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A b s t r a c t
Lambda-cyhalothrin is the most widely used insecticide worldwide. This study investigates the 
impact of lambda-cyhalothrin on honeybees (Apis mellifera) colonies under semi-field and field 
conditions utilizing the formulated product (Karate 5% at a concentration of 0.85 ml/l). Considering 
the application of lambda-cyhalothrin in onion fields, the foraging activities reduced by 27.89 and 
29.28% under semi-field and field conditions, respectively. The number of dead workers in the 
comparison group was three-fold higher than that in the control group under both semi-field and 
field conditions. Under semi-field and field conditions, reductions were observed in the brood 
(22.6 and 24.01%), pollen (94.46 and 41.51%), and nectar (69.27 and 44.50%) areas. The effect 
of lambda-cyhalothrin on the strength of A. mellifera under semi-field conditions resulted in 
a significant decrease until the 14th day (2.20 bee frames/hive) and in field condition it was on 
the 7th day (4.79 bee frames/hive). This highlights the non-bee-safe nature of lambda-cyhalothrin 
when applied during flowering, and spraying should be avoided to reduce its contamination of 
nectar and pollen. Overall, our results show the significance of conducting field trials to accurately 
assess the risk of pesticides, depicting a more realistic exposure scenario under actual colony 
conditions.
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INTRODUCTION 

The use of agricultural inputs in India, particularly 
agrochemicals, was introduced to the small 
holder farmers, facilitated by diverse agricultural 
extension systems since the 1960s (Nedumaran 
& Ravi, 2019). This shift enhanced crop yields 
and mitigated losses, increasing the use of 
agrochemicals on a significant scale, with pesticide 

usage in India increasing from 154 t in 1954 
to a staggering 88,000 t in 2000, representing 
a 570 times increase in less than half a century 
(Bonvoisin et al., 2020). As of 2020-2021, the 
pesticide consumption in India was approximately 
62,193 t (FAOSTAT, 2021). Alarming statistics 
from the United Nations Organization for 
Food and Agriculture rank India as the second 
highest consumer of pesticides in Asia, with 
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a consumption rate of 0.29 kg/ha (Sharma et al., 
2020). 
Within this surge in agrochemical use, 
pyrethroids have emerged as the predominant 
insecticides, overtaking organophosphorus 
insecticides, and are now the most commonly 
used insecticides worldwide (Saillenfait et 
al., 2015). However, the widespread use of 
agrochemicals in agriculture has caused greater 
toxicity for bees, resulting in a rise in honeybee 
colony mortalities globally. This alarming issue 
has drawn considerable attention from the 
scientific community, highlighting the potential 
repercussions of pesticide misuse on the survival 
of pollinators (Chauzat et al., 2009; VanEngelsdorp 
et al., 2009). The detection of lambda-cyhalothrin 
residues in plant nectar and pollen grains 
indicated the potential impact of its use on 
honeybee health through natural environmental 
exposure (He et al., 2008; Abdel-Razik, 2019). 
Lambda-cyhalothrin targets ion channels that 
are involved in the functioning of various tissues 
(including the nervous and muscular systems). 
Its primary mode of action is known to hinder 
the normal functioning of voltage-gated sodium 
channels (Field et al., 2017).
Traditional pesticide regulations typically 
prioritize poisoning effects, emphasing the 
acute toxicity and lethal dosages required by 
regulatory agencies for product registration 
(OECD, 2017). However, bees often encounter 
pesticides in sublethal doses within 
their environment, which affect multiple 
developmental stages, including foragers, larvae 
and newly emerged bees (Dively & Kamel, 2012). 
Sublethal doses pose a significant threat to 
the survival of the entire bee colony (Wu-Smart 
& Spivak, 2016) with harmful effects, including 
reduced responsiveness to sucrose stimulation 
(Aliouane et  al., 2009) and impaired pollination 
activities (Gill et al., 2012).
Although these studies suggest that the 
sublethal effects of most insecticides are 
molecule-specific and cannot simply be 
extrapolated directly from the LD50 values, 
none of these molecules have collectively been 
tested in parallel tests in the same experimental 
conditions. Another aspect of toxicological 

studies on honeybees is the complexity of the 
formulation of commercial products. Although 
several studies have used pure active ingredients, 
real-world applications of formulated products 
also contain adjuvants with potential effects 
on bees. All these compounds have the potential 
to interact with each other and other ingredients. 
In this study, we examined the sublethal effects 
of pesticide exposure on honeybee colonies, 
which may affect their biology and evaluated 
two approaches for evaluating the toxicity to 
honeybees in diverse situations. We employed 
a two-tier assessment scheme comprising early 
studies in semi-field and field studies with 
formulated products (Karate 5%). Similar studies 
were carried for evaluating Thiamethoxam 
(Negi et al., 2022). Parameters such as foraging 
activity, mortality in field conditions, brood 
area, bee strength, pollen and nectar storage 
were included for semi- field and field studies.

MATERIAL AND METHODS

Our study was conducted between 2020-2022 
in the experimental fields of Seed Science and 
Technology at Dr. Y. S. Parmar University of 
Horticulture and Forestry, a) colony performance 
under cage or semi-field conditions, and b) colony 
performance under field conditions.

