


Safety Evaluation of Field Recommended Insecticides on European Honeybee
(Apis mellifera) Under Laboratory Conditions

ABSTRACT

A laboratory experiment was conducted to assess the safety of different
insecticides Viz., chlorpyriphos 20 EC, profenofos 50 EC, lambda-cyhalothrin 5 EC,
thiamethoxam 25 WG, acetamiprid 20 SP, Beauveria bassiana, neem oil, and pongamia
soap) at their field--recommended doses to the European honey bee, Apis mellifera, using
the dry film method. Foraging bees were released into the treated jars at different
intervals i.e., 0, 12 and 24 hheurs after dry film formation. Chlorpyriphos 20 EC,
profenofos 50 EC, thiamethoxam 25 WG, acetamiprid 20 SP, lambda--cyhalothrin 5
EC, and pongamia oil caused high mortality rates across different exposure intervals. In
contrast, neem oil 1500 PPM exhibited low to moderate toxicity, while Beauveria
bassiana was feund—te—thbe least toxic to A. mellifera indicating its suitability in
pollinator-friendly pest management programs.
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1. INTRODUCTION

Modern agriculture has become increasingly reliant on agrochemicals, including
fertilizers, pesticides, herbicides, and fungicides, to meet the-demands—ef-global food
production (Sattari et al, 2016; Wu et al, 2023 and Chreil and Maggi, 2023).
Approximately 5.6 billion pounds of warieus—agrochemicals are used in modern
agriculture (Zhao et al, 2022). However, the use of agrochemicals is projected to
increase in the coming years becausedue ofte rising global food demands and
intensification of agricultural practices, which would further increase the potential risks
to non-target organisms, especially pollinators, such as honey bees (Brittian ef al., 2010;

Ratnakar et al., 2016 and Migdal et al., 2018).

Bees provide pollination services to various food crops andas-wet-as wild plants
(Klein et al., 2007; Pashte and Said, 2015). Bees are reliable pollinators; becauseas they
visit flowers systematically to collect nectar and pollen. It is estimated that 80 per cent
of insect pollination by—inseets—is performeddene by bees (Hoehn ef al., 2008).
Honeybees (Apis mellifera) play a vital role in pollination and; contributeing
significantly to the productivity and sustainability of many agricultural and horticultural
crops. However, the indiscriminate use of chemical insecticides infer pest management
poses a potential threat to these beneficial pollinators. Recently, declines inef various
pollinators have been reported worldwide (Potts ef al., 2010 and Cameron ef al., 2011).
While many environmental and human-related factors are still being studied in relation
to yearly honey bee colony losses, pesticides haveare consistently been identified as a

major cause (Smith et al., 2014).

Cashew (Anacardium occidentale L.) is an important plantation crop cultivated
in the tropical and subtropical regions of India, including Andhra Pradesh, Kerala,
Karnataka, Goa, Maharashtra, Tamil Nadu, and Odisha. The crop is highly susceptible
to several insect pests, notably the tea mosquito bug (Helopeltis antonii), leaf miner
(Acrocercops syngramma), and—stem and root borer (Plocaederus ferrugineus
L.),Thrips, Mealy bug —ete. These pests cause severe economic losses by damaging
tender shoots, inflorescences, and nuts, ultimately affecting the yield and nut quality. To
manage these pests, farmers commonly use insecticides belonging to diverse chemical
groups, such as neonicotinoids, organophosphates, pyrethroids, and newer molecules,

such as-hike diamides and spinosyns. However, the frequent and often indiscriminate



use of such chemicals can pose varying degrees—ef-risks to non-target pollinators

visiting cashew flowers.

Studying the effects of pesticides on honey bees is crucial; as it enables the
control of insect pests while minimizing harm to bees that come into contact with these
chemicals during foraging (Pashte and Patil, 2017). Loss of honey-bees will-directly
affects honey production and indirectly affects crop production due to insufficient
pollination. The non-target impact of insecticides on honey bees can lead to excessive
sub-lethal effects, direct mortality, and repellent behaviour, as well as toxic residues on
the floral parts and nectar of crops (Halm et al., 2006 and Desneux ef al., 2007). Honey
bee behaviour, such as communication dances, return flights, orientation, and foraging
efficacy during floral visits, are gettine—affected when it is ingets direct contact with
insecticides or insecticide-treated floral parts during insecticide application (Vandame

et al., 1995; Abrol and Kumar, 2009 and Deepika ef al., 2022).

