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ABSTRACT

Glyphosate-based herbicides (GBHs) find wide application in conventional agroecosystems due
to their effective mode of action. The impact of herbicides on bees may be underestimated
due to the scarcity of studies assessing various exposure routes to GBHs, including contact and
ingestion of contaminated food. This study evaluated the survival, food consumption, and
body weight of honey bee populations in three different locations, characterized by different
degrees of exposure to GBHs. In bioassays, honey bees were exposed to diets containing
sucrose solutions infused with glyphosate, with dosages ranging from 0 to 14mg (a.i/bee).
During the experiment, the honey bee population had a period of exposure (6 h) to the syrup
infused with glyphosate. Mortality counts and feeder weight measurements were performed to
assess the effects. A significant reduction in syrup intake was observed in all three bee popula-
tions during the Roundup® exposure phase, leading to a decrease in GBH intake. Notably, the
decrease in syrup consumption emerged as the main factor contributing to the lower body
weight observed among honey bees from low- and high-impact locations, persisting into the
post-exposure period. Overall, the results demonstrate that honey bees in the high-impact
region are more sensitive to Roundup®. However, studies using biochemical biomarkers are still
necessary to unravel how glyphosate interferes with the acquisition and expenditure of energy
during periods of exposure of honey bees and which physiological changes allow them to
adapt to inhabited places with high agricultural pressure.
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Introduction produced nectar (Sanchez-Bayo & Goka, 2014), as
well as their storage within beehives (Orantes-
Bermejo et al., 2010). Furthermore, pesticides, along-
side other agrochemicals, induce stress responses in
honey bees, resulting in escalated mortality rates
within bee colonies. Such effects can consequently
trigger more severe consequences, including the col-
lapse of colonies, a phenomenon known as Colony

Collapse Disorder (CCD) (Tan et al., 2022; de Assis

The honey bees of the species Apis mellifera play a
pivotal role as pollinators and honey producers, con-
tributing significantly to the maintenance of healthy
ecosystems. However, within agricultural environ-
ments, this non-target insect is subjected to consist-
ent exposure to a diverse range of agrochemicals
utilized in the control of pest species (de Assis et al.,

2022). Examining the effects of these chemicals is
imperative for comprehending the negative influ-
ence that different agrochemicals exert on the popu-
lations of honey bees (Vazquez et al., 2020).

The exposure of honey bees to pesticides primar-
ily occurs through the consumption of residues pre-
sent in pollen from cultivated plants or treated
weeds, leading to the contamination of subsequently

et al,, 2022).

Brazil has a climate favorable to extensive agricul-
tural production, driven by the enormous demand
for food on both a national and global scale
(Camargo et al,, 2017). The country is, therefore, the
second largest exporter of agricultural products
worldwide. This food demand, however, leads to the
massive use of pesticides in Brazil (IBAMA, 2020).
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More than 90% of Brazilian farmers depend on pesti-
cides and the country is the fifth largest consumer
of pesticides in the world (Brovini et al., 2021), repre-
senting around 20% of its global use (Albuquerque
et al, 2016). Data from the Food and Agriculture
Organization of the United Nations (FAO, 2020) indi-
cate that the use of pesticides per agricultural area
in Brazil (5.94kg/ha) is high when compared to
countries with larger agricultural areas, such as India,
USA and Russia. In the region of Formoso do
Araguaia, located in the state of Tocantins, Brazil, an
area of intense agricultural activity, the presence of
five active ingredients of pesticide formulations
(azoxystrobin, fenamidone, imazethapi, tricyclazole
and trifloxystrobin) was identified in the water and
soil matrices. These residues represent a potential
threat to biodiversity, as they can exert toxic effects
on non-target species, many of which provide
important ecosystem services, such as bees (Guarda
et al., 2022).

Glyphosate stands out as one of the most exten-
sively utilized herbicides, constituting a notable
71.6% of the global sales for active ingredients
(Benbrook, 2016). In Brazil alone, 382 million tons
were sold in 2022 (lbama & Instituto Brasileiro do
Meio Ambiente, 2023). Manufacturer guidelines of
Glyphosate-based herbicides (GBH) prescribe the
application of 120 L/ha for soybean and corn cultiva-
tion, and 200L/ha for irrigated rice, utilizing soil-
based equipment. Glyphosate is classified as a non-
toxic, non-selective, systemic, and post-emergent
herbicide. Its excessive use has resulted in soil and
water contamination, with residues being detected
in soil, water bodies, and even in food sources (Gill
et al, 2018; Silva et al., 2018; Farina et al., 2019).
According to Ordinance 2914/2011 of the Brazilian
Ministry of Health, the maximum allowable concentra-
tion of glyphosate for drinking water is 500 ug a.i/L
(Brasil, 2011). Furthermore, contamination of honey
by glyphosate residues and its derivative metabolite,
aminomethylphosphonic acid (AMPA), has been iden-
tified across various nations (Rubio et al., 2014; Pareja
et al, 2019; Thompson et al, 2019; de Souza et al,
2021). This compound is known to be extremely toxic
to bees and can, even in sublethal doses, trigger dis-
turbances in colony dynamics, reducing reproductive
performance, weight gain, and resistance to diseases
(Alburaki et al., 2017).

Glyphosate is applied in the control of various
undesirable weed species by exerting its effect
through the disruption of the 5-enolipruvylshiki-
mate-3-phosphate synthase (EPSPS) enzyme's func-
tionality. This enzyme plays a pivotal role in
inhibiting plant growth, and it also impacts certain
microorganisms (Gill et al, 2018). The targeted
enzyme operates within the shikimic acid metabolic

pathway, a pathway integral to the synthesis of
phenylalanine, tyrosine, and tryptophan (Richmond,
2018; Ledoux et al.,, 2020; Battisti et al., 2021). Hence,
the EPSPS enzyme is of paramount importance to
plants, as well as fungi and selected bacteria, as its
inhibition can trigger plant mortality (Mesnage et al.,
2017). Glyphosate is lethal to bees and has exhibited
sublethal effects (Battisti et al., 2021), recent research
has shown that it might affect their survival (Faita
et al., 2020; Castelli et al.,, 2021), intestinal microbiota
composition and diversity (Dai et al, 2018; Blot
et al., 2019; Motta et al., 2020), interfere with food
consumption (Faita et al.,, 2018, Pal et al., 2022), cog-
nitive ability (Balbuena et al., 2015), taste perception
and olfactory learning (Mengoni Gonalons & Farina,
2018), and decrease both antennal activity and sleep
bout frequency (Vazquez et al.,, 2020).