Semi-field Studies and Field Studies
To determine the impact of lambda-cyhalothrin 
spray (0.85 g/l), the Pandah, Khaltoo, and Manhat 
experimental sites were selected for growing 
onion crops. Onion (Allium cepa var. Palam Lohit) 
was sown as per the package and practices 
in the Seed Science and Technology experimental 
fields, Pandah Farm for semi-field experiments. 
Khaltoo and Manhat were sown for for field 
experiments in which one site was exposed to 
lambda-cyhalothrin and the other was exposed 
to water spray only (control). The three sites 
were separated by 2-3 kilometers to prevent bees 
from foraging in other fields. In the semi- field, nine 
cages, measuring 40 m2 (8×5) each were affixed 
to iron poles, with three cages dedicated to each 
treatment. Nylon was utilized for constructing 
these cages. The bee colonies selected for the 
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study were healthy, devoid of any disease, and 
had been subjected to no chemical treatment for 
the prior four weeks. Each cage housed a colony 
comprising three fully developed frames which 
contained brood cells at different development 
stages, as well as a comb containing pollen and 
nectar. At the entrance of each hive, a dead-bee 
trap (100×50×10 cm) was installed, and a linen 
sheet (15 m2) was spread in front of the hives 
after the dead-bee trap. The colony was divided 
into young bees before the bees were placed 
inside the cages to limit the abundance of active 
foragers that were subsequently introduced into 
the cages after 10% bloom of the onion crop. After 
relocation-related mortality stopped, lambda-
cyhalothrin was sprayed at a field application rate 
of 0.85 ml/l, whereas a control group received 
water spray, and both treatments were applied 
onto the blooming onion crop at 17:00 (local 
time). Throughout the 14-day testing period, the 
colonies were provided with water. Subsequently, 
the colonies were transferred to pesticide-free 
areas. Spray calibration was conducted based 
on the nozzle output rate and application time 
according to the methodology of the Bureau 
of Indian Standards (BIS, 1985). The spray was 
applied first to the control and then to the 
insecticide treatments. 
In field experiments, the hives included five 
frames, each containing at least 10,000 bees 
(three brood frames and two storage frames). 
At 10% bloom, the bee colonies were transported 
to the test locations (treated and untreated). The 
hives were placed on the field boundaries so that 
the bees could fly over the treated fields. The 
insecticide dose mentioned above was applied in 
the evening. The honeybee colonies were exposed 
to treatments for fourteen days in the field and 
the impact of insecticides was observed. They 
were subsequently shifted to pesticide-free sites 
and further observed for twenty-eight days for 
post-exposure effects.

Observations recorded for semi-field and field 
studies
Honeybee mortality was calculated by 
enumerating the daily number of dead adult bees 
using dead-bee traps, linen sheets and routes 
within cages over fourteen days. The foraging 

activity was recorded by observing a 1 m wide 
transect along each side of the cage at 10:00, 
12:00, and 15:00 h (local times) for fourteen days. 
The condition of the colonies was evaluated based 
on colony strength, comb area with pollen and 
nectar (cm2), and total brood area (cm2).

Statistical analysis
The data recorded for various parameters under 
field and semi-field conditions was analyzed 
in OPSTAT with suitable transformation in 
Randomized Block Design as suggested by Gomez 
& Gomez (1984). Analysis of variance (ANOVA) 
was used to compare the treatments at various 
days after the treatment (Sheoran et al., 1998).

RESULTS 

Foraging activity
In the lambda-cyhalothrin-treated plots, 
a significant decrease was observed in bee 
count, which reached its lowest on the second 
day (3.00 bees/m²/2 min), and the foraging 
activity remained consistently low up to the  
sixth day (12.66 bees/m²/2 min). The overall 
statistically higher average bee count in the 
control group (13.39 bees/m²/2 min) than 
that in the lambda-cyhalothrin-treated group 
(9.65 bees/m²/2 min), indicated a 27.89%
reduction in bee count owing to the chemical 
spray (Fig. 1). The lambda-cyhalothrin-treated 
A. mellifera foragers were confined inside the 
hive, and little activity was observed at the 
entrance as lambda-cyhalothrin exhibited 
a repelling effect on bees. 
Under field conditions, after the application of 
the recommended lambda-cyhalothrin spray, 
significant decreases were observed in bee count 
on the day of spraying (4.22 bees/m²/10 min) 
and day 1 (5.50 bees/m²/10 min), followed by 
a recovery on day 7 (32.00 bees/m²/10 min). 
Overall, the foraging activity in lambda-
cyhalothrin-treated plots (23.23 bees/m²/10 
min) was significantly lower than that of the 
control group (32.86 bees/m²/10 min), which 
indicated that the foraging activity in the lambda-
cyhalothrin treated plots reduced by 29.28% 
compared with that in the control. 
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Mortality
The analysis of A. mellifera mortality from lambda-
cyhalothrin-treated onion blooms (2020-2022, 
semi-field conditions, Tab. 1) indicated significant 
mortality on the first (61.50 bees/day) and second 
(41.83 bees/day) days. During days 1, 2, 3, 4, and 
5, mortality due to lambda-cyhalothrin-treated 
crops exceeded that of the water-sprayed control. 
The overall average daily mortality of the treated 
crop was 18.30 bees, significantly higher than that 
of the control (6.94 bees).
The results obtained under field conditions 
revealed that mortality reached statistical 
equivalence with the pre-count (12.66 
bees/day) on the sixth day. Day-wise 
comparisons of mortality with that of 
the control revealed higher mortality up to the 
sixth day in the sprayed field; subsequently, 
no significant observed difference was indicated 
that lambda-cyhalothrin caused significant bee 
mortality up to the seventh day under field 
conditions. The overall average bee mortality 
in bee colonies foraging on the lambda-
cyhalothrin-treated onion crop (18.77 bees/day) 
was significantly higher than that on the water-
sprayed control crop (6.16 bees/day), which 
indicated that the mortality in the lambda-
cyhalothrin-treated group was approximately 
three-fold higher than that in the control. 

