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The present study was conducted in conjunction with the efforts to study the contact toxicity of some 
insecticides i.e. acephate, lambda-cyhalothrin, diafenthiuron, profenofos and spirotetramat against adult 
workers of Apis mellifera L. These insecticides were frequently being used to control different insect 
pests of major crops in Punjab-Pakistan. The experimentation was performed under laboratory conditions 
(28±2°C and 65±5% R.H). Four different concentrations (i.e. 50 ppm, 100, 200 and 400 ppm) of each 
insecticide were evaluated against A. mellifera as derived from their recommended field doses. Mortality 
of A. mellifera was recorded at 0.5, 3, 6 and 24 hours after exposure to insecticides. To evaluate the toxic 
impact, median lethal concentration (LC50) of each tested insecticide was determined. The results obtained, 
revealed that all insecticides were highly toxic after 24 hours of exposure at maximum concentration. 
Acephate and lymda-cyhalothrin showed the maximum toxicity with their LC50 of 83.96 and 139.07 ppm, 
respectively while diafenthiuron and profenofos were moderate in toxicity with LC50 values of 150.53 and 
169.42 ppm, respectively. Spirotetramat was the least toxic in this experiment with a LC50 of 181.51 ppm 
after 24 hours of exposure to tested bees at maximum concentration of 400 ppm. After adjusting these 
results of tested insecticides to their commercial formulated field dose applications, they were causing a 
potential threat to A. mellifera at their maximum recommended dose except spirotetramat.

INTRODUCTION

Honeybees are regarded as the chief global pollinators 
owing to their important role in crop pollination and 

maintenance of wild plants communities (Ollerton et al., 
2011) and contribute global food of worth153 billion € 
annually (Gallali et al., 2009). Honeybees mainly Apis 
mellifera L. and other bee species are the main source of 
pollination of many food crops. There are many sources 
of pollination, but honeybees play an important role by 
pollinating more than 75% of flowering plants across the 
world (Buchmann and Nabhan, 1996; Kremen et al., 2002) 
and almost from 100 valuable crops of the world, 70% are 
being pollinated by honeybees (Klein et al., 2007; Moritz 
et al., 2010). 

According to estimation that 35% of food supply 
is entirely dependent on pollinators all across the world 
among which honeybees are main contributors (Klein 
et al., 2007). Many nutritionally rich and economically

*      Corresponding author: aslam_farooqi1770@yahoo.
com; aslamf.075@iub.edu.pk
0030-9923/2020/0193-0001 $ 9.00/0
Copyright 2020 Zoological Society of Pakistan

valuable crops of food such as fruits, vegetables and 
fodders, entirely depend upon bees for their pollination 
(Spivak et al., 2010). In many developed countries 
where agriculture is intense and mechanized, most of the 
agricultural crops totally rely on managed A. mellifera for 
pollination (UNEP, 2010). 

From many years in the United States, 50 out of 250 
crops are being pollinated from the colonies of managed 
honeybees (i.e A. mellifera) for the production of high 
quality commercial fruits and seeds (Atkins, 1992; Kremen 
et al., 2002; Spivak et al., 2010). In Pakistan, honeybees 
cause a significant increase in the quantity and quality of 
apples and sarson (Brasica compestris) crop (Parveen et 
al., 2000; Khan et al., 2004) and many other valuable crops.

The use of agrochemicals put a key pressure on insect 
pollinators (Kuldna et al., 2009). Due to their indiscriminate 
use, colonies of honeybee are declining across the world. 
Agrochemicals can destabilize different types of pollinator 
communities before and after their application in the field 
crops (Potts et al., 2010). If the production of fruits and 
seeds are pollen limited then there will be certain effects 
on pollination due to low and variable pollinators which 
ultimately decreases the crop yield (Klein, 2009; Garibaldi 
et al., 2011).
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Apis mellifera workers foraging in the field can be 
affected by getting in direct contact with crops treated with 
insecticides (Koch and Weisser, 1997), or they get toxic 
effect from fumes and dusts of insecticides during their 
flight (Prier et al., 2001). Insecticides also induce chronic 
toxicity in honeybees in terms of change in their foraging 
and learning behavior. Insecticides also affect their 
immune system and susceptibility to diseases (Desenex et 
al., 2007; Wu et al., 2011; Pettis et al., 2012). The decline 
of honeybee populations in the world is a serious problem. 
If this speed of their decline continues, the pollination of 
agricultural crops which depends upon bees will be badly 
affected (Fontaine et al., 2006; Potts et al., 2010). So it can 
cause the world food production at risk, because they are 
the main source of pollination for different crops, fruits 
and vegetables (Klein et al., 2007).

