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ABSTRACT

Honeybees (Apis mellifera L.) are vital pollinators in natural and agricultural
ecosystems, yet pesticide exposure remains a primary factor contributing to their
decline. The studies were conducted to figure out the acute oral and contact toxicity
of eight commonly used insecticides including acetamiprid, imidacloprid,
diafenthiuron, abamectin, chlorpyrifos, spinosad, methoxyfenozide, and
cypermethrin to worker honeybees under controlled laboratory conditions. Bees
were exposed to 0.5, 1.0, 2.0, 4.0 and 5.0 pg/ml concentration of each insecticide,
and mortality was recorded after 12, 24, 48, and 72 hours’ exposure periods. Median
lethal concentrations (LCsg, LCqo) and doses (LDso, LDgo) were estimated using
probit analysis (POLO-PC). Toxicity varied significantly among insecticides and
exposure routes. After 72 hours of oral exposure, abamectin (LCs, = 0.26 pg mL™)
and imidacloprid (LCso, = 0.27 pg mL™) were the most toxic, while chlorpyrifos
exhibited the lowest toxicity (LCso = 5.77 pg mL™). In contact bioassays, abamectin
also demonstrated the greatest toxicity (LDs, = 0.64 pg mL™t), followed by
imidacloprid and spinosad, whereas; cypermethrin and chlorpyrifos were found less
harmful. The steeper slope values for abamectin and imidacloprid indicate uniform
susceptibility among exposed bees. These results underscore substantial
differences in the hazard profiles of widely used insecticides and emphasize the
importance of considering both exposure routes when assessing risk. The findings
offer a quantitative foundation for assessing pollinator risks and guiding pesticide
regulation, thereby facilitating the selection of insecticides with reduced toxicity to
bees within integrated pest management (IPM) programs.

Keywords: Honey Bees; insecticide toxicity; oral and contact exposure; pollinator

risk assessment.

INTRODUCTION

Agriculture is the backbone of Pakistan’s economy which accounts for 20.9 % of its
gross domestic product (GDP) and around 67.5 % of the total population living in
rural areas depends directly and/or indirectly on agriculture (Khan & Khan, 2018).
Agriculture in Pakistan primarily has field crops, vegetables and fruits. Being the vital
part of diet, fruits and vegetables are the key crops (Saqib et al., 2025). Pakistan is
also an exporter of these fruits and vegetables, exporting them to various countries
viz., Afghanistan, India, United Arab Emirates, United Kingdom, and Saudi Arabia
thus earning valuable foreign exchange from their export (Umrani et al., 2024).
Ecologically diverse zones in Pakistan is helpful in production of around 13 different
kinds of fruits i.e. mango, citrus, guava, apple, dates, and banana while vegetables
include tomatoes, onion, chilies, garlic, cucumber, melons etc. In Pakistan, Area
under cultivation of these vegetable and fruits is more than 1.08 million hectares,
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which accounts for only 7% of the total area under cultivation in Pakistan (Hamid & Akram, 2025). Most of the fruits
and vegetables are cross-pollinated thus depending on physical means of pollination. Pollination can be defined as the
transfer of pollen from the anther of the male floral part to the female floral part stigma of either the same or a different
flower, facilitating fertilization, which leads to the formation of seed (s), and fruit. Wind, water, and animals are the
common means of pollination; however, the major proportion of plants is pollinated by insects (Ramsay, 2005).
Biodiversity round the globe is maintained by insect pollinators, which provide them required ecosystem important for
maintaining wild and domesticated plants (Cardoso et al., 2025). It is quite evident from the research works that
decrease in insect pollinators can result in decline of dependent plants’ communities (Cano et al., 2025). According to
research, it is documented that 35% of global crop produce is dependent on insect pollinators. Around 87 crops, i.e.
70% of the main agricultural crops being used as human feed round the globe, are dependent on pollinators (Mihrete
& Mihretu, 2025). Estimated economic value of €153 billion have been associated with pollination from wild and
domesticated animals (Gallai et al., 2009). Additionally, decline in the populations of pollinators due to urbanization
has produced the need of discovering potential of insect pollinators to possibly enhance the economic yield of crops
(Hoehn et al., 2008).

