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Stingless bees (Apidae: Meliponini) stand out as 
pollinators in several crops (Heard, 1999; Sarto et al., 2005; 
Slaa et al., 2006; Giannini et al., 2020; Campbell et al., 2022; 
Roubik, 2023). Melipona scutellaris Latreille is a neotropical 
species, endemic to the vegetation of humid and sub-humid 
forests in Northeast Brazil (Alves et al., 2012; Camargo et al., 
2023), that is important both for honey and pollen production 
(Oliveira et al., 2020; Nascimento et al., 2021). 

The use of microbiological products has become an 
ally in pest control. Entomopathogenic fungi (EF) efficiently 
control insect vectors of diseases in several crops (Sharma 

Abstract  
Products based on entomopathogenic fungi are extensively used to control insect 
pests. These biopesticides can result in lethal or sublethal effects on non-target 
organisms. This study aimed to evaluate the survival of Melipona scutellaris Latreille 
workers exposed to commercial products based on Beauveria bassiana (IBCB 66), 
Metarhizium anisopliae (IBCB 425), and Isaria fumosorosea (ESALQ 1296). Fifty 
foragers were exposed to B. bassiana  at 8.25 x 106 conidia/mL, M. anisopliae  at 1.1 
x 107 conidia/mL, and I. fumosorosea at 2.5 x 109 conidia/mL, using three routes of 
exposure (ingestion, contact with a surface, and topical application). Kaplan-Meier 
survival curves were estimated to determine the proportion of workers surviving 
after each application of the biopesticides. Workers exposed to B. bassiana, M. 
anisopliae, and I. fumosorosea presented survival rates of 74%, 34%, and 42%, 
respectively, after 168 hours of exposure by ingestion. For exposure via contact 
with a contaminated surface, survival rates were 64%, 70%, and 78%; for topical 
application, 68%, 66%, and 72% of the workers survived, respectively. The results 
highlight the variability in toxicity of biopesticides based on M. anisopliae, B. bassiana, 
and I. fumosorosea for M. scutellaris workers. Although all biopesticides resulted in 
mortality, bee survival rates varied depending on the exposure route. Understanding 
the effect of entomopathogenic fungi-based products on M. scutellaris may facilitate 
the development of strategies (such as timing and frequency of spraying) to reduce 
their impact on bees.
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Introduction & Sharma, 2021). However, fungi-based biopesticides can 
contaminate bees during foraging, ingestion of contaminated 
food, or through body contact or contact with contaminated 
surfaces, which results in the spread of conidia inside 
bee hives (Colombo et al., 2021). Like other pesticides, 
biopesticides can be pathogenic to pollinating insects such 
as bees (Potrich et al., 2018; Colombo et al., 2021). Their 
effects on non-target organisms as pollinators are best known 
on honeybees Apis mellifera L., Apis cerana Fabricius, and 
bumble bees (Hamiduzzaman et al., 2012; Ramanaidu & 
Cutler, 2012; Karise et al., 2015; Portilla et al., 2017; Challa 
et al., 2019; Colombo et al., 2021; Demirozer et al., 2022; 
Leite et al., 2022).
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There is very little knowledge about the effects of fungi-
based pesticides on stingless bees. Some species assessed were 
Melipona beecheii Bennett (Toledo-Hernandez et al., 2016), 
Melipona quadrifasciata Lepeletier (Faita et al., 2023), M. 
scutellaris (Conceição et al., 2014), Meliponula ferruginea 
Lepeletier (Omuse et al., 2022a; 2022b), Plebeia droryana 
(Friese) (Faita et al., 2023),  Tetragonisca angustula (Latreille) 
(Toledo-Hernandez et al., 2016; Almeida et al., 2022; Leite 
et al., 2022), Scaptotrigona bipunctata (Lepeletier) (Faita et 
al., 2023),  Scaptotrigona depilis (Moure) (Leite et al., 2022), 
and Scaptotrigona mexicana Guérin-Meneville (Toledo-
Hernandez et al., 2016).   

