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ABSTRACT
Heterotrigona itama is a Malaysian stingless bee species that actively reared for
meliponiculture. This stingless bee is cultivated in a commercial scale for its honey production,
propolis and among the greatest commercial potential as crop pollinators. However, this species
has been potentially exposed to agronomic practices, among which the use of synthetic
insecticides against pests. The indirect toxicity effect of the post-insecticide had affected the
mortalities of H. itama especially, to the foragers. Due to that, a study has been conducted to
determine the lethal concentration of 50% (LC50) and 95% (LC95) of the selected insecticides
against stingless bee forager workers through residual exposure. The bioassay test was
conducted to the local stingless bee H. itama at Agricultural Research Station, Tenom. Four
commonly used insecticides in crop protection; Deltamethrin, Chlorpyrifos, Cypermethrin and
Malathion were tested at five concentrations that diluted with 500 ml of distilled water in three
replications for each insecticide. Lethal concentrations (LC50 and LC95) were obtained from
probit analysis after 1-hour dry residues exposure and 24-hour mortality observation. The result
shows that; all four tested insecticides were harmful to H. itama through dry residue.
Deltamethrin shows the higher value of LC50 (1.256 ml) and LC95 (3.582ml) that make it less
toxic to the H. itama than cypermethrin, malathion, and chlorpyrifos, however, as the
concentration gets higher it becomes more toxic.
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1. Introduction
The native Malaysian stingless bee (Heterotrigona itama) belong to the order of Hymenoptera
(Apidae: Meliponini) is one of the actively reared bee species and most utilised in
meliponiculture practice in Malaysia since 2012 until now (Mohd Fahimee, et al., 2016). At
present, the stingless bee is enthusiastically cultivated for its commercial scale of honey
production, propolis and among the greatest commercial potential as crop pollinators. The
ability of this stingless bee to pollinate varieties of crops (Slaa et al., 2006; Heard, 1994) such
as fruit trees and vegetable, that make it suitable to be cultivated in orchard and garden.
However, the foraging activity of pollinator on desired agricultural crop after the insecticide
treatment, is the main cause that expose them to agricultural insecticides (Cauich et al., 2004).
Insecticides are mainly used to control and eradicates the population insect pest existed in the
planting area, but, the post-insecticide effect also affecting the non-targeted insect (Aktar et al.,
2009) which in this case the cultivated stingless bee. According to Renzi (2013), the residual
toxicity can occur when the bee foraging at the post-treated area. It is because the insecticides
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may persist on the plant surface and can completely maintain their toxic characteristics after
dried.
Previously, research and studies had been published on the toxicity effect of insecticides to
the non-targeted organisms which use Apis melifera (honey bee) as an indicator species of
ecotoxicity (DiBartolomeis et al., 2019). Because A. melifera is responsible for the pollination
of several important crops and honey production. Unfortunately, the result of insecticide
toxicity tested for this species only cannot represent for the other beneficial insects because of
the different behavior response, defence mechanism and traits of different insect species.
Honey bee and stingless bee shared the same family, however, both come from different tribes
which can affect the toxicity result even from the same bioassay procedure and insecticide
tested (Dorigo et al., 2019). Meanwhile, stingless bee also played a similar role as honey bees
that make them vital in the agricultural environment.
Although stingless bee is not the target of insecticide compounds, they may have foraged in
the contaminated area and highly vulnerable to the contamination (Tome’ et al., 2015). This
study provide informations to guide and help the farmers in their selection of insecticides. Thus,
the aim of this study was to identify the (lethal concentration) LC50 and LC95 of selected
insecticides through residual exposure to the H. itama.
2. Material and Method
2.1 Insect
This study was conducted at the Agriculture Research Station (ARS) Laboratory, Tenom with
a controlled room temperature of 27±2°C and 70% relative humidity. The stingless bee used in
this study was obtained from H. itama colony kept in ARS bee breeding yard before being
examined in the laboratory. Only adult forager workers were chosen for the insecticide
treatments that caught during morning hour (8.00 am – 11.00 a.m) by using the sweeping net.
The collected stingless bees were directly transported to the laboratory and anaesthetised by
chilling for 50 seconds at 3 °C to facilitate ease of handling. The chilling method was used with
slight modifications as recommended by Thomas and Phadke (2017). During the inactive period
of the stingless bee, only healthy, uninjured and uniform sizes were selected for the further
experiment.