Pollination plays a crucial role in sustaining agricultural productivity and biodiversity. Studies on pollination biology
across different regions of the world have shown that insects belonging to the orders Diptera, Lepidoptera, and
Hymenoptera are the key pollinators of numerous fruits and vegetables (Cook et al., 2020). Among these, bees, wasps,
moths, butterflies, and flies are considered the most important pollinators (Khalifa et al., 2021). The use of these
pollinators can significantly enhance the yield and quality of crops (Garibaldi et al., 2014)

Globally, about 25,000 species of bees have been identified, while more than 20,000 remain undescribed (Zattara et
al., 2021). Bees are highly efficient pollinators, responsible for the pollination of nearly 70% of edible crops worldwide
(Khalifa et al., 2021). Honeybees, belonging to the family Apidae of the order Hymenoptera, are among the most
effective pollinators and are also valued for producing honey and other hive products (Duangphakdee et al., 2025).
Out of 115 major crops, 52 depend on honeybees for either seed or fruit set, and bee pollination can enhance fruit
yield by 30—40% (Seddik et al., 2025).

In Pakistan, four honeybee species are present: Apis florea, A. dorsata, A. mellifera, and A. cerana (Khan et al., 2025).
Approximately 4,000 beekeepers maintain about 0.4 million colonies of A. mellifera, providing livelihood to more than
27,000 households (Usman et al., 2022). However, a global decline in pollinator populations has emerged as a serious
concern, adversely affecting crop yields and the economy. In temperate regions, A. mellifera is commercially used for
pollination of apples, peaches, and plums because of its efficient foraging and communication behavior, as well as its
ease of management and transportation (Kline et al., 2022). Despite its successful use for decades, the dependency
on honeybees is increasingly challenged by widespread colony losses during the past decade (Paudel et al., 2015).
The harmful effects of pesticides on pollinators have gained significant attention due to the detection of agrochemical
residues in honeybee products (Azpiazu et al., 2023). Honeybees are vulnerable to more than 100 types of insecticides
depending on their chemical composition (Belsky et al., 2023). Pesticide exposure affects not only foraging bees but
also immature bees through contaminated food stored inside hives (Ward et al., 2022). Such unintended exposure of
non-target pollinators poses a severe ecological threat (Drivdal et al., 2021). The rising concerns over pesticide-induced
bee mortality and colony collapse have led to the development of risk assessment protocols for pollinators in developed
countries (Leska et al., 2021). However, in developing nations like Pakistan, where pesticide regulations are weakly
enforced, colony decline continues to pose a major challenge (Akbar et al., 2024a, Akbar et al., 2024b, Akbar et al.,
2022).

Neonicotinoid insecticides, in particular, have attracted global scrutiny because of their lethal and sub-lethal effects on
bees under laboratory and semi-field conditions (Lu et al., 2020). Many developed countries have already imposed
restrictions on neonicotinoid use (Klingelhofer et al., 2022). In contrast, developing countries continue to rely heavily
on these chemicals, lacking strong pesticide management and pollinator protection frameworks.

Integrated Pest Management (IPM) is considered a sustainable strategy to mitigate the negative effects of pesticides
on pollinators (Akbar et al 2024 c; Farid et al., 2025a). According to Akbar and Khan (2021), IPM emphasizes the
rational use of multiple pest control techniques to minimize health and environmental hazards (Farid et al., 2025b).
However, the successful implementation of IPM requires a clear understanding of the extent and nature of pesticide
threats to pollinators, as well as evidence-based strategies for their conservation within agricultural systems.

Given the critical role of honeybees in crop pollination and increasing threats posed by pesticides, there is an urgent
need to evaluate the effects of commonly used insecticides on honeybee health. Therefore, this study focuses on
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assessing the oral and contact toxicity of eight widely used insecticides including acetamiprid, imidacloprid,
diafenthiuron, methoxyfenozide, chlorpyrifos, spinosad, abamectin, and cypermethrin against worker honeybees.
These insecticides have long been used in Pakistan’s agroecosystems for pest control (Khan et al., 2015a; Khan et
al., 2015b). The findings of this research will contribute to understanding pesticides risks to pollinators and help promote
pollinator-friendly pest management practices in Pakistan.

MATERIALS AND METHODS

Insecticides

Two neonicotinoids namely acetamiprid (Acelan®20SL) and imidacloprid (Imidacloprid®20SL) were obtained from
FMC, Pakistan. Diafenthiuron (Polo 500 EC) and abamectin (Agrimec TM 1.8EC, Syngenta, UK) were bought from
Syngenta. Chlorpyifos (Lorsban 40EC), Spinosad (Tracer 240 SC) and methoxyfenozide (Runner 240SC) were
purchased from Arysta Life Science.

Honeybees

Honeybees (A. mellifera L.) were managed in the local apiary of Haripur, Pakistan. Honeybees were taken from the
hive frames, to the laboratory and restrained by keeping them in refrigerator for around five minutes before putting in
the treated boxes.

