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Abstract 

Stingless bees are important pollinators in the ecosystem and crop production in most subtropical and tropical regions of the 

world. However, the global decline of bee populations is a serious concern. Insecticides are considered crucial factors affecting 

bee survival. In this study, the acute toxicity of selected synthetic insecticides (imidacloprid, profenofos, and lambda-cyhalothrin) 

on a stingless bee, Tetragonula pagdeni (Schwarz) (Hymenoptera Apidae), was investigated and the LD50 and LC50 determined 

through topical, oral, and contact exposure under laboratory conditions. The estimated topical LD50 values for imidacloprid, 

lambda-cyhalothrin, and profenofos were 0.06, 0.53, and 45.39 ng active ingredient (a.i.)/bee, respectively. The corresponding 

estimated LD50 values from oral bioassays were 0.66, 7.52, and 75.04 ng a.i./bee, and LC50 values for contact exposure were 

48.74, 4,339.83, and 3,062.81 ng a.i./cm2. Overall, imidacloprid exhibited the highest toxicity among the evaluated insecticides 

for all routes of exposure. In addition, insecticide toxicity was higher in the topical bioassay than in oral and contact bioassays. 

These findings demonstrate that this stingless bee is extremely vulnerable to insecticide use. Therefore, selection of insecticides in 

pest control programs should consider mitigation of the risk to and detrimental effects on stingless bees. 
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Introduction 

Pollinators are important organisms in the ecosystem 

that provide essential services to both natural and agri-

cultural ecosystems (Ricketts et al., 2008; Ollerton, 

2017). In particular, their important roles in pollination 

services enhance the biodiversity of the world’s plant 

species (Fontaine et al., 2005). Potential pollination ser-

vices from pollinators also assist crop production in the 

global agricultural system (Garibaldi et al., 2013). This 

is very beneficial to environmental maintenance and 

humankind. Bee species are remarkable pollinators with 

high potential of pollinating and are responsible for pol-

linating most wild plants and agricultural crops (Potts et 

al., 2010). However, there are reports of decline in key 

pollinator bee populations in many parts of the world, 

including Europe and North America (vanEngelsdorp 

and Meixner, 2010). Such declines have been observed 

in both natural landscapes and domesticated areas (Pet-

tis and Delaplane, 2010; Potts et al., 2010). This raises 

worldwide concerns about declines in pollinator abun-

dance and diversity, plant diversity, natural and agricul-

tural ecosystem sustainability, and agricultural product 

stability (Garibaldi et al., 2011; Thomann et al., 2013). 

The observed decline in pollinators, especially bees, 

originates from various factors such as changes in land 

use, habitat loss, lack of food sources, pathogens, and 

insecticide exposure (Vanbergen et al., 2013; Patrício-

Roberto and Campos, 2014; Goulson et al., 2015); how-

ever, insecticides are considered the main contributor to 

the decline of bee colonies (Sanchez-Bayo and Goka, 

2014; Zioga et al., 2020) due to the widespread utiliza-

tion of insecticides for pest control in most agricultural 

production (Dudley and Alexander, 2017). Bees are 

considered non-target organisms, but are prone to be 

affected by non-selective activity of insecticides (Brit-

tain and Potts, 2011; Fairbrother et al., 2014). Bee pol-

linators are at risk of pesticide exposure during their 

foraging and also in-hive via routes such as direct con-

tact from spray both in and off hive (Botías et al., 2017), 

chemical contamination in collected pollen and nectar 

(Botías et al., 2015; David et al., 2016), and chemical 

residues in wax comb (López et al., 2016). Insecticide 

exposure can bring about lethal or sublethal toxic effects 

for bee pollinators. High doses of insecticides can exac-

erbate mortality, resulting in population decline (Tosi 

and Nieh, 2019). Meanwhile, exposure at sublethal level 

does not cause death, but can impair foraging activity 

(Karahan et al., 2015), food intake (Azpiazu et al., 

2019), behaviour (Matsumoto, 2013), memory (Samuel-

son et al., 2016), and learning (Williamson and Wright, 

2013). Exposure to sublethal doses was also found to 

alter biochemical responses and gene expression (Chris-

ten et al., 2017; Han et al., 2019). Therefore, attention 

needs be paid to the impact of insecticides on bee polli-

nators according to their toxicological effects. 