Figure 1: Heterorigona itama forager collecting pollen on Antigonon leptopus
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2.2. Insecticide
Four formulated insecticides were tested in this experiment. The selection of insecticide is
based on the common insecticide used by the farmer in controlling agricultural pests. Therefore,
four formulated insecticides were tested in this experiment that were Deltamethrin,
Chlorpyrifos, Cypermethrin and Malathion as summarised in Table 1. These insecticides were
previously tested on serious orchard pest Bactrocera dorsalis fruit fly (Wang et al., 2013).
Based in Table 1 showed, all four selected insecticides shared a similar mode of action through
contact and stomach of contaminated insects.

Table 1: Information of test insecticides
Active ingredient

Class

Mode of action

Group of insecticide

Deltamethrin 1.4% w/w

III

Contact and stomach

Pyrethriod

Chloropyrifos 21.2% w/w

II

Contact, stomach and
respiratory action

Organophosphate

Cypermethrin 5.5% w/w

III

Contact and stomach

Pyrethriod

Malathion 84.0% w/w

III

Contact and stomach

Organophosphate

The selected insecticides were examined at five dose concentrations which prepared
according to the commercial formulated products guidelines. One of the five concentration was
prepared based on the recommended dosages used in the field. The insecticide was diluted with
distilled water as a solvent to obtain mortality in the range of 50-100% (Table 2). The control
treatment was served with distilled water alone. Replications were made three times with ten
stingless bees for each treatment with to obtain precise mortality data.

Table 2: Five different concentrations of insecticides tested against Heterotrigona itama
Concentration (mL/500 mL of water)

Recommended concentration
(mL/10L of water)

C1

C2

C3

C4

C5

Deltamethrin

22.0

1.65

1.40

*1.1

0.83

0.56

Chloropyrifos

6.0

0.60

*0.30

0.15

0.08

0.04

Cypermethrin

10.0

2.00

1.00

*0.5

0.25

0.125

Malathion

22.0

2.20

*1.10

0.55

0.275

0.137

Insecticide

Note: *Recommended rate in unit of ml/L of water.

2.3. Laboratory Residual toxicity bioassay
Laboratory bioassay is defined as the test where living organisms were exposed to various
concentrations of a toxicant or to effluent dilutions under laboratory conditions. Residual
toxicity was determined by using dry-contaminated glass jar with insecticide. In this method,
five desired concentrations of insecticide were diluted with distilled water. The dilution was
3

Effect of Residual Toxicity of Selected Insecticides To The Malaysian Stingless Bee Heterotrigona Itama

coated inside the glass jar by rotating it several times to ensure the diluted insecticide was fully
coated and left to dry at room temperature for at least 2 hours. After the jar was completely
dried, 10 selected stingless bees from the anaesthetised procedure were introduced in the jar for
1 hour. As for the control jar, it was coated with distilled water and allowed to dry before
introducing the stingless bees. Five concentration of diluted insecticide were tested with three
replications each. After 1 hour, the stingless bees were transferred into the post cage (9x9x9
inches), where they were fed with 50% sucrose solution diet. Mortality was observed for 24
hours and data were analysed using Probit analysis (SPSS Statistic 21) to obtain the value of
LC50 and LC95 for each tested insecticide
2.4. Statistical analysis
Mean ANOVA was used in the determination of mortality mean based on the three replications
of the experiment. Mortality data was assessed after 24 hours and analysed using Probit
Analysis (SPSS Statistic 21) to calculate the LC50 and LC95 values for each tested insecticide.
3.0 Result and Discussion
Table 3 indicates the mean mortality of H. itama foragers after being treated with test
insecticides at a recommended concentration based on the product guidelines. Tested
concentrations were prepared at the small amount to represent the real concentration diluted
with water. Results from the studies indicated that H. itama was vulnerable to all tested
insecticides.

Table 3: Mean mortality rate for foragers of Heterotrigona itama, treated with test insecticides at recommended
concentration

Mean Mortality ±
S.E

Recommended
insecticide
concentration
(mL/10L)

Tested concentration
(mL/500mL)

Deltamethrin 25.0% w/w

3.00±0

22

1.1

Chlorpyrifos 21.2% w/w

6.33 ± 0.88

6

0.3

Cypermethrin 5.5% w/w

7.00±0.58

10

0.5

10± 0

22

1.1

Insecticide

Malathion 84.0% w/w

Figure 1 depicted the mean mortality of H. itama against the tested insecticides.
Deltamethrin shows the lowest mortality rate of the foragers by killing at least 30% of the tested
bees at recommended concentration by the contact of dry residue. Chlorpyrifos and
cypermethrin are two times toxic that deltamethrin which display the mortality rate between 6
to 7 bees. Based on four tested insecticides, malathion was observed to be the most toxic to H.
itama by killing 100% of the tested organisms. As for the control group, the distilled water was
completely safe and has not affected H. itama foragers by maintaining 100% mean survival
rate.
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Figure 2: Bar chart of mean mortality of H. itama at recommended concentration