Experimental conditions

For experiment, properly ventilated plastic boxes were purchased. Sucrose solution (50%) was used to feed the test
honeybees. Experimental conditions included 25 °C + 2 °C temperature and 60 + 10 % RH.

Laboratory bioassays

Mortality of the honeybees was checked by laboratory bioassays. Five concentrations of each pesticide were tested
starting from recommended field dose and their respective decimal fractions. On the bases of values of primary
bioassays, the final bioassays were conducted by adjusting the dose of the insecticides on which the possible best
results can be found to calculate the LC values for the pesticides.

Mode of application

Oral exposure

The similar size worker honeybees were collected from the colonies. The dose range was selected according to the
preliminary assessment in case of all insecticides. Serial dilutions of all the insecticides were prepared in 50% sucrose
solution. Serial dilutions of abamectin, acetamiprid, imidacloprid and methoxyfenozide were 0.25, 0.5, 1.0, 2.0, 3.0
pg/ml and control. While, serial dilutions for cypermethrin and spinosad were 1.25, 2.5, 5.0, 7.5, and 10 pg/ml. Serial
dilutions for diafenthiuron were 0.5, 1.0, 2.0, 4.0 and 5.0 pg/ml. Serial dilutions for chlorpyrifos were 2.5, 5.0, 10.0, 20.0
and 30.0 pg/ml. After preparing the required solutions, cotton plugs were dipped and honeybees were allowed to feed
on them. Data were recorded at 12, 24, 48 and 72 hours. Mortality was recorded when the insect showed no movement
even after being gently prodded with a fine brush, following the method described by Naiara Gomes et al. (2020).
Contact exposure

For the contact action, wet filter paper was used. Serial dilutions were made for these bioassays were also according
to the preliminary trials. For this purpose, filter paper was dipped in the pesticide solution and then spread on the base
of the boxes in which the honeybees were introduced. Data were recorded for 12, 24, 48 and 72 hours. Adults unable
to respond when disturbed were considered as dead.

Statistical analysis

Probit analysis was conducted using POLO-PC software (LeOra Software, 2002), which is specifically designed for
analyzing bioassay data. This software was selected due to its reliability and widespread use in toxicological research
for estimating LC values and associated parameters (Finney, 1971). POLO-PC provides estimates of lethal
concentrations (LCs, LCyy), their 95% fiducial limits (FL), chi-square (x?) values, and degrees of freedom (df). The chi-
square test was used to assess the goodness of fit between observed and expected mortality, while the fiducial limits
represent the 95% confidence range within which the true LC values are expected to lie. There were ten replications
in each treatment.

RESULTS AND DISCUSSION

Oral toxicity assays

The feeding bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 1.
There was significant difference in the toxicity of different insecticides after 12 hours of treatment. The lowest LC50
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value of 2.72 ug mL-1 (2.08-4.17ug mL-1) was calculated for the methoxyfenozide, followed by imidacloprid which
was 4.27 yg mL-1 (2.64-12.60 pg mL-1). Higher LC50 value was calculated in Chlorpyrifos i.e. 26.52 yg mL-1 (20.25-
40.39 pg mL-1). The lower LC90 values of 25.19 uyg mL-1 (13.93-82.44 ug mL-1) was calculated in Diafenthiuron.
While, higher LC90 value was calculated in Chlorpyrifos i.e. 154.08 ug mL—-1 (82.12-525.05 yg mL-1). The slope was
less steep in case of imidacloprid i.e. 1.90£0.43. The slope values for other insecticides lie between these insecticides.
The 95% fiducial limits (FL) represent the range within which the true LC values are expected to fall with 95%
confidence.

The feeding bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 2.
The significant differences were observed regarding the toxicity of different insecticides after 24 hours of treatment.
The lowest LC50 value was calculated for the abamectin and methoxyfenozide i.e. 0.75 yg mL-1 (0.61- 0.90 pg mL-1).
Higher LC50 value was calculated in Chlorpyrifosi.e. 11.01 uyg mL-1 (20.25-40.39 ug mL-1). The LC90 values showed
that lower value of both Abamectin and Methoxyfenozide i.e. 2.73 pg mL-1 (2.06- 4.17 uyg mL-1). While, higher LC90
value was calculated in Chlorpyrifos i.e. 35.87 uyg mL-1 (27.30-54.07 yg mL-1). Slope was more steep in Chlorpyrifos
with 4.28+0.51 value. The slope was less steep in the case of imidacloprid i.e. 1.91+0.38. The slope values for other
insecticides lie between these insecticides.