Assessing the safety of insecticides on pollinators is essential for developing
sustainable pest management strategies that safeguard the ecological balance.
Laboratory bioassays under controlled conditions provide an effective means to
evaluate the acute toxicity and behavioral effects of insecticides on honeybees at field-
recommended concentrations. Such studies are critical for identifying bee-safe
molecules and for guiding integrated pest and pollinator management programs in

cashew ecosystems.

The present study was undertaken to evaluate the safety of field-recommended
insecticides used in cashew cultivation against the European honeybee (Apis mellifera)
under laboratory conditions, with the objective of identifying insecticides that are

comparatively safe forte pollinators.

2. MATERIALS AND METHODS

In—erder-Tto identify insecticides that are safer to honeybees, seleetednewer
insecticide molecules and bio-pesticides commonly used in cashew pest management
were evaluated for their toxicity against the European honeybee (4pis mellifera) under
laboratory conditions. The experiment was conducted fromduring 2023 to —2024 atin
the Department of Entomology, Agricultural College, Bapatla. Forager honeybees were
collected at the entrance of the hives using acene cone-type muslin hand net (30 cm

diameter) and transferred into plastic jars. The collected bees were immobilized by



keeping them in a refrigerator for approximately five minutes following the method
described by Sharma and Abrol (2005), and subsequently allowed to recover from cold
treatment before exposure to insecticide treatments. They were identified by their
slightly larger body size, wear-outwern—out wings, hairier bodies, and well--developed
pollen baskets on their hind legs.

Toxicity assessment was performed by exposing a definite number of bees (n =
10/ treatment/replication) to a thin dry film of insecticide inside the-glass jars. The
experiment was laid out in a Completely Randomized Design (CRD) with three
replications and nine treatments;—ramely: chlorpyrifos 20 EC, profenofos 50 EC,
lambda-—cyhalothrin 5 EC, thiamethoxam 25 WG, acetamiprid 20 SP, Beauveria

bassiana, neem oil, pongamia soap, and an untreated control.

The toxicity of tFhe test insecticides to honeybees waswere evaluated usingfer

thetheirtexieity-to-honey-beesby dry film method. In this method, the recommended

doses of the insecticide solutions were prepared by diluting the required quantity of the

commercial formulation in one litre of distilled water. One milliliters} of each efthe
insecticide solutions was applied as a thin film inside the walls of a clean dry rearing
jar efsize-10 x 7 cm in diameter, and the jar was gently rotated and left for drying so

that a thin dry film of the chemical was formed inside the jar.

Ten rumbers-offoraging bees were released into the-each treated jar at different
intervals i.e., 0, 12 and 24 hkeuss after dry film formation. Since bees were exposed to
insecticides at any time after their spraying in the field, these intervals were considered
to understand the residual toxicity of the insecticides. A cotton pad soaked in sugar
solution (20%) was provided inside the jar as food for bees. and the jar was covered
withusing a muslin cloth. Each treatment fer-bees-was replicated three times,thriee and

a jar with a dry film of distilled water alone was considered as the untreated control.

Mortality counts: The mortality of the honey bees waswere recorded at 0,2, 4, 6, 12,
24, and 48 hheurs after release into the jars, and theper percent mortality was
calculated. The bees were considered as—dead only when gentle pressure spon the
abdomen did not bring any twitching movement or a positive response over a half-—an
hour inspection period. Abbotts’s correction (1925) was applied if mortality occurreds
in the control grouptreatment. The mortality values were transformed to arc-sine values
and then-analyzed using the SPSS software. Grouping of means was done by DMRT at
P=0.05 (Gomez and Gomez, 1984).