Brood area, bee strength, and pollen and nectar 
areas (cm2) of Apis mellifera foraging on the 
onion bloom under semi-field conditions during 
2020-2022
Lambda-cyhalothrin resulted in a significant 
decline in the brood area of A. mellifera colonies 
foraging on onion crops on the seventh and 
fourteenth days (823.16 and 639.00 cm3, 
respectively, Tab. 2) compared with that one day 
before the introduction (1056.33 cm3) of colonies. 
The day-wise brood areas in the hives within 
the treated crops consistently showed lower 
values than that of the control group throughout 
the study period. Based on the overall 
comparison, the brood area in the unsprayed 
onion crop (953.67 cm²) was significantly higher 
than that of the lambda-cyhalothrin-treated crop 
(737.90 cm²), which reduced by 22.6%. The 
observed decline in the A. mellifera hive brood 
area may be attributed to variations in foraging 
activity, as evidenced by data presented in the 
foraging activity table. 
The effect of lambda-cyhalothrin on the strength 
of A. mellifera under semi-field conditions during 
2020-2022 (Fig. 2) resulted in a significant decrease 
until the 1 day (2.20 bee frames/hive) compared 
with that during the pre-count. Thereafter, 
a significant increase in colony strength was 
observed on the 28th day (2.54 bee frames/hive), 

Fig. 1. Comparative effect of lambda-cyhalothrin (Karate 5% EC @ 0.85 ml/l) on foraging activity of A. mellifera 
on onion bloom under semi-field and field conditions.
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Number of dead bees/DBT and Linen sheet/ Day

Semi-field Field

DAS** Lambda-cyhalothrin Control Lambda-cyhalothrin Control

Pre-count 
(One day before 

spray)

11.66 11.33 12.66 10.50

(3.53)* (3.49) (3.68) (3.38)

1
61.50 9.50 58.83 6.00
(7.88) (3.16) (7.65) (2.60)

2
41.83 10.50 49.50 5.16
(6.53) (3.34) (7.05) (2.42)

3
39.16 10.66 34.66 7.50
(6.33) (3.39) (5.93) (2.87)

4
33.00 10.83 28.00 7.83
(5.80) (3.38) (5.34) (2.93)

5
23.33 7.66 17.66 4.00
(4.90) (2.94) (4.26) (2.23)

6
13.33 8.66 14.16 6.33
(3.76) (3.10) (3.88) (2.67)

7
13.16 3.83 9.16 6.83
(3.74) (2.18) (3.17) (2.75)

8
7.83 2.00 10.16 4.00

(2.96) (1.72) (3.32) (2.22)

9
5.50 3.33 7.33 6.83

(2.51) (2.05) (2.87) (2.76)

10
5.50 6.83 9.50 3.16

(2.50) (2.73) (3.23) (2.03)

11
5.50 6.00 7.50 4.16

(2.52) (2.60) (2.88) (2.26)

12
2.66 5.66 10.00 7.16

(1.90) (2.53) (3.29) (2.83)

13
5.33 4.16 5.33 7.50

(2.50) (2.25) (2.48) (2.91)

14
5.16 3.16 7.16 5.50

(2.47) (2.02) (2.85) (2.54)

Mean
18.30 6.94 18.77 6.16
(3.99) (2.73) (4.13) (2.63)

C.D. (p=0.05)

Treatment (0.26), Treatment × Days 
(1.01) 

Treatment (0.26), Treatment × Days 
(1.01) 

*Figures in parentheses are √n+1 transformation values
** DAS (days after spray)

Table 1. 
Pooled data on mortality of bees in Lambda-cyhalothrin treated onion bloom under field and semi-field 

conditions during 2020-2022
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Fig. 2. Comparative effect of lambda-cyhalothrin (Karate 5% EC @ 0.85 ml/l) on bee strength of A. mellifera on 
onion bloom under semi-field and field conditions.

DAS**
Brood area (cm2) Nectar area (cm2) Pollen area (cm2)

Treatment Control Treatment Control Treatment Control

Pre-count 
(one day before 

introduction)

1056.33 1025.00 258.00 262.33 226.33 267.83

    (32.48)* (31.97) (15.91) (16.18) (15.07) (16.38)

7th day
823.16 919.33 148.33 276.50 108.83 266.50
(28.67) (30.30) (12.11) (16.63) (10.45) (16.35)

14th day
639.00 886.83 129.50 250.00 93.33 231.16
(25.29) (29.76) (11.40) (15.80) (9.68) (15.22)

21st day
534.16 974.00 128.83 289.33 104.50 241.83
(23.08) (30.08) (11.37) (17.02) (10.26) (15.57)

28th day
636.83 1033.50 157.83 313.50 122.83 267.66
(25.23) (31.98) (12.55) (17.70) (11.10) (16.38)

Mean
737.90 953.67 164.50 278.33 131.16 255.00
(26.95) (30.82) (12.67) (16.67) (11.31) (15.98)

CD(p=0.05) Treatment (1.27), 
Treatment × days (2.84)

Treatment (1.13), Treatment 
× days (2.53)

Treatment (0.49), 
Treatment × days (1.11)

*Figures in parentheses are √n+1 transformation values
** DAS (days after spray)

Table 2. 
Pooled effect of lambda-cyhalothrin (Karate 5% E.C @ 0.85 g/l) on brood, pollen and nectar (cm2) 

of A. mellifera on onion bloom under semi-field conditions during 2020-2022
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which was still less than that during the pre-count. 
Irrespective of the day, the bee strength differed 
significantly between the treatments. Significantly 
higher bee strength was observed in the control 
group (2.85 bee frames/hive), followed by the 
lambda-cyhalothrin group (2.50 bee frames/hive). 
The A. mellifera nectar stores significantly 
reduced in the lambda-cyhalothrin-treated group 
(148.33 cm2) on the seventh day compared with 
that during the pre-count, which further decreased 
in both till the 21st day but with no significant 
differences. This interaction effect indicated that 
the nectar stores significantly reduced by 69.27% 
in hives placed in both the chemically sprayed 
plots compared with that in the control group. 
Considering the pollen area, the pollen stores 
remained significantly low up to the seventh 
day (108.83 cm3), followed by the those on 14th 
day (93.33 cm3) with no significant difference. 
A significantly lower pollen area was recorded in 
the lambda-cyhalothrin-treated group than in the 
control group on all observation days (7, 14, 21, 
and 28th days, Tab. 2). Moreover, the treated onion 
crops resulted in a 94.46% reduction in pollen 
area.

