
J. APIC. SCI.  Vol. 69 No. 1 2025J. APIC. SCI.  Vol. 69 No. 1 2025

67
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A b s t r a c t
The extensive use of insecticides has raised concern regarding their toxicological risk to honey bee 
species, Apis florea (Hymenoptera: Apidae). Bees may come into contact with pesticides while 
foraging in the field to gather nectar and pollen from agricultural blooming plants, which cause
the death of their workers. In this respect, the current study was conducted to evaluate the 
toxicity of certain commonly used insecticides against the population of A. florea. The
concentrations tested in the residual bioassays were 1, 2, 4, 8 and 16 ppm for abamectin, 
cypermethrin, imidacloprid, acetamiprid andpyriproxyfen, while for emamectin benzoate and 
carbosulfan, 0.125, 0.25, 0.5, 1 and 2 ppm. Each concentration was replicated three times. Our
findings showed that the combination of emamectin benzoate and carbosulfan (LC50 0.54) 
was more toxic, followed by imidacloprid (LC50 0.70), acetamiprid (LC50 1.05), cypermethrin 
(LC50 1.57), pyriproxyfen (LC50 1.83) and abamectin (LC50 5.51). The present study shows the 
relative toxicity of various insecticides on A. florea besides the generalization that combinations 
of two insecticides (synergism) are more toxic to A. florea than a single insecticide. Therefore, 
combinations should be avoided for the management of insect pests. 
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INTRODUCTION

Honey bees play a significant role as pollinators 
in agricultural ecosystems (Calderone 2012). In 
146 countries worldwide, crops pollinated by 
bees contribute to 90% of the food supply (Klein 
et al., 2007). The production capacity of the 
crops is significantly mitigating due to the lack 
of honey bees (Klein et al., 2006). Among honey 
bee species, the red dwarf honey bee, Apis florea 
F. (Hymenoptera: Apidae), serves as a significant 
pollinator for agricultural plants and inhabits in 
plain areas at altitudes of 500 meters. However, 
seasonal migrations can be found as high as 1500 
meters (Muttoo, 1956). It is mainly found in the 
Oman, Iran and Indian subcontinent (Hepburn 
& Hepburn, 2005). They build their nests in 

bushes and shades of trees. It successfully 
competes with other Apis species despite its small 
size (Koeniger, 1976).
Honey bees require a variety of plants to obtain 
essential nutrients (Branchiccela et al., 2019). 
Insect pollination is primarily stressed by 
agrochemicals (Kuldna et al., 2009). The 
global decline of honey bee colonies is due 
to the excessive and indiscriminate use of 
agrochemicals. Several agrochemicals can disrupt 
pollinating communities (Potts et al., 2010). 
Furthermore, their long-lasting toxic effects on 
honey bees impair their foraging abilities (Koch 
& Weisser, 1997). Moreover, insecticides harm 
the immune system of honey bees, making 
them more vulnerable to diseases (Desenex 
et al., 2007; Wu et al., 2011; Pettis et al., 2012). 

*corresponding author: sarmad@af.czu.cz; asif.sajjad@iub.edu.pk
Received: 05 November 2024; accepted: 03 June 2025

DOI: 10.2478/JAS-2025-0007DOI: 10.2478/JAS-2025-0007
Original Article

JOURNAL OF APICULTURAL SCIENCE  VOL. 69 NO. 2 2025JOURNAL OF APICULTURAL SCIENCE  VOL. 69 NO. 2 2025



sarmad et AL.sarmad et AL.

68

Effect of insecticides on honey bees

Considering the intensified application of 
insecticides in district Bahawalpur to control 
cotton and maize pests, it is important to assess 
the comparative toxicity of frequently used 
insecticides on wild honey bees. This knowledge 
can be utilized to develop a more effective pest 
control approach in the area. The present study 
was conducted in the same context, with the goal 
of evaluating the harmful effects of widely used 
insecticides on A. florea in controlled conditions.