The current research was planned to evaluate the 
contact toxicity of some selected insecticides against 
A. mellifera, commonly being used on different fruits, 
vegetables and field crops to control different insect pests in 
Pakistan, so that awareness can be created among farmers 
to use only those insecticides which have minimum effects 
to honeybees.

MATERIALS AND METHODS

Insecticides formulations and solvents
Commercial formulations of five insecticides viz., 

acephate 75 SP (Commando), lambda- cyhalothrin 10 
WG (Jumper), diafenthiuron 50 SC (Polo), profenofos 
50 EC (Curacron) and spirotetramat 240 SC (Movento) 
were purchased from their respective manufacturing 
companies to check their residual contact toxicity against 
Apis mellifera L. under laboratory conditions (Table I). 
We prepared four concentrations (50, 100, 200 and 400 
ppm) of each formulated insecticide as derived from their 
recommended field doses in acetone except spirotetramat 
whose concentration was made in ethyl acetate because it 
was not easily soluble in acetone.

Collection of A. mellifera 
Newly emerged adult worker bees (A. mellifera) 

approximately 1-6 days of age were used in this 
experiment during second fortnight of March, 2017 and 
were identified from other bees on the basis of appearance 
of abundant light yellow setae on the dorsum of their 
thorax. During collection, these were kept in plastic cages 
to transport them in the laboratory. Bee hives were located 
in agriculture farm of University College of Agriculture 
and Environmental Sciences, The Islamia University of 
Bahawalpur. No hive treatments to control diseases were 
conducted prior to these studies. Hives were exposed to 

smoke twice for 30–60 sec prior to collection. These bees 
were fed upon 50% sucrose solution in the laboratory. The 
bees were immobilized by keeping them in a refrigerator 
at – 4 0C for about 5 minutes. They were then allowed to 
recover from cold treatment and then kept under 28±2°C 
and 65±5% R.H in darkness for 20 minutes prior to 
insecticide exposure.

Insecticide stock solutions
Frist of all, stock solutions of 400 ppm for all 

the insecticides were prepared in solvents by adding 
calculated amount of each formulated insecticide with the 
help of micropipette. Flasks were shaked thoroughly until 
insecticides completely dissolved in solvents. The stock 
solution was then divided into two equal portions. One of 
them was reserved for treatment application and the volume 
of other portion was doubled by adding equal amount of 
solvent to make 200 ppm solution. In the same way, 200 
ppm stock solution was divided into two equal portions. 
One of them was reserved for treatment application and 
the volume of other portion was doubled by adding equal 
amount of solvent to make 100 ppm solution. Above 
procedure was repeated with 100 ppm stock solution for 
making 50 ppm concentration of insecticides.

Bioassay
Surface residual bioassay method (Radwan and 

Taha, 2012; Farooqi et al., 2016) was used for testing 
contact toxicity of insecticides to A. mellifera in 1.5 
liter plastic jars. These jars were washed out to remove 
all contaminations and were air dried before making 
insecticide coating. 5 ml of each concentration (400, 200, 
100 and 50 ppm) were taken in micropipettes and were 
applied into each jar, while in control treatment only 5 ml 
of acetone was applied. Then jars were shaken thoroughly 
so that concentration might reach every corner of the jars 
and were kept for drying for about 10 minutes. A group of 
10 bees were released in each jar after it was completely 
air dried and were covered tightly with muslin cloths. 
These jars were placed on smooth and clean surface under 
28±2°C and 65±5% R.H. 

Collection of data
Data was recorded at 0.5, 3, 6, and 24 hours after 

treatment application. Mortality of bees was examined 
under sterioscope. All bees in a jar were put on the Petri 
dishes. Those which were moving actively returned into 
jars. A needle was inserted into immobile body of tested 
bees. Those which did not show any movement were 
considered as dead. Total number of dead bees were 
counted and mentioned in a data sheet. 
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Table I. List of insecticides with trade names, common names, chemical group and toxicity.