The feeding bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 3.
There was significant difference in the toxicity of different insecticides after 48 hours of treatment. The lowest LC50
value was calculated for the Abamectin i.e. 0.40 pg mL-1 (0.32- 0.48 ug mL-1). Higher LC50 value was calculated in
Chlorpyrifos i.e. 8.89 yg mL-1 (7.50- 10.47 yg mL-1). While, the LC50 values calculated for Acetamiprid, Imidacloprid,
Cypermethrin, Diafenthiuron, Methoxyfenozide and Spinosad were 0.77 ug mL-1 (0.64-0.93 ug mL-1), 0.55 yg mL-1
(0.45-0.66 ug mL-1), 4.54 uyg mL-1 (3.77- 5.43 uyg mL-1), 1.54 yg mL-1 (1.29- 1.81 yg mL-1), 0.40 yg mL-1 (0.32-
0.47 yg mL-1) and 4.07 pg mL-1 (3.34-4.89ug mL-1), respectively. The LC90 values showed that lower value of
Abamectini.e. 1.17 yg mL-1 (0.93- 1.66 ug mL-1). While, higher LC90 value was calculated in Chlorpyrifos i.e. 29.02
Mg mL-1 (22.12- 44.53 ug mL-1). Slope was more steep in Abamectin with 4.73+0.63 value. The slope was less steep
in Cypermethrin i.e. 3.78+£0.52. The slope values for other insecticides lie between these insecticides.

The feeding bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 4.
There was significant difference in the toxicity of different insecticides after 72 hours of treatment. The lowest LC50
value was calculated for the abamectin i.e. 0.26 yg mL-1 (0.20-0.29 pg mL-1). Higher LC50 value was calculated in
Chlorpyrifos i.e. 5.77 ug mL-1 (4.92- 6.70ug mL-1). While, the LC50 values calculated for Acetamiprid, Imidacloprid,
Cypermethrin, Diafenthiuron, Methoxyfenozide and Spinosad were 0.54 ug mL-1 (0.45-0.64 ug mL-1), 0.27 yg mL-1
(0.22-0.31 yg mL-1), 3.36 pyg mL-1 (2.76- 3.99 uyg mL-1), 1.09 yg mL-1 (0.91- 1.27 pg mL-1), 0.25 yg mL-1 (0.20-
0.29 pyg mL-1) and 3.10 pyg mL-1 (2.54-3.69 yg mL-1), respectively. The LC90 values showed that lower value of
Abamectin i.e. 0.53 ug mL-1 (0.44-0.79 yg mL-1). While, higher LC90 value was calculated in Chlorpyrifos i.e. 21.96
pug mL-1 (17.46- 30.96 ug mL-1). Slope was more steep in Imidacloprod with 7.19+1.28 value. The slope was less
steep in Cypermethrin i.e. 3.96+£0.51. The slope values for other insecticides lie between these insecticides. Among
the tested insecticides, abamectin (LCso = 0.26 pg mL™) and imidacloprid (LCso = 0.27 pug mL™) were found to be the
most toxic, showing LCs, values approximately 3—20 times lower than those of chlorpyrifos (LCso = 5.77 pug mL™) and
other insecticides tested. This indicates that abamectin and imidacloprid possess substantially higher toxicity against
the target insect species.

Table 1. Oral toxicity of eight different insecticides to workers of Apis mellifera after 12 hours of treatment.
LCso (95% FL) (ug

Insecticide N mL-1) LCo0 (95% FL) (ug mL™1) Slope (+SE) X

Acetamiprid 300 (3_35_'7262_52) (19_1%?'3210_9) 2.03+£0.49 3.64
Abamectin 300 (2.43;5.?91.46) (15.6A;L7-;1146.22) 2.00+£0.44 3.84
Imidacloprid 300 (2.611227. 60) (17.8?31-5)4169.0) 1.90+0.43) 3.79
Chlorpyrifos 300 (20;2;2(2).39) (82.%3?5;2?.05) 2.87+0.49 4.00
Cypermethrin 300 (10.22;2229) (34.2746:5821.14) 3.10+0.70 6.00
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Diafenthiuron 300 (3.9%-170.69) (13_52;3_44) 3.17 +0.56 5.75
Methoxyfenozide 300 (2_0%_75_17) (8_2125_;53; 5 2.92+0.50 5.80
Spinosad 300 (9.817?5372.0 4) (33_3752_;?:9. 68) 3.04+0.66 4.61
Table 2. Oral toxicity of eight different insecticides to workers of Apis mellifera after 24 hours of treatment.
Insecticide N o LCw (95(?1'):” M9 | cop (95% FL) (ugmL-Y)  Slope (+SE) &
Acetamiprid 300 (0.83;12.37) 3. 6?).-23.77) 3.24+0.43 5.76
Abamectin 300 (0.61.0.90) (2.06.4.17) 3.92+0.48 6.74
Imidacloprid 300 (1_017'_310_59) (3'751_2;15) 3.62:0.47 4.63
Chlorpyrifos 300 (20.22:%.39) (2723:21.07) 4.28+0.51 6.09
Cypermethrin 300 (4.8?.-777.07) (15_55_'33_04) 3.66+0.54 11.79
Diafenthiuron 300 (2.87-480) (1045 3761 3.58:0.51 5.45
Methoxyfenozide 300 (0_72'_817_05) (2_3%_5’2 ) 4.100.49 5.39
Spinosad 300 “. o2 65) “ 4_22;32_93) 3.88:0.55 9.43
Table 3. Oral toxicity of eight different insecticides to workers of Apis mellifera after 48 hours of treatment.