Studies of insecticide toxicity on bee pollinators have 

to date mostly focused on honey bees, Apis mellifera 

(L.) (Hymenoptera Apidae), as they are recognized as 

the main pollinator worldwide with high efficiency of 

floral visiting in both wild plants and agricultural crops 

(Fairbrother et al., 2014; Hung et al., 2018). Insecticide 

effects on honey bee mortality are well established and 

typically expressed as the median lethal dose (LD50) or 

the median lethal concentration (LC50) (Johnson et al., 

2006; Laurino et al., 2013; Shaker et al., 2017). Howev-

er, in addition to honey bees, stingless bees are also key 

pollinators. They are mainly distributed in subtropical 

and tropical regions (Free, 1993), and are highly diverse 

in species with variation in morphology, floral prefer-
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ences, foraging behaviour, and nesting (Jacob et al., 

2019b). Like honey bees, stingless bees are capable of 

pollinating both wild and cultivated plants (Jacob et al., 

2019a). They are considered effective pollinators as 

they can pollinate a variety of plant species and have a 

behavioural trait referred to as flower constancy (Slaa et 

al., 2006; Rahman et al., 2018). However, stingless bees 

face the same risk of insecticide exposure as honey 

bees, particularly in the context of agricultural produc-

tion systems (Brittain and Potts, 2011). Such exposure 

would result in decreased population of and pollination 

service from these bee species. Thus, the adverse effect 

of insecticides on these non-target pollinators is an es-

sential concern that merits study. 

While most toxicity studies on pollinators have em-

phasized honey bees, limited research has been con-

ducted on insecticide toxicity in stingless bees. In par-

ticular, a few studies have tested the susceptibility of 

Neotropical bee species to different insecticides (Jacob 

et al., 2019b; Brito et al., 2020; Piovesan et al., 2020; 

Miotelo et al., 2021; Viana et al., 2021). The common 

method of assessing the effect of an insecticide on any 

living organism, such as a non-target pollinator, is to 

determine the acute toxicity by measuring the LD50 and 

LC50 (Stanley and Preetha, 2016). Establishing the LD50 

and LC50 for a bee species provides basic information 

on its sensitivity to the chemical. This is very useful in-

formation and a fundamental step in assessing the insec-

ticide risk posed to pollinators. 

Tetragonula pagdeni (Schwarz) (Hymenoptera Apidae) 

is a common species of stingless bee in Thailand 

(Sakagami, 1978; Engel et al., 2017) that can be gener-

ally found in the landscape and in agricultural areas and 

is one of the most crucial pollinators. To date, the ef-

fects of insecticides on this bee species have not been 

reported. Therefore, the aim of this study is to evaluate 

the toxicity of representative organophosphate, neonico-

tinoid, and pyrethroid insecticides commonly used in 

pest control to T. pagdeni, specifically estimating the 

LD50 and LC50 through topical, oral, and contact bioas-

says. The selected insecticides were profenofos, im-

idacloprid, and lambda-cyhalothrin. Profenofos is an 

organophosphate insecticide that is widely used in many 

countries located in North America, South America, Af-

rica, Southeast Asia, East Asia, and South Asia (Nataraj 

et al., 2017; Abdel Rahman et al., 2020; Sankom et al., 

2021; Shi et al., 2021; Verma and Chatterjee, 2021; 

Manjunath et al., 2023). Imidacloprid is a neonicotinoid 

insecticide broadly used in several regions situated in 

North America, South America, Africa, Asia, and Aus-

tralia (Mengoni Goñalons and Farina, 2015; Xia et al., 

2016; Raymann et al., 2018; Sriapha et al., 2020; Kotze 

et al., 2022; Omongo et al., 2022; Silvanima et al., 

2022; Dutta et al., 2024). Finally, lambda-cyhalothrin is 

a pyrethroid insecticide widely applied in many areas of 

North America, South America, Africa, the EU, and 

Asia (Moore et al., 2001; He et al., 2008; Fetoui et al., 

2010; Ansari et al., 2012; Li et al., 2014; Rieff et al., 

2020; da Silva Sousa et al., 2021; Manjunath et al., 

2023). Accordingly, in enabling greater awareness of 

insecticide effects on non-target insect pollinators, par-

ticularly the underrepresented stingless bees, the find-

ings of this work will support improvement of pest 

management strategies worldwide through selection of 

the most appropriate insecticide. In addition, this study 

contributes to minimizing the impact of insecticides on 

bee pollinators and thereby aids conservation of these 

pollinators in the environment. 