Table 4, shows the values of LC50 and LC95 with their 95% fiducial limits (FL) after 3
replications on each tested treatment and 24 hours’ mortalities observation. LC50 was used to
estimate the values of insecticide that can cause 50% killed of the tested organism. In this
studies, LC50 values of the foragers were compared among the test insecticides, it was found
that deltamethrin gave the highest value of LC50 compared to the other selected insecticides. It
shows that deltamethrin was 1.256 ml (0.978-2.022 ml) 3.99 times less toxic than chlorpyrifos
for dry residue to the H. itama foragers. cypermethrin 0.315 ml (0.189-0.568 ml) was slightly
more toxic, followed by malathion 0.225 ml (0.164-0.304 ml) and chlorpyrifos 0.09 ml (0.0490.138 ml) that is the most toxic. As for the LC95 value were, deltamethrin 3.582 ml (2.14741.094), cypermethrin 3.362 ml (0.884-10.873 ml), chlorpyrifos 0.468 ml (0.258-2.469 ml),
and malathion 0.447 ml (0.324-1.261 ml). LC95 was a values of insecticide that toxic to the
tested organism which killed almost 100% of the tested organism.
Table 4: LC50 and LC95 values of deltamethrin, chloropyrifos, cypermethrin and malathion.
Insecticide

Deltamethrin

Chlorpyrifos

No. of sample per replication

Time (hour)

10

24

10

LC50

LC95

1.256 ml

3.582 ml

(0.978 – 2.022)

(2.147-41.094)

0.09 ml

0.468 ml

(0.049-0.138)

(0.258-2.469)

X²

1.441

24

0.555
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Table 4 (Continued)

Cypermethrin

Malathion

10

10

0.315 ml

3.362 ml

(0.189-0.568)

(0.884-10.873)

0.225 ml

0.447 ml

(0.164-0.304)

(0.324-1.261)