MATERIAL AND METODS

Collection of Apis florea
Honey bee, A. florea was collected from the trees 
located at the Bahawalpur district, placed in the 
plastic buckets and shifted to the laboratory 
at Department of Entomology, Faculty of 
Agriculture and Environment, The Islamia 
University of Bahawalpur, Punjab, Pakistan. The 
broods were transferred into wire mesh circular 
boxes (Fig. 1) and set inside in an incubator at 33oC 
with 65% relative humidity, and kept in the dark 
for the bees to emerge. The newly emerging bees 
were fed with 50% sucrose solution and water 
until used in the experiment (Williams et al., 2013).

Insecticides
The insecticides abamectin 1.8% EC, cypermethrin 

25% EW, imidacloprid 20% SL, acetamiprid 20% SL, 
pyriproxyfen 10.8% EC and emamectin benzoate 
and carbosulfan 25% EW were used in the 
experiment. These insecticides were purchased 
from licensed commercial insecticide retailers.

Residual toxicity bioassay 
Residual bioassay was performed to determine 
the toxicity of six insecticides at different 
concentrations: 1, 2, 4, 8 and 16 ppm 
for abamectin, cypermethrin, imidacloprid, 
acetamiprid and pyriproxyfen, while 0.125, 0.25, 
0.5, 1 and 2 ppm for emamectin benzoate and 
carbosulfan. The concentrations were prepared 
through a serial dilution in 50% sucrose solution, 
and each concentration was replicated three 
times (10 bees per replicate). The control bees 
were only fed a 50% sucrose solution. The 
appropriate range of doses for each insecticide 
was determined using a bioassay for range 
finding. The highest and lowest doses of each 
insecticide are needed to cause 0% and 100% 
mortality. Mortality was assessed after 24, 48 
and 72 hours of exposure. The treated bees were 

considered dead if they were truly 
dead, rather than severely affected. 

Lethal concentrated bioassay 
For surface residual bioassay, a 5 ml 
solution of each concentration (from 
above prepared serial dilution) was 
poured into 1-liter glass beakers, 
shaken thoroughly for 2 minutes and 
air-dried for two hours (Radwan & 
Taha, 2012; Farooqi et al., 2020). Ten 
bees were released in each treated 
glass beaker with a 50% sucrose 
solution and kept in an incubator 
at 33±1oC, 65±5% relative humidity, 
with permanent darkness for 48 and 
72 hours.

Statistical analysis
The statistical analysis was performed 
using SPSS to analyze the data (version 
21 for Windows, SPSS Inc., Chicago, 
IL, USA). Probit analysis (Finny, 1971) 

Fig. 1. Honey bee brood collected from the trees located at 
Bahawalpur district, Pakistan.
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was used to determine the LC50, chi-square and 
95% confidence interval values. The ANOVA 
was performed for the means comparison of 
percent mortality using the Duncan multiple 
range test. The percent mortality was calculated 
using Abbott’s formula (Abbott, 1925) as follows:

RESULTS

Lethal concentration of A. florea against
insecticides
The toxicity of different insecticides by residual 
application is presented in Tables 1 and 2. 
The combination of emamectin benzoate and 
carbosulfan was more toxic to A. florea than 
solely used insecticides. Emamectin benzoate and 
carbosulfan was found to be more toxic (0.54) 
followed by pyriproxyfen (1.83), acetamiprid 
(1.05), cypermethrin (1.57), imidacloprid (0.70) 

and abamectin (5.51) after 48 h. The insecticides 
were tested for their toxicity in the following 
order: emamectin benzoate and carbosulfan > 
imidacloprid > acetamiprid > cypermethrin > 
pyriproxyfen > abamectin.