Trade name Common name Chemical group Toxicity level
Jumper 10WG lymbda-cyhalothrin Pyrethroids II/WHO
Curacron 50EC profenofos Organophosphate II/WHO
Commando 75SP acephate Organophosphate II/WHO
Movento 240SC spirotetramat New Chemistry IV/WHO
Polo 50SC diafenthiuron Benzoyl phenylureas IV/WHO

WHO (2000); Fishel (2010).

Table II. Contact toxicity of different insecticides against A. mellifera after different time intervals using surface 
residual method.

Insecticides Observations in hours LC50 Slope ±SE X2 Fiducial (C.I) P-value
Lymda-cyhalo-
thrin

0.5
03
06
24

382.63
367.54
246.30 
139.07

0.00272±0.00087
0.00300±0.00078
0.00326±0.00077
0.00462±0.00085

4.35452
7.9399 
14.1996
18.1935

289.4-995.6
276.8-596.71
180.64-359.2 
 119.3-221.33

<0.001 
<0.001
 <0.001 
<0.001

Profenofos 0.5
03
06
24

392.44
354.62 
318.05
169.42

0.00281±0.00083
0.00262±0.00082
0.00275±0.00077
0.00540±0.00092

4.21154
8.44877
12.3767
15.0166

298.16-976.4
212.60-768.4
232.1-534.4
96.51-183.3

 <0.001 
<0.001
 <0.001  
<0.001

Acephate 0.5
03
06
24

396.76
343.33
187.77
83.96

0.00286±0.00092
0.00281±0.00074
0.00432±0.00081
0.00606±0.00105

4.41542
6.9330
13.9330
27.1856

314.17-948.6  
192.76-452.4
 101.88-161.4
39.07-121.6

<0.001 
<0.001
 <0.001  
<0.001

Spirotetramat 0.5
03
06
24

390.02
364.31
342.4
181.51

0.00279±0.00088
0.00259±0.00085
0.00294±0.00078
0.00446±0.00083

4.2972
 7.2503
9.1621
13.2279

309.68-922.4
268.34-684.2
 255.99-555.5
132.8-240.3

<0.001 
<0.001
 <0.001  
<0.001

Diafenthiuron 0.5
03
06
24

389.83
 361.77
333.94
150.53

0.00277±0.00087
0.00268±0.00083
0.00297±0.00078
0.00430±0.00084

4.86562
7.12724
9.6822
18.0082

293.87-777.7
264.7-695.34
242.87-596.8
98.20-205.9

<0.001 
<0.001
 <0.001  
<0.001

LC50s are in ppm of different solutions of insecticide used; C.I: confidence interval 95 %; observations are showing different time periods and P<0.001 
mean that results are highly significant.

Statistical analysis
Statistical analysis was performed using Probit 

Procedure (Finny, 1971) to determine LC50, 95% 
Confidence interval for LC50 and Chi- square goodness- of- 
fit test for each insecticide tested. Each LC50 determination 
was based on the different concentrations of insecticides. 
The percent (%) mortality was calculated and corrected 
using (Abbott’s, 1925) formula as follows:

 

RESULTS AND DISCUSSION

The results showed that all the insecticides tested in 
this study were proved to be toxic against adult workers 

of A. mellifera at different exposure of time intervals 
and different concentrations (Table II). The contact 
toxicity of insecticides differed significantly at different 
concentrations and after different post-exposure intervals. 
The mortality of A. mellifera increased with the increase in 
concentrations of insecticides and exposure periods. After 
24 hours of exposure, the LC50 value was 139.07 ppm for 
lymda-cyhalothrin, 169.42 for profenofos, 83.96 for 
acephate, 181.51 for spirotetramat and 150.53 ppm in 
case of diafenthiuron with maximum concentration (400 
ppm). However, there was a great variation in mortality 
and LC50s of A. mellifera at 0.5, 3 and 12 hours after 
treatment. LC50s are used to determine or represent 
toxicity of a specific insecticide. The current bioassays 
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were performed according to the requirements and criteria 
set by EPPO (1992), with the honeybees’ mortality rate 
less than 10% in control treatments.