These are mostly sublethal effects that negatively
impact the general health of the honey bees indi-
vidually, ultimately impairing the correct functioning
of their entire colonies. Therefore, glyphosate may
be closely associated with the decline of certain
honey bee populations and the phenomenon of col-
ony collapse disorder (Beringer et al., 2019; Faghani
& Rahimian, 2018). Despite the existing body of evi-
dence, numerous studies conducted on honey bee
species have revealed often contradictory results
regarding the toxicity of glyphosate (Herbert et al.,
2014; Battisti et al., 2021; Straw & Brown, 2021). This
variability could potentially halt from genetic dispar-
ities arising due to an individual bee’s historical
exposure to contamination throughout its lifecycle
(Almasri et al, 2021). Moreover, the physiological
condition of individual bees can significantly influ-
ence their susceptibility to specific compounds. As
Almasri et al. (2021) elucidate, the prior exposure
of honey bees to contaminants, regardless of the
concentration or quantity of substances, can bring
concerning alterations in their susceptibility to sub-
sequent exposure events.

Hence, the hypothesis raised in this study is that
populations of the honey bee inhabiting contami-
nated regions with different levels of agricultural
pressure will show differences in mortality rates, con-
sumption, and body weight to pesticide exposure
compared to the ones inhabiting a reference site.
Thus, this study aimed to evaluate the effects of the
commercial formulation Roundup® (active ingredient
glyphosate) in three populations of Apis mellifera.

Materials and methods
Study areas

The honey bee species used in this study was col-
lected in Brazil (state of Tocantins) from three areas
with different levels of anthropogenic’ impacts due



to agricultural activities: the reference site (no
exposure to GBH), (11°29'20.69"S, 49°8'58.72"W);
the low-impacted site (low exposure to GBH)
(11°45'00"S, 49°03'11"W); and the high-impacted site
(high exposure to GBH) (11°46'35.12"S, 49°42'27.01").
From each area, two beehives were collected. The
climate of the study area, according to Koppen, is
type Aw—Tropical with humid summer and dry
period in winter, with the rainiest month being
January and the driest month being August. Average
annual precipitation varies around 1,500 to 2,700 mm
(Alvares et al., 2013).

The reference site is in the city of Dueré,
Tocantins—Brazil. The apiary from where hives were
collected was established within a farm that uniquely
engages in livestock farming (pasture), devoid of any
significant agricultural procedures or the application
of glyphosate.

The low-impacted site is in the experimental farm
of the Universidad Federal do Tocantins (UFT), city of
Gurupi-Tocantins. The farm was established to per-
form experiments with soybeans, corn, beans and
vegetables. The amount of pesticides applied in this
area is low and controlled according to strict use
only for weed management in small areas of cultiva-
tion and research.

The high-impacted site is represented by the Rio
Formoso Project, which is in the city of Formoso do
Araguaia in the state of Tocantins—Brazil. It occupies
an area of 27.800 hectares which has flood irrigation
systems for rice cultivation in the rainy season and
sub-irrigation for soybeans, corn, beans, and water-
melon in the dry season (Guarda et al., 2022). In this
area, Roundup® is used in significant amounts as the
main herbicide to control weeds that generally com-
pete with the crop for physical space, water, light,
and nutrients.

Colonies of Africanized honey bee (hybrid
European/Africanized colonies) at each study site
were maintained in Langstroth model hives. Each
queen bee from the 3 colonies were marked with
colored queen marker pens (POSCA). Subsequently,
these populated and duly identified beehives were
transported to the apiary of the experimental unit.

Honey bee sampling

Foragers of Africanized honey bee’ species were col-
lected in 500mL transparent plastic bottles at the
entrance of each hive. Approximately 180 honey
bees from each population were captured per
experiment. The honey bees used in the experiments
were 21days old as advised by the guideline OECD
213 (OECD , 1998). Each bioassay was performed
using 5 replicates per condition.
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Honey bee handling and exposure to roundup®

After capture, the honey bees were anesthetized
with CO, for eight seconds and placed in a transpar-
ent plastic pot with a capacity of 500 mL. Twenty
honey bees were placed per pot that represents one
treatment. Five replicates were performed per condi-
tion and at the end of the experiment, a total of 100
bees/condition were used. The jar lids used were
previously perforated to facilitate gas exchange.
Then, the honey bees were subjected to a 1-h fast-
ing period in a Biochemical Oxygen Demand (BOD)
incubator at = 33+1°C; relative humidity of 70%
and absence of light.

The commercial formulation containing glypho-
sate (370 g/L) used in the experiment was Roundup®
Original DI, manufactured by Monsanto. Solutions
applied in the experiments were prepared by dilut-
ing Roundup® in water to the desired concentration.
All concentrations used in the experiments were cal-
culated based on active ingredient (a.i). No solubility
issues were observed. The solutions were vigorously
stirred during the preparation and before use to
ensure they were homogeneous.

Honey bees were orally exposed through syrup
ingestion containing the Roundup® doses of 0, 0.92,
1.85, 3.70, 5.55, 7.40, 9.25 and 11.10mg a.i/bee for
the population of the reference site, and 0, 0. 92,
277, 462, 647, 8.32, 10.17, 12.02 and 13.87mg a.i/
bee for the low-impacted and high-impacted sites
populations.

Oral lethal dose (LDs,) test

For the determination of Roundup® acute oral tox-
icity, the methodology was adapted from the OECD
guideline for testing the acute oral toxicity using
Apis mellifera (OECD, 213, 1998). The principle of this
acute test is that adult worker honey bees are
exposed up to six hours to a series of doses of the
test substance dispersed in a sucrose solution. After
the exposure period, honey bees are then fed the
same diet but free of the test substance.