Brood, nectar, and pollen areas of A. mellifera 
foraging on the onion bloom under field 
conditions during 2020-2022
As presented in Tab. 3, the average A. mellifera 
brood area one day before lambda-cyhalothrin 
exposure (pre-count) was not as prominent, 
although the brood area decreased on the seventh 
day (1572.00 cm2) and subsequently increased, 
but with a non-significant difference between 
the days with respect to the pre-count; thus, 
the effect of lambda-cyhalothrin on the brood 
area was not evident under field conditions. The 
overall brood area was found to be the highest 
(2225.83 cm2) in the control group, followed 
by that in the lambda-cyhalothrin group 
(1691.53 cm2), which showed a reduction of 
24.01%. In this study, the average brood area 
of A. mellifera  was significantly reduced on the 
seventh day post spraying. Under field conditions, 
a significant decline was observed in the nectar 
area on the seventh day (388.16 cm2). A consistent 
significant decrease was observed in the nectar 

area from the 7th to 28th days after exposing the 
hives to lambda-cyhalothrin. Irrespective of 
the days, the maximum overall nectar stores 
(610.30 cm2) were observed in the control group, 
and the nectar stores of the treated field showed 
a reduction of 44.50% (338.73 cm2) compared 
with those of the control group.
As presented in Tab. 3, the average pollen collection 
by A. mellifera during 2020-2022 under the 
influence of lambda-cyhalothrin was statistically 
insignificant in all treatments throughout the 
study period. The average pollen stores in 
A. mellifera ranged from 279.33 to 452.50 cm2 
and 473.66 to 627.33 cm2 in the lambda-
cyhalothrin-treated and control groups, 
respectively, during the period of 28 days. The 
overall pollen area was the highest (565.60 
cm2) under controlled conditions, whereas the 
lowest pollen area was observed in the lambda-
cyhalothrin-treated crop, which reduced by 41.51% 
(330.83 cm2). This indicates that the lambda-
cyhalothrin spray did not affect the average pollen 
stores in A. mellifera, possibly due to the normal 
bee activity at the hive entrance, and bees, instead 
of being confined to the hive, started foraging 
on alternate flowering areas around the colony. 
This was also evident from personal observations, 
wherein incoming A. mellifera specimens were 
observed with pollen loads during periods of low 
activity in the treated plots. 
Figure 2 presents the effect of lambda-cyhalothrin 
spray on the strength of A. mellifera under 
field conditions during 2020-2022. The initial 
bee strength of A. mellifera one day before 
spraying lambda-cyhalothrin was 5.00 frames/
hive. Decreased bee strength was observed on 
the 7th day (4.79 bee frames/hive) but without 
a significant difference from the bee strength 
before spraying. Thereafter, increases were 
observed in colony strength on the 14th (5.04 bee 
frames/hive), 21st (5.37 bee frames/hive), and 
28th days (6.00 bee frames/ hive), with a significant 
difference from that during the pre-count. In 
the hives placed in the water-sprayed onion crop, 
bee strength increased from 5.00 bee frames/hive 
during the pre-count to 5.62 bee frames/hive on 
the seventh day and 6.33 bee frames/hive on the 
14th day, indicating significant differences. On the 
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28th day, we observed a significantly higher bee 
strength of 7.33 bee frames/hive. Irrespective 
of the day, the overall average bee strength of 
water-sprayed fields (control) was the highest 
(6.20 bee frames/hive), followed by that of lambda-
cyhalothrin-treated fields (5.24 bee frames/hive). 
The bee strength between treatments differed 
significantly when the hives were placed in 
lambda-cyhalothrin- and water-sprayed onion 
blooms under field conditions.

DISCUSSION

The obtained results of foraging are consistent 
with those reported by Tahir et al. (2017), who 
observed a significant decline in plant pollinators 
until the tenth day after lambda-cyhalothrin 
application to marigold fields. Similar findings 

were also reported by Ingram et al. (2015), 
who observed that bees treated with lambda-
cyhalothrin travelled 30-71% less than control 
bees. Similar results were observed by Melisie 
et al. (2015), who studied the foraging activity 
of honeybees on onion flowers and observed 
a 77.43% reduction in foraging. 
Differences in behavior were observed between 
semi-field and field conditions, with normal hive 
entrance activity in the field and foraging of bees 
in alternating flowering areas around the colony. 
This was also evident from personal observations, 
wherein incoming A. mellifera were observed 
with pollen loads during periods of low activity 
in the treated plots. Lambda-cyhalothrin 
exhibited repellency for four days. This is 
consistent with the results of previous studies 
which indicate the repellent nature of pyrethroids, 

Table 3. 
Pooled effect of lambda-cyhalothrin (Karate 5% E.C @ 0.85 g/l) on brood area of Apis mellifera 

on onion bloom under field conditions during 2020-2022

DAS**
Brood area (cm2) Nectar (cm2) Pollen (cm2)

Lambda-
cyhalothrin Control Lambda-

cyhalothrin Control Lambda-
cyhalothrin Control

Pre-count (one day 
before introduction)

1838.66 1951.16 497.00 502.83 452.50 473.66

  (42.67)* (44.18) (22.23) (22.42) (21.16) (21.76)

7th day
1572.00 2154.00 388.16 591.33 321.66 540.33

(39.31) (46.33) (19.62) (24.32) (17.57) (23.20)

14th day
1619.67 2361.83 314.16 640.66 299.83 594.16

(40.16) (48.31) (17.73) (25.32) (17.24) (24.37)

21st day
1675.33 2332.17 257.16 647.83 279.33 627.33

(40.88) (48.06) (16.04) (25.47) (16.67) (25.04)

