ashcraft S, Simonds 

R, vanEngelsdorp D, Pettis JS. High levels of miticides 

and systemic agrochemicals in North American beehives: 

implications for honey bee health. PLoS One. 2010; 

5:e9754. 

18. Giri GS, Mall P, Pandey R. Effect of thiamethoxam on 

colony development of Apis mellifera L. Journal of 

Entomology and Zoology Studies. 2017; 5:177-79. 

19. Blacquière T, Smagghe G, Van Gestel CAM, 

Mommaerts V. Neonicotinoids in bees: a review on 

concentrations, side-effects and risk assessment. 

Ecotoxicology. 2012; 21:973-992.  

20. Dively GP, Embrey MS, Kamel A, Hawthorne DJ, Pettis 

JS. Assessment of chronic sublethal effects of 

imidacloprid on honey bee colony health. PLoS One. 

2015; 10:187-91.  

21. Stoner KA, Eitzer BD. Movement of soil-applied 

imidacloprid and thiamethoxam into nectar and pollen of 

squash (Cucurbita pepo). PLoS One. 2012; 7:e39114. 

doi: 10.1371/journal.pone.0039114 PMID: 22761727 

22. Krupke CH, Hunt GJ, Eitzer BD, Andino G, Given K. 

Multiple routes of pesticide exposure for honey bees 

living near agricultural fields. PLoS One. 2012; 

7:e29268. doi: 10.1371/journal.pone.0029268 PMID: 

22235278 

23. Jeschke P, Nauen R. Nervous System. Modern Crop 

Protection Compounds, Second Edition. Wiley-VCH 

Verlag GmbH & Co. KGaA: Weinheim, Germany, 2012. 

24. Cresswell JE. A meta-analysis of experiments testing the 

effects of a neonicotinoid insecticide (imidacloprid) on 

honey bees. Ecotoxicology. 2011; 20:149-157. 

25. Bajiya MR, Abrol DP. Effect of direct spray of 

insecticides on mortality of honeybee, Apis mellifera L. 

(Hymenoptera: Apidae) on mustard crop (Brassica 

napus). Journal of Pharmacognosy and Phytochemistry. 

2017; 6:2788-2792. 

26. Henry M, Beguin M, Requier F, Rollin O, Odoux JF, 

Aupinel P, et al. A common pesticide decreases foraging 

success and survival in honey bees. Science. 2012; 

336:348-350. 

27. Danka RG, Collison, CH, Hull LA. Honeybee 

(hymenoptera: Apidae) foraging during bloom in 

dimethoate treated apple orchards. Journal of Economic 

Entomology. 1985; 78:1042-47. 

28. Mayer DF, Johansen CA. Pollinator protection and 

acephate (Orthane) insecticide. The American Bee 

Journal 125: 207-210.Giri GS. 2017a. Effect of 

thiamethoxam on growth, development and behavior of 

Apis mellifera L. M Sc Thesis. G.B. Pant University of 

Agriculture and Technology Pantnagar, Uttarakhand, 

India, 1985. 