Abbott’s formula

Per cent mortality in treatment — Per cent mortality in control

Per cent corrected Mortality = x 100
100 — Per cent mortality in control

3. RESULTS AND DISCUSSION

Safety of Recommended Dose of Insecticides to A. mellifera Honey Bees Exposed
Immediately after Dry Film Formation: Among all the treatments, chlorpyriphos 20
EC and thiamethoxam 25 WG showed percent per-cent mortality after two hours
followed by profenofos 50 EC, lambda--cyhalothrin 5 EC, and pongamia soap, which
showed cent per-cent mortality after four hours of release of honey bees. Acetamiprid
20 SP showed mortality rates of 33.33%, 50%. and 66.67% at two, four and six hours
after release.-of-honeybees respectively, but showed a percentage ofpereent mortality
after 12 hhours—efrelease of honey bee relcasebees. Bees treated with neem oil 1500
PPM showed constant increases in mortality i.e., 26.67, 50, 60%. and 64.07 per cent
after two, four, six and 12 hkeuss of release, respectively, and decreased thereafter at 24
and 48 hheurs with 61.11% and 56.55% mortality, respectively. Beauveria bassiana
exhibited a mortality of 3.33% after 12 hheurs of release and increased thereafter at 24
and 48 h.heurs with 11.11% and 61.31% mortality, respectively (Table 1).

Safety of Recommended Dose of Insecticides to A. mellifera Honey Bees Exposed
12 hours after Dry Film Formation: Thiamethoxam 25 WG showed eent-per—cent
mortality after four hours followed by chlorpyriphos 20 EC, which showed eent-per-cent
mortality after 12 hheurs of release of honey bees. Both lambda--cyhalothrin 5 EC and
acetamiprid 20 SP showed a constant increase in mortality from two hours to 12 hkeurs
of release and then showed eent-per-cent mortality after 24 hheurs. Profenofos 50 EC
also showed a constant increase in mortality from 16.67% at two hours of release to
92.13% at 24 hheurs of release and showed eent-per-cent mortality at 48 hheurs of
release. Neem oil 1500 PPM recorded high mortality (51.85%) at 24 hheurs and then
decreased at 48 h.heurs with 47.62% mortality. There was no record of mortality in



bees treated with Beauveria bassiana and P.pengamia soap for upto four hours but a
sudden rise in mortality of 17.41 and 3.33 per cent, 39.26 and 3.33 per cent,
36.11 and 7.41%.per—<ent and 43.45 and 42.26 per cent at six, 12, 24, and 48
hheusrs, respectively (Table 2).

Safety of Recommended Dose of Insecticides to A. mellifera Honey Bees Exposed
24 hours after Dry Film Formation: Among all the treatments, chlorpyriphos 20 EC
showed percent per-cent mortality after six hours followed by thiamethoxam 25 WG
and acetamiprid 20 SP, which showed cent per-cent mortality after 12 hhours-ofrelease
of honey bee releasebees. Profenofos 50 EC, neem oil 1500 PPM, and Ppongamia soap
showed constant increases in mortality of 16.67%, 13.33%, and 3.33% at two hours of
release, withte the highest mortality rates of 91.07%, 45.24%, and 91.07% at 48 hheusrs
of release, respectively. Lambda cyhalothrin 5 EC did not record any mortality after two
hours but showed 6.67%, 37.03%, and 76.39% at four, six and 12 hheurs after release
of honey bees, respectively, and ther eent-per-cent mortality after 24 hheurs. Beauveria
bassiana recorded a mortality of 39.29% after 24 hheurs and then decreased slightly.
with a mortality of 36.31% after 48 hkeuss (Table 3).

Among organophosphateserganephespahtes, chlorpyrifphos 20 EC was found to
be highly toxic to A. mellifera resulting in mortality rates ranging from 63.33% to

100.00% after 2 hhours of exposure. Another organophosphate insecticide, Pprofenofos
50 EC, caused mortality ranging from 33.33 to 100.00 per cent in A. mellifera after 4
hheurs of exposure. Similar results were reported by Reddy and Reddy (2006) and
Stanley et al. (2015), who found that the majority of organophosphates were highly

toxic to honeybees. These results also corroborate swith-the findings of Leite et al.
(2021) and Deepika et al. (2022), who reported maximum mortality of honey-bees in
chlorpyriphos 20EC and profenophos S0EC treatments, respectively.