Materials and methods 

Insects 
The stingless bees (T. pagdeni) used in the experiment 

were obtained from colonies resident at the School of 

Agricultural Technology, King Mongkut’s Institute of 

Technology Ladkrabang, Thailand in an area free of 

pesticide use. Forager bees were collected using a net at 

the hive entrance upon their return after foraging in the 

morning. The collected bees represented four colonies, 

and each colony constituted a replicate. 

Insecticides 
Commercial insecticides were purchased from an ag-

rochemical store in Bangkok, Thailand. The investigat-

ed insecticides were profenofos (organophosphate; Ka-

ruka 50% EC, Ladda), imidacloprid (neonicotinoid; 

Bornimida 5E 5% EC, Born Agroscience), and lambda-

cyhalothrin (pyrethroid; Karate® 2.5 EC 2.5% EC, Syn-

genta). The names of these insecticide products are 

translated from the Thai trademarks on the labels. 

Bioassays 
The susceptibility of forager T. pagdeni to each insec-

ticide was evaluated as LD50 and LC50 through bioas-

says representing three exposure routes: topical, oral, 

and contact exposure. The topical bioassay was adapted 

from the method of the OECD (1998) and Del Sarto et 

al. (2014); the oral bioassay was modified from Li et al. 

(2017); and the contact bioassay followed Del Sarto et 

al. (2014) with some modification. Each insecticide was 

diluted in acetone to make a stock solution at a concen-

tration of 10,000 ng active ingredient (a.i.)/µL. This so-

lution was subsequently serially diluted (1:10) in ace-

tone for topical and contact bioassays and in 50% v/v 

honey solution (1:1 honey:distilled water) for oral bio-

assays to obtain a range of concentrations. Each bioas-

say was performed in two steps, a preliminary test and a 

final test (Piovesan et al., 2020). In the preliminary test, 

a range of log-scale concentrations (0.01 to 1,000 ng 

a.i./µL for topical and contact and 0.01 to 100 ng a.i./µL

for oral exposure) was used for the purpose of range 

finding, determining the doses that yielded 0% and 

100% mortality (data not shown). In the final test, four 

to seven concentrations of each insecticide were select-

ed based on the preliminary range finding results to de-

termine the LD50 and LC50. The honey used in the ex-

periment was 100% honey harvested from longan flow-

ers (Dimocarpus longan Lour.) (Sapindales Sapin-

daceae) purchased in Bangkok (Doi Kham Food Prod-

ucts Co., Ltd., Thailand). It was mixed with distilled 

water at a ratio of 1:1 to make 50% v/v honey solution, 

which was used for insecticide dilution in oral bioassays 

and the preparation of food sources for stingless bees. 
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T o p i c a l  b i o a s s a y s

The forager bees were anaesthetized at −20 °C for 2 

minutes prior to topical application. One microlitre of 

an insecticide solution was applied to the dorsal side of 

the thoracic region of each insect. The treated bees were 

transferred to a Petri dish (9 cm diameter) lined with 

filter paper (Whatman™ no. 1) at the bottom and pro-

vided with 50% v/v honey solution (1:1 honey:distilled 

water). The treatment doses used to determine the LD50 

were: profenofos, 10, 25, 50, 75, 90, and 100 ng a.i.; im-

idacloprid, 0.02, 0.04, 0.05, 0.06, 0.07, 0.08, and 0.1 ng 

a.i.; and lambda-cyhalothrin, 0.2, 0.4, 0.5, 0.6, 0.7, and

0.9 ng a.i. The assay was replicated four times for each 

dose, with ten bees per replicate and each replicate rep-

resenting a different colony. Acetone was used as the 

control treatment (zero dose). The Petri dishes were 

kept in the laboratory at 29 ± 2 °C and 65 ± 5% relative 

humidity. Mortality of bees was recorded at 24 hours 

after treatment. Bees were considered dead if they were 

immobile when probed with a soft brush. 

O r a l  b i o a s s a y s

The forager bees were starved for 2 hours prior to test-

ing. One microlitre of insecticide solution was individu-

ally fed to each bee using a micropipette, after which 

the bees were transferred to a Petri dish (9 cm diameter) 

lined with filter paper (Whatman™ no. 1) at the bottom 

and provided with 50% v/v honey solution (1:1 hon-

ey:distilled water). The treatment doses used to deter-

mine the LD50 were: profenofos, 20, 40, 60, 80, and 100 

ng a.i.; imidacloprid, 0.25, 0.5, 0.75, 1, 2.5, 5, and 10 ng 

a.i.; and lambda-cyhalothrin, 2, 4, 6, 8, 10, 20, and 40

ng a.i. The assay was replicated four times for each 

dose, with ten bees per replicate and each replicate rep-

resenting a different colony. Two separate sets of con-

trol bees received only honey solution or honey solution 

containing 1% acetone. There was no regurgitation ob-

served during feeding. After application, the bees were 

kept in the Petri dishes and mortality recorded as in the 

topical bioassays. 

