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ABSTRACT 
 

Honey bees are essential for sunflower pollination, which boosts crop yield and quality. The decline 
in bee populations, worsened by neonicotinoid insecticides, poses a significant threat to agriculture. 
This study examined the effects of neonicotinoids -specifically imidacloprid and thiamethoxam -on 
the foraging activity and health of Apis cerana Fabricius within sunflower crops. Sunflower seeds 
(RHA-92) were sown and managed according to standard agricultural practices, with the field 
divided into three sub-blocks (30 x 40 feet), each receiving one of three treatments: imidacloprid, 
thiamethoxam, or untreated control. Insecticides were applied at recommended doses when 50 per 
cent of the plants were in the flowering stage. The crops were covered with a nylon net before 
flowering to prevent external contamination. A colony of A. cerana, was introduced into each plot 
one day after insecticide application. Foraging activity, bee behavior, and colony health were 
monitored daily for seven days post-application, with bee visits to flower heads recorded hourly. 
Results showed a significant decrease in foraging activity in treated plots, with imidacloprid causing 
the most pronounced reduction - from 5.40 bees/head/5 min. on day one to 2.13 bees/head/5 min. 
by day three. Thiamethoxam also led to reduced activity but to a lesser extent. The untreated 
control maintained stable foraging levels throughout the study. These findings underscore that 
neonicotinoid insecticides, particularly imidacloprid, severely impair the foraging behavior of A. 
cerana, highlighting the need for careful use of these chemicals to mitigate their adverse effects on 
bee populations and ensure effective pollination in agriculture. 
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1. INTRODUCTION 
 
Honey bees are essential to global agriculture 
due to their pivotal role in pollinating crops, which 
enhances yield and quality [1]. They are 
particularly vital for sunflower (Helianthus 
annuus), a major oilseed crop. The process of 
pollination by bees boosts seed set, weight, and 
oil content, underscoring their importance in 
sunflower cultivation [2]. However, the decline in 
bee populations worldwide is a growing concern, 
with pesticide use -especially neonicotinoids - 
being a significant factor [3]. Neonicotinoids, 
systemic insecticides that mimic nicotine, are 
widely used to manage pest insects but pose 
risks to beneficial pollinators like honey bees. 
 
Neonicotinoids, including imidacloprid and 
thiamethoxam are insecticides modelled after 
nicotine, targeting the nervous systems of insects 
by binding to nicotinic acetylcholine receptors, 
causing paralysis and death [4]. Imidacloprid, 
introduced in the 1990s, quickly gained 
popularity due to its effectiveness against sap-
feeding and leaf-chewing pests [5]. It is used as 
a foliar spray, soil treatment, or seed coating in 
various crops, including sunflowers. In sunflower 
farming, imidacloprid is often applied to control 
pests like aphids and flea beetles, which can 
severely damage plants and reduce yields. Its 
systemic nature allows it to be absorbed by 
plants, providing prolonged protection as the 
plant grows [6]. However, this systemic property 

also leads to the accumulation of imidacloprid 
residues in pollen and nectar, exposing honey 
bees and other pollinators to the insecticide 
during foraging. 
 
Honey bees are exposed to imidacloprid through 
various pathways in sunflower crop. The most 
direct route is through the consumption of 
contaminated pollen and nectar. Research has 
shown that neonicotinoids can be present at 
concentrations harmful to honey bees [7]. 
Another significant exposure route occurs 
through dust released during the planting of 
treated seeds. When neonicotinoid-coated seeds 
are planted, dust containing the insecticide can 
be dispersed into the air and settle on nearby 
flowers, posing a risk to foraging bees [8,9]. 
Additionally, neonicotinoids can contaminate 
water sources such as puddles or dew, which 
honey bees may drink, further increasing their 
exposure. 
 
The effects of neonicotinoids on honey bees are 
well documented. At lethal doses, imidacloprid 
causes direct mortality. However, even at 
sublethal doses - those that do not cause 
immediate death these insecticides can 
significantly impair honey bee behavior and 
physiology [10]. For example, sublethal exposure 
has been shown to reduce honey bees' ability to 
forage effectively [11], leading to decreased 
nectar and pollen collection [12,13]. This 
reduction can result in diminished food 
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availability for the colony [14], affecting its health 
and survival. 
 

In addition to impaired foraging, neonicotinoids 
have been found to disrupt honey bees' 
navigation abilities. Honeybees rely on spatial 
memory and orientation skills to locate food 
sources and return to the hive [15]. Studies 
indicate that imidacloprid exposure can cause 
disorientation, increasing the likelihood of bees 
getting lost and failing to return to the hive [16]. 
This disorientation is linked to Colony Collapse 
Disorder (CCD), a syndrome where most worker 
bees disappear from a colony, leaving behind the 
queen and a few remaining bees [17] While CCD 
is multifactorial, with contributions from 
pathogens, habitat loss, and climate change, 
neonicotinoid exposure is considered a 
significant factor [18]. Similarly, thiamethoxam is 
also known to cause negative effects on flights in 
honey bee foragers [12]. Furthermore, 
thiamethoxam and its metabolite clothianidin lead 
to a significant reduction in foraging activity and 
longer foraging trips in exposed foragers [19], 
inhibit the honey bee immune system and 
detoxification genes 
 