Insecticide N o LCw (93‘5‘31)&) (M9 | g0 (95% FL) (ugmL-Y)  Slope (+SE) N
Acetamiprid 300 o 62;73_93) e 02'7216) 3.99:0.48 7.89
Abamectin 300 (0_33'_48_ 48) (095 1.66) 4.73:0.63 7.54
Imidacloprid 300 o o 66) @ 411'?;66) 4.25+0.52 12.73
Chlorpyrifos 300  8.89 (7.50- 10.47) (22_1229_'33.53) 4.28+0.56 16.29
Cypermethrin 300 (3‘7‘;'_5; 43) (12_;37_'22%.21) 3.78+0.52 9.33
Diafenthiuron 300 (126 181) e 61'_6;52) 462:054 1012
Methoxyfenozide 300 (O'B%fg 57 (1.26.225) 4.29:0.55 6.68
Spinosad 300 (3.3‘2.?;89) (11;2?:3%.76) 3.64+0.50 10.75

Contact toxicity assays

The contact bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 5.
There was significant difference in the toxicity of different insecticides after 12 hours of treatment. The lowest LD50
value of 5.77 ug mL-1 (4.51- 8.12 yg mL-1) was calculated for Acetamiprid. Higher LD50 value was calculated in
Chlorpyrifos i.e. 28.78 ug mL-1 (21.85-44.83ug mL—-1). The LD90 values showed that lower value of 27.47 ug mL-1
(16.40-68.59 yg mL-1) was calculated in Acetamiprid. While, higher LD90 value was calculated in Chlorpyrifos i.e.
158.90ug mL-1 (84.23-557.84ug mL-1). Slope was more steep in Diafenthiuron with 3.78+0.69 value which confirms
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its lower LD90 value. The slope was less steep in Methoxyfenozide i.e. 1.78+0.38. The slope values for other
insecticides lie between these insecticides.

Table 4. Oral toxicity of eight different insecticides to workers of Apis mellifera after 72 hours of treatment.
LCso (95% FL) (ug

2

Insecticide N mL-1) LCs0 (95% FL) (ug mL™) Slope (+SE) X

Acetamiprid 300 (0.42;53.64) (1_117'?27_05) 5.09+0.64 11.43
Abamectin 300 (0‘2%_2329) (0.4(11'_503'79) 6.81+1.26 3.47
Imidacloprid 300 (0_2%_207_31) (0_4%?374) 7.19+1.28 3.14
Chlorpyrifos 300 @. 92'_7(; 70) a 1.3163:9118.69) 5.75+0.68 9.68
Cypermethrin 300 (270-5.99 015 15.49) 396:0.51 1688
Diafenthiuron 300 (0.9_%L.-0327) (2.2%?31.81) 5.32+0.63 11.12
Methoxyfenozide 300 0.25:033) 051.086) 6.30+1.06 435
Spinosad 300 (2.53;1.-13969) (8.3189.1962.44) 4.02+0.52 17.36