To carry out the oral LDsq test, doses of the com-
mercial formulation Roundup® were made in a
sucrose solution (50% water + 50% sugar) totaling
2mL. A control treatment was performed by offering
2mL sucrose solution (without Roundup®) to each
replicate during the exposure period and also the
subsequent 18 h period.

The honey bees from all the treatment conditions,
except control, were fed with a solution containing
Roundup® in the first 6 h of the experiment (expos-
ure period of 6h). Following the 6-h exposure
period, the feeder was replaced with one containing
a 2mL sucrose solution exclusively, maintaining
this until 24 h (constituting the 18-h post-exposure
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period). During the 0, 6, and 24-h time points, both
the initial and final weights of the feeder were accur-
ately recorded. This data enabled the quantification
of ingested volume throughout both intervals and
facilitated the determination of glyphosate dosage
per individual honey bee during the exposure phase.
For these computations, the average count of viable
honey bees in each period and across each replica-
tion of all conditions was considered. At the intervals
of 6 and 24 h, mortality rates were assessed, and the
acquired results were subjected to analysis, yielding
the computation of the LDsq at the 24-h mark.

In another bioassay, individuals from each honey
bee population were exposed to two conditions: to
a control and to a concentration corresponding to
the estimated LDsq found for each population. After
24h of exposure, the honey bees that survived the
LDso and the control ones were anesthetized in cold
for 8s for subsequent body weight measurement.

Statistical analysis

The estimated LDsy — 24h for Roundup in honey
bee of the species A. mellifera was determined by
dose-response analysis using a four-parameter logis-
tic curve using the GraphPad Prism software version
9.0 for Windows (GraphPad Software, La Jolla,
California, USA). The consumption effects of
Roundup® exposure were determined using a one-
way analysis of variance (ANOVA) followed by
Dunnett’'s posthoc test to identify significant differ-
ences between controls and treatments. Before
ANOVA, the Kolmogorov-Smirnov and Bartlett tests
were used to assess the normality and homogeneity
of variance of the data, respectively. When the data
did not meet the assumptions of normality, an ana-
lysis of variance was performed using the chi test.
For the normal data the Tukey test was used.

Results

During the initial six-hour phase of the experiment
we observed that regardless of the site population
(comprising honey bees from reference, low-
impacted, and high-impacted locations), the honey
bees exhibited a consistent reduction in syrup con-
sumption even when exposed to the minimal gly-
phosate concentration available (0.92mg a.i. per
bee). This reduction was statistically significant across
all populations: for reference site honey bees (F 32
= 1.092, p<0.001), low-impacted site honey bees
(Fg3e) = 2.106, p<0.001), and high-impacted site
honey bees (Fg24 = 4.695, p=0.001) (Figure 1(a)).
During the post-exposure period (from 6 to 24h),
where honey bees were fed exclusively with the
sucrose solution, we observed an increased in the

amount of ingested syrup, regardless of the popula-
tion. However, within the same population, the
amount of ingested syrup differed between treat-
ments of Roundup®. Honey bees from the reference
site that were exposed to doses of 9.25 and
11.10 mg a.i/bee (F731) = 2.461, p=0.000), from the
site of low-impacted that were exposed to doses
8.32 and 13.87 mg a.i/bee (Fga4) = 3.221, p=0.012),
and those from the site of high-impacted that were
exposed to doses 10.17 and 13.87 mg a.i/bee (Fg.s
= 1.173, p=0.039) ingested significantly higher vol-
umes of syrup during the 18 h post-exposure period
when compared to honey bee orally exposed to the
other doses of Roundup® within the same popula-
tion (Figure 1(b)).

Considering the total volume of ingested syrup
between populations, we observed that between the
reference site (F; 26 = 1.425, p=0.237) and the
high-impacted site (Fg, 27y = 1.822, p=0.116) there
was no significant difference in the total volume of
syrup ingested by the honey bees from both loca-
tions (Figure 1(c)).

However, honey bees from the low-impacted
population consumed different amounts of syrup
regarding the treatments they were exposed to (Fg,
290 = 3.119, p=0.011) at the end of the 24 h period
of the acute bioassay (Figure 1(c)).

The amount of glyphosate ingested by the honey
bees differed significantly for the three populations
at the study sites (F207) = 4.553, p <0.010) increas-
ing depending on the concentration, as expected
(Figure 2).

In the control condition of the three populations,
no honey bee mortality was observed during the 24-
h test period (Figure 3). The estimated median lethal
dose (LDsy — 24h) of Roundup® ingested by honey
bees from the reference site was 54.86 g a.i/bee
(95% Cl: 51.02 to 58.45, R* = 0.987), 59.48 g a.i/bee
(95% Cl: 54.53 to 64.53, R> = 0.992) for the low-
impacted site and 51.76 ug a.i/bee (95% Cl: 48.15 to
5535, R> = 0.969) estimated for the honey bees
from the high-impacted site.

There was a significant difference in the consump-
tion of glyphosate syrup among honey bees of each
control group and in the consumptions of the ones
exposed to all doses during the exposure period
(first 6h of feeding), and also the post-exposure
(18 h of feeding), and in the amount of glyphosate
ingested, for bees from the reference site, low-
impacted and high-impacted site.

In another bioassay, individuals from each honey
bee population were exposed to a concentration
corresponding to the LDsy found for each popula-
tion. After 24 h, the honey bees were weighed. The
weight of the control honey bees from the three
populations did not differ (F27 = 1.000, p=0.219)
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Figure 1. Volume of syrup (uL/bee) ingested by the honey bees during the exposure period of 6h (A), post-exposure period
of 18 h (B) and the total period of 24h (C; total volume), from the populations of the reference site (blue circle), low-impacted
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exposed to LDs, when compared between popula-
tions (F(227) = 2.693, p=0.000).