Percent mortality of A. florea against insecticides
The concentrations of abamectin showed 
sinificant differences after 24-hour and 48-hour 
(p<0.001) exposures. The mortality rate of the 
bees increased as the dosage and exposure time 
increased. After 24 and 48 hours of exposure to 
abamectin, the highest mortality was recorded 
at 16 ppm (73.33% and 100%) while the lowest at 
1 ppm (36.67% and 46.66%) (Fig. 2). There was a 
significant difference among the concentrations 
of acetamiprid after 24 and 48 h (p<0.001) of 
exposure. The mortality rate was the maximum 
at 16 ppm (100%) and the minimum and 
comparable at 1 and 2 ppm (53.33±1.16% and 
56.66±0.99%) after 24 h. Similarly, after 48 h 

Corrected percent mortality =  Observed mortality−Control mortality
100−Control mortality  × 100  

 

Table 1. 
Lethal concentration (LC50) and confidence interval (95% Cl) of A. florea against insecticides 

after 48 hours

aEstimated parameter of Probit analysis

Insecticides Time (Hours) LC50 95% Cl df X2,a p-value
Abamectin 48 5.51 1.320-8.097 3 0.358 0.003

Acetamiprid 1.05 0.581-2.224 3 0.846 <0.001
Emamectin Benzoate 

+ Carbosulfan 0.54 0.263-0.902 3 1.557 <0.001

Cypermethrin 1.57 0.263-4.925 3 1.580 0.034
Pyriproxyfen 1.83 0.582-3.402 3 2.330 0.022
Imidacloprid 0.70 0.237-1.850 3 1.150 <0.001

Table 2. 
Lethal concentration (LC50) and confidence interval (95% Cl) of A. florea against insecticides 

after 72 hours

aEstimated parameter of Probit analysis

Insecticides Time (Hours) LC50 95% Cl df X2,a p-value
Abamectin 72 - - - - -

Acetamiprid - - - - -
Emamectin Benzoate 

+ Carbosulfan 0.017 0.010-0.105 3 0.730 <0.001

Cypermethrin 0.360 0.123-0.427 3 2.294 <0.001
Pyriproxyfen 1.124 0.579-2.390 3 0.530 <0.001
Imidacloprid - - - - -
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exposure to acetamiprid, the highest percent 
mortality was noticed at 8 and 16 ppm (100%) 
while the lowest at 1 ppm (63.33±0.33%) (Fig. 3).

After 24, 48, and 72 hours of exposures, there was 
a notable difference among the concentrations 
of the emamectin benzoate and carbosulfan 
combination. The bees had the highest mortality 
rate at 2 ppm (100% and 100%) and the lowest 
at 0.125 ppm (33.33±0.65% and 53.33±1.27%) 
after 24 and 48 hours of exposure. The maximum 
mortality (100%) was found at 0.5, 1, and 2 ppm, 
while the minimum at 0.125 ppm (86.66±0.33%) 
after 72 hours of exposure to a combination of 
emamectin benzoate and carbosulfan (Fig. 4). 
After 24, 48, and 72 hours of exposures, the 
concentrations of cypermethrin differed 
significantly (p<0.001). The highest percent 
mortality was exhibited at 8 (66.66±0.89% and 
100%) and 16 ppm (70±1.18% and 100%) while the 
lowest at 1 ppm after 24 and 48 h (43.33±0.95% and 
56.66±0.38%) of exposure. Similarly, mortality was 
the maximum at 4, 8 and 16 ppm (96.66±0.33%, 
100% and 100%, respectively) while the minimum 
at 1 ppm (76.66±0.48%) (Fig. 5).
There was a statistical difference among the 
concentrations of pyriproxyfen after 24, 48 and 
72 h of exposure. The highest mortality rate 
was revealed at 8 and 16 ppm (76.66±1.17% 
and 73.33±1.14%) while, the lowest at 1 ppm 
(40±1.07%) after 24 h of exposure. The percent 
mortality was the maximum at 16 ppm 
(93.33±0.29%) while the minimum at 1 ppm 
(46.66±1.01%) after 48 h of exposure. Likewise, 
the highest mortality rate was registered at 
4, 8 and 16 ppm (83.33±0.33%, 96.66±0.27% and 
100%) while the lowest at 1 ppm (60±0.33%) after 
72 h exposure to pyriproxyfen (Fig. 6). 
The concentration of imidacloprid showed 
significant (p<0.001) differences after 24 and 48 
hour of exposure. The percentage mortality was 
increased with the increase of dose and exposure 
time. The maximum mortality (100%) was 
observed at 16 ppm in 24 and 48 hours. While, less 
than 50% mortality was showed at 1 ppm after 
24 hour and gradually increased (63.33±2.45%) 
with the increase in exposure duration, 48 hours 
(Fig. 7). While, the mortality in the control groups 
was 0 to 8% in all experiment.
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Fig. 2. Percentage mortality of A. florea after 24 and 
48 hours of abamectin application.
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Fig. 3. Percentage mortality of A. florea after 24 and
48 hours of acetamiprid application.
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DISCUSSION