Among the EF tested in bioassays with bees, Beauveria 
bassiana, Metarhizium anisopliae, and Isaria fumosorosea are 
the most common. Toledo-Hernandez et al. (2016) investigated 
the susceptibility of the stingless bees T. angustula, S. mexicana, 
and M. beecheii to two B. bassiana isolates (Bea-TNK and 
BotaniGard), M. anisopliae (Meta-TNK and strain Ma-lu 
01), and I. fumosorosea (strain Ifu-lu 01) via spraying, under 
laboratory conditions. Omuse et al. (2022a) evaluated the 
pathogenicity of five M. anisopliae isolates (ICIPE 7, ICIPE 
20, ICIPE 62, ICIPE 69, and ICIPE 78) and one of B. bassiana 
(ICIPE 284) to M. ferruginea and A. mellifera workers, exposed 
via contact with contaminated surface. Leite et al. (2022) 
evaluated the effect of five concentrations of three commercial 
EF, B. bassiana PL63, M. anisopliae   E9, and Cordyceps 
fumosorosea 1296, by topical contact and ingestion, on S. 
depilis, T. angustula, A. mellifera, and Bombus terrestris (L.), 
and Faita et al. (2023) assessed the effects of three commercial 
bioinsecticides formulated from B. bassiana (Boveril®WP), M. 
anisopliae (Metarril®WP), and C. fumosorosea (Octane®CS) 
on M. quadrifasciata, P. droryana, and S. bipunctata exposed 
by spraying. Additionally, recent studies have investigated 
the sublethal effects of EF on stingless bees. Omuse et al. 
(2022b) investigated the effect of M. anisopliae (ICIPE 69) 
on mortality, foraging behavior, and pollination success of 
M. ferruginea under semi-field conditions, and Almeida et al. 
(2022) assessed the effect of B. bassiana on T. angustula  guard 
behavior under laboratory conditions.

The only EF whose effects on the stingless bee 
M. scutellaris have been investigated was B. bassiana. 
Conceição et al. (2014) studied the susceptibility of newly 
emerged workers of M. scutellaris to a B. bassiana isolate 
(Biofungi 1). The bees were exposed to contact with conta-
minated surfaces and topical application (spraying) using 
four concentrations (1 x 105, 1 x 106, 1 x 107, 1 x 108 conidia/
ml). Considering the ecological and economic importance 
of stingless bees and the lack of knowledge about the effects 
of fungi-based insecticides on these pollinators, we tested 
the hypotheses 1) the survival of M. scutellaris workers is 
affected by biopesticides based on B. bassiana, M. anisopliae, 
and I. fumosorosea; 2) the survival of M. scutellaris workers 
is affected differently depending on the route of exposure to 
the fungi-based bioinsecticides.

Material and Methods

Preparation of the workers 

Brood combs containing M. scutellaris pupae about 
to emerge were taken from colonies housed in nest boxes 
INPA model (20 cm long x 20 cm wide x 8 cm high) in 
the meliponary of the Federal University of the Recôncavo 
of Bahia, municipality of Cruz das Almas, Bahia, Brazil 
(12º39’20” W; 39º07’23” S). In the laboratory, the brood 
combs were placed in plastic trays, covered with voile fabric, 
and kept in BOD at a 28 ºC temperature. The emerged adults 
were marked with water-based correction fluid and transferred 
to a nest box kept inside the laboratory, with an opening to the 
external area. When M. scutellaris workers reached 25 days 
old, they started foraging activity (personal observation; see 
also Giannini et al., 1997; Matheus et al., 2019). So, these 
marked foragers were collected at the nest entrance to carry 
out the bioassays.

To carry out the experiments, workers were kept in 
plastic cages (100 mm in diameter x 50 mm in height) with 
two lateral holes to fit two microtubes (one with water and the 
other with 50% sucrose solution) (Leite et al., 2018). 

Bioassays 

Workers were subjected to the EF at three routes of 
exposure: 
1) Ingestion of contaminated food (IN) - In this bioassay, 
we prepared the dilution for each microbiological product 
following the manufacturers’ recommendations for pest 
control. For B. bassiana, the solution was prepared using 1.5 
g of the product + 200 ml of distilled water + 0.01% of Tween 
80% + 200 g of sugar. For M. anisopliae, the solution was 
prepared using 0.1 g of the product + 200 ml of distilled water 
+ 0.01% of Tween 80% + 200 g of sugar. For I. fumosorosea, 
the solution was prepared using 80 µl of the product + 20 
ml of distilled water + 0.01% Tween 80% + 20 g of sugar. 
Then, we added 1 ml of contaminated food to the feeders. 
The uncontaminated 50% sucrose solution was used as a 
control treatment, a single control for three microbiological 
insecticides.