28th day
1752.00 2330.00 237.16 668.83 301.33 592.50

(41.82) (48.05) (15.40) (25.88) (17.38) (24.36)

Mean
1691.53 2225.83 338.73 610.30 330.83 565.60

(40.97) (46.99) (18.21) (24.68) (18.00) (23.75)

CD(p=0.05) Treatment (1.72), 
Treatment × days (NS)

Treatment (1.06), 
Treatment × days (2.37)

Treatment (1.30), 
Treatment × days (2.92)

*Figures in parentheses are √n+1 transformation values
** DAS (days after spray)
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as observed in the studies of Thompson (2003) 
and Fries & Wibran (1987), who, for the first time, 
demonstrated that lambda-cyhalothrin exhibited 
repellency for 4-5 h post oilseed rape treatment. 
This study supports earlier research by Charreton 
et al. (2015), wherein the negative impact on 
bee locomotor abilities due to pyrethroids was 
found to be 71%. Similarly, Zhang et al. (2017) 
demonstrated that the contact exposure of 
honeybees to lambda-cyhalothrin dissolved 
in acetone led to a reduced lifespan, reduced 
proboscis extension reflex, and impaired homing 
ability. Havstad et al. (2019) also observed a 
40% decline in honeybee population during the 
first week after spraying lambda-cyhalothrin.
Our results clearly show that mortality in lambda-
cyhalothrin-treated onion blooms was lower 
than that in cage conditions, possibly owing 
to field repellence. Peak mortality during the 
first two days after spraying is consistent with 
the results of Belsky et al. (2022) who observed 
80% mortality in A. mellifera during continuous 
thiamethoxam + lambda-cyhalothrin exposure. 
Our findings align with those of Arca & Saruhan 
(2022), who observed a significant mortality rate 
of 97.5% within the first five days of exposure to 
thiamethoxam + lambda-cyhalothrin. Additionally, 
we also found that mortality was reduced after 
seven days due to the dilution of the insecticidal 
spray, which is supported by the results of Akça 
& Saruhan (2022), who reported that the lethal 
time of lambda-cyhalothrin was 8.10 days. 
In accordance with these findings, Abdel-Razik 
(2019), observed a peak in mortality (66.9%) after 
seven days of lambda-cyhalothrin application. 
Under field conditions, mortality remained low 
compared with that under semi-field conditions, 
possibly owing to the reduced foraging activity of 
bees as opposed to being confined to the hive; the 
bees started foraging on alternate flowering areas 
around the onion fields. The mortality of bees 
was maximal after spraying owing to the residual 
action of insecticides. This result is supported by 
that of Nadaf et al. (2013), who observed 40% 
mortality after 2 h and 100% mortality after 4 h. 
Despite the repelling effect of lambda-cyhalothrin, 
bees that visited the sprayed flowers may have 
died from direct contact with the insecticide. 

Our results are consistent with those of Gill et 
al. (2012), who observed maximum mortality 
in lambda-cyhalothrin-exposed bees (51.6%), 
and those of Akca et al. (2009), who found that 
the mortality rate of bees treated with lambda-
cyhalothrin at a concentration of 6.2 mg/l for 
24 h was 37.20%. Similarly, the results of Bailey 
et al. (2005) also indicated that residual contact 
toxicity of tassels treated with lambda-cyhalothrin 
caused significant mortality one day after 
treatment (19.3%). These results are consistent 
with those of Abdel-Razik (2019), who recorded 
a decrease in foraging worker bees in the lambda-
cyhalothrin-treated field (48.89%), attributed 
to the consumption of insecticide-contaminated 
pollen. Choudhary & Sharma (2008) reported 
the presence of lambda-cyhalothrin residues in 
mustard plant pollen immediately after spraying. 
Lambda-cyhalothrin exposure significantly 
affected the bee strength and resulted in the 
reduction of the colony strength of A. mellifera 
in terms of the number of bee frames. The 
reduction in bee frames is ascribed to the 
significant mortality of bees; another reason for 
the reduction in bee strength may be attributed 
to the consumption of contaminated nectar and 
pollen. These findings were corroborated by 
Desneux et al. (2007) and Koskor et al. (2009), 
who reported that bee larvae and adults may 
be killed or suffer from diverse sublethal effects 
when placed in contact with pollen and nectar 
contaminated with insecticides.
The significant decline in the nectar area could 
be ascribed to the significant mortality observed 
during the first week of spraying and the decrease 
in the number of worker bees collecting nectar. 
Another possible reason for the reduction in 
nectar area could be the aversion to collecting 
nectar from the treated field, as the bees remained 
confined inside the hive and were sustained by 
the available food stores. These results are 
consistent with those by Cox & Wilson (1984), 
Fries & Wibran (1987), Rieth & Levin (1988), and 
Decourtye et al. (2004), who reported a reduction 
in the foraging behavior of honeybees treated 
with pyrethroids, where as low pollen stores 
could be confinement and low foraging activity, 
as discussed above in Tab. 1 (comparative foraging 
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activity). Whitehorn et al. (2012) reported that 
pesticide-exposed A. mellifera colonies collected 
less pollen than control colonies. This result is 
consistent with those of Abdel-Razik (2019), 
who found that A. mellifera colonies exposed to 
lambda-cyhalothrin treatment demonstrated the 
highest decrease in the collection of pollen grains 
by workers (50.0%). Similarly, Dolezal et al. (2015) 
reported that hives fed with lambda-cyhalothrin-
contaminated pollen consumed significantly 
less pollen over time than bees fed with pollen 
containing 140 ppb of cyhalothrin.
Similarly, Abdel-Razik (2019), found a reduction 
in the brood area of A. mellifera  foraging on 
fields contaminated with lambda-cyhalothrin, 
and reported a decrease of 22.92% in the area of 
worker brood due to other pesticides (Sandrock 
et al., 2014; Meikle et al., 2016). In our study, the 
reason for normal brood rearing after lambda-
cyhalothrin treatment under field conditions was 
possibly because of the shifting of foragers from 
the target to alternate foraging crops available in 
the surroundings, ascribed to the repellency of 
lambda-cyhalothrin. A possible explanation for 
this result is that when provided with a range of 
foraging opportunities, honeybees may reduce 
their foraging visits to food sources containing 
pesticides (Mayer & Lunden, 1997; Colin et 
al., 2004; Mullin, 2010; Johnson, 2010). The 
reduction in bee frames was attributed to the 
significant mortality of the bees, as discussed 
above. Moreover, the reduction in bee strength 
may also be because of the harmful nectar and 
pollen procured by bees feeding on contaminated 
fields, including pesticide-polluted plants, that 
affect the honeybee colony. Newly emerged bees 
are particularly affected by this phenomenon 
(Girolami et al., 2009; Pohorecka et al., 2012). 
In conclusion, the two methods employed in 
the experiments revealed different effects on 
honeybees. The residual effects of lambda-
cyhalothrin were determined to be significant 
in both semi-field and field conditions even after 
five days. The findings suggest that lambda-
cyhalothrin has adverse effects on the foraging 
activity, colony parameters and mortality of 
A. mellifera under semi-field conditions. There 
was a marked reduction in bee activity, the colony 