Discussion

Acute toxicity tests are commonly used to assess the
effects of pesticides on organisms and are of great
importance in bee ecotoxicology (Aksakal, 2020). Our
results confirmed that glyphosate was relatively
more toxic to the bees in the three tested popula-
tions, which differs from the results obtained by Luo
et al. (2021) who in their study obtained an LDs, of
309 ug i.a./bee and Chen et al. (2022) an LDsy of
1773.06 ug a.i/bee, which suggests the low toxicity
of glyphosate for bees. However, the results
obtained for LDsg in this work and those previously
reported in the literature seem to increase the vari-
ability already found, reporting sublethal effects of
the herbicide at the individual level of the honey
bees, as recently highlighted by other authors
(Herbert et al., 2014; Zhu et al., 2017; Almasri et al.,
2020; Odemer et al, 2020; Berg et al, 2018; El
Agrebi et al.,, 2020). Such effects are a current con-
cern as they can reduce bee reproduction, immunity,
cognition and general physiological functioning,
leading to sub-optimal bee performance and popula-
tion decline (Chmiel et al., 2020).

Initially, our findings demonstrate that while the
LDsq values across the three examined sites did not
exhibit statistically significant differences, honey
bees originating from the high-impact site displayed
enhanced responsiveness to Roundup® exposure.
This increased responsiveness is evident in their ten-
dency to engage in elevated post-exposure syrup
consumption as a potential compensatory mechan-
ism for the encountered stress. This observed behav-
ior aligns with both our working hypothesis and the
conjecture put forth by Almasri et al. (2021), which
suggests that the susceptibility of honey bee can
undergo modulation as a result of preceding expos-
ure to contaminants. This modulation is conceivably
attributed to a shift in the physiological condition of
organisms historically subjected to such exposures
(Almasri et al, 2020). Similarly, related trends have
been reported in the context of other insect species.
For instance, Chironomid larvae cultivated within
laboratory settings for more than six generations
have demonstrated a greater LDs, for certain metals
compared to their counterparts from reference sites
(Pedrosa et al., 2017).

As elucidated by these researchers, the distin-
guished tolerance can be attributed to elevated
concentrations of the non-enzymatic antioxidant met-
allothionein, coupled with intensified aerobic energy



production (Pedrosa et al., 2017). Consequently, a per-
tinent possibility for future investigations would
involve exploring the detoxification and antioxidant
capacities within the three honey bee populations,
alongside a comprehensive exploration of their
metabolic profiles within both control and exposed
organisms. A notable observation relating to the
three populations under study is related to the dis-
tinct volumes of syrup consumed by control honey
bees across the study sites. This discrepancy seems to
serve as an indicator of varied energy requirements
and basal metabolic rates, with the order of magni-
tude being low-impacted site > reference site > high-
impacted site.

Another significant observation emerging from
this study pertains to the 6-h experimental interval,
wherein the volume of syrup consumed by honey
bees from the three distinct populations exhibited a
discernible reduction correlating with increasing con-
centrations of glyphosate exposure. This observation
carries significant implications. Essentially, it dictates
the consideration that the actual concentration of
glyphosate orally ingested per bee is considerably
lower than the available dosage. This adjustment in
assessment results in a recalibration of LDsq values
from the perspective of micrograms of ingested gly-
phosate per bee.

A critical aspect accentuated by this observation
is the intrinsic importance of the volume ingested
during the exposure period, as it intersects with the
nutritional well-being of honey bee and the energy
requisites for sustaining homeostasis. This dimension
potentially introduces a variable that could further
influence the volume of syrup ingested during the
subsequent post-exposure period.

Some adjuvants present in the formulation of
many pesticides have been shown to be effective
taste repellents for bees when infused in a sugar
solution (Atkins et al., 1975). As in the study by
Larson et al. (2021) where they showed that forager
bees approached melon flowers and weeds treated
with DEET and piperidine but left before encounter-
ing the flowers. Bees exhibit tarsal taste not only for
sweet and saline solutions, but also taste for bitter
substances (de Brito Sanchez et al., 2014), such as
DEET and piperidine analogues. Previous studies
demonstrate that DEET activates the taste receptors
of bitter-tuned insects (Sanford et al., 2013), while
picaridin, a piperidine analogue, has been shown to
elicit a response in taste receptors of bitter-sensitive
insects (Sparks & Dickens, 2016).

Previous related research has unveiled that honey
bees belonging to our focal species exhibit a
reduced sensitivity to sucrose when fed with glypho-
sate-tainted nutrition. This alteration in sensitivity
has been linked to associative memory deterioration,

JOURNAL OF APICULTURAL RESEARCH 7

mitochondrial perturbations, and compromised ATP
production, thereby jeopardizing their overall viabil-
ity (Faita et al., 2018; Faita et al, 2020; Motta et al,,
2020). Furthermore, literature reports indicate that
glyphosate elicits modifications in honey bee behav-
ior and food absorption rates (Sandrock et al., 2014;
Balbuena et al.,, 2015). Interestingly, contrasting per-
spectives exist within the scientific discourse, with
certain studies positing that glyphosate does not
impair honey bee feeding activity during toxicity
evaluations, but rather this impact could be poten-
tially attributed to adjuvants present within herbicide
formulations (Zhu et al., 2017; Almasri et al., 2021).

Studies also show that the total volume of syrup
ingested by honey bees during toxicity tests is not
affected by glyphosate, which contrasts with our
findings (Blot et al.,, 2019; Zhu et al., 2017). Current
results show that after glyphosate exposure, honey
bee that had contact with the highest available
doses consumed more syrup during the post-expos-
ure period, suggesting compensation for stress and
hunger during the exposure period. de Assis et al.
(2022) underline that to characterize oral exposure, it
is important to verify the food consumption of
honey bees in experiments with the concentration of
pesticides used. With this, it is possible to under-
stand the exact amount of pesticide consumed by
organisms and calculate the dose to which each spe-
cies was exposed, allowing comparisons between
bee species with different food consumption, as per-
formed in this study.

Differences in feeding behaviors across various
glyphosate dosage levels have been previously docu-
mented by other studies (Boily et al., 2013; Helmer
et al, 2015; Mengoni Gonalos & Farina, 2018; Blot
et al, 2019; Almasri et al., 2020). This alignment with
prior investigations is consistent with broader empir-
ical trends that indicate the multifaceted impacts of
glyphosate (and other pesticides) on honey bees,
manifesting through diverse mechanisms. These
encompass deleterious effects on gut microbiota
composition (Dai et al., 2018), disruption of foraging
behaviors (Pinheiro et al, 2019), alterations in floral
visitation patterns (Tschoeke et al.,, 2019), modifica-
tions in maternal behaviors alongside impacts on
maternal brain and microbiome (Dechartres et al.,
2019), compromised survival rates (Faita et al., 2020),
impaired royal jelly production (Chaves et al., 2021),
and impaired olfactory learning and memory capabil-
ities (Luo et al,, 2021).