24

3.455

24

0.325

In present study, residual exposure was used to evaluate the toxicity responses to
deltamethrin, cypermethrin, chlorpyrifos and malathion against H. itama. As predicted, it is
found that the mortality results for contact residual of insecticides on pollinator H. itama was
varied among the tested insecticides. In addition, the different insecticide group also affected
the mortalities values, in this experiment the tested insecticides were from organophosphate
and pyrethroid, which belong in class II and III. In this experiment, the insecticide classes with
its active ingredients varying in their sensitivity to different environmental conditions (Tomlin
2009); therefore, differences results obtained in residual bioassay test were expected. H. itama
was susceptible to the toxicity of insecticides treatment on residual contact.
Observed susceptibility of the tested organism to insecticides can vary based on bioassay
methods (Paramasivam & Selvi, 2017). In this study, only residual bioassay has been conducted
against H. Itama, to compare the insecticides toxic effects on foragers. The pollinator has the
behavioural traits of walking on plant surfaces on considerable amount of time of searching for
pollen, latex, and water (Cutler et al., 2014), due to that, residual exposure bioassay method is
representative of the main insecticide exposure path for this insect. Insecticides can also have
life-stage specific effects, but in this research, only adults’ foragers were included due to the
higher potential of getting contamination to the insecticide during foraging (Xavier et al., 2015).
Contact exposure on dry residues of selected insecticides (deltamethrin, chlorpyrifos,
cypermethrin and malathion) were considered lethal to H. itama. The result revealed,
deltamethrin was less toxic than the other tested insecticides, however, the higher the insecticide
concentration applied would increase the rate of mortality (Tosi and Nieh, 2019) to the affected
pollinator. In this study, chloropyrifos was very toxic to H. itama because it showed the lowest
LC50 (0.09 ml) and LC95 (0.468 ml) values. Dorneles et al., (2017) also got the same result that
revealed chlorpyrifos to be the most toxic among the two insecticides (chloropyrifos and
phosmet) to both stingless bee (Scaptotrigona bipunctata and Tetragonisca fiebrigi) species.
However, the toxicity results of controlled environment and in real environment against
tested organism were different. A study by Araujo et al., (2017) confirm that the toxic effect of
residual post-insecticide will degraded overtime because of the positive correlation between the
residual period and abiotic factors (wind, rain and temperature). Meanwhile, in the laboratory
experiment all of the abiotic factors were remain constant.
The results in this study indicated that chloropyrifos, cypermethrin, malathion were
hazardous to H. itama population; therefore, there are severals propose measure highlighted to
reduce the insecticide impact on beneficial insect. Indentifying the characteristic and using
insecticide with lower toxicity, applying intergrated pest management (IPM) practice by
minimizing the usage of insecticide as pest control, avoiding application during foraging and
crop blooming time, and alert the presence of bee’s colonies existed naturally or managed
colony (Rocha, 2012; Dornelesetal et al., 2017).
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4. Conclusion
The present study, showed that H. itama is susceptible to the application of insecticides
(deltamethrin, chlorpyrifos, cypermethrin and malathion) for dry residues exposure. Thus, we
suggest that further analyses of the toxicity effect of other insecticides including botanical
insecticide be carried out on stingless bee species. This research work is important in providing
information to the agricultural producer, educators, students and public awareness about the
hazardous of insecticide usage, especially to the non-targeted organism.
Acknowledgements
We would like to thank Universiti Teknologi MARA (UiTM) for the opportunity to run this
research and Agriculture Research Station, Tenom for the research facilities and guidance.
References
Aktar, W., Sengupta, D., & Chowdhury, A. (2009). Impact of pesticides use in agriculture: their benefits and hazards.
Interdisciplinary Toxicology, 2(1), 1–12.
Araújo, T. A. de, Picanço, M. C., Ferreira, D. de O., Campos, J. N., Arcanjo, L. de P., & Silva, G. A. (2017). Toxicity
and residual effects of insecticides on Ascia monuste and predator Solenopsis saevissima . Pest Management
Science, 73(11), 2259–2266.
Culter, G.C., Purdy, J., Giesy, J.P., & Solomon, K.R., (2014) Risk to pollinators from the use of chlorpyrifos in the
United States Rev. Environ. Contam. Toxicol. 231, 119–265 (2014).
DiBartolomeis, M., Kegley, S., Mineau, P., Radford, R., & Klein, K.. (2019) An assessment of acute insecticide
toxicity loading (AITL) of chemical pesticides used on agricultural land in the United States. PLoS ONE 14(8):
e0220029
Dorigo, A. S., Rosa-Fontana, A. S., Soares-Lima, H. M., Galaschi-Teixeira, J. S., Nocelli, R., & Malaspina, O.
(2019). In vitro larval rearing protocol for the stingless bee species Melipona scutellaris for toxicological studies.
PloS one, 14(3), e0213109.
Dorneles, A.L., Rosa, A.S., & Blochtein, B., (2017) Toxicity of organophosphorus pesticides to the stingless bees
Scaptotrigona bipuncata and Tetregonisca fiebrigi.
Ellis, J.D, Klopchin, J., Buss, E., Fishel, F.M., Kern, W.H., Mannion, C., McAvoy, E., Osborne, L.S., Rogers, M.,
Sanford, H. Smith, P. Stansly, L. Stelinski, & Webb, S (2017) Minimizing Honey Bee Exposure to Pesticides;
University of Florida.
Heard TA. (1994). Behaviour and pollina-torefﬁciencyof stingless beesand honeybeeson macadamiaﬂowers. J.Apic.
Res.33:191–98
Hasibur, R., Al Thbiani, A., Shalini, S., Zahid, K.A., Anand, M., & Abid, A.A., (2014) Systematic review on
pyrethroid toxicity with special reference to deltamethrin. Journal of Entomology and Zoology Studies 2014; 2
(6): 60-70
Imbach, P., Fung, E., Hannah, L., Navarro-Racines, C., Roubik, D.W., Ricketts, T.H., Harvey, C.A., Donatti, C.I.,
Läderach, P., Locatelli, B. & Roehrdanz, P.R., (2017) Coupling of pollination services and coffee suitability
under climate change.
Imbun, B. Y. (2014), Struggling or in transition: Small household growers and the coffee industry, Papua New
Guinea. Asia Pac Viewp, 55: 24–37.
Johnson, R.M., Ellis, M.D., Mullin, C.A., & Frazier, M. (2010) Pesticide and honey bee toxicity-USA, Apidologie
41(3), 312-331
Kelly, N., Farisya, M. S. N., Kumara, T. K., & Marcela, P., (2014). Species Diversity and External Nest
Characteristics of Stingless Bees in Meliponiculture. Journal of Tropical Agricultural Science 37 (3): 293298
(2014).
Mohd Fahimee, J., & Rosliza, J., (2016). Diversity of Stingless Bees in Malaysia: Agro biodiversity and Environment
Research Centre, MARDI.
Mohd Fahimee, J., Rosliza, J., & Muhammad Radzali, M., (2016). Lebah Kelulut Malaysia: Biologi dan
Penternakan. Kuala Lumpur. Institusi Penyelidikan Dan Kemajuan Pertanian Malaysia (MARDI).