parameters of brood area, nectar, pollen stores 
and overall bee strength following lambda-
cyhalothrin application in onion crop. 
Furthermore, evidence of crop avoidance 
behavior by honey bees further supports the 
detrimental impact of lambda-cyhalothrin 
on foraging activities. The effect of lambda-
cyhalothrin under field conditions was less 
pronounced with respect to bee mortality and 
colony parameters.

Ethics approval and consent to participate 
All the methods were performed in accordance 
with the relevant guidelines/regulations/
legislation.

ACKNOWLEDGEMENTS

The authors would like to extend their sincere 
appreciation to the Researchers Supporting 
Project Number (RSP2024R356), King Saud 
University, Riyadh, Saudi Arabia.

REFERENCES

Abdel-Razik, M. (2019). Toxicity and side effects 
of some insecticides applied in cotton fields on 
Apis mellifera. Environmental Science and Pollution 
Research, 26, 4987-4996. https://doi.org/10.1007/
s11356-018-04061-6

Akca, I., Tuncer C., Guler, A., Saruhan, I. (2009). 
Residual toxicity of eight different insecticides on 
honey bee (Apis mellifera, Hymenoptera: Apidae). 
Journal of Animal and Veterinary Advances, 8, 436-
440

Akça, R., & Saruhan, I. (2022). The effects of some 
insecticides on honeybees (Apis mellifera). Israel 
Journal of Ecology and Evolution, 69(1-2), 37-43. 
https://doi.org/10.1163/22244662-bja10043

Aliouane, Y., El Hassani, A. K., Gary, V., Armengaud, 
C., Lambin, M., Gauthier, M. (2009). Subchronic 
exposure of honeybees to sublethal doses of 
pesticides: effects on behavior. Environmental 
Toxicology and Chemistry, 28(1), 113-122. https://
doi.org/10.1897/08-110.1

https://doi.org/10.1897/08-110.1
https://doi.org/10.1897/08-110.1


J. APIC. SCI.  Vol. 68 No. 2 2024J. APIC. SCI.  Vol. 68 No. 2 2024

129

Bailey, J., Scott-Dupree, C., Harris, R., Tolman, J., 
Harris, B. (2005). Contact and oral toxicity to honey 
bees (Apis mellifera) of agents registered for use 
for sweet corn insect control in Ontario, Canada. 
Apidologie, 36(4), 623-633. https://doi.org/10.1051/
apido:2005048

Belsky, J., Biddinger, D. J., Seiter, N., Joshi, N. K. 
(2022). Various routes of formulated insecticide 
mixture whole-body acute contact toxicity 
to honey bees (Apis mellifera). Environmental 
Challenges, 6, 100408. https://doi.org/10.1016/j.
envc.2021.100408

BIS (1985). Methods for calibration of sprayers IS 
11429, New Delhi, India. 1-7

Bonvoisin, T., Utyasheva, L., Knipe, D., Gunnell, D., 
Eddleston, M. (2020). Suicide by pesticide poisoning 
in India: a review of pesticide regulations and their 
impact on suicide trends. BMC Public Health, 20, 
1-16. https://doi.org/10.1186/s12889-020-8339-z

Charreton, M., Decourtye, A., Henry, M., Rodet, 
G., Sandoz, J. C., Charnet, P., Collet, C. (2015). 
A locomotor deficit induced by sublethal doses 
of pyrethroid and neonicotinoid insecticides in 
the honeybee Apis mellifera. PLoS One, 10(12), 
e0144879. https://doi.org/10.1371/journal.
pone.0144879

Chauzat, M. P., Carpentier, P., Martel, A. C., 
Bougeard, S., Cougoule, N., Porta, P., Faucon, J. P. 
(2009). Influence of pesticide residues on honey 
bee (Hymenoptera: Apidae) colony health in 
France. Environmental Entomology, 38(3), 514-523. 
https://doi.org/10.1603/022.038.0302

Choudhary, A., & Sharma, D. C. (2008). Dynamics of 
pesticide residues in nectar and pollen of mustard 
(Brassica juncea (L.) Czern.) grown in Himachal 
Pradesh (India). Environmental Monitoring and 
Assessment, 144, 143-150. https://doi.org/10.1007/
s10661-007-9952-3

Colin, M. E., Bonmatin, J. M., Moineau, I., Gaimon, 
C., Brun, S., Vermandere, J. P., (2004). A method to 
quantify and analyze the foraging activity of honey 

bees: Relevance to the sublethal effects induced 
by systemic insecticides. Archives of Environmental 
Contamination and Toxicology, 47, 387-395. https://
doi.org/10.1007/s00244-004-3052-y