In view of the above, it is also observed that gly-
phosate causes a reduction in the total body weight
of honey bees after exposure to the LDsy for each
population. According to Zhu et al. (2017), the body
weight of Apis mellifera honey bees decreased
when exposed to imidacloprid conjugated with other
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herbicides and pesticides including Roundup®, as
they ingested less sugar solution when it contained
any level of these product residues. In the same
study, the authors examined various enzymatic activ-
ities and found that most of the pesticide treatments
increased the aerobic production of energy and
detoxification processes allowing the organism to
survive. However, further studies are needed to
unravel how energetic metabolism and detoxification
are altered by glyphosate and which physiological
mechanisms are important for the tolerance in
honey bees of an impacted area.

Conclusions

Roundup® affects survival, syrup intake during both
exposure and post-exposure period, and body
weight of honey bees. The honey bee population
from the high-impacted site exhibited greater sensi-
tivity to Roundup®, presenting a lower food intake
during the exposure period, amount of glyphosate
and LDsy compared to those from the reference and
low-impacted site. However, honey bees from the
low and high-impacted sites exposed to Roundup®
presented a decrease in body weight, suggesting a
potential reallocation of energy resources towards
detoxification processes, which was not observed in
the honey bees from the reference site that main-
tained their body weight.

To deepen our comprehension of the results pre-
sented in this paper, future research endeavors will
focus on molecular and biochemical tools, to facili-
tate an in-depth exploration of the underlying mech-
anisms triggered by glyphosate exposure.

Acknowledgements

To the Agronomist Deyvid Rocha Brito of the Agricultural
Defense Agency of Tocantins - ADAPEC of Formoso do
Araguaia for making it possible to collect the honey bees
in the high-impacted area and to the Agronomist Luciano
Simao who kindly provided the bee populations of the ref-
erence site.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This work was financially supported by the Coordination of
the Improvement of Higher Education Personnel (CAPES-
Brazil - PROCAD AMAZéNIA, Project 306652/2018-8) and
the National Council for Technological Scientific
Development (CNPg-Brazil—Grant 141509/2020-1). We
thank the Coordination for the Improvement of Higher
Education Personnel (CAPES-Brazil - PROCAD AMAZONIA,
Project 306652/2018-8) and the Nationa Council for

Technological Scientific Development (CNPg-Brazil - grant
no. 141509/2020-1) and Portuguese National Funds
through "Fundagao para a Ciéncia e a Tecnologia" (FCT)
within the cE3c Unit funding UIDB/00329/2020.

ORCID

Laina Pires Rosa http://orcid.org/0000-0002-2168-6860
Carlos Gravato http://orcid.org/0000-0003-0562-6945
Paulo Henrique Tschoeke http://orcid.org/0000-0003-

4669-0361

Renato Almeida Sarmento http://orcid.org/0000-0002-
5379-9595

References

Aksakal, F. I. (2020). Evaluation of boscalid toxicity on

Daphnia magna by using antioxidant enzyme activities,
the expression of genes related to antioxidant and
detoxification systems, and life-history parameters.
Comparative Biochemistry and Physiology. Toxicology &
Pharmacology: CBP, 237, 108830. https://doi.org/10.1016/
j.cbpc.2020.108830

Albuquerque, A. F., Ribeiro, J. S.,, Kummrow, F., Nogueira,
A. J, Montagner, C. C, & Umbuzeiro, G. A. (2016).
Pesticides in Brazilian freshwaters: A critical review.
Environmental Science: Processes & Impacts, 18(7), 779-
787. https://doi.org/10.1039/C6EM00268D

Alburaki, M., Steckel, S. J., Chen, D., McDermott, E., Weiss,
M., Skinner, J. A, Kelly, H., Lorenz, G. Tarpy, D. R,
Meikle, W. G., Adamczyk, J., & Stewart, S. D. (2017).
Landscape and pesticide effects on honey bees: Forager
survival and expression of acetylcholinesterase and brain
oxidative genes. Apidologie, 48(4), 556-571. https://doi.
org/10.1007/513592-017-0497-3

Almasri, H., Tavares, D. A, Pioz, M., Sené, D., Tchamitchian,
S., Cousin, M., Brunet, J.-L., & Belzunces, L. P. (2020).
Mixtures of an insecticide, a fungicide and a herbicide
induce high toxicities and systemic physiological
disturbances in winter Apis mellifera honey bees.
Ecotoxicology and Environmental Safety, 203, 111013.
https://doi.org/10.1016/j.ecoenv.2020.111013

Almasri, H., Tavares, D. A, Tchamitchian, S., Pélissier, M.,
Sené, D., Cousin, M., Brunet, J-L, & Belzunces, L. P.
(2021). Toxicological status changes the susceptibility
of the honey bee Apis mellifera to a single fungicidal
spray application. Environmental Science and Pollution
Research, 28(31), 42807-42820. https://doi.org/10.1007/
s11356-021-13747-3

Alvares, C. A. Stape, J. L, Sentelhas, P. C, Gongalves,
J. D. M., & Sparovek, G. (2013). Koppen's climate classifi-
cation map for Brazil. Meteorologische Zeitschrift, 22(6),
711-728. https://doi.org/10.1127/0941-2948/2013/0507

Atkins, E. L, Macdonald, R. L, & Greywood-Hale, E. A.
(1975). Repellent additives to reduce pesticide hazards
to honey bees: Field tests. Environmental Entomology,
4(2), 207-210. https://doi.org/10.1093/ee/4.2.207

Balbuena, M. S., Tison, L., Hahn, M.-L., Greggers, U., Menzel,
R., & Farina, W. M. (2015). Effects of sublethal doses of
glyphosate on honeybee navigation. The Journal of
Experimental Biology, 218(Pt 17), 2799-2805. https://doi.
0rg/10.1242/jeb.117291

Battisti, L., Potrich, M., Sampaio, A. R, de Castilhos Ghisi,
N., Costa-Maia, F. M., Abati, R., dos Reis Martinez, C. B., &
Sofia, S. H. (2021). Is glyphosate toxic to bees? A meta-


https://doi.org/10.1016/j.cbpc.2020.108830
https://doi.org/10.1016/j.cbpc.2020.108830
https://doi.org/10.1039/C6EM00268D
https://doi.org/10.1007/s13592-017-0497-3
https://doi.org/10.1007/s13592-017-0497-3
https://doi.org/10.1016/j.ecoenv.2020.111013
https://doi.org/10.1007/s11356-021-13747-3
https://doi.org/10.1007/s11356-021-13747-3
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1093/ee/4.2.207
https://doi.org/10.1242/jeb.117291
https://doi.org/10.1242/jeb.117291

analytical review. The Science of the Total Environment,
767, 145397. https://doi.org/10.1016/j.scitotenv.2021.
145397

Benbrook, C. M. (2016). Trends in glyphosate herbicide use
in the United States and globally. Environmental Sciences
Europe, 28(1), 3. https://doi.org/10.1186/s12302-016-
0070-0

Berg, C. J, King, H. P, Delenstarr, G., Kumar, R., Rubio, F., &
Glaze, T. (2018). Glyphosate residue concentrations in
honey attributed through geospatial analysis to proxim-
ity of large-scale agriculture and transfer off-site by
bees. PloS One, 13(7), e0198876. https://doi.org/10.1371/
journal.pone.0198876

Beringer, J., Maciel, F. L, & Tramontina, F. F. (2019). O
declinio populacional das abelhas: Causas, potenciais
solugoes e perspectivas futuras. Revista Eletronica
Cientifica Da UERGS, 5(1), 18-27. https://doi.org/10.
21674/2448-0479.51.18-27

Blot, N. Veillat, L, Rouzé, R, & Delatte, H. (2019).
Glyphosate, but not its metabolite AMPA, alters the
honeybee gut microbiota. PloS One, 14(4), e0215466.
https://doi.org/10.1371/journal.pone.0215466

Boily, M., Sarrasin, B., DeBlois, C., Aras, P, & Chagnon, M.
(2013). Acetylcholinesterase in honey bees (Apis melli-
fera) exposed to neonicotinoids, atrazine and glypho-
sate: Laboratory and field experiments. Environmental
Science and Pollution Research, 20(8), 5603-5614. https://
doi.org/10.1007/511356-013-1568-2

Brovini, E. M., de Deus, B. C. T., Vilas-Boas, J. A.,, Quadra,
G. R, Carvalho, L., Mendonga, R. F., Pereira, R. d O., &
Cardoso, S. J. (2021). Three-bestseller pesticides in Brazil:
Freshwater concentrations and potential environmental
risks. Science of The Total Environment, 771, 144754.
https://doi.org/10.1016/j.scitotenv.2020.144754

Camargo, F. A. O,, Silva, L. S, Merten, G. H., Carlos, F. S,,
Baveye, P. C., & Triplett, E. W. (2017). Brazilian agriculture
in perspective: Great expectations vs reality. Advances in
Agronomy, 141, 53-114. https://doi.org/10.1016/bs.agron.
2016.10.003

Castelli, L., Balbuena, S., Branchiccela, B., Zunino, P., Liberti,
J., Engel, P, & Antlnez, K. (2021). Impact of chronic
exposure to sublethal doses of glyphosate on honey
bee immunity, gut microbiota and infection by patho-
gens. Microorganisms, 9(4), 845. https://doi.org/10.3390/
microorganisms9040845

Chaves, A, Faita, M. R, Ferreira, B. L., Poltronieri, A. S., &
Nodari, R. O. (2021). Effects of glyphosate-based herbi-
cide on royal jelly production of Apis mellifera
(Hymenoptera: Apidae) in field conditions. Journal of
Apicultural Research, 60(2), 277-279. https://doi.org/10.
1080/00218839.2020.1844463

Chen, Y., Xu, J., Zheng, X., Zhang, Q., Wang, B., Zhao, M.,
Ye, C, Song, P, Yang, D., & Lu, X. (2022). Effects of gly-
phosate herbicide Roundup®® on antioxidant enzymes
activity and detoxification-related gene expression in
honey bees (Apis mellifera). Journal of Apicultural
Research, 62(5), 1145-1152. https://doi.org/10.1080/
00218839.2022.2130455

Chmiel, J. A,, Daisley, B. A., Pitek, A. P,, Thompson, G. J., &
Reid, G. (2020). Understanding the effects of sublethal
pesticide exposure on honey bees: A role for probiotics
as mediators of environmental stress. Frontiers in
Ecology and Evolution, 8, 22. https://doi.org/10.3389/
fevo.2020.00022

Dai, P, Yan, Z, Ma, S, Yang, Y., Wang, Q., Hou, C, Wu, Y.,
Liu, Y, & Diao, Q. (2018). The herbicide glyphosate

JOURNAL OF APICULTURAL RESEARCH 9

negatively affects midgut bacterial communities and
survival of honey bee during larvae reared in vitro.
Journal of Agricultural and Food Chemistry, 66(29), 7786-
7793. https://doi.org/10.1021/acs.jafc.8b02212

de Assis, J. C, Tadei, R, Menezes-Oliveira, V. B., & Silva-
Zacarin, E. C. (2022). Are native bees in Brazil at risk
from the exposure to the neonicotinoid imidacloprid?
Environmental Research, 212(Pt A), 113127. https://doi.
org/10.1016/j.envres.2022.113127

de Brito Sanchez, M. G,, Lorenzo, E., Su, S., Liu, F,, Zhan, Y.,
& Giurfa, M. (2014). The tarsal taste of honey bees:
Behavioral and electrophysiological analyses. Frontiers in
Behavioral Neuroscience, 8, 25. https://doi.org/10.3389/
fnbeh.2014.00025

de Souza, A. P. F., Rodrigues, N. R,, & Reyes, F. G. R. (2021).
Glyphosate and aminomethylphosphonic acid (AMPA)
residues in Brazilian honey. Food Additives &
Contaminants: Part B, 14(1), 40-47. https://doi.org/10.
1080/19393210.2020.1855676

Dechartres, J., Pawluski, J. L., Gueguen, M.-M., Jablaoui, A.,

Maguin, E., Rhimi, M., & Charlier, T. D. (2019). Glyphosate

and glyphosate-based herbicide exposure during the

peripartum period affects maternal brain plasticity,
maternal behaviour and microbiome. Journal of

Neuroendocrinology, 31(9), e12731. https://doi.org/10.