2) Contact with a contaminated surface (CS): In this bioassay, 
the recommended dilution for pest control was applied directly 
on Petri dishes through a spray tower, using the concentrations 
of 8.25 x 106 conidia/mL of B. bassiana; 1.1 x 107 conidia/mL 
of M. anisopliae and 2.5 x 109 conidia/mL of I. fumosorosea. 
The Petri dishes were dried at room temperature for two hours 
and placed at the bottom of the cages. Distilled water was 
used in the control treatment.

3) Topical application (TA): In this bioassay, fungal 
suspension was applied directly on the back of the workers 
by spraying through a spray tower. Workers were previously 
anesthetized at -4° C for two minutes. Spraying with distilled 
water was used in the control treatment.
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Bioassays were performed using pesticides based on 
B. bassiana (IBCB 66) (8.25 x 106 conidia/mL), M. anisopliae 
(IBCB 425) (1.1 x 107 conidia/mL) and I. fumorosorosea 
(ESALQ 1296) (2.5 x 109 conidia/mL) (Table 1).

A completely randomized design (CRD) was used 
to evaluate workers' survival rate. The treatments comprised 
three biopesticides, three route of exposure (IN, CS, TA), and 
a control for each route of exposure. Each cage had ten bees 
and was considered a repetition, and we used five replicates 
to assess mortality caused by each entomopathogenic fungus 
in each route of exposure, totaling 50 bees. Bee mortality was 
recorded at 11 intervals after the exposure (0, 6, 12, 24, 36, 48, 
72, 96, 120, 144, and 168h) (adapted from Potrich et al., 2018). 

Statistical analysis 

The data were analyzed using the survival package 
(Therneau, 2024) and ggplot2 (Wickham et al., 2016) in R 
software, version 4.3.3 (R Core Team, 2023). Survival analysis 
was conducted using the Kaplan-Meier method to estimate 

survival curves for bioinsecticide and control groups. The 
log-rank test was also performed to compare the survival curves 
among treatment groups. Log-rank tests were conducted for all 
possible combinations between treatment groups. The z-test 
for the difference in proportions with Bonferroni adjustment 
was employed to evaluate the proportion of surviving bees at 
the end of the experiment.

Results  

The analysis of survival curves of workers subjected 
to ingestion of biopesticides revealed differences (χ² = 19.3; P 
< 0.0001) in survival rate, according to the Cox-Mantel Log 
Rank test. There was a difference between B. bassiana and M. 
anisopliae (χ² = 13.4; P < 0.0001), between B. bassiana and 
I. fumosorosea (χ² = 9.0; P = 0.003), between B. bassiana and 
control (χ² = 5.8; P < 0.02), between M. anisopliae and control 
(χ² = 13.4; P < 0.0001), and between I. fumosorosea and 
control (χ² = 28.0; P < 0.0001). However, there was no difference 
in survival rate between M. anisopliae and I. fumosorosea 
treatments (χ² = 0.3; P = 0.6) for M. scutellaris (Figure 1). 

Active ingredient Class Dilution Suspension Target organism Contact/Topic

Beauveria bassiana-IBCB 66 Inseticide 750 g/100 L 1.5 g/200 mL Bemisia tabaci 0.0845 mL/p-0.9 s

Metarhizium anisopliae- IBCB 425 Inseticide 50 g/100 L 0.1 g/200 mL Acrogonia gracilis 0.113 mL/p-1.2 s

Isaria fumosorosea ESALQ 1296 Inseticide 400 mL/100 L   80 µL/20 mL Diaphorina citri 0.113 mL/p-1.2 s

According to MAPA’s (Ministry of Agriculture and Animal Breeding -Brazil) recommendation.

Table 1. Biopesticides characteristics: active ingredient, biological measures prepared by the manufacturer to control insect pests, body 
of the fungal suspension in the Petri dish (113 cm2).