The feeding bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 6.
There was significant difference in the toxicity of different insecticides after 24 hours of treatment. The lowest LD50
value was calculated for Imidacloprid i.e. 2.29 pyg mL-1 (1.60-4.22 pg mL-1). Higher LD50 value was calculated in
Chlorpyrifos i.e. 13.80 ug mL-1 (11.62- 16.54ug mL-1). While, the LD50 values calculated for Acetamiprid, Abamectin,
Cypermethrin, Diafenthiuron, and Spinosad were 3.92 ug mL-1 (4.51- 8.12 yg mL-1), 1.53 uyg mL-1 (1.24-1.86 ng
mL-1), 9.24 yg mL-1 (7.71-11.32 yg mL-1), 7.57 yg mL-1 (6.33-9.58 yg mL-1), 1.53 pg mL-1 (1.25-1.86 yg mL-1)
and 8.83 uyg mL-1 (7.42-10.64 ug mL-1). The LD90 values showed that lower value of Imidacloprid i.e. 5.26 yg mL-1
(3.71-9.15 pg mL-1). While, higher LD90 value was calculated in Chlorpyrifos i.e. 44.64 yg mL-1 (33.47- 69.61ug
mL-1). Slope was more steep in Chlorpyrifos with 3.94+£0.58 value. The slope was less steep in Imidacloprid i.e.
3.62+0.47. The slope values for other insecticides lie between these insecticides.

The contact bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 7.
There was significant difference in the toxicity of different insecticides after 48 hours of treatment. The lowest LD50
value was calculated for the abamectin i.e. 2.39 yg mL-1 (1.88- 3.47ug mL-1). Higher LD50 value was calculated in
Chlorpyrifos i.e. 9.99 yg mL-1 (8.41-11.82ug mL-1). While, the LD50 values calculated for Acetamiprid, Imidacloprid,
Cypermethrin, Diafenthiuron, methoxyfenozide and Spinosad were 2.89ug mL-1 (2.44-3.45ug mL-1), 0.88ug mL-1
(0.72-1.05ug mL-1), 5.77 pyg mL-1 (4.81- 7.07 yg mL-1), 3.66 pg mL-1 (2.97- 4.80 yg mL-1), 0.80 pg mL-1 (0.64-
0.96 yg mL-1) and 6.51 pg mL-1 (5.35-7.83ug mL-1), respectively. The LD90 values showed that lower value of
Abamectin i.e. 2.73 ug mL-1 (2.06- 4.17 yg mL-1). While, higher LD90 value was calculated in Chlorpyrifos i.e.
30.55ug mL-1 (23.72-44.41ug mL-1). Slope was more steep in Abamectin with 3.94+0.58 value. The slope was less
steep in Acetamiprid i.e. 3.24+0.43.

The contact bio-assays results for worker honeybees in response to eight different insecticides are shown in Table 8.
There was significant difference in the toxicity of different insecticides after 72 hours of treatment. The lowest LD50
value was calculated for the abamectin i.e. 0.64 yg mL-1 (0.53-0.75 pg mL-1). Higher LD50 value was calculated in
Chlorpyrifos i.e. 5.94 (5.06-6.89ug mL-1). While, the LD50 values calculated for Acetamiprid, Imidacloprid,
Cypermethrin, Diafenthiuron, methoxyfenozide and Spinosad were 1.33 pg mL-1 (1.13-1.57 ug mL-1), 0.64 yg mL-1
(0.53-0.75 pg mL-1), 5.38 yg mL-1 (4.41- 6.39 ug mL-1), 2.65 pyg mL-1 (2.25- 3.05 pg mL-1), 0.51 pg mL-1 (0.40-
0.59 ug mL-1) and 4.93 pg mL—-1 (4.05-5.85 uyg mL-1), respectively. The LD90 values showed that lower value of
Abamectini.e. 0.58 yg mL-1 (0.48- 0.79 uyg mL-1). While, higher LD90 value was calculated in Cypermethrini.e. 19.28
pg mL-1 (14.65- 29.59 ug mL-1). Slope was more steep in Abamectin with 6.81+£1.25 value. The slope was less steep
in Cypermethrin i.e. 3.96+0.52. The slope values for other insecticides lie between these insecticides.
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Table 5. Contact toxicity of eight different insecticides to workers of Apis mellifera after 12 hours of treatment.
LCso0 (95% FL) (g

2

Insecticides N mL-1) LCe0 (95% FL) (ug mL™) Slope (+SE) X

Acetamiprid 300 (451 8.12) (16_307_"%;_59) 3.24:0.49 7.19
Abamectin 300 (7:32.5041) (27.75.337.00) 288£0.56 1062
Imidacloprid 300 - el 68) (18.2%?'159768_9) 2.15:0.50 4.81
Chlorpyrifos 300 (21_32;12_83) @ 4_52_85'23_ e 3.01+0.69 5.62
Cypermethrin 300 (16_33;;2_ 66) G 4_%3_1(;2’8_ 62) 3.09£0.70 6.00
Diafenthiuron 300 (.05.14.09) (22.67.106.08) 3.78:0.69 5.98
Methoxyfenozide 300 (5_73:‘21'?;_31) (46_1106_356287_80) 1.78 £0.38 421
Spinosad 300 21.79 115.25 3.04 +0.66 4.61

(15.79-43.27)

(53.36-751.49)

Table 6. Contact toxicity of eight different insecticides to workers of Apis mellifera after 24 hours of treatment.