Cox, R. L., & Wilson, W. T. (1984). Effects of 
permethrin on the behavior of individually tagged 
honey bees, Apis mellifera L. (Hymenoptera: 
Apidae). Environmental Entomology, 13(2), 375-
378. https://doi.org/10.1093/ee/13.2.375

Decourtye, A., Armengaud, C., Renou, M., Devillers, 
J., Cluzeau, S., Gauthier, M., Pham-Delgue, M. H. 
(2004). Imidacloprid impairs memory and brain 
metabolism in the honey bee (Apis mellifera L.). 
Pesticide Biochemistry and Physiology, 78(2), 83-92. 
https://doi.org/10.1016/j.pestbp.2003.10.001

Desneux, N., Decourtye, A., Delpuech, J. M. (2007).
The sublethal effects of pesticides on beneficial 
arthropods. Annual Review of Entomology, 
52, 81-106. https://doi.org/10.1146/annurev.
ento.52.110405.091440

Dively, G. P., & Kamel, A. (2012). Insecticide 
residues in pollen and nectar of a cucurbit crop 
and their potential exposure to pollinators. Journal 
of Agricultural and Food Chemistry, 60(18), 4449-
4456. https://doi.org/10.1021/jf205393x

FAOSTAT. (2021). FAOSTAT. Available online at: 
https://www.fao.org/faostat/en/#home (accessed 
September 15, 2021)

Field, L. M., Emyr Davies, T. G., O’reilly, A. O., 
Williamson, M. S., Wallace B. A. (2017). Voltage-
gated sodium channels as targets for pyrethroid 
insecticides. European Biophysics Journal, 46, 675-
679. https://doi.org/10.1007/s00249-016-1195-1

Fries, I., & Wibran K. (1987). Effects on honey-bee 
colonies following application of the pyrethroids 
cypermethrin and PP 321 in flowering oilseed rape. 
American Bee Journal, 127, 266-269. https://doi.
org/10.1007/s00249-016-1195-1

Gill, R. J., Ramos, P. O., Raine, N. E. (2012). Combined 
pesticide exposure severely affects individual- and 

https://doi.org/10.1371/journal.pone.0144879
https://doi.org/10.1371/journal.pone.0144879
https://doi.org/10.1016/j.pestbp.2003.10.001
https://doi.org/10.1021/jf205393x


Waseem et AL.Waseem et AL.

130

Lambda-cyhalothrin impact on honeybee

colony-level traits in bees. Nature, 491(7422), 105-
108. https://doi.org/10.1038/nature11585

Girolami, V., Mazzon, L., Squartini, A., Mori, N., 
Marzaro, M., Di Bernardo, A., … Tapparo, A. (2009). 
Translocation of neonicotinoid insecticides from 
coated seeds to seedling guttation drops: A novel 
way of intoxication for bees. Journal of Economic 
Entomology, 102(5), 1808-1815. https://doi.
org/10.1603/029.102.0511

Gomez, K.A., & Gomez, A. A. (1984). Statistical 
procedures for agricultural research. 2nd ed. 
Wiley & Sons, Inc., New York. 680p. https://doi.
org/10.1017/s0014479700014496

Havstad, L. T., Øverland, J. I., Valand, S., 
Aamlid, T. S. (2019). Repellency of insecticides 
and the effect of thiacloprid on bumble bee 
colony development in red clover (Trifolium 
pratense L.) seed crops. Acta Agriculturae 
Scandinavica, Section B - Soil & Plant Science, 69(5), 
439-451. https://doi.org/10.1080/09064710.2019.
1596301

He, L. M., Troiano, J., Wang, A., Goh, K. (2008). 
Environmental chemistry, ecotoxicity, and fate of 
lambda-cyhalothrin. Reviews of Environmental 
Contamination and Toxicology, 195, 71-91. https://
doi.org/10.1007/978-0-387-77030-7_3

Ingram, E. M., Augustin, J., Ellis, M. D., Siegfried, B. 
D. (2015). Evaluating sub-lethal effects of orchard-
applied pyrethroids using video-tracking software 
to quantify honey bee behaviors. Chemosphere, 135, 
272-277. DOI:10.1016/j.chemosphere.2015.04.022

Johnson, R. M., Ellis, M. D., Mullin, C. A., Frazier, 
M. (2010). Pesticides and honey bee toxicity - USA. 
Apidologie, 41, 312-331. https://doi.org/10.1051/
apido/2010018

Koskor, E. R., Muljar, K., Drenkhan, R., Karise, A., 
Bender, E., Viik, A., … Mand, M. (2009). The chronic 
effect of the botanical insecticide Neem EC on the 
pollen forage of the bumble bee Bombus terrestris 
L. Agronomy Research, 7, 341-346. https://doi.
org/10.1016/j.jinsphys.2012.08.014 

Mayer, D. F. & Lunden, J. D. (1997). Effects of 
imidacloprid insecticide on three bee pollinators. 
Horticultural Science, 29, 93-97.

Meikle, W. G., Adamczyk, J. J., Weiss, M., Gregorc, 
A., Johnson, D. R., Stewart, S. D. (2016). Sublethal 
effects of imidacloprid on honey bee colony growth 
and activity at three sites in the U.S. PLoS One, 
11, e0168603. https://doi.org/10.1371/journal.
pone.0168603

Melisie, D., Damte, T., Kumar, A. (2015). Effects 
of some insecticidal chemicals under laboratory 
conditions on honeybees [Apis mellifera L. 
(Hymenoptera: Apidae)] that forage on onion 
flowers. African Journal of Agricultural Research, 
10, 1295-1300

Mullin, C. A., Frazier, M., Frazier, J. L., Ashcraft, 
S., Simonds, R. (2010). High levels of miticides 
and agrochemicals in North American apiaries: 
Implications for honey bee health. PloS One, 
5, e9754. https://doi.org/10.1371/journal.
pone.0009754

Nadaf, H., Yadav, G., Kaushik, H., Sharma, S. (2013). 
Toxicity of new molecules of insecticides against 
honeybee, Apis mellifera L. Trends in Biosciences, 
6, 445-447.