Fig 1. Survival curves of Melipona scutellaris workers plotted from the time of exposure via ingestion until 
death. The curves indicate the median and the 95% percentile, respectively. 
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The survival curves of bees exposed to contact with a 
surface contaminated with biopesticides showed differences 
(χ² = 18.7; P < 0.0001) in survival rate, according to the Cox-
Mantel Log Rank test. There was a difference in survival rate 
between B. bassiana and control (χ² = 18.6; P < 0.0001), 
between M. anisopliae and control (χ² = 14.1; P < 0.0001), 
between I. fumosorosea and control (χ² = 9.3; P = 0.002). 
However, there was no difference for the biopesticides B. 
bassiana and M. anisopliae (χ² = 0.9; P = 0.3), between B. 
bassiana and I. fumosorosea (χ² = 2.6; P = 0.1), and between 
M. anisopliae and I. fumosorosea (χ² = 0.6; P = 0.4) for M. 
scutellaris bees (Figure 2). 

The survival curves of bees subjected to topical 
application of biopesticides showed differences (χ² = 19.3; P 
< 0.0001) in survival rate, according to the Cox-Mantel Log 
Rank test. There was a difference in survival rate between 
B. bassiana and control (χ² = 18.9; P < 0.0001), between 
M. anisopliae and control (χ² = 20.3; P < 0.0001), and 
between I. fumosorosea and control (χ² = 16.2; P < 0.0001). 
However, there was no difference between B. bassiana and 
M. anisopliae (χ² = 0; P = 0.9), between B. bassiana and I. 
fumosorosea (χ² = 0.1; P = 0.8), and between M. anisopliae 
and I. fumosorosea (χ² = 0.2; P = 0.7) in the survival rate of 
M. scutellaris (Figure 3). 

Fig 2. Survival curves of Melipona scutellaris workers plotted from the time of exposure via contact with a 
contaminated surface until death. The curves indicate the median and the 95% percentile, respectively. 

All the biopesticides evaluated in the study caused 
mortality in M. scutellaris workers. The biopesticide based 
on M. anisopliae was quite toxic to M. scutellaris via 
ingestion, resulting in only 34% survival at the end of the 
experiment. However, this survival rate did not differ (P > 
0.05) from biopesticide I. fumosorosea, which showed 42% 
survival. B. bassiana showed less toxicity than the other 
biopesticides (P < 0.05), with a bee survival rate of 74% 
at the end of the experiment. Notably, the control group 
exhibited higher survival (P < 0.05), with 92% survival after 
168 hours. Workers exposed for 168 hours to contact with a 
surface contaminated with products based on B. bassiana, M. 
anisopliae, and I. fumosorosea did not differ from each other 
(P > 0.05) and exhibited survival rates of 64%, 70%, and 
78%, respectively. The control group showed 98% survival 
of workers and differed (P < 0.05) from the other treatments. 

Workers exposed to the treatment of topical application with 
biopesticides based on M. anisopliae, B. bassiana, and I. 
fumosorosea did not differ from each other (P > 0.05). At the 
end of the experiment, they exhibited survival rates of 66%, 
68%, and 72%, respectively. No mortality was observed in 
the control group exposed via topical application (Table 2). 

Discussion 

Route of exposure by ingestion 

The three entomopathogenic fungi affected the survival 
of M. scutellaris workers exposed to the tested isolates by 
ingesting a contaminated diet. On this route of exposure, 
M. anisopliae and I.   fumosorosea had a high impact on M. 
scutellaris workers and caused mortality similar to each other 
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(66% and 58%, respectively) and significantly higher than that 
recorded by oral exposure to B. bassiana (26%). These results 
for M. scutellaris are similar to those found by Colombo et 
al. (2021), who also observed that M. anisopliae caused a 
significantly higher reduction in the survival of Africanized 
A. mellifera than the biopesticide B. bassiana when workers 
were orally exposed.

As observed in M. scutellaris, Leite et al. (2022) 
recorded high mortality in the stingless bees S. depilis (64%) 
and T. angustula (58%), and B. terrestris (64%) exposed 

orally to M. anisopliae E9. Potrich et al. (2018) and Colombo 
et al. (2021) also reported a high impact on honey bee survival 
when exposed by ingestion to M. anisopliae E9 (Potrich et al., 
2018) and IBCB 425 (Colombo et al., 2021) isolates. 