LCso (95% FL) (ug

LCo0 (95% FL)

2

Insecticide N mL-1) (ug ML) Slope (xSE) X

Acetamiprid 300 (4_531'_95_12) (10_011225_24) 3.90+0.51 10.42
Abamectin 300 (2.43_838.45) (6.43:152;.66) 3.9+0.48 6.74
Imidacloprid 300 “ 620'_2222) . e s5) 1.9120.38 3.13
Chlorpyrifos 300 (11;23_'81%_54) (33.;1;1-%‘;.61) 3.94+0.58 6.22
Cypermethrin 300 (7.7%?;_32) (2522;8. 47) 3.66+0.54 11.79
Diafenthiuron 300 (6.37:§-5£97.58) (18.%2;84) 3.91+0.62 6.88
Methoxyfenozide 300 (1.215'_55 86) @. 451997 48) 3.72+0.46 6.36
Spinosad 300 a o5 " (23_‘;’2;;‘3_ 1) 3.88:0.55 9.43

Table 7. Contact toxicity of eight different insecticides to workers of Apis mellifera after 48 hours of treatment.

Insecticide N LCso (grgtli/(_,l|):|_) (g Lc(gliégrgi/?l'):l‘) Slope (+SE) X2

Acetamiprid 300 e e s5) 6. e 66) 3.24+0.43 5.76
Abamectin 300 o. 6%‘_88_96) (1_853'_32_ a7) 3.92+0.48 6.74
Imidacloprid 300 (0_7%?f05) (0.712'?12'0 " 3.62+0.47 464
Chlorpyrifos 300 e 4f_'9191_82) (23';”2_'33_ i) 3.94+0.58 6.22
Cypermethrin 300 ( 4_851'_777_07) (15'8233_'33_0 " 3.66+0.54 11.79
Diafenthiuron 300 (2_937'_62_80) (10.126_'%17_61) 3.58+0.51 5.45
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. 0.80 2.39
Methoxyfenozide 300 (0.64-0.96) (1.88-3.47) 3.72+0.46 6.36

. 6.51 26.12
Spinosad 300 (5.35-7.83) (18.90-44.42) 3.88+0.55 9.43

Table 8. Contact toxicity of eight different insecticides to workers of Apis mellifera after 72 hours of treatment.

LCso (95% FL) (Hg

LCso (95% FL)

2

Insecticide N mL-1) (g ML) Slope (xSE) X

Acetamiprid 300 (1‘1;';3?"57) (2.7:;'_4272) 5.38+0.64 10.12
Abamectin 300 (0_5%%75) (1_217'?27_14) 6.81+1.25 3.47
Imidacloprid 300 (0.5%%1_75) (1.217'?27'14) 5.62+0.71 12.27
Chlorpyrifos 300 (5.056.-9:51.89) (11.;'54_'41%-35) 4.74+0.58 15.83
Cypermethrin 300 “. 451'_32_39) . 6159_'22%_59) 3.96£0.52 16.88
Diafenthiuron 300 (2.26-5.05) (5.36. 8.50 563:0.66 1564
Methoxyfenozide 300 (0_4%_501_59) (0.818.—017.51) 6.78+1.26 3.42
Spinosad 300 (4.0%-9;85) (12;222.76) 4.14+0.53 19.15

Honeybees are the key pollinators for many monoculture crops throughout the world (Khalifa et al., 2021). A typical
bee colony contains around 10,000-40,000 individuals as workers, about 1/3rd of them are foragers (Yadav et al.,
2017). Growth of bee colonies is stimulated by beekeepers, to prepare them for a pollination event, by nourishing them
on artificial diets. Additionally, standardized equipment is used for the management of colonies, which enables them
to be carried to longer distances for pollination. Another reason of using honeybees commercially for pollination is their
biology. Because they are pollinating a wide range of flowers, honeybees are considered as generalists. They are able
to traveling upto an average of 4.5 km, thus they are capable of pollinating crops in an area of 6,360 ha. (Khalifa et al.,
2021). Therefore, they should be kept in the center of orchards to allow them effective pollination in the orchards.
Additionally, they have ability to guide their colony mates about the location of nectar resources making them effective
pollinators (Seeley, 1985).