Among neonicotinoids, thiamethoxam 25 WG was found to be highly toxic to
A. mellifera, with-recerding a mortality of 76.67% to 100% after 2 hheurs of exposure.
In the case of another neonicotinoid group member, acetamiprid 20 SP was also found
to be moderately to highly toxic, with-recerding a mortality of 85.93% to 100% in 4.
mellifera after 12 hheurs of exposure. This result is consistentwas—ireoneurrence with
thosethe—results of Bailey et al. (2005) and Hasansab et al. (2013), who reported that
neonicotinoids were moderately to highly toxic to honey bees. Danielle et al. (2009),

Costa et al. (2013), and Stanley et al. (2015) also reported that; regardless of how the



bees were exposed to insecticides, thiamethoxam was highly toxic to A. mellifera. The
findings of Ratnakar er al. (2016), who reporstated that thiamethoxam caused the
highest mortality (80%) in A. mellifera when the bees were exposed 12 hheusrs after dry
film formation, also support the present findings of the study.

Among synthetic pyrethroids, lambda--cyhalothrin was found to be highly toxic
to A. mellifera causing 60.74% to 100.00% mortality after 12 hkeurs of exposure. These

results aredertve supported by those offrem Bailey et al. (2005), who found that
lambda-cyhalothrin was highly toxic to A. mellifera. A recent study conducted by
Deepkia et al. (2022), who stated that [:=ambda--cyhalothrin SEC @ 0.6 ml/ | caused a
mortality of 45.92 and 68.06% inte A. cerana indica and T. iridipennis, respectively,
also supports the present findings of the study.

Among the botanicals, neem oil 1500 PPM was found to be low to moderately
toxic to 4. mellifera causing 23.33% to 50.00% mortality after 4 hkeurs of exposure. In
contrastOn-the-other-hand, Ppongamia soap was found to be highly toxic to A. mellifera
with 42.26% to 100.00% mortality after 48 hheurs of exposure. Thes-abeve results
awere in line with the findings of Cunha-Pereira et al. (2020) and Vagare et al. (2024)
that spraying of neem oil was repellent to honey bees duringat the initial hours after

spraying and concluded that the botanicals wereswas safe for honey bees.

Among microbial pesticides, Beauveria bassiana was lessfeund-tow toxic to 4.
mellifera with 11.11% to 39.29% mortality after 24 hheurs of exposure. Studies
conducted by Ahmed and Abd-Elhady (2013), Potrich et al. (2018), and Gencer and

Bayramoglu (2022) also reported low toxicity of Beauveria bassiana to honey bees.

4. CONCLUSION

InFrem the present investigation, it was revealed that the organophosphates
(chlorpyriphos 20 EC and profenofos 50 EC), neonicotinoids (thiamethoxam 25 WG
and acetamiprid 20 SP), the—pyrethroid insecticide (lambda-cyhalothrin 5 EC), and
pongamia soap were feund-to-be-highly toxic to Apis mellifera, causing 100% mortality
within the observation period under laboratory conditions using the dry film method. In
contrast, neem oil (1500 ppm) and the entomopathogenic fungus; Beauveria bassiana
were found to be lesslow—in toxicity and comparatively safer forte A. mellifera; when
applied at recommended doses. This indicates their potential suitability as pollinator-

safe alternatives in integrated pest management (IPM) programs.-as€ which havethe-dry



film-—method provend effective in detecting acute toxicity under controlled conditions

and can serve as a useful tool for pre-screening pesticide safety ien pollinators.