The present study demonstrates that A. florea 
face different levels of risk from various 
insecticides. The most negligible impact on 
honey bees is also identified in the current 
study, concerning which insecticide has the most 
notable toxic effect on bees. In our findings, 
a combination of two insecticides was found to 
be more toxic than solely used insecticides. 
A useful approach for managing various pests is 
using a combination of insecticides (Dittrich et al., 
1990). The mixtures of pesticides could prevent
pests from becoming resistant to them (Bielza 
et al., 2009). Farmers could gain advantages 
from employing a strategy against resistance by 
utilizing mixtures of different insecticides, 
resulting in reduced insecticide usage in the 
field. The population of Helicoverpa armigera 
experienced an inhibition of esterases due to 
organophosphates, leading to an increase an 
the toxicity of pyrethroids because of their 
synergistic actions (Saddiq et al., 2017). The 
most extensive resistance mechanism in insets 
is enzyme detoxification (Wang et al., 2006). 
Byrne and Devonshire (1991) demonstrated 
that when organophosphates and pyrethroids 
are combined, they can block the metabolic 
detoxification enzymes in Bimissia tabacii. 
The populations and categories of insecticides 
had an effect on the synergistic or 
antagonistic  interactions (Abbas et al., 2015; 
Khan et al., 2013). In comparison to individual 
exposure, a combination of imidacloprid, 
dichlorvos, and atrazine had synergistic effects 
on Danio rerio (Shukla et al., 2017). Thiamethoxam, 
nitenpyram and thiacloprid combined effectively 
targeted Anopheles gambiae and showed 
synergistic effects against pyrethroid-resistant 
Aedes aegypti and Anopheles gambiae strains 
(Darriet et al., 2013). The widespread  use 
of synthetic chemicals has the potential to 
directly or indirectly extinguish non-target 
organisms. Nasreen et al. (2000) tested the field 
recommended doses of seven different 
insecticides. The insecticidal effects on non-target 
organisms are classified as harmless (50% 
mortality), mildly harmful (50-79% mortality), 
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Fig. 5. Percentage mortality of A. florea after 24, 
48 and 72 hours of cypermethrin application.
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moderately harmful (80-89% mortality), and 
harmful (> 90% mortality).
Although emamectin benzoate and carbosulfan 
showed the lowest LC50 at 48 hours of exposure, 
it did not give 100% mortality at 48 hours as 
did abamectin, acetamiprid and imidacloprid. 
On the other hand, at 48 hours of exposure 
emamectin benzoate and carbosulfan exhibited 
the lowest LC50 as compared to pyriproxyfen and 
cypermethrin. The lethal concentration values of 
insecticide mixture are usually affected by the 
duration of exposure as Akinwandea et al. (2021) 
showed high toxicity of cypermethrin at one hour 
of exposure in Culex quinquefasciatus but toxicity 
decreased after 1.5 hour of exposure.
Insecticides in the avermectin group include 
emamectin benzoate. Convulsions and excessive 
excitability are caused by them because they 
block chloride channels. The activation of 
glutamate (inhibitory) chloride channels is the 
most susceptible target site for avermectins in 
insects (Arena et al., 1995). Carbosulfan belongs 
to the carbamate insecticide group. Carbamates 
have an effect on insects similar to acetyl 
cholinesterase (AChE) inhibitors, which block the 
function of the neurotransmitter acetylcholine 
in the insect nervous system under normal 
circumstances (Hardstone et al., 2010). In our 
study, the combination of emamectin benzoate 
and carbosulfan showed a synergistic effect. 
The combination of thiamethoxam + lamba-
cyhalothrin and bifenthrin + zeta-cypermethrin 
causes mortality >99% against honey bees (Zhu et 
al., 2015). 
Saddiq et al. (2017) used different combinations 
of insecticides, i.e., chlorpyrifos and spinosad 
and deltamethrin and emmamectin benzoate, 
which showed synergistic effects against cotton 
mealybug (Phenococus solenopsis). Additionally, 
they claimed that insecticide  synergism  and 
combinations could help  in the efficient 
suppression of P. solenopsis populations that 
were less susceptible. This might help manage 
this pest’s resistance to insecticides in a way 
that has less negative effects on the ecosystem. 
Abamectin belongs to the avermectin group 
of insecticides. Avermectins cause convulsions 
and hyper excitability because they are chloride 

channel blockers. In insects, the activation of 
glutamate (inhibitory) chloride channels is the 
most sensitive target site for Avermectins (Arena 
et al., 1995). 
Cypermethrin was toxic to A. florea which caused 
100% mortality in 8 and 16 ppm concentrations 
after 48 hours, but it caused 100% mortality in 
all concentrations after 72 hours of exposure. It 
belongs to the pyrethroid group of insecticides, 
which is similar to pyrethrin. Despite having a 
natural origin, pyrethrin is an extremely deadly 
toxin for bees (Pettis et al., 2013). Pyrethroids 
cause the voltage-gated Na+ channel in the axons 
of nerve cells to take longer to close, extending 
the time it takes for the nerve cells to recover 
after transmitting an action potential (Haarmann 
et al., 2002). Synthetic pyrethroids have toxic side 
effects that include bees regurgitating food after 
eating, moving erratically, paralyzing and dying 
in large numbers between foraging areas and 
colonies (Kumar et al., 2020).
Acetamiprid and imidacloprid were found to be 
toxic to A. florea. Both insecticides belong to 
the neonicotinoids group of insecticides. These 
synthetic insecticides have a stronger affinity 
for nAChR in insect nervous systems, including 
that of bees (Kumar et al., 2020). A neonicotinoid 
insecticide named imidacloprid acts to kill 
insects by inhibiting their nicotinic acetylcholine 
receptors.
Pyriproxyfen was found to be less toxic against 
A. florea because 100% mortality was achieved 
in 72 hours of time which was high as compared 
to all other insecticides. Insect growth regulator 
(IGR), pyriproxyfen, has been extensively used 
since the early 1990s to protect crops from pests 
(Dennehy et al., 1996). Despite the fact that many 
pesticides (such as insect growth regulators) 
are not poisonous to adult bees, there is still 
a considerable risk to the development of larvae. 
It was reportedly not poisonous to adult honey 
bees and other non-target insects (Sullivan & 
Goh, 2008). High pyriproxyfen exposure levels 
may result in abnormalities and death, particularly 
during development. These investigations 
also demonstrated that pupae would become 
melanized when exposed to low amounts 
of pyriproxyfen. This could be as a result of 
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enhanced phenoloxidase activity controlling 
pupation and melanization (Bitondi et al., 1998; 
Zufelato et al., 2000). 
In this study, all the tested insecticides were 
found to be highly toxic against A. florea except 
pyriproxyfen. Based on the results of our study, 
it is concluded that combinations of insecticides 
should be avoided as much as possible, while 
pyriproxyfen can be recommended for field 
application due to its low toxicity against A. florea. 
If the use of insecticides other than pyriproxyfen 
is necessary, then some precautionary measures 
should be adopted to prevent the loss of honey 
bees. These measures include applying less 
harmful and quickly biodegradable pesticides, 
applying pesticides in the evening, selecting 
the right formulations, changing the application 
method and setting up apiaries in secure areas.
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