The decline of honey bee populations due to 
neonicotinoid exposure has significant 
implications for agricultural productivity and 
biodiversity [20]. Honey bees are essential for 
sunflower pollination, and their reduced 
populations can lead to lower pollination rates, 
decreased yields, and reduced seed quality [2]. 
This decline impacts sunflower farmers 
economically and poses broader ecological risks. 
Honey bees contribute to the pollination of many 
wild plants that are crucial for maintaining 
biodiversity and providing food and habitat for 
other wildlife [21]. The loss of honey bees could 
trigger cascading effects on ecosystems, 
reducing plant diversity and threatening species 
that depend on these plants. 
 

In India, research studies on the impact of 
neonicotinoid toxicity on Indian honey bees, A. 
cerana Fabricius (Hymenoptera: Apidae) are 
minimal. Hence, the present investigations were 

focused on the impact of neonicotinoids 
particularly on the foraging activity and colony 
performance of A. cerana when bees forage on 
plants sprayed with imidacloprid and 
thiamethoxam.  
 

2. MATERIALS AND METHODS 
   

The study aimed to assess the impact of 
neonicotinoid insecticides on A. cerena honey 
bee colony health in sunflower crops, which are 
primarily pollinated by honey bees. Sunflower 
seeds of the variety RHA-92 were sown, and all 
crop management practices (weeding, irrigation, 
fertilizer application etc.) were followed according 
to the guidelines from the University of 
Agricultural Sciences (UAS), Bangalore. 

   
The sunflower field was divided into three sub-
blocks, each measuring 30 x 40 feet. Three 
different treatments were applied: Imidacloprid 
17.8 SL® (Confidor), Thiamethoxam 25 WG® 
(Actara), and an untreated control. To prevent 
cross-contamination and external foraging, the 
crop was covered with a nylon net (2 mm mesh) 
before flowering commenced. Insecticides were 
sprayed when 50% of the plants reached the 
flowering stage (62-65 days after sowing). Two 
commonly used neonicotinoid insecticides viz., 
imidacloprid and thiamethoxam - were applied at 
field-recommended doses using a knapsack 
sprayer in separate blocks. The control block 
received only water. Table 1 provides details of 
the insecticides and their concentrations used in 
the experiment. One colony of A. cerana 
consisting of five frames was placed inside the 
net in each experimental plot one day after 
insecticide application. 
 
Foraging activity, bee behaviour, and colony 
health were monitored until the end of the 
flowering stage. In each experimental plot, five 
flower heads (capitula) were randomly selected 
before the treatment. Honey bee activity on these 
flower heads was recorded for five minutes at 
hourly intervals between 7:00 AM and 6:00 PM. 
The peak period of honey bee activity was noted 

 
Table 1. Details of treatment imposed during field assessment of the effect of neonicotinoids 

on honey bees 
 

Sl.No Treatments Formulation Dosage (g ai/ha) 

1 Imidacloprid 17.8 SL 27 g a.i./ha 
2 Thiamethoxam 25 WG 38 g a.i./ha 
3 Untreated control (Water) - - 

 

https://www.frontiersin.org/articles/10.3389/fmicb.2020.00766/full#B32
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00766/full#B65
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for each plot. Observations of honey bee visits to 
the selected flower heads were conducted daily 
for seven days post-spraying, with counts 
expressed as visits per flower per five minutes. 
Additional observations included monitoring 
behavioural changes, uncoordinated movements, 
and overall colony health over the seven-day 
period following insecticide application. 
 
The data related to the foraging activity of bees 
was analysed for ‘t’ test statistical software 
SPSS® (version 25). Here, the foraging activity 
of bees across the treatments at different days 
were compared. The Fig. 1 was drawn using 
Tableau Desktop® 2022.1 to represent the 
foraging activity of honey bees at different days 
after exposure of treated plots 
 

3. RESULTS AND DISCUSSION 
 
Following the spraying of insecticides on 
sunflower heads, bee foraging activity decreased 
significantly, particularly in imidacloprid-treated 
plots. One day after spraying, imidacloprid plots 
had the lowest bee activity (5.40 bees/head/5 
min.), followed by thiamethoxam (5.86 
bees/head/5 min.), while the untreated control 
recorded 6.00 bees/head/5 minute. By day two, 
bee activity further decreased in imidacloprid 
(4.67 bees/head/5 min.) and thiamethoxam (5.20 
bees/head/5 min.) plots, with the control 
remaining stable (6.53 bees/head/5 min.). The 
decline was most pronounced on day three, with 
imidacloprid showing 2.13 bees/head/5 min. and 
thiamethoxam 3.20 bees/head/5 min., compared 
to the control (6.67 bees/head/5 min.). This trend 
continued with min.imal recovery by day eight, 
where foraging in treated plots (imidacloprid: 
3.67 bees/head/5 min; thiamethoxam: 4.67 
bees/head/5 min.) remained significantly lower 
than the untreated control (7.33 bees/head/5 
min.). 
 
Among different treatments, imidacloprid spray 
on sunflower plants caused the maximum 
reduction (3.38 bees/head/5 min.) in foraging 
activity of A. cerana and significantly differed 
from thiamethoxam (3.95 bees/head/5 min.). 
However, significantly higher activity was 
recorded in control plot (6.48 bees/head/5 min.)  
 
In the present study, a significant reduction in 
foraging activity of A. cerana bees on sunflower 
was noticed in neonicotinoids insecticide treated 
plots as compared to the untreated control. 
Further, across the different days after spraying 
of neonicotinoids, the foraging activity of bees 

reduced significantly from 3rd to 6th day after 
spraying. Despite there was increase in foraging 
activity of bees on sunflower heads, extent of 
bee activity was low in sprayed plots until six 
days after spraying. Additionally, un co-ordinated 
movements such as trembling, abdomen upside 
down, wing vibrations and paralysis of bees were 
also recorded. 
 
The results of our study align with findings from 
Chandrakumar et al. [22], who observed a 
reduction in bee foraging activity up to five days 
after insecticide application, followed by a 
gradual recovery to near-normal levels. Although 
our study also noted an increase in foraging 
activity post-spray, bee populations did not reach 
the levels recorded in untreated plots. Previous 
research similarly reported a decrease in 
foraging activity in response to insecticides like 
imidacloprid within 24 hours of application, with 
significant recovery observed after three days 
and normalization by seven days under field 
conditions [23]. Giri et al. [24] also documented a 
notable decline in foraging activity of Apis 
mellifera up to seven days after thiamethoxam 
application on mustard blooms. Studies have 
indicated that pesticide exposure impairs pollen 
collection efficiency, with significant reductions in 
foraging activity and prolonged foraging bouts in 
honey bees exposed to imidacloprid or 
clothianidin [19]. This inhibition is consistent with 
findings from semi-field studies, which suggest 
that honey bees exhibit a general reduction in 
foraging activity, extending even to untreated 
food sources, rather than a specific aversion to 
neonicotinoids [25]. Sharma et al. [26] reported 
significant bee mortality at 1, 2, and 3 days 
following thiamethoxam (0.1 g/lit) and 
imidacloprid (0.3 ml/lit) sprays. Furthermore, 
Matre et al. [27] found that imidacloprid 
application affected foraging behavior, with 
higher bee visits at a half dose compared to a full 
dose, while Pashte and Patil [14] observed 
normal foraging activity resuming by the third-day 
post-spray. Chandrakumar et al. [22] noted 
restoration of bee activity from five days after 
spraying, reaching levels close to pre-spray 
conditions by the seventh day. Thiamethoxam 
has been reported to negatively impact foraging 
activity for 3 to 4 days following application 
[28,29]. Conversely, Pilling et al. [30] reported 
similar foraging activity in thiamethoxam-treated 
and control fields, suggesting a negligible impact 
of the insecticide on bee foraging behavior. 
 
The observed reduction in foraging activity of A. 
cerana after the application of neonicotinoids, 
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Fig. 1. Effect of foliar spray with recommended dose of neonicotinoids on foraging activity of 

Apis cerana 
 
particularly imidacloprid, could be attributed to 
several factors. Neonicotinoids, such as 
imidacloprid and thiamethoxam, are known to 
exert sublethal effects on bees, impairing their 
cognitive and motor functions. These effects 
could disrupt navigation, reduced foraging 
efficiency, and ultimately impacted colony health, 
as suggested by Sluijs et al. [31]. Furthermore, 
the confinement of bees under net-covered 
cropped areas might have exacerbated the 
negative impact by limiting the bees' ability to 
disperse, increasing their exposure to the 
insecticides. This prolonged exposure could 
result in slower recovery of foraging activity 
compared to bees in open-field conditions, where 
foraging behavior might normalize more quickly 
due to wider dispersion and less concentrated 
exposure. 
 
This study confirms the significant negative 
impact of neonicotinoid insecticides on the 
foraging activity of A. cerana bees. The results 
highlight the sublethal effects of neonicotinoids, 
suggesting the need for cautious use of these 
chemicals to minimize their adverse effects on 

bee populations and ensure healthy pollination 
services in agricultural ecosystems. 
 

4. CONCLUSION 
 
The impact of neonicotinoids on A. cerana, 
particularly in sunflower crop, presents a 
complex challenge. While these chemicals 
effective in controlling pests, their sublethal 
effects—such as impaired foraging behavior, 
cognitive dysfunction, and immune 
suppression—posed significant threats to 
pollinator health and ecosystem services. The 
ongoing debate highlights the need for 
sustainable agricultural practices that minimize 
pesticide use and protect pollinator populations. 
Collaboration among policymakers, farmers, and 
scientists is essential to develop strategies that 
balance crop yields with the preservation of 
crucial pollinators. 
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