The I. fumosorosea-based product also caused high 
mortality (58%) in M. scutellaris exposed orally. This result 
agrees with those reported for other bee species. Leite et al. 
(2022) recorded high mortality caused by C. fumosorosea in 
the stingless bees S. depilis (66%) and T. angustula (70%), as 
well as in B. terrestris (92%) and A. mellifera (58%).

Fig 3. Survival curves of Melipona scutellaris workers plotted from exposure time via topical application 
until death. The curves indicate the median and the 95% percentile, respectively. 

Treatment Pesticide Survival after 168 hours (n = 50) 95% C.I.
Estimative* Stt. err

Ingestion

B. bassiana  0.74a 0.0620 (0.63; 0.87)
M. anisoplae  0.34b 0.670 (0.23; 0.50)
I. fumosorosea 0.42b 0.0698 (0.30; 0.58)
Control 0.92c 0.0384 (0.85; 1.00

Contact

B. bassiana  0.64a 0.0679 (0.52; 0.79)
M. anisoplae  0.70a 0.0648 (0.58; 0.84)
I. fumosorosea 0.78a 0.0586 (0.67; 0.90)
Control 0.98b 0.0198 (0.94; 1.00)

Topical application

B. bassiana  0.68a 0.0660 (0.56; 0.82)
M. anisoplae  0.66a 0.0670 (0.54; 0.81)
I. fumosorosea 0.72a 0.0635 (0.61; 0.86)
Control 1.00b - -

Proportions followed by different lowercase letters differ among the microbiological pesticides within each exposure route 
by the Bonferroni test.

Table 2. Proportion of workers survival after 168 hours of ingestion, contact, and topical application with 
biopesticides and control.
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The bioinsecticide based on B. bassiana also significantly 
reduced the survival of M. scutellaris via ingestion, but it 
caused a lower percentage of mortality (26%) than the other 
two biopesticides tested. An effect on reducing the longevity 
of Africanized A. mellifera fed with sweet paste contaminated 
with B. bassiana was found by Potrich et al. (2018) and 
Colombo et al. (2021), who recorded approximately 25% and 
15% mortality, respectively, after six days (144h). Leite et 
al. (2022) found much higher mortality in A. mellifera (50%) 
as well as in S. depilis (80%), T. angustula (58%), and B. 
terrestris (66%) orally exposed to B. bassiana. The responses 
of bee species to exposure to B. bassiana via ingestion are 
pretty variable, and our results suggest that, under laboratory 
conditions, M. scutellaris is less sensitive to oral exposure to 
B. bassiana than the other stingless bees assessed.

Route of exposure by contact with a contaminated surface
	

The three EF tested affected the survival of M. scutellaris 
workers exposed via contact with a contaminated surface, 
causing significantly higher mortality than in the control, 
and there were no differences between the biopesticides. Our 
bioassay of exposure of M. scutellaris to B. bassiana (IBCB 
66) at 8.25 x 106 conidia/ml via contact with a contaminated 
surface resulted in 36% worker mortality, similar to that 
previously observed by Conceição et al (2014) who reported 
around 24% mortality in M. scutellaris after 168h of contact 
with a surface contaminated with suspension containing a B. 
bassiana isolate (Biofungi 1) at 1 x 108 conidia/ml.

The responses of different bee species to contamination 
via residual contact with B. bassiana are heterogeneous, 
but there are few studies on stingless bees (Conceição et 
al., 2014). This EF caused 100% mortality in Africanized 
A. mellifera workers exposed via contact with smooth 
surface and soy leaves six days after the exposure (Potrich 
et al., 2018). Colombo et al. (2021) recorded around 40% 
mortality in Africanized A. mellifera exposed via contact with 
eucalyptus leaves contaminated with B. bassiana, although 
this reduction in survival did not differ from mortality in the 
control treatment. The bumble bee B. terrestris also suffered a 
high impact on survival (>60%) after exposure through contact 
with a surface contaminated with B. bassiana (Demirozer et 
al., 2022).