Nedumaran, S., & Ravi, N. (2019). Agriculture 
extension system in India: A meta-analysis. 
Research Journal of Agricultural Sciences, 10(3), 
473-479

Negi, B. R., Sharma, H. K., Thakur, M., Prashad, 
H. (2022). Lethal and sublethal effects of 
thiamethoxam, a neonicotinoid molecule, on 
colony performance of A. mellifera. Environmental 
Science and Pollution Research, 29, 10826-10837. 
https://doi.org/10.1007/s11356-021-16426-5

OECD. (2017). Test No. 245: Honey Bee (Apis 
mellifera) Chronic Oral Toxicity Test (10-Day 
Feeding), OECD Guidelines for the Testing of 
Chemicals, Section 2. OECD Publishing, Paris, FR.

Pohorecka, K., Skubida, P., Miszczak, A., Semkiw, P., 

https://doi.org/10.1016/j.jinsphys.2012.08.014
https://doi.org/10.1016/j.jinsphys.2012.08.014
https://doi.org/10.1371/journal.pone.0168603
https://doi.org/10.1371/journal.pone.0168603


J. APIC. SCI.  Vol. 68 No. 2 2024J. APIC. SCI.  Vol. 68 No. 2 2024

131

Sikorski, P., Zagibajło K., … Bober, A. (2012). Residues 
of neonicotinoid insecticides in bee-collected 
plant materials from oilseed rape crops and their 
effect on bee colonies. Journal of Apicultural 
Science, 56(2), 115-135. https://doi.org/10.2478/
v10289-012-0029-3

Rieth, J. P., & Levin, M. D. (1988). The repellent 
effect of two pyrethroid insecticides on the 
honey bee. Physiological Entomology, 13, 213-
218. https://doi.org/10.1111/j.1365-3032.1988.
tb00925.x

Saillenfait, A. M., Ndiaye, D., Sabaté, J. P., (2015). 
Pyrethroids: Exposure and health effects - An 
update. International Journal of Hygiene and 
Environmental Health, 218(3), 281-292.  DOI: 
10.1016/j.ijheh.2015.01.002

Sandrock, C., Tanadini, L. G., Pettis, J. S., Biesmeijer, 
J. C., Potts, S. G., Neumann P. (2014). Sublethal 
neonicotinoid insecticide exposure reduces solitary 
bee reproductive success. Agriculture and Forest 
Entomology, 16, 119-128. DOI: 10.1111/afe.12041

Sharma, A., Shukla, A., Attri, K., Kumar, M., 
Kumar, P., Suttee, A., ... Singla, N. (2020). Global 
trends in pesticides: A looming threat and viable 
alternatives. Ecotoxicology and Environmental 
Safety, 201, 110812. https://doi.org/10.1016/j.
ecoenv.2020.110812

Sheoran, O. P., Tonk, D. S., Kaushik, L. S., Hasija, 
R. C., Pannu, R. S. (1998). Statistical Software 
Package for Agricultural Research Workers. In 
D.S. Hooda & R. C. Hasija (Eds.), Recent Advances 
in Information Theory, Statistics & Computer 
Applications (pp. 139-143). Department of 
Mathematics and Statistics, CCS HAU, Hisar

Tahir, M. H., Khan, Z. I., Batool, S., Ahmad, K., Begum, 
S. (2017). Residual effect of lambda-cyhalothrin 
on abundance of insect pollinators in marigold 
field patch. Punjab University of Journal of Zoology, 
32, 167-171.

Thompson, H. M. (2003). Behavioural effects of 
pesticides in bees - Their potential for use in risk 
assessment. Ecotoxicology, 12, 317-330. https://doi.
org/10.1023/a:1022575315413

VanEngelsdorp, D., Evans, J. D., Saegerman, C., 
Mullin, C., Haubruge, E., Nguyen, B. K., Pettis J. S. 
(2009). Colony collapse disorder: a descriptive 
study. PloS One, 4(8), e6481. https://doi.
org/10.1371/journal.pone.0006481

Whitehorn, P. R., O’connor, S., Wackers, F. L., 
Goulson, D. (2012). Neonicotinoid pesticide 
reduces bumble bee colony growth and queen 
production. Science, 336(6079), 351-352.https://
doi.org/10.1126/science.1215025

Wu-Smart, J., & Spivak, M. (2016). Sub-lethal 
effects of dietary neonicotinoid insecticide 
exposure on honey bee queen fecundity and 
colony development. Scientific Reports, 6(1), 
32108. https://doi.org/10.1038/srep32108

Zhang B., Liao C. H., Hu, J. H., Wu, X. B. (2017). 
Effects of lambda-cyhalothrin on the viability 
and memory-related traits of the western honey 
bee, Apis mellifera (Hymenoptera: Apidae). Acta 
Entomologica Sinica, 60, 189-196. https://doi.
org/10.16380/j.kcxb.2017.02.008



Waseem et AL.Waseem et AL.

132

Lambda-cyhalothrin impact on honeybee


	_Hlk171943108
	_Hlk155094650
	_Hlk122441707
	_Hlk117778659
	_Hlk117782198
	_Hlk117777978
	_Hlk117778074
	_Hlk117771532
	_Hlk117771675
	_Hlk117771599
	_Hlk117806534
	_Hlk117806151
	_Hlk117804576
	_Hlk117803991
	_Hlk110711152
	_Hlk172194869
	_Hlk156921736
	_GoBack
	_GoBack
	RANGE!B7
	RANGE!C7

