
INTRODUCTION

A number of reports from honey bee suppliers for 
crop pollination reveal that honey bee colonies often 
collapse when they are installed in greenhouses, par-
ticularly for pollination of strawberry during winter 
season (Morimoto et al., 2011). Multiple factors such as 
pesticides, pest and disease, habitat loss, climate change 
and invasive species can cause the bee population de-
cline (Goulson et al., 2015). However, the extensive use 
of pesticides on crops is one major responsible factor in 
this regard. Environmental risk assessments conducted 
to determine the likelihood impact of a given pesticide 
primarily consider the survival of adult bees (Medrzycki 

et al., 2013). However, larvae are also exposed to pes-
ticides as their diets may contain contaminated nectar 
and pollen collected by foragers (Chauzat and Faucon, 
2007; Dai et al., 2019). Similarly, in the strawberry 
greenhouse worker bees could forage contaminated 
pollen to nurse their broods, during the winter when 
they are normally in the middle of overwintering. Ad-
ditionally, immature honey bee can be continuously ex-
posed to pesticides and their metabolites stored in hive 

(Sanchez-Bayo and Goka, 2014). 
Insecticides affect not only the target pest but also 

many other non-target animal species (Sánchez-Bayo, 
2012). Several studies have demonstrated that insec-
ticides ranging from insect growth regulators and en-
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capsulated organophosphate formulations to systemic 
insecticides are more toxic to larvae than to the adult 
bees (Rortais et al., 2005; Zhu et al., 2014). Neonic-
otinoids became criticized due to their possible toxic 
effects on pollinators (Goulson et al., 2018), especially 
honeybees and wild bees. Nitro-neonicotinoids (im-
idacloprid and thiamethoxam) are more toxic to the 
honeybee with contact LD50 values in the ng/bee range 
than the cyano-neonicotinoids (acetamiprid and thia-
cloprid) with LD50 value in the 2 μg/bee range (Iwasa 
et al., 2004). 

Fluxametamide (Gracia, Nissan Chemical), an isox-
azoline compound, was discovered, developed, and 
registered in January 2019 in Japan. The site of action 
is γ-aminobutyric acid (GABA Cl-, Glu Cl- channel 
inhibitor). In this classification, a large proportion of 
insecticides are categorized as nerve- and muscle-tar-
geting insecticides (Sparks and Nauen, 2015). There is 
little influence on the bee-visiting insects (Asahi et al., 
2018; Umetsu and Shirai, 2020).

Emamectin benzoate is a semisynthetic insecticide 
derived from the avermectin family of compounds that 
acts as an agonist for γ-aminobutyric acid-gated chlo-
ride channels (Fishel, 2011). The resulting irreversible 
activation of chloride channels causes disruption of 
nerve impulses resulting the rapid paralysis in a range 
of lepidopteran species (Ishaaya et al., 2002). Emamec-
tin benzoate is a toxic pesticide to honey bees (Fanglin 
et al., 2008; Abdu-Allah and Pittendrigh, 2018; Wang 
et al., 2020). 

Lufenuron is a benzoylphenylurea insecticide whose 
mode of action is known to be the inhibition of chi-
tin synthesis in the cuticle of insects (Tomlin, 2000). 
Lufenuron is also sold as an agricultural pesticide for 
use against lepidopterans, eriophyid mites, and west-
ern flower thrips (Ghelichpour and Mirghaed, 2019). 
Lufenuron were less toxic to A. mellifera workers 

(Thomazoni et al., 2009; Ahn et al., 2013b; Carvalho et 
al., 2021). 

Acequinocyl is an acaricide with mainly contact ac-
tion belonging to naphthoquinones used for the control 
of several species of mites in agricultural crops (Caboni 
et al., 2004). Acequinocyl is moderately toxic to A. 
mellifera worker (Kang and Jung, 2017). Dimethoate 
is a broad-spectrum organophosphorus insecticide 
commonly used as a positive control in comparative 

experiments with various pesticides (Dai et al., 2019). 
Chronic exposure to pesticides during the early life 

stage of honey bees may thus contribute to inadequate 
nutrition and/or direct poisoning with a resulting im-
pact on the survival and development of bee brood 

(Aupinel et al., 2007; Dai et al., 2017; Al Naggar and 
Baer, 2019). In Korea, fluxametamide, emamectin 
benzoate, lufenuron, acequinocyl, and dimethoate are 
generally used in the strawberry cultivation in green-
house and the effect of these pesticides on the honey 
bee larvae is hardly known. Therefore, in order to un-
derstand the effect of insecticides on honey bee larvae, 
we carried out acute and chronic toxicity of selected 
pesticides (acetamiprid, emamectin benzoate, flux-
ametamide, lufenuron, and acequinocyl) of different 
concentrations by hypothesizing low toxic pesticides 
to adult honey bees could be more toxic to larvae. 

MATERIALS AND METHODS

1. Materials

Chemicals
Technical grade pesticides purchased from Ko-

rea, acetamiprid (8.0%>purity), emamectin benzo-
ate (2.1%>purity), fluxametamide (9.0%>purity), 
lufenuron (5.0%>purity), acequinocyl (15.0%>purity) 
and dimethoate (46.0%>purity) were used for all bioas-
says. 