The order of toxicity observed for these insecticides 
in this experiment against A. mellifera was; acephate 
>lymda-cyhalothrin>difenthiuron>profenofos>spirotetra
mat. The results for comparison of % corrected mortality 
of A. mellifera with different concentrations of insecticides 
at different time intervals are presented in Figure 1.

Fig. 1. Comparison of contact toxicity of lamda-
cyhalothrin, profenofos, acephate, spirotetramat and 
diafenthiuron against A. mellifera L. Each specific time 
interval is showing collectively mortality of tested bees 
at four different concentrations (50 ppm, 100, 200 and 
400 ppm) of tested insecticides; Tukey HSD at 0.05% of 
significance was performed for statistical test.

The negative impacts of pesticides has resulted decline 
in honeybee populations is well known across the world 
(Alaux et al., 2010; Neumann and Carrek, 2010; Henry et 
al., 2012; Pettis et al., 2012). Previously, different reports 
from different world researchers have been documented 
about contact toxicity of agricultural insecticides against 
honeybees. According to Raghunandan and Basavarajappa 
(2013) the population of honeybees is decreasing 
drastically in different countries throughout the world 
due to use of insecticides. The previous results of Thomas 
and Phadke, (1994) are in accordance to our current 
findings. They reported that chlorpyrifos induced 100% 
mortality in three species of honeybees after 6 hours of its 
exposure at high concentration (0.06%) under laboratory 
conditions. Abrol and Rajinder (2003) also confirmed the 
toxic impact of chlorpyrifos to honeybees (A. mellifera) 
by contact method of its exposure with a LC50 of 0.0354 
ug/bee however, they used topical application procedure 
with different concentrations. The results of Sharma and 
Dharam (2005) are inconsistent with these studies as 
they reported that organophosphates are highly toxic to 

honeybees and caused 100% mortality by contact toxicity 
with high cocentrations of 0.05 and 0.09% of active 
ingridients under laboratory conditions. Similarly, Letelier 
et al. (2012) also reported that chlorpyrifos is highly toxic 
to A. mellifera under laboratory conditions on the basis of 
its LD50 value. 

The acute toxicity of acephate against adult workers 
of A. mellifera has also been reported by Muranjan et al. 
(2006). The findings of Farooqi et al. (2015) are also in 
accordance with the current studies where they stated 
that profenofos is highly toxic against A. mellifera under 
laboratory conditions by surface residual contact method 
after 24 hrs of its exposure with a LC50 of 20.6 ppm at 
its maximum concentration. The findings of Bailey et al. 
(2005) showed less toxicity of lambda-cyhalothrin where 
it was considered moderate in toxicity; however, their 
method of its toxicity determination was different against 
A. mellifera. But, the findings of Akca et al. (2009) are 
in full agreement to the results of our studies, where they 
reported the acute contact residual toxicity of lambda-
cyhalothrin after 1, 8, 16 and 24 hrs after its exposure to 
A. mellifera where it proved to be highly toxic against 
bees under controlled conditions. Similarly, the previous 
findings of Melisie et al. (2015) supports the results of 
these studies where they showed the highly toxic impact 
of lambda-cyhalothrin and profenofos to A. mellifera after 
24 hrs of its exposure.

According to a previous experimentation of Stanely 
(2010), diafenthiuron also showed the highly toxic effect 
against honey bees on the basis of its LD50 and LC50. 
In another study of Stanely et al. (2016), diafenthiuron 
proved to be highly toxic to A. mellifera after 48 hrs of 
its exposure where it caused 80.6% mortality of bees. 
We could not find any published work regarding contact 
toxicity of spirotetramat, therefore, present results are 
difficult to compare and discuss with previous findings 
of researchers.

CONCLUSION

The present investigations on contact toxicity of 
insecticides against honeybees (A. mellifera) showed 
that all the tested insecticides proved to be toxic when 
bees were exposed with different concentrations using 
surface residual method under laboratory conditions. This 
emphasizes an urgent need of their limited use during 
blooming periods of flowers. So the current findings 
suggest that there is need to conduct consistent reviews of 
different insecticides which are bring used on different field 
crops to ensure sustainable development and management 
of beekeeping for better pollination of valuable crops.
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