Exposure to M. scutellaris via contact with a surface 
contaminated with M. anisopliae also resulted in moderate 
mortality (30%). In contrast, Omuse et al. (2022a) found that 
none of the five isolates of M. anisopliae tested significantly 
affected the African stingless bee M. ferruginea survival, 
whose mortality ranged from 10.9 to 19.1%. These authors 
reported statistically significant mortality in African A. 
mellifera maintained in Kenya, ranging from 15.3-17.4%, 
exposed via contact with a contaminated surface with three 
M. anisopliae isolates (ICIPE 7, ICIPE 20, ICIPE 69). At the 
same time, there was no significant reduction in the survival 

of the honey bee in treatments with ICIPE 62 and ICIPE 78 
isolates. In contrast, the survival of Africanized A. mellifera 
from Brazil was severely affected after workers were exposed 
to surfaces contaminated with M. anisopliae E9 (Potrich et 
al., 2018) and IBCB 425 isolates (Colombo et al., 2021), with 
approximately 90% mortality on the 6th day of exposure. 
Colombo et al. (2021) highlighted that discrepancies in the 
results of different studies may be related to using different 
isolates of an entomopathogenic fungus in bioassays, of 
different concentrations and different bees.

As in the treatments with B. bassiana and M. anisopliae, 
exposure of M. scutellaris via contact with a surface contaminated 
with I. fumosorosea 1296 isolate (2.5 x 109 conidia/ml) had 
an impact on the survival of M. scutellaris, resulting in 22% 
mortality by the 7th day. The effects of this EF on the survival 
of stingless bees exposed via contact with contaminated 
surfaces are still poorly investigated. Our results for M. 
scutellaris agree with those recently observed in B. terrestris, 
when exposed to a surface contaminated with the commercial 
biopesticide Priority (1.5% I. fumosorosea) reached 38% 
mortality (Demirozer et al., 2022).

Route of exposure by topical application

The topical application (TA) of all bioinsecticides 
caused significant mortality in M. scutellaris, and the three EF 
had a similar impact on worker survival. The bioinsecticide 
M. anisopliae (IBCB 425; 1.1 x 107 conidia/mL), when 
sprayed directly on M. scutellaris, resulted in 34% mortality. 
Other neotropical stingless bee species of several genera 
(see Toledo-Hernandez et al., 2016; Leite et al., 2022; Faita 
et al., 2023), and A. mellifera (Espinoza-Ortiz et al., 2011; 
Potrich et al., 2018; Colombo et al., 2021) also showed 
high susceptibility to different M. anisopliae isolates when 
topically applied.

Similar to what we found for M. scutellaris, Toledo-
Hernandez et al. (2016) also observed significant mortality 
in M. beecheii (52%; 40%), as well as in T. angustula (95%; 
60%) and S. mexicana (38%; 30%) topically exposed to two 
M. anisopliae isolates (strain Ma-lu 01 and Meta-TNK) at 1 
x 109 conidia/ml. These authors reported that among three 
EF tested (M. anisopliae, B. bassiana, and I. fumosorosea) 
using this route of exposure, M. anisopliae isolates caused the 
highest mortalities in these three stingless bees. Stingless bees 
topically exposed to a commercial bioinsecticide Metarril®WP  
formulated from M. anisopliae at 107 conidia/ml showed a 
wide variation in mortality, with M. quadrifasciata being 
the most affected among the three species assessed (61% 
mortality) (Faita et al., 2023). Likewise, Leite et al. (2022) 
found that M. anisopliae E9 isolate, when topically applied, 
significantly affected the survival of T. angustula, causing the 
death of 50% of workers, and the survival of S. depilis was 
affected with two of the five concentrations tested, resulting 
in a mean mortality of 38%. 
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The B. bassiana IBCB 66 isolate at 8.25 x 106 conidia/
ml caused a significant reduction in survival when sprayed 
directly on M. scutellaris workers (32% mortality). This 
finding agrees with the previous study by Conceição et al. 
(2014), which highlighted that B. bassiana, the Biofungi 1 
isolate, was virulent to M. scutellaris, as it caused the death 
of 40% of workers sprayed with a solution at 1 x 108 conidia/
ml within 168h (7 days). Assessing the mortality caused by B. 
bassiana solutions at different concentrations, they observed 
that the corrected mortality in 10 days post-exposure was 56% 
in the treatment using the lowest concentration (105 conidia/
ml) and reached 85% at 108 conidia/ml. 