1111/jne. 12731

Agrebi, N., Tosi, S., Wilmart, O., Scippo, M.-L., de Graaf,

D. C, & Saegerman, C. (2020). Honeybee and consumer’s

exposure and risk characterisation to glyphosate-based

herbicide (GBH) and its degradation product (AMPA):

Residues in beebread, wax, and honey. The Science of

the Total Environment, 704, 135312. https://doi.org/10.

1016/j.scitotenv.2019.135312

Faghani, M., & Rahimian, Y. (2018). Effect of glyphosate on
honey bee (Apis mellifera) performance. Arthropods, 7(3),
77.

Faita, M. R., Cardozo, M. M., Amandio, D. T. T,, Orth, A. |, &
Nodari, R. O. (2020). Glyphosate-based herbicides and
Nosema sp. Microsporidia reduce honey bee (Apis melli-
fera L.) survivability under laboratory conditions. Journal
of Apicultural Research, 59(4), 332-342. https://doi.org/
10.1080/00218839.2020.1736782

Faita, M. R., Oliveira, E., de, M., Alves, V. V., Orth, A. |, &
Nodari, R. O. (2018). Changes in hypopharyngeal glands
of nurse bees (Apis mellifera) induced by pollen-
containing sublethal doses of the herbicide Roundup®.
Chemosphere, 211, 566-572. https://doi.org/10.1016/
j.chemosphere.2018.07.189

FAO (2020)., Food and Agriculture Organization of the
United Nations. FAOSTAT, Agri-environmental Indicators/
Pesticides. Retrieved November 24, from http://www.fao.
org/faostat/en/#data/EP

Farina, W. M., Balbuena, M. S., Herbert, L. T., Mengoni
Gonalons, C., & Véazquez, D. E. (2019). Effects of the
herbicide glyphosate on honey bee sensory and cogni-
tive abilities: Individual impairments with implications
for the hive. Insects, 10(10), 354. https://doi.org/10.3390/
insects10100354

Gill, J. P. K, Sethi, N, Mohan, A., Datta, S., & Girdhar, M.
(2018). Glyphosate toxicity for animals. Environmental
Chemistry Letters, 16(2), 401-426. https://doi.org/10.1007/
s10311-017-0689-0

Guarda, P. M., Gualberto, L. D. S, Mendes, D. B., Rambo,
M. K. D, Guarda, E. A, & da Silva, J. E. C. (2022).
Pesticide residues in the Formoso River: A threat to bio-
diversity in the Cerrado of the Tocantins State, Brazil.

E


https://doi.org/10.1016/j.scitotenv.2021.145397
https://doi.org/10.1016/j.scitotenv.2021.145397
https://doi.org/10.1186/s12302-016-0070-0
https://doi.org/10.1186/s12302-016-0070-0
https://doi.org/10.1371/journal.pone.0198876
https://doi.org/10.1371/journal.pone.0198876
https://doi.org/10.21674/2448-0479.51.18-27
https://doi.org/10.21674/2448-0479.51.18-27
https://doi.org/10.1371/journal.pone.0215466
https://doi.org/10.1007/s11356-013-1568-2
https://doi.org/10.1007/s11356-013-1568-2
https://doi.org/10.1016/j.scitotenv.2020.144754
https://doi.org/10.1016/bs.agron.2016.10.003
https://doi.org/10.1016/bs.agron.2016.10.003
https://doi.org/10.3390/microorganisms9040845
https://doi.org/10.3390/microorganisms9040845
https://doi.org/10.1080/00218839.2020.1844463
https://doi.org/10.1080/00218839.2020.1844463
https://doi.org/10.1080/00218839.2022.2130455
https://doi.org/10.1080/00218839.2022.2130455
https://doi.org/10.3389/fevo.2020.00022
https://doi.org/10.3389/fevo.2020.00022
https://doi.org/10.1021/acs.jafc.8b02212
https://doi.org/10.1016/j.envres.2022.113127
https://doi.org/10.1016/j.envres.2022.113127
https://doi.org/10.3389/fnbeh.2014.00025
https://doi.org/10.3389/fnbeh.2014.00025
https://doi.org/10.1080/19393210.2020.1855676
https://doi.org/10.1080/19393210.2020.1855676
https://doi.org/10.1111/jne.12731
https://doi.org/10.1111/jne.12731
https://doi.org/10.1016/j.scitotenv.2019.135312
https://doi.org/10.1016/j.scitotenv.2019.135312
https://doi.org/10.1080/00218839.2020.1736782
https://doi.org/10.1080/00218839.2020.1736782
https://doi.org/10.1016/j.chemosphere.2018.07.189
https://doi.org/10.1016/j.chemosphere.2018.07.189
http://www.fao.org/faostat/en/#data/EP
http://www.fao.org/faostat/en/#data/EP
https://doi.org/10.3390/insects10100354
https://doi.org/10.3390/insects10100354
https://doi.org/10.1007/s10311-017-0689-0
https://doi.org/10.1007/s10311-017-0689-0

10 L. PIRES ROSA ET AL.

Research, Society and Development, 11(9), e42111932051-
e42111932051. https://doi.org/10.33448/rsd-v11i9.32051

Helmer, S. H., Kerbaol, A., Aras, P., Jumarie, C., & Boily, M.
(2015). Effects of realistic doses of atrazine, metolachlor,
and glyphosate on lipid peroxidation and diet-derived
antioxidants in caged honey bees (Apis mellifera).
Environmental Science and Pollution Research, 22(11),
8010-8021. https://doi.org/10.1007/s11356-014-2879-7

Herbert, L. T., Vazquez, D. E., Arenas, A., & Farina, W. M.
(2014). Effects of field-realistic doses of glyphosate on
honeybee appetitive behaviour. Journal of Experimental
Biology, 217(19), 3457-3464. https://doi.org/10.1242/jeb.
109520

IBAMA (2020). Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais e Renovaveis, 2020. Relatérios de
comercializagao de agrotéxicos. 2020. Disponivel em.
Retrieved jun 21, 2022, from http://ibama.gov.br/agro-
toxicos/relatorios-de-comercializacao-de-agrotoxicos#
sobreosrelatorios.