2. Rearing methods of honey bee larvae

In vitro larval rearing bioassays were performed fol-
lowing the standard method described in Schmehl et 
al., 2016. First instar worker larvae were grafted into 
the wells of a sterile 48-well tissue culture plates (Life 
Science, SPL, Korea) lined with brown cell cups filled 
with 20 μL of diet. After grafting, the larvae in sterile 
tissue culture plate (STCP) kept in dark incubator at 
35°C and at 94% relative humidity in desiccators (Bel-
Art, 1-800-4) containing dishes filled with a saturated 
K2SO4 solution. During the rearing process, the larvae 
were fed increasing volumes of three diet composi-
tions (A, B and C). The larval diets were composed as 
mentioned Table 1 (Schmehl et al., 2016). Larvae were 
fed daily for 6 days putting a food drop onto the well’s 
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bottom; diet composition and amounts fed to larvae 
are shown in Table 1. 

1) Acute larvae toxicity
To test the acute effects of honey bee broods reared 

in laboratory, six different concentration of emamectin 
benzoate, fluxametamide, lufenuron acequinocyl and 
acetamiprid were prepared from the recommended 
concentration to 10-6 by serial dilution. Treatments 
were formulation of five pesticides, 2% acetone (sol-
vent control), negative control and dimethoate (positive 
control). 30 μL of desired concentration of pesticides 

mixed with diet C (Table 1) Schmehl et al. (2016), was 
fed to the 3 day larvae and monitored for 3 days or for 
72 hrs. Three replicates were used per treatment group 
with each replicate composed of 12 larvae. Larva was 
considered as dead if there is no movement of larva 
and the activity of the spiracles under a dissecting mi-
croscope.

2) Chronic larvae toxicity
Larvae were prepared as described above. Three dif-

ferent concentrations based on residue level in pollen, 
nectar or wax (Table 2) were used. The larvae were 

Table 1. Daily food volumes provided to the larvae and composition of the diet according to their age from day 0 to 5 after grafting, day 0 
being the grafting

Days Day 0 Day 1 Day 2 Day 3 Day 4 Day 5

Diet type A n/a B C C C
Diet amount (μL) 20 0 20 30 40 50
Diet composition (%)
Royal jelly 44.25 0 42.95 50 50 50
Yeast 0.90 0 1.30 2.00 2.00 2.00
Glucose 5.30 0 6.40 9.00 9.00 9.00
Fructose 5.30 0 6.40 9.00 9.00 9.00
Water 44.25 0 42.95 30.00 30.00 30.00

Table 2. Residue amounts of pesticide detected in pollen and nectar

Treatments Concentrations (ng/g) Pollen/Beebread References

Acetamiprid
600 10 × mean residue in pollen

Mullin et al., 20101300 10 × maximum residue in pollen
3000 20 × maximum residue in pollen

Emamectin benzoate 
11.5 10 × Residue in pollen Sánchez-Bayo et al., 2014;

Gamal et al., 2017; 
Charles et al., 2019

35 30 × Residue in pollen
73 Residue in nectar

Table 3. Acute toxicity of pesticides to honey bee larvae at 72 hrs duration after feeding diet C on 3 day, expressed as median lethal con-
centration (LC50: μg a.i./mL) and median lethal doses (LD50: μg a.i./larva) with 95% confidence intervals

Pesticides n Slope R2 LC50 (μg/mL) LD50 (μg/larva)

Acetamiprid 216 0.03 0.13 4911.8 (42.3-5.1E + 15) 982.3 (8.5-28E + 15)
Emamectin benzoate 216 0.10 0.06 0.0000 0.000
Lufenuron 234 0.10 0.85 3.7 (1.01-27.3) 0.4 (0.1-2.73)
Acequinocyl 202 0.02 0.50 12.5 (2.06-53.5) 10.0 (1.64-42.8)
Fluxametamide 197 0.10 0.73 40.7 (4.3-11065.4) 8.1 (0.86-2213.08)
Diamethote 216 0.002 0.13 0.0000 0.000
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exposed to pesticides from second to fifth day. Stock 
solution was prepared in acetone that account 0.5% 
volume of the final diets. Three replicates were used 
per treatment group with each replicate composed of 
12 larvae. Two days old larvae replaced any larvae 
died before the test diets were administered. Mortality 
was determined by viewing larval movement and the 
activity of the spiracles under a dissecting microscope.

3. Data analysis 

The median lethal concentration (LC50) value and the 
relative 95% confidence intervals of 72-hr post expo-
sure to different pesticides were calculated by means of 
Probit analysis in SPSS version 26 (IBM Corp., 2011) to 
determine the dose-mortality response curves. Since in 
the test each honey bee larvae ingests a 30 μL of food, 

Fig. 1. Survival of A. mellifera larvae exposed to three concentrations of acetamiprid and emamectin benzoate on 2nd day through 5th days 
after grafting (n = 36 larvae per test substance). Larvae were fed with dimethoate-contaminated diet (45 mg/L) as a solvent control, and no 
contaminated diet as a negative control.

Acetamiprid

Emamectin benzoate

(A)

(B)
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the repeated treatment cumulative median lethal dose 

(LD50) was obtained from the relative LC50. 
The larvae survival was analyzed with the Ka-

plan-Meier method in SPSS version 26 (IBM Corp., 
2011). The Kaplan-Meier survival curves for the tested 
concentration and untreated control, negative control 

(1% acetone) and positive control 45 ppm dimethoate 

(Dai et al., 2019) were drawn. 

RESULTS

1. Acute toxicity 

The larvae were exposed to six different concentra-
tions that were prepared by serial dilution of pesticides 
taking recommended field concentration as starting. 
Larvae mortality 24 hr after grafting was very low (0-3 
dead larvae/plate; average survival±standard devia-
tion=99.2%). The acute toxicity of five tested insecti-
cides and dimethoate (positive control) to A. mellifera 
larvae were given in Table 3. The toxicity order of 
tested pesticides were emamectin benzoate, lufenuron, 
fluxametamide, acequinocyl and acetamiprid with LD50 
value of 0.000, 0.4, 8.1, 10 and 982.3 μg/larvae respec-
tively. Our results showed that honey bee larvae were 
most sensitive to emamectin benzoate and most tolerant 
to acetamiprid. Tested concentrations of acetamiprid 

(p=0.31) and acequinocyl (p=0.057) resulted no signif-
icant different with compare to negative control. 

2. Chronic toxicity 

Two pesticides acetamiprid (low toxic) and amamectin 
benzoate (high toxic) were tested for chronic toxicity on 
A. mellifera larvae. Solvent and negative control mortal-
ity was lower than 15% at 72 h (6 day) after feeding diet 
B on 2nd and diet C on (3rd, 4th and 5th) days. Acetami-
prid, affected larvae survival only at highest tested con-
centration (3,000 ppb) that killed 90%. Overall survivals 
of larvae fed 3,000 ppb of acetamiprid and 35 and 73 
ppb of emamectin benzoate were all significantly lower 
than those of larvae fed the negative and solvent control 
diets (p<0.001) Fig. 1A and B. Emamectin benzoate 
killed more than 50% of larvae in six days at a level of 
35 and 73 ppb (Fig. 1), a concentration that is not toxic 
to adult bees in acute bioassays (Zhu et al., 2014). 

DISCUSSION

Honey bee larvae can be exposed to a wide range of 
pesticides via their diet which includes pollen and hon-
ey, both of which have been shown to have pesticide 
residues (Dai et al., 2019). The most significant increase 
in mortality was recorded by ememactin benzoate in 
both acute and chronic larvae exposure and lufenuron in 
acute feeding bioassay. Indicating emamectin benzoate 
and lufenuron were the most toxic insecticides tested. 
Although larvae showed tolerance to acetamiprid in 
both acute and chronic exposure, they are moderately 
affected to fluxametamide and acequinocyl. 

Emamectin benzoate an agonist for gamma-aminobu-
tyric acid-gated chloride channels (Fishel, 2011), which 
killed insects by disruption of nerve impulses triggered 
by permanent rapid paralysis (Anderson et al., 2009). 
The highest acute and chronic larvae toxicity were 
noted from emamectin benzoate. Abdu-Allah and Pit-
tendrigh (2018) indicated that emamectin benzoate has 
higher penetration and low detoxification. Since con-
taminated larvae food is placed in the cell, the highest 
larvae toxicity of Emamectin benzoate could be from 
both feeding and contact exposure. These authors also 
indicated that emamectin benzoate is highly toxic to 
foragers with LD50 0.00006 μg/bee. The high mortality 
of lavae from emamectin bezoate before pupation in 
the present study were line with (Shurjeel et al., 2020) 
that stated emamectin benzoate is toxic to hioney bees 
at different stages. 

Lufenuron chitin synthesis inhibitor in insects cuticle 

(Tomlin, 2000) was found to be toxic to larvae in the 
present study with LD50 of 0.37 μg/larva. It was report-
ed not toxic for A. mellifera adults (Ahn et al., 2013). 
Another authors found that lufenuron is less toxic to A. 
mellifera workers (Thomazoni et al., 2009) and Polistes 
canadensis Canadensis (Santana-Reis et al., 2002). It 
has also reported lufenuron increase larvae mortality 
on Bombus terrestris (Mommaerts et al., 2006) and sig-
nificantly disrupted larvae molting in Lepeophtheirus 
salmonis (Poley et al., 2018).

Our result showed both fluxametamide that act on 
GABA: γ-aminobutyric acid (GABA Cl-, Glu Cl- chan-
nel inhibitor) and an acaricide acequinocyl that inhibits 
mitochondrial complex III electron transport were mod-
erately toxic to honey bee larvae with LD50 8.14 and 
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10 μg/larvae respectively (Hardstone and Scott, 2010). 
Study indicated that acequinocyl had high worker bee 
mortality when tested as formulation (Bahreini et al., 
2020). 
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