Table 1. Effect of insecticides at their field recommended doses on mortality of European honey bee, Apis mellifera L.

exposed Immediately after treatment (Zero hours)

Mean Corrected mortality (%)

Dosage
Treatments (ml or g/L)
& 0h 2h 4h 6h 12h 24 h 48 h
. 0.00 100 100 100 100 100 100
T Chlorpyriphos 20 EC 2.5 ml/L 091) | (89.09) | (89.09)% | (89.09)a | (89.09) | (89.09) | (89.09)a
0.00 76.67 100 100 100 100 100
T2 Profenofos 50 EC I mlL 091) | (6122)b | (89.09) | (89.09)a | (89.09) | (89.09)a | (89.09)a
. 0.00 56.67 100 100 100 100 100
Ts Lambda cyhalothrin 5 EC I mlL 091) | (48.93)c | (89.09) | (89.09)a | (89.09) | (89.09)a | (89.09)a
. 0.00 100 100 100 100 100 100
T Thiamethoxam 25 WG 0.3 /L 0.91) | (89.09a | (89.09)% | (89.09)a | (89.09) | (89.09) | (89.09)a
- 0.00 3333 | 5000 | 66.67 100 100 100
Ts Acetamiprid 20 SP 0.2 gL 091) | (3522)d | (45.00)b | (54.78)b | (89.09) | (89.09)a | (89.09)a
.. 0.00 0.00 0.00 0.00 333 L1l | 6131
Te Beauveria bassiana > gm/L ©91) | (09D | 09 | (0.91)d | (6.75)c | (1617)c | (51.64)b
. 0.00 2667 | 5000 | 6000 | 6407 | 6111 | 5655
Tr Neem oil 1500 ppm p L 091) | (31.00)d | (45.000b | (50.77)c | (53.24)b | (51.49)b | (48.78)b
T Do oo A\ 0.00 8333 100 100 100 100 100
8 & P D8 0.91) | (66.15)b | (89.09)a | (89.09)a | (89.09)a | (89.09)a | (89.09)a
0.00 0.00 0.00 0.00 6.67 1333 | 2333
Ts Untreated (Control) water ©91) | (09D | 091 | (0.91)d | (12.59)c | (21.15)c | (28.78)c
SEm+ i 2.0 111 0.67 2.8 3.02 1.59
C.D (0.05) i 5.99 33 1.99 358 8.9 473
CV (%) i 7.44 32 1.89 741 7.57 3.74

Figures in parentheses are arc sine transformed with the following formulae: 1/4n for 0% and 100-1/4n for 100%.

Values followed by the same letter(s) do not differ significantly at P $=0.05 (BMRT)




Table 2. Effect of insecticides at their field recommended doses on mortality of European honey bee, Apis mellifera L.

exposed 12 hours after treatment

Mean Corrected mortality (%)

Treatments Dosage
(ml or g/L) 0h 2h 4h 6h 12h 24 h 48 h
. 0.00 6333 | 8000 | 8259 | 100.00 | 100.00 | 100.00
T Chlorpyriphos 20 EC 2.5 ml/L ©091) | (52.78)b | (63.93)b | (65.63)b | (89.09) | (89.09)a | (89.09)a
0.00 1667 | 3333 | 6185 | 8926 | 9213 | 100.00
T2 Profenofos 50 EC I mlL ©091) | 23.86)d | (35.22)d | (51.92)c | (70.87b | (76.31)b | (89.09)a
. 0.00 6.67 2000 | 2407 | 6074 | 100.00 | 100.00
Ts Lambda cyhalothrin 5 EC I mlL ©91) | (1229 | (26.57)c | (29.30)d | (51.23)c | (89.09)a | (89.09)a
. 0.00 96.67 | 10000 | 100.00 | 100.00 | 100.00 | 100.00
T Thiamethoxam 25 WG 0.3 /L ©91) | (8325)a | (89.09)a | (89.09)a | (89.09) | (89.09)a | (89.09)a
- 0.00 3333 | 5000 | 5519 | 8593 | 100.00 | 100.00
Ts Acetamiprid 20 SP 0.2 gL 091) | (3522)c | (45.00)c | (47.99)c | (68.17)b | (89.09)a | (89.09)a
T o oL 0.00 0.00 0.00 1741 | 3926 | 3611 | 4345
g ©91) | (0.91)f | (0.91)f | (2438)d | (3877d | (36.93)c | (41.22)b
. 0.00 1667 | 2667 | 2741 | 3963 | 518 | 47.62
Tr Neem oil 1500 ppm p L 091) | (23.86)d | (31.00)de | (31.52)d | (38.94)d | (46.06)c | (43.63)b
T Do oo A\ 0.00 0.00 0.00 333 333 741 42.26
8 & P D8 091) | (09Df | (0.9Df | (6.75)e | (6.75) | (9.98)e | (39.82)b
0.00 0.00 0.00 333 6.67 1667 | 2333
Ts Untreated (Control) water ©91) | (091)f | (0.91)f | (6.75) | (12.59) | (23.86)d | (28.78)c
SEm+ i 304 1.74 337 315 3.84 30
C.D (0.05) i 9.64 5.16 10.03 937 114 9.55
CV (%) i 2161 9.3 1489 | 1056 | 1088 837