7

Effect of Residual Toxicity of Selected Insecticides To The Malaysian Stingless Bee Heterotrigona Itama

Mullin, C.A., Frazier, M., Frazier, J., Ashcraft, S., Simonds, R., Engelsdorp, D., & Pettis, J.S. (2010) High Levels
of miticides and agrochemicals in North American apiaries: Implications for honey bee health. PLoS ONE 5(3),
e9754.
NPIC, (2015). Top 25 active ingredient for incident. Environment and molecular toxicology. Retrieved from
http://npic.orst.edu/reports/NPIC15AR
Paramasivam, M., & Selvi, C., (2017). Laboratory bioassay methods to assess the insecticide toxicity against insect
pests-A review. Journal of Entomology and Zoology Studies 2017; 5(3): 1441-1445
OECD (1998) Guidelines for testing of chemicals. Number 213. Honeybees, acute contact toxicity test, in: OECD
Enviromental Health Safety Division (Ed.) Paris
Renzi, M.T., (2013) Effects of pesticides on honey bees (Apis mellifera L.) : study of a specific route of exposure
and evaluation of biochemical-physiological changes in the assessment of the pesticides toxicity. Agricultural
sciences. Université d’Avignon, 2013.
Rocha, M.C.L.S.A. (2012) Effect of agrotoxic sobre as abelhas silvestres no Brasil: proposta metodology de
acompanhamento. Ibama, Brasília
Ruvolo-Takasusuki, M.C., Ronqui, L., Lúcia A.P., Barateiro-Stuchi, Araujo, M.C., Fermino, F., Santos, P.R., &
Toledo, V.A., (2015) Biomonitoring the Environmental Quality by Bees.
Sarto, M.C., Oliveira, E., Guedes, R.N., & Campos, L.A., (2014) Differential insecticide susceptibility of the
Neotropical stingless bee M. quadrifasciata and Apis melifera. Apidologie 45:626-636.
Slaa, E.J., Sánchez, L.A, Katia S.M., and Elisabeth, F., (2006) Stingless bees in applied pollination: practice and
perspectives. Apidologie, Springer Verlag, 37 (2), pp.293-315. <hal-00892203>
Tomé, H. V. V., Barbosa, W. F., Corrêa, A. S., Gontijo, L. M., Martins, G. F., & Guedes, R. N. C. (2015). Reducedrisk insecticides in Neotropical stingless bee species: impact on survival and activity. Annals of Applied Biology,
167(2), 186–196.
Tosi, S., & Nieh, J. C. (2019). Lethal and sublethal synergistic effects of a new systemic pesticide, flupyradifurone
(Sivanto ® ), on honeybees. Proceedings of the Royal Society B: Biological Sciences, 286(1900), 20190433.
Thomas JM, & Phadke KG., (1994) Relative toxicity of oxydemetonmethyl, chloropyrihos and quinalphos to
honeybee (Apis cerana indica). Indian J Agric Sci. 1994;64(3):207-9.
Valdovinos-Núñez, G.R., Quezada-Euán, J.J., Ancona-Xiu, P., Moo-Valle, H., Carmona, A., & Ruiz Sanchez, E.,
(2009). Comparative toxicity of pesticides to stingless bees (Hymenoptera: Apidae: Meliponini). Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/19886436
Wang, J.-J., Wei, D., Dou, W., Hu, F., Liu, W.-F., & Wang, J.-J. (2013). Toxicities and Synergistic Effects of Several
Insecticides Against the Oriental Fruit Fly (Diptera: Tephritidae). Journal of Economic Entomology, 106(2),
970–978.
WHO, (2006). Pesticide and their application for the control of vectors and pests of public health importance sixth
Edition. 6: 11-20.
Xavier, V. M., Message, D., Picanço, M. C., Chediak, M., Júnior, P. A. S., Ramos, R. S., & Martins, J. C. (2015).
Acute Toxicity and Sublethal Effects of Botanical Insecticides to Honey Bees. Journal of Insect Science, 15(1),
137. Crop Protection Programme,

8