Many biotic and abiotic factors affect the honeybee colonies. Biotic factors include diseases, mites and harmful insects
like greater wax moth. While, among abiotic factors pesticide residues are the biggest problem-causing decline of
honeybee colonies. The fact that pesticide poisoning can result in bee colony decline dates back to early 1900s, when
significant population of bees was decreased in California when the arsenic was sprayed on fruit trees (Neov et al.,
2019).

Mortality was directly proportional to dose and time in the recent experiment. These findings are in accordance with
the findings of Ma et al. (2019) who have reported a dose-dependent mortality of insect pests under controlled
conditions. Broadly speaking, oral ingestion method was proven more toxic to the exposed worker honeybees as
compared to the contact method. These findings are comparable with the results of Belsky et al. (2022), who have
reported that most of the insecticides are more lethal to honeybees when ingested via food as compared to the contact
action. It can happen because owing to transfer of pollen and nectar from field to hive and then to young ones,
honeybees are more exposed to insecticides orally, and nearly all stages of honeybees are exposed equally.
Additionally, most of the insecticides being used in the farmer’s field are systemic which become a part of plant sap
and affect their metabolism. Their residues have also been found in nectar and pollen (Manzoor et al., 2025; Li,2012;
Zhang et al.,2023) of the plants on which honeybees feed directly (Sanchez-Bayo, & Goka, 2014) which makes them
prone to such toxic insecticides especially when sprayed on plant resources being used as the diet of honeybees.
Nectars is used for producing honey while pollen is used as feed source by honeybees so their development in affected
by consuming contaminated feed (Paray et al., 2021). While the present study focused on acute oral and contact
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toxicity, it is important to recognize that sublethal effects such as disorientation, reduced foraging efficiency, and
impaired learning or memory can also significantly affect colony performance and pollination efficiency (Henry et al.,
2012; Tosi et al., 2017). Future studies should investigate these behavioral and physiological responses to provide a
more comprehensive understanding of the broader ecological implications of pesticide exposure on honeybee
populations. In our study, neonicotinoids (imidacloprid and acetamiprid) and abamectin was found most toxic after 12,
24, 48, and 72 hours of treatment. Neonicotinoids have been proven highly toxic to honeybees in a series of studies
(Lu et al., 2020; Wang et al., 2020). These findings are inconsistent to the findings of Buszewski et al. (2019), who
have reported that neonicotinoids have high toxicity to honeybees as compared to other groups of insecticides. Till
now more than 100 research articles have been published including the keywords “neonicotinoids/imidacloprid” and
“bee”, where the first article was published in 1992. Neonicotinoids especially imidacloprid are highly persistent and
systemic in plants. It becomes a part of plant metabolism after application. Several research works have been
performed throughout the Europe and USA. Some of these experiments were conducted on a larger area and for
several years with larger sample size (Pang et al. 2020; Fouad et al. 2024), while some were conducted with smaller
number of samples and narrow area in one or two sampling years (Jabbari, 2025; Nguyen et al. 2009; Mullin et al.
2010). Neonicotinoids are being banned in several developed countries owing to their detrimental effect on honeybees
(Dentzman et al. 2025; Margaoan et al., 2025; Paoli & Giurfa, 2024).

In our study, it has been proven highly toxic to honeybees approximately equal to the toxicity of neonicotinoids. These
findings are comparable to the findings of Obregon et al. (2024) they have reported high toxicity of avermectins to
honeybees. As a matter of fact, abamectin is a nerve poison. It stimulates the gamma-aminobutyric acid (GABA)
system, a chemical “transmitter” produced at nerve endings, which inhibits both nerve to nerve and nerve to muscle
communication. The affected insect becomes paralyzed, stops feeding, and dies. It is a broad-spectrum insecticide
being used against a variety of insect-pests (Liang et al. 2025).

CONCLUSION

Two neonicotinoids viz. imidacloprid and acetamiprid, and an avermectin insecticide (abamectin) were found most toxic
insecticide when applied through ingestion method and wet surface method. Chlorpyrifos and cypermethrin were least
toxic insecticides. A dose and time dependent increase in mortality of exposed worker honeybees was observed. The
wise and timely use of neonicotinoid insecticides is increasingly important due to their extensive application for
controlling sucking insect pests on various crops. Based on the present findings, insecticides such as cypermethrin
should be applied close to the flowering season and at lower doses to minimize adverse effects on pollinators, including
bee mortality and colony collapse disorders. Moreover, integrating chemical control with eco-friendly approaches such
as the use of biological control agents, botanical insecticides, and cultural practices is strongly recommended to
achieve sustainable pest management while protecting beneficial insect populations.
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