Figures in parentheses are arc sine transformed with the following formulae: 1/4n for 0% and 100-1/4n for 100%.

Values followed by the same letter(s) do not differ significantly at P $=0.05 (BMRT)




Table 3. Effect of insecticides at their field recommended doses on mortality of European honey bee, Apis mellifera L.

exposed 24 hours after treatment

Mean Corrected mortality (%)

Treatments Dosage
(ml or g/L) 0h 2h 4h 6h 12h 24 h 48 h
. 0.00 8333 | 8667 | 100.00 | 100.00 | 100.00 | 100.00
T Chlorpyriphos 20 EC 2.5 ml/L 091) | (66.15) | (68.86)a | (89.09)a | (89.09) | (89.09)a | (89.09)a
0.00 1667 | 3333 | 6667 | 6806 | 7857 | 91.07
T2 Profenofos 50 EC I mlL ©091) | 2386)b | (3522)c | (54.74)c | (55.66)c | (62.60)c | (75.39)b
. 0.00 0.00 667 | 3703 | 7639 | 100.00 | 100.00
Ts Lambda cyhalothrin 5 EC I mlL ©91) | 09Dd | (1259 | (37.45)d | (6134)c | (89.09a | (89.09)a
. 0.00 7667 | 8667 | 9259 | 100.00 | 100.00 | 100.00
T Thiamethoxam 25 WG 0.3 /L ©91) | (6122)a | (68.86)a | (76.72)b | (89.09) | (89.09)a | (89.09)a
- 0.00 2000 | 6667 | 7407 | 10000 | 100.00 | 100.00
Ts Acetamiprid 20 SP 0.2 gL 091) | 2657 | (54.99)b | (59.49)c | (89.09) | (89.09)a | (89.09)a
T o S oL 0.00 1000 | 2667 | 2222 | 3981 | 3929 | 3631
6 g 091) | (1530)bc | (31.00)c | (28.13)e | (38.94)d | (38.81)d | (36.99)cd
. 0.00 1333 | 2333 | 2593 | 2778 | 38.69 | 4524
Tr Neem oil 1500 ppm p L 091) | 21.15)b | (28.78)c | 30.51)de | (31.76)d | (38.36)d | (42.26)c
T Do oo A\ 0.00 333 6333 | 7407 | 8796 | 91.67 | 91.07
8 & P D8 0.91) | (6.75)cd | (53.07)b | (59.49)c | (69.71)b | (75.89)b | (75.39)b
" Untreated (Control) 0.00 0.00 0.00 1000 | 1667 | 2333 | 2667
’ water ©91) | 09Dd | 09 | (1844)f | (23.86)e | (28.78)e | (31.00)d
SEm+ i 3.63 3.50 2.58 247 2.79 345
C.D (0.05) i 1078 | 1039 | 7.67 733 827 10.26
CV (%) i 2538 | 1539 | 887 7.01 723 872

Figures in parentheses are arc sine transformed with the following formulae: 1/4n for 0% and 100-1/4n for 100%.

Values followed by the same letter(s) do not differ significantly at P $=0.05 (BMRT)
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