C o n t a c t  b i o a s s a y s

One millilitre of insecticide solution was dropped on a 

9 cm diameter filter paper (Whatman™ no. 1). The 

treated filter paper was left to dry for 20 minutes and 

then was placed in a Petri dish (9 cm diameter) provided 

with 50% v/v honey solution (1:1 honey:distilled water). 

A set of ten forager bees was then placed in the Petri 

dish. The treatment concentrations used to determine the 

LC50 were: profenofos, 150, 175, 200, and 225 ng 

a.i./µL; imidacloprid, 1.5, 1.75, 2, 2.25, 2.5, and 2.75 ng

a.i./µL; and lambda-cyhalothrin, 225, 250, 275, 300,

and 325 ng a.i./µL. The assay was replicated four times 

for each concentration, with each replicate representing 

a different colony. Acetone, as the solvent, was used for 

the control treatment. After application, the bees were 

kept in the Petri dishes and mortality recorded as in the 

topical bioassays. 

Statistical analysis 
LD50 and LC50 for each insecticide were determined 

by Probit analysis via SPSS software version 16.0 

(SPSS Inc., Chicago, Illinois, USA). The values were 

considered significantly different if there was no over-

lap of their 95% confidence intervals. 

Results 

In the topical application, the most toxic insecticide to 

T. pagdeni was imidacloprid, followed by lambda-

cyhalothrin, with profenofos being the least toxic (table 1). 

Comparatively, imidacloprid was 8.83-fold more toxic 

than lambda-cyhalothrin and 756.5-fold more toxic than 

profenofos, while lambda-cyhalothrin was 85.64-fold 

more toxic than profenofos. No mortality was observed 

in the control treatment. 

In the oral exposure bioassay, the three insecticides 

exhibited considerably less toxicity compared to topical 

application, but a similar order of effect. Imidacloprid 

was again the most toxic insecticide, followed by lamb-

da-cyhalothrin and then profenofos (table 2). Compara-

tively, imidacloprid was 11.39-fold more toxic than 

lambda-cyhalothrin and 113.70-fold more toxic than 

profenofos, while lambda-cyhalothrin was 9.98-fold 

more toxic compared to profenofos. No mortality was 

observed for the control honey solution diet either with 

or without 1% acetone. 

Similarly, the contact exposure bioassay showed im-

idacloprid to have the highest toxicity; however, 

profenofos was the second most toxic and lambda-

cyhalothrin the least (table 3). In relative terms, im-

idacloprid was 62.84-fold more toxic than profenofos 

and 89.04-fold more toxic than lambda-cyhalothrin, 

while profenofos was 1.42-fold more toxic compared to 

lambda-cyhalothrin. No mortality was observed in the 

control treatment. 

Overall, the LD50 values from topical toxicity were 

less than those observed for oral toxicity of the same 

chemical. In particular, the topical LD50 values of im-

idacloprid, lambda-cyhalothrin, and profenofos were 11, 

14.19, and 1.65 times lower than the respective oral 

LD50 values. This highlights topical exposure as the 

more toxic route, compared to oral exposure. No over-

Table 1. Estimated median topical lethal dose (LD50, ng a.i./bee) of insecticides for T. pagdeni forager worker bees 

after 24 hours of exposure. 

Insecticide 
Number 

of samples 
LD50 

95% confidence interval 
Slope (± SE) Intercept (± SE) χ2 (df) 

Lower Upper 

Profenofos 280 45.39 30.71 59.33 0.036 (± 0.002) −1.617 (± 0.115) 40.993 (5) 

Imidacloprid 320 0.06 0.05 0.08 22.146 (± 1.803) −1.405 (± 0.113) 19.726 (6) 

Lambda-cyhalothrin 280 0.53 0.45 0.62 2.725 (± 0.216) −1.451 (± 0.122) 13.615 (5) 
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Table 2. Estimated median oral lethal dose (LD50, ng a.i./bee) of insecticides for T. pagdeni forager worker bees after 

24 hours of exposure. 