As observed for M. scutellaris, other stingless 
bee species, as well as A. mellifera and B. terrestris, also 
had survival affected by topical exposure to B. bassiana 
(Mommaerts et al., 2009; Potrich et al., 2018; Colombo et 
al., 2021; Leite et al., 2022; Demirozer et al., 2022; Faita et 
al., 2023). Mortality caused by two B. bassiana isolates in 
another species of the genus Melipona (M. beecheii) was 28% 
(Bea-TNK) and 30% (Botanigard - GHA) at 109 conidia/ ml 
(Toledo-Hernández et al., 2016), similar to that we found 
for M. scutellaris. These authors found mortality between 
20-30% in S. mexicana and 4-20% in T. angustula, and they 
concluded that these isolates are not detrimental to these bee 
species, as well as M. beecheii, as the mortality caused was 
<30%. In contrast, another species of Melipona assessed (M. 
quadrifasciata), suffered a high impact (66.3% mortality) 
when topically exposed to the commercial bioinsecticide 
Boveril®WP formulated from B. bassiana. This bioinsecticide 
also affected the stingless bees P. droryana and S. bipunctata, 
causing mortality of 43.3 and 42.6%, respectively, and it was 
considered slightly harmful to these species and moderately 
harmful to M. quadrifasciata  (Faita et al., 2023). Leite et al. 
(2022) found high mortality in S. depilis (76%), as well as in 
T. angustula (48%) exposed to B. bassiana PL63 isolate. In 
contrast, Omuse et al. (2022a) reported that the survival of 
the African stingless bee M. ferruginea, as well as the honey 
bee A. mellifera was not significantly affected by topical 
application of the B. bassiana ICIPE 284 isolate, as also 
observed by some studies on A. mellifera (but see Potrich et 
al., 2018; Colombo et al., 2021; Leite et al., 2022).

The I. fumosorosea 1296 isolate at 2.5 x 109 conidia/
ml caused significant mortality in M. scutellaris workers 
(28%) when topically applied. These results agree with those 
obtained by Leite et al. (2022) in bioassays with the stingless 
bees S. depilis and T. angustula (mean mortality 48% each) 
and A. mellifera (30%) after exposure to the same isolate 
(1296), and by Demirozer et al. (2022) in B. terrestris (34% 
mortality) topically exposed to the commercial biopesticide 
Priority (1.5% I. fumosorosea, strain PFs-1; 1 x 108 CFU/
ml). Faita et al. (2023) found a much higher mortality rate 
in M. quadrifasciata (95%), P. droryana (80%), and S. 
bipunctata (74.7%) topically exposed to Octane®CS, a 
commercial bioinsecticide formulated from C. fumosorosea. 

Faita et al. (2023) highlighted that bioinsecticides formulated 
as concentrated solutions, such as Octane®CS, are more 
harmful to bees than wettable powder (WP) bioinsecticides. 
In contrast, Toledo-Hernandez et al. (2016) found little impact 
of I. fumosorosea (strain Ifu-lu 01 at 109 conidia/ml) on the 
mortality of three other stingless bee species, M. beecheii, T. 
angustula (<10% each), and S. mexicana (< 20%). 

Our results showed that all microbiological products 
tested caused a reduction in M. scutellaris workers’ survival, 
regardless of the route of exposure. M. anisopliae was more 
toxic to workers when fed a contaminated diet, followed by B. 
bassiana and I. fumosorosea.

As highlighted by other authors, our study also 
revealed differences in the responses of bee species exposed 
to different EFs and routes of exposure. The differences found 
between studies are influenced by several factors, among 
them, bee species assessed, different EF isolates tested, 
variations in solution concentrations, variations in the age of 
workers, route of exposure used, and period of application of 
the product (Mommaerts et al., 2009; Ramanaidu & Cutler, 
2012; Colombo et al., 2021; Leite et al., 2022). It is essential 
to carry out selectivity tests regarding natural enemies and 
pollinating insects, including stingless bees, due to their 
importance in ecosystems in producing honey, pollen, and 
crop pollination.  
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