Ibama, Instituto Brasileiro do Meio Ambiente. (2023).
Relatérios de comercializagao de agrotodxicos. Disponivel
em. Acesso 27 dez. https://www.gov.br/ibama/pt-br/
assuntos/quimicos-e-biologicos/agrotoxicos/relatorios-
de-comercializacao-de-agrotoxicos

Larson, N. R, O'Neal, S. T, Kuhar, T. P, Bernier, U. R,
Bloomquist, J. R, & Anderson, T. D. (2021). Heterocyclic
amine-induced feeding deterrence and antennal
response of honey bees. Insects, 12(1), 69. https://doi.
org/10.3390/insects12010069

Ledoux, M. L., Hettiarachchy, N., Yu, X.,, Howard, L., & Lee,
S.-0. (2020). Penetration of glyphosate into the food
supply and the incidental impact on the honey supply
and bees. Food Control, 109, 106859. https://doi.org/10.
1016/j.foodcont.2019.106859

Luo, Q-H. Gao, J, Guo, Y., Liu, C, Ma, Y.-Z, Zhou, Z-Y.,,
Dai, P-L, Hou, C-S, Wu, Y.-Y, & Diao, Q.-Y. (2021).
Effects of a commercially formulated glyphosate solu-
tions at recommended concentrations on honeybee
(Apis mellifera L.) behaviours. Scientific Reports, 11(1),
2115. https://doi.org/10.1038/541598-020-80445-4

Mengoni Gonalons, C., & Farina, W. M. (2018). Impaired
associative learning after chronic exposure to pesticides
in young adult honey honeybees. Journal of
Experimental Biology, 221(7), 1-8. https://doi.org/10.
1242/jeb.176644

Mesnage, R. Phedonos, A. Biserni, M., Arno, M., Balu, S.,
Corton, J. C, Ugarte, R, & Antoniou, M. N. (2017).
Evaluation of estrogen receptor alpha activation by gly-
phosate-based  herbicide constituents. Food and
Chemical Toxicology, 108, 30-42. https://doi.org/10.1016/
j.fct.2017.07.025

Motta, E. V. S, Mak, M., De Jong, T. K, Powell, J. E,
O’Donnell, A, Suhr, K. J, Riddington, I. M., & Moran,
N. A. (2020). Oral or topical exposure to glyphosate in
herbicide formulation impacts the gut microbiota and
survival rates of honey bees. Applied and Environmental
Microbiology, 86(18), e01150-20. https://doi.org/10.1128/
AEM.01150-20

Odemer, R., Alkassab, A. T., Bischoff, G.,, Frommberger, M.,
Wernecke, A., Wirtz, |. P, Pistorius, J., & Odemer, F.
(2020). Chronic high glyphosate exposure delays individ-
ual worker bee (Apis mellifera L) development under
field conditions. Insects, 11(10), 664. https://doi.org/10.
3390/insects11100664

OECD (1998). OECD, 1998. Test No 213: Guidelines for the
testing of chemicals: Honeybees: Acute oral toxicity test.

Orantes-Bermejo, F. J.,, Pajuelo, A. G, Megias, M. M., &
Fernandez-Pinar, C. T. (2010). Pesticide residues in honey
bees wax and beebread samples collected from honey
bee colonies (Apis mellifera L.) in Spain. Possible implica-
tions for bee losses. Journal of Apicultural Research,
49(3), 243-250. https://doi.org/10.3896/IBRA.1.49.3.03

Pal, E.,, Almasri, H., Paris, L, Diogon, M., Pioz, M., Cousin,
M., Sené, D., Tchamitchian, S., Tavares, D. A., Delbac, F.,
Blot, N., Brunet, J.-L., & Belzunces, L. P. (2022). Toxicity
of the pesticides imidacloprid, difenoconazole and gly-
phosate alone and in binary and ternary mixtures to
winter honey bees: Effects on survival and antioxidative
defenses. Toxics, 10(3), 104. https://doi.org/10.3390/
toxics10030104

Pareja, L., Jesus, F., Heinzen, H., Hernando, M. D., Rajski, t.,
& Fernandez-Alba, A. R. (2019). Evaluation of glyphosate
and AMPA in honey by water extraction followed by ion
chromatography mass spectrometry. A pilot monitoring
study. Analytical Methods, 11(16), 2123-2128. https://doi.
org/10.1039/C9AY00543A

Pedrosa, J., Gravato, C., Campos, D., Cardoso, P., Figueira,
E., Nowak, C., Soares, A. M. V. M., Barata, C.,, & Pestana,
J. L. T. (2017). Investigating heritability of cadmium tol-
erance in Chironomus riparius natural populations: A
physiological approach. Chemosphere, 170, 83-94.
https://doi.org/10.1016/j.chemosphere.2016.12.008

Pinheiro, I. M. C,, Luz, J. H. S., Souza, L. F. N., Oliveira, A. C.
S. S., Oliveira, E. E, Aguiar, R. W. S, Santos, G. R,
Ferreira, T. P. S. Silveira-Tschoeke, M. C. A. C, &
Tschoeke, P. H. (2019). Effects of Lippia sidoides Cham.
(Verbenaceae) essential oils on the honey bees Apis mel-
lifera (Apidae: Hymenoptera) foraging. Revista De
Ciencias Agricolas, 36(E), 31-41. https://doi.org/10.22267/
rcia.1936E.104

Richmond, M. E. (2018). Glyphosate: A review of its global
use, environmental impact, and potential health effects
on humans and other species. Journal of Environmental
Studies and Sciences, 8(4), 416-434. https://doi.org/10.
1007/s13412-018-0517-2

Rubio, F., Guo, E., & Kamp, L. (2014). