
INTRODUCTION

The worldwide decline in pollinator populations is 
a pressing issue (Durant, 2019; Panziera et al., 2022). 
Honey bees, Apis mellifera, are globally recognized as 
the primary crop pollinators, making a substantial annu-
al contribution exceeding $230 billion USD to the glob-
al agricultural economy (Calderone, 2012; Fei et al., 
2021; Ferenczi et al., 2023). Nevertheless, the exposure 
of honey bees to pesticides, commonly used by farm-
ers for crop protection, presents a significant challenge 

(Johnson et al., 2010; Mullin et al., 2010). For instance, 

herbicide use can lead to adverse effects on honey bees, 
resulting in disruptions to their behavior (Vázquez et al., 
2024). Over the past 15 years, there has been a notable 
increase in pesticide studies focusing on honey bees of 
the Apis genus (Abati et al., 2021). Further investiga-
tion is imperative to grasp the cumulative risks posed 
by interactions among multiple pesticides (Graham et 
al., 2022; Siviter et al., 2023), specifically in relation to 
their impact on bee behaviors (Capela et al., 2022; Oh-
linger et al., 2022).

Pesticide contamination can manifest in bee bodies, 
flowers, and soil (Ward et al., 2022), resulting in the 
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presence of pesticides in bee products (Calatayud-Ver-
nich et al., 2018; Lozano et al., 2019; Nassar et al., 
2024). Moreover, forager bees can serve as vital agents 
in transferring contaminants from the environment 
to the colonies (Abou-Shaara, 2014). The vitality and 
well-being of bee colonies are intricately tied to the 
quality of their queens (Tarpy et al., 2011; Mattila et 
al., 2012; Rangel et al., 2013). Nevertheless, numer-
ous factors, such as rearing conditions, environmental 
variables, and exposure to environmental pollutants, 
can influence the performance of queens (Rangel and 
Tarpy, 2016; De Souza et al., 2019; Abou-Shaara et al., 
2021). Queens may encounter pesticides during rearing 
via tainted wax cups and during feeding by worker bees 

(Forfert et al., 2017; McAfee et al., 2021). Pesticides 
may contribute to queen failures within colonies, yet our 
comprehension of the impacts of pesticides on queens 
and subsequent activities remains limited.

Pesticides can exert detrimental impacts on colo-
ny activities and performance at the collective level 

(Johnson et al., 2010; da Costa Domingues et al., 2022; 
Christen, 2023). Understanding the effects of pesticides 
at sublethal concentrations on queens and colonies is 
paramount, given that queens or colonies frequently en-
counter such doses. This study focuses on investigating 
the impacts of pesticides containing atrazine (a chlori-
nated herbicide with the chemical formula C8H14ClN5, 
which enters the weed through its roots and then affects 
photosynthesis in the shoots and leaves) and profeno-
fos (an organophosphate insecticide with the chemical 
formula C11H15BrClO3PS, which inhibits the acetylcho-
linesterase enzyme in insects) as active components on 
both queen and colony levels. These two pesticides are 
widely used by local farmers and have been detected 
at residue levels in bee products (Nassar et al., 2024). 
However, their potential effects on honey bee queens 
and colonies under field conditions are not yet fully 
understood. Therefore, the primary objective of this 
research is to provide valuable insights into the adverse 
outcomes of these pesticides on honey bee colonies and 
their queens.

MATERIALS AND METHODS

1. Pesticides

The research was conducted at an apiary located in 

the Hosh Essa district (latitude: 30°55ʹ13ʺN, longitude: 
030°18ʹ33ʺE), El-Beheira Governorate, Egypt. Two pes-
ticides were employed in the study: atrazine (Gesaprim 
granules (GR) herbicide 80% atrazine) and profenofos 

(Ictacron 72% Emulsifiable Concentrate (EC), an or-
ganophosphate insecticide containing profenofos as 
the active ingredient) sourced from Alnasar chemical 
company, Cairo, Egypt. Due to the potential impact of 
sublethal pesticide concentrations on honey bee queens, 
initial laboratory experiments were conducted using 
various concentrations on queens to determine the ap-
propriate sublethal concentrations for application. Based 
on the results of these initial experiments, the following 
concentrations were selected for further investigation: 
6.25 mg 100 g-1 candy (corresponding to atrazine at 0.05 
of the field concentration, abbreviated as A0.05), 12.5 
mg 100 g-1 candy (equivalent to atrazine at 0.1 of the 
field concentration, abbreviated as A0.1), 2.5 μL 100 g-1 
candy (indicating profenofos at 0.02 of the field concen-
tration, abbreviated as P0.02), 3.125 μL 100 g-1 candy 

(representing profenofos at 0.025 of the field concentra-
tion, abbreviated as P0.025), and a combination of atra-
zine 0.05 and profenofos 0.02 in a 1 : 1 ratio (abbreviated 
as A+P). 

2. Exposing queens to pesticides

In Egypt, hybrid Carniolan honey bees are preva-
lent (Hussein, 2000; Abou-Shaara and Ahmed, 2015). 
Queens of these hybrid bees were exposed to pesticides 
through candy (a mixture of powdered sugar and 60% 
sugar syrup). Sister newly emerged queens, raised from 
a robust queenless colony using the standard grafting 
technique (Büchler et al., 2024), were placed in queen 
cages. Five cages were utilized for each treatment, and 
an additional five cages with untreated queens were 
included as a control group in the experiment. Each 
cage contained contaminated candy and five attendant 
workers. Each queen was exposed to the treatments for 
24 hours at room temperature, with only 0.5 grams of 
candy provided to each one. Within the 24-hour period, 
the queens were exposed to the liquids from the candies. 
Virgin queens can consume various types of sugary food 
by themselves, regardless of the presence of worker 
bees (Abou-Shaara and Elbanoby, 2017). The study was 
conducted from May to July 2022 when limited sources 
of nectar and pollen were available. 
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3. Effects on honey bee colonies

1) Egg laying
Both treated and untreated queens, housed in cages, 

were introduced into 30 queen-less colonies of equal 
strength, each comprising four combs densely populat-
ed with bees (2 brood combs +  2 food combs). Con-
sequently, each colony was assigned one of the tested 
queens (5 colonies per group). Subsequently, the queens 
were permitted to mate in a natural manner, and their 
egg-laying activities were observed. After the success-
ful acceptance and mating of the introduced queens, 
the time required for queens to lay eggs was compared 
among treatments. 

2) Colony strength
Colony strength was evaluated approximately two 

months after the successful integration of queens into 
the colonies, which is a sufficient duration to assess col-
ony progress post-queen mating (Abou-Shaara, 2023). 
This assessment involved measuring sealed brood areas, 
honey reserves, and stored pollen areas using a wire-
framed grid (Jeffree, 1958). 

4. Statistical analysis

To examine the impact of atrazine and profenofos on 
honey bees, the data’s normality was assessed using 
the Shapiro-Wilk test. Following this, parametric tests 
were conducted, utilizing ANOVA followed by Tukey’s 
test for comparing means. The analysis was carried out 
using SPSS v. 16 (Chicago, USA, 2007), with a signifi-
cance level set at p≤0.05.

RESULTS

1. Egg laying

All treated and untreated queens were successfully 
integrated by the queen-less colonies. Following accep-
tance, the queens underwent natural mating, with some 
demonstrating the ability to lay eggs within a specific 
timeframe. At day 24 after introduction, all the untreated 
queens and those from P0.02 and A+P were capable of 
laying eggs, but only 80% of queens treated with A0.05, 
A0.1, or P0.025. This suggests a delay in egg laying in 
some treatments. 

2. Colony strength

Significant differences among the treatments were 
observed (ANOVA: F=8.32, df=5, p<0.05), as illus-
trated in Fig. 1. Colonies led by queens treated with 
A0.05 displayed the highest brood-rearing activity, with 
the control group following closely behind. The control 
group exhibited similarities but no significant variance 
compared to colonies treated with A0.1, P0.02, and 
A+P. Conversely, colonies from the P0.025 group ex-
hibited the lowest brood-rearing activity. 

Significant differences were detected among the treat-
ments in their honey storage activity (ANOVA: F=4.87, 
df=5, p<0.05), as depicted in Fig. 2A. There were no 
significant variations noted between treatments with el-
evated means (A0.05, control, P0.02, A+P, and P0.025). 
The lowest mean was observed for A0.1, with no signif-
icant difference from P0.025 exclusively. Furthermore, 
significant differences were observed among the treat-
ments in their pollen storage activity (ANOVA: F=7.47, 
df=5, p<0.05), as shown in Fig. 2B. The A0.05 group 
exhibited the highest mean area, followed by the A +P 
group, and finally the control group, with no significant 

Fig. 1. Effects of the tested pesticides on brood-rearing activity. 
The figure illustrates the confidence intervals for the mean sealed 
brood areas across the treatments: control (C), atrazine 0.05 

(A0.05), atrazine 0.1 (A0.1), profenofos 0.02 (P0.02), profeno-
fos 0.025 (P0.025), and atrazine 0.05 + profenofos 0.02 (A + P). 
Significant variances are denoted by letters following the Tukey 
Test at a significance level of 0.05 (N = 5 colonies per treatment 
group).



Mohamed Emara, Khalid Eid, Adnan Darwish, Hossam Abou-Shaara

178 http://journal.bee.or.kr/

discrepancies among them. The A0.1 group showed the 
lowest mean, yet no significant variances were noted 
compared to P0.025 and P0.02.

DISCUSSION

It could be argued that the sublethal doses of the test-
ed pesticides did not influence the initial acceptance of 
queens by worker bees but rather affected subsequent 
egg laying. These subsequent impacts might stem from 
the pesticides’ effects on the mating quality of queens. 
Bee queens are recognized for their tendency to mate 
with a large number of drones (Cobey, 2007; Abou-
Shaara et al., 2021), with at least seven mates needed for 
successful mating (Tarpy et al., 2012, 2013). Queens ex-
posed to the neonicotinoid pesticides thiamethoxam and 
clothianidin during their developmental stage exhibited 
fewer matings (Forfert et al., 2017). In support of this, 
pesticides can affect the pheromone and reproductive 
behavior of honey bee queens when exposure occurs 
during development (Walsh et al., 2020). The viability 
of stored sperm in queens’ spermatheca decreases when 
exposed to neonicotinoid insecticides (Chaimanee et al., 
2016; Kozii et al., 2021). Similarly, thiamethoxam neg-
atively impacts queen quality and the sperm count in the 
spermathecae (Gajger et al., 2017). These studies sup-

port the idea that pesticides can impact the mating and 
subsequent egg-laying of queens. Particularly, on day 
24 after introduction, only 80% of queens treated with 
A0.05, A0.1, or P0.025 were capable of laying eggs. 

The subsequent development of bee colonies can be 
affected by pesticides. For example, imidacloprid, in 
particular, has been associated with detrimental impacts 
on colony progression (Wu-Smart and Spivak, 2016; 
Fine et al., 2021). However, certain colonies overseen 
by treated queens exhibited either increased or com-
parable brood rearing activity compared to the control 
group, indicating transient effects on colony advance-
ment. Thus, A0.05 exhibited higher brood-rearing ac-
tivity compared to the control group, while A0.1, P0.02, 
and A+P demonstrated activity insignificantly similar 
to the control. In contrast, the P0.025 group showed 
lower activity than the control.

As indicated in the results section, A0.1 displayed 
the lowest honey storing activity. Additionally, P0.02, 
P0.025, and A0.1 exhibited the lowest pollen storing 
activity. Consequently, food storing activity was notably 
more adversely affected in atrazine-treated colonies, 
particularly A0.1, when compared to those treated with 
profenofos. It is established that certain pesticides can 
have detrimental effects on the foraging activity of 
honey bees (Karahan et al., 2015; Gashout et al., 2020), 
thereby impacting the food storing activity within their 

Fig. 2. Effects of the tested pesticides on honey and pollen storing activities. The figure displays confidence intervals for the mean areas of 
honey (A) and pollen (B) across the following treatments: control (C), atrazine 0.05 (A0.05), atrazine 0.1 (A0.1), profenofos 0.02 (P0.02), 
profenofos 0.025 (P0.025), and atrazine 0.05 + profenofos 0.02 (A + P). Significant distinctions are indicated by letters according to the 
Tukey Test at a significance level of 0.05 (N = 5 colonies per treatment group).

(A)	 (B)
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colonies. However, some treatments, such as A0.05, 
showed higher food-storing activity compared to the 
control colonies. This suggests short-term effects of the 
pesticides without causing significant disruption to hon-
ey bee behaviors. While studies on queens are limited 
compared to those on workers, exposing adult queens to 
pesticides-as done in this study-can be considered as 
complementary to other studies exposing queens during 
their developmental stages. As an example, during the 
development of queens, exposure to pesticides like 
coumaphos, amitraz, and tau-fluvalinate has been found 
to have detrimental effects on the health and quality of 
queens in adulthood (Rangel and Tarpy, 2015; Walsh et 
al., 2020). This study enhances our understanding of the 
effects of pesticides on bee queens. 

CONCLUSION

The current research underscores the impacts of the 
insecticide profenofos and the herbicide atrazine on 
honey bee colonies. These effects exhibited variability 
across different parameters measured. At times, the 
effects of profenofos were more or less pronounced, or 
even similar to those of atrazine and the control group. 
Moreover, not all effects persisted over an extended pe-
riod, as colony strength was not greatly impacted by the 
applied pesticides. Furthermore, there were no observ-
able synergistic effects from the pesticide combination. 
The most prominent adverse effects were associated 
with egg laying, with higher occurrences observed in 
atrazine-exposed colonies compared to those exposed 
to profenofos. This study advances our comprehension 
of pesticide impacts on queens. In light of these find-
ings, queen breeders are advised to regularly monitor 
their surroundings to prevent pesticide exposure during 
queen production and mating phases. 
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