Insecticide 
Number 

of samples 
LD50 

95% confidence interval 
Slope (± SE) Intercept (± SE) χ2 (df) 

Lower Upper 

Profenofos 240 75.04 66.26 86.09 0.032 (± 0.002) −2.375 (± 0.171) 9.537 (4) 

Imidacloprid 320 0.66 0.20 1.56 1.685 (± 0.155) −1.108 (± 0.107) 85.693 (6) 

Lambda-cyhalothrin 320 7.52 6.89 8.22 0.398 (± 0.030) −2.990 (± 0.223) 12.520 (6) 

Table 3. Estimated median contact lethal concentration (LC50, ng a.i./cm2) of insecticides for T. pagdeni forager 

worker bees after 24 hours of exposure. 

Insecticide 
Number 

of samples 
LC50 

95% confidence interval 
Slope (± SE) Intercept (± SE) χ2 (df) 

Lower Upper 

Profenofos 200 3062.81 2776.36 3431.89 0.002 (± 0.000) −4.882 (± 0.503) 10.265 (3) 

Imidacloprid 280 48.74 41.89 69.31 0.046 (± 0.006) −2.233 (± 0.217) 12.428 (5) 

Lambda-cyhalothrin 240 4339.83 3762.74 4981.31 0.001 (± 0.000) −3.294 (± 0.435) 15.683 (4) 

lap of 95% confidence intervals was observed for LD50

or LC50 values, indicating that this stingless bee species 

differs significantly in insecticide susceptibility depend-

ing on the route of exposure. The low LD50 and LC50 

values obtained for imidacloprid highlight it as being 

extremely toxic to T. pagdeni. 

Discussion 

There was a marked difference in the susceptibility of 

T. pagdeni to the three tested insecticides. Such varia-

tion in sensitivity among bee species has been demon-

strated in many reports (Del Sarto et al., 2014; Jacob et 

al., 2019a; 2019b; Padilha et al., 2020). This study fur-

ther investigated three routes of exposure, specifically 

topical, oral, and contact exposure. In the topical bioas-

say, imidacloprid showed the most toxicity to T. pagdeni, 

followed by lambda-cyhalothrin and then profenofos. 

This result is similar to the findings of Valdovinos-

Núñez et al. (2009), which reported another stingless 

bee species, Nannotrigona perilampoides (Cresson) 

(Hymenoptera Apidae), to be most susceptible to im-

idacloprid (LD50 = 1.1 ng a.i./bee) followed by perme-

thrin (LD50 = 14 ng a.i./bee), methomyl (LD50 = 120 ng 

a.i./bee), and diazinon (LD50 = 190 ng a.i./bee) at 24

hours after exposure. This study and others agree on the 

relative toxicity of insecticide classes, with neonico-

tinoids followed by pyrethroids and then organophos-

phates. In particular, a study in the stingless bee 

Melipona quadrifasciata (Lepeletier) (Hymenoptera 

Apidae) and the honey bee A. mellifera revealed greater 

toxicity of a pyrethroid (deltamethrin) than an organo-

phosphate (methamidophos) (Del Sarto et al., 2014). 

Imidacloprid has been reported to have topical LD50 

values of 25.2 ng a.i./bee in Scaptotrigona postica 

(Latreille) (Hymenoptera Apidae) (Soares et al., 2015) 

and 2.41 ng a.i./bee in Melipona scutellaris (Latreille) 

(Hymenoptera Apidae) (Costa et al., 2015), both of 

which are also stingless bees. Compared with these re-

sults, our study indicates T. pagdeni to be more suscep-

tible to topical imidacloprid. Hence, the level of toxicity 

of a given insecticide can vary depending on the sting-

less bee species. Meanwhile, various topical LD50 val-

ues for imidacloprid at 24 hours have also been reported 

for honey bee species: 24 ng a.i./bee (Suchail et al., 

2000), 18 ng a.i./bee (Iwasa et al., 2004), and 14 ng 

a.i./bee (Yasuda et al., 2017) for A. mellifera and 8 ng

a.i./bee for Apis cerana (F.) (Hymenoptera Apidae)

(Yasuda et al., 2017). The value obtained in the present 

study is lower, indicating that T. pagdeni is highly sus-

ceptible to imidacloprid relative to Apis spp. 

In oral bioassays, the lowest LD50 value was obtained 

for imidacloprid, which again highlights it as the most 

toxic to T. pagdeni among the insecticides tested. The 

oral LD50 value previously reported for imidacloprid in 

the stingless bee M. quadrifasciata is 23.54 ng a.i./bee 

(Tomé et al., 2015). The lower LD50 obtained in the pre-

sent work indicates T. pagdeni to be more susceptible to 

imidacloprid via oral exposure. The present findings al-

so indicate T. pagdeni to have a lower oral LD50 than  

A. mellifera (LD50 = 8.6 ng a.i./bee) and A. cerana 

(LD50 = 2.7 ng a.i./bee) as determined by Li et al. 

(2017); A. m. mellifera (LD50 = 5 ng a.i./bee) and 

A. m. caucasica (LD50 = 5 ng a.i./bee) from the report of 

Suchail et al. (2000); and A. mellifera (LD50 = 4.5 ng 

a.i./bee) from the study of Cresswell (2011). Thus, this

stingless bee is more susceptible to imidacloprid than 

honey bee species. 

Several prior studies have determined toxicity from 

oral bioassays in terms of the LC50 value. In particular, 

the oral LC50 values reported for imidacloprid in other 

bee species are: 42.5 ng a.i./µL (Soares et al., 2015) or 

89.11 ng a.i./µL (Jacob et al., 2019a) in S. postica, 1.70 

ng a.i./µL in Tetragonisca angustula (Latreille) (Hyme-

noptera Apidae) (Jacob et al., 2019b), and 22.78 ng 

a.i./µL in A. mellifera (Jacob et al., 2019a). Conversion

of the present results to oral LC50 gave a value of 0.66 

ng a.i./µL for T. pagdeni, which is again lower in com-

parison to other reports.  

Notably, the ingestion bioassay revealed a lower LD50 

value for lambda-cyhalothrin than for profenofos, indi-

cating pyrethroid to be more toxic than organophos-

phate insecticides in T. pagdeni. This differs from a pri-
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or report in the stingless bee M. quadrifasciata that re-

vealed slightly lower toxicity of a pyrethroid (deltame-

thrin) than an organophosphate (methamidophos), but is 

similar to the result obtained in the honey bee A. mellif-

era (Del Sarto et al., 2014). 

The final route of exposure investigated in the present 

study was contact. Imidacloprid was again the most tox-

ic among tested insecticides; however, the relative rank-

ing of profenofos and lambda-cyhalothrin differed from 

the report by Del Sarto et al. (2014) for M. quadrifas-

ciata and A. mellifera, in which contact with deltame-

thrin (a pyrethroid insecticide) was more toxic than 

methamidophos (an organophosphate insecticide). 

The differing susceptibility of T. pagdeni to different 

insecticides may stem from numerous factors, such as 

particular characteristics of the insecticides or the bee 

species (Piovesan et al., 2020). Similarly, species-level 

differences in life cycle, life history, body weight, de-

toxification capacity, foraging behaviour, and nesting 

activity are considered to potentially affect between-

species differences in sensitivity to insecticides (Hard-

stone and Scott, 2010; Brittain and Potts, 2011; De-

courtye et al., 2013; Arena and Sgolastra, 2014). Thus, 

the higher toxicity of imidacloprid in stingless bees 

compared to Apis honey bee species may result from 

variations in the different bees’ morphological, physio-

logical, or behavioural characteristics, including their 

life history and life story traits (Del Sarto et al., 2014). 

It has been observed that insecticide intake in larger 

bees is proportionally lower due to the greater increase 

of body volume relative to body surface (Valdovinos-

Núñez et al., 2009), and bees of larger size tend to be 

more tolerant to insecticides than smaller ones (Thomp-

son, 2016). From a previous review of available data in 

the literature, in general, honey bees are no more sensi-

tive to insecticides than other insect species (Hardstone 

and Scott, 2010). Meanwhile, a prior report comparing 

the sensitivity of A. mellifera and other bee species to 

pesticides found most examined stingless bee species to 

be more sensitive than A. mellifera (Arena and Sgolas-

tra, 2014). 

Route of exposure is an important factor affecting the 

susceptibility of stingless bees to insecticides and 

should be considered when evaluating toxicity. The re-

sults of the present study show insecticide toxicity to 

vary by the route of exposure, with greater effect on    

T. pagdeni from topical exposure than oral exposure. 

This finding is similar to many reports that insecticides 

are more toxic to bee species when applied topically 

(Suchail et al., 2000; Costa et al., 2015; Soares et al., 

2015; Dorneles et al., 2017). In addition, toxicity of im-

idacloprid in Podisus maculiventris (Say) (Hemiptera 

Pentatomidae) has been shown to decrease by route in 

the order of topical exposure, ingestion, and contact, 

and topical exposure to organophosphate and pyrethroid 

insecticides has been shown to be more toxic than oral 

exposure in A. mellifera (Suchail et al., 2000), which 

trends are similar to the present findings. Notably, in the 

contact bioassay, profenofos presented as more toxic 

than lambda-cyhalothrin. Not all insecticides exhibit 

significant difference of toxicity according to exposure 

route (Dorneles et al., 2017). For compounds observed 

to be more toxic in topical exposure, this may be due to 

the insecticide readily penetrating the integument of the 

insect; meanwhile, in oral exposure, the insecticide en-

counters various enzymes involved in metabolism of 

insecticides in the midgut and requires time for activa-

tion (Soares et al., 2015), which may lead to toxicity 

being reduced in the oral route. Finally, in contact expo-

sure, the insect does not contact the insecticide immedi-

ately and directly but rather its residue; thus, activation 

of the insecticide may be reduced and the insect may 

receive a reduced dose, which may lead to less toxic ef-

fect. 

The topical bioassay is an efficient and typical toxicity 

assessment method that simulates exposure of a forager 

bee to an insecticide while they are foraging nectar and 

pollen in the field (Nauen et al., 2001; Padilha et al., 

2020). When an insecticide chemical is applied by 

spraying in the air, there is a risk that the droplets could 

come into direct contact with bees (Thompson, 2001; 

Sgolastra et al., 2019); this risk is very high for forager 

bees, and may cause foragers to die before or after re-

turning to the hive, ultimately resulting in loss of the 

forager bee population and the occurrence of colony 

collapse (Sanchez-Bayo and Goka, 2016). When prepar-

ing the tested insecticides for application, the manufac-

turer-recommended dilutions are 40 mL/20 L water for 

imidacloprid, 25 mL/20 L water for lambda-cyhalothrin, 

and 40 mL/20 L water for profenofos. In terms of the 

active ingredients, the prepared insecticides exceed the 

observed topical LD50 (determined using 1 µL solution 

per bee) by 1,663.33 times (99.80 ng a.i./µL vs. 0.06 ng 

a.i./bee), 58.89 times (31.21 ng a.i./µL vs. 0.53 ng

a.i./bee), and 21.99 times (998 ng a.i./µL vs. 45.39 ng

a.i./bee), respectively. Thus, the application concentra-

tions of these insecticides represent high levels of toxici-

ty, particularly for imidacloprid, and the stingless bee is 

at risk from exposure in the course of their normal use. 

The oral bioassay is another important toxicity as-

sessment method as it simulates the consumption of 

contaminated pollen and nectar following insecticide 

treatment in agricultural areas (Dively and Kamel, 2012; 

Piovesan et al., 2020). Such direct ingestion of an insec-

ticide may result in significant effects, both lethal and 

sublethal (Azpiazu et al., 2019; Brito et al., 2020; Mi-

otelo et al., 2021). Furthermore, not only forager bees 

but also nurse bees and the brood in the hive could suf-

fer negative effects from intaking collected dietary 

product with residue present (Zioga et al., 2020). Sever-

al compounds have been detected in pollen and nectar at 

maximum concentrations exceeding the corresponding 

estimated LD50 values for various bee species (Zioga et 

al., 2020). This raises concern about the risk of oral ex-

posure across bee species; however, risk assessments for 

bee pollinators will be challenging to perform. As with 

topical exposure, the recommended application concen-

trations of the investigated insecticides considerably ex-

ceed the corresponding oral LD50 values (determined 

using 1 µL solution per bee), with imidacloprid, lambda-

cyhalothrin, and profenofos active ingredient application 

concentrations being 151.21 times (99.80 ng a.i./µL vs. 

0.66 ng a.i./bee), 4.15 times (31.21 ng a.i./µL vs. 7.52 ng 

a.i./bee), and 13.30 times (998 ng a.i./µL vs. 75.04 ng 
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a.i./bee) higher, respectively. Hence, the normal use of 

these insecticides, especially imidacloprid, also poses 

danger for the stingless bee through oral exposure. 

The residue bioassay is an alternative assay method 

that imitates the scenario in which insecticides are ap-

plied and some residue remains on plant parts such as 

leaves and flowers, particularly pollen and nectar 

(Dively and Kamel, 2012; Stoner and Eitzer, 2012; 

Goulson, 2013). When forager bees contact a contami-

nated plant part or collect contaminated pollen and nec-

tar, they tend to experience insecticide exposure (Stoner 

and Eitzer, 2012; Goulson, 2013; Sanchez-Bayo and 

Goka, 2014). Moreover, if foragers carry contaminated 

pollen and nectar to the hive, this can create an accumu-

lation of chemical contamination in stored pollen and 

nectar; the members of the colony are at risk of expo-

sure from both the forager bee and the carried product 

(Poquet et al., 2016; Boyle et al., 2019). On a per-

hectare basis, the manufacturer-recommended applica-

tion rates of the tested insecticides are 500 mL for im-

idacloprid, 312.50 mL for lambda-cyhalothrin, and 500 

mL for profenofos. Considered in terms of the active 

ingredients, these correspond to concentrations of 25 g 

a.i./ha, 7.81 g a.i./ha, and 250 g a.i./ha. Thus, for every

square centimeter of treated surface area a bee comes in 

contact with, it could receive on average 5.13 times 

(250 ng a.i./cm2 vs. 48.74 ng a.i./cm2), 0.02 times (78.1 

ng a.i./cm2 vs. 4,339.83 ng a.i./cm2), and 0.82 times 

(2,500 ng a.i./cm2 vs. 3,062.81 ng a.i./cm2) the LC50 

dose of imidacloprid, lambda-cyhalothrin, and 

profenofos, respectively. Hence, imidacloprid applied at 

recommended rate can also present high level of toxicity 

for the stingless bee through contact exposure. 

All told, the evaluated insecticides present different 

levels of toxicity to the stingless bee. Imidacloprid is a 

neonicotinoid, a type of insecticide that is widely used 

for pest control in crop production due to the advantages 

of highly effective systemic activity and long residual 

activity (Jeschke et al., 2011). Neonicotinoids act 

through mimicking the neurotransmitter acetylcholine, 

interacting with the insect nicotinic acetylcholine recep-

tor (nAChR) to cause hyperexcitation, paralysis, and 

death (Jeschke and Nauen, 2008; Johnson, 2015). The 

toxicity of this insecticide has been tested in many bee 

species, including both honey bees and stingless bees 

(Costa et al., 2015; Zhu et al., 2017; Jacob et al., 2019a; 

2019b), with results indicating that in addition to their 

high effectiveness in pest control, neonicotinoids can 

adversely affect bee pollinators in various ways. There 

are reports of neonicotinoids having less toxicity than 

imidacloprid, such as thiamethoxam, acetamiprid, and 

thiacloprid (Valdovinos-Núñez et al., 2009; Jacob et al., 

2019a), but these insecticides are demonstrated to have 

sublethal effects as well (Christen et al., 2016; Tison et 

al., 2016; Jacob et al., 2019a; Miotelo et al., 2021). 

Profenofos is an organophosphate insecticide; these 

molecules act as inhibitors of acetylcholinesterase, re-

sulting in hyperactivation of cholinergic neurons (Fuku-

to, 1990; Chambers et al., 2010), and have likewise 

been tested for toxicity on many bee species (Stanley et 

al., 2015; Dorneles et al., 2017; Yasuda et al., 2017; 

Yao et al., 2018). Lambda-cyhalothrin is a pyrethroid 

insecticide, which compounds act as neurotoxicants that 

prolong the open phase of the sodium channel, increas-

ing the sodium permeability of insect nerve membranes 

(Belzunces et al., 2012; Christen and Fent, 2017). This 

group of insecticides has also been tested for toxicity in 

many bee species (Wang et al., 2020a, 2020b; Chibee et 

al., 2021). 

The effect of insecticides on mortality of the stingless 

bee T. pagdeni observed in this study indicates that this 

bee is potentially threatened during insecticide applica-

tion. Insecticide users should be aware of the adverse 

effect of insecticides on non-target organisms, particu-

larly beneficial insects like bee species. Furthermore, 

the present findings support that not only A. mellifera 

should be used as a reference in risk assessments, but 

also other bee species. Moreover, the results demon-

strate that different insecticides present different levels 

of toxicity to stingless bees, which is useful knowledge 

for selecting insecticides to mitigate adverse effects on 

stingless bees. Agrochemical applications should be 

conducted with care to avoid negative effects, and prop-

er pest management in agricultural production must 

consider this issue. Rotation of insecticides and use of 

reduced-risk insecticides could be included in such con-

trol programs to help safeguard the stingless bee, con-

serve its presence in the agricultural landscape, and pro-

vide for the sustainability of pollination by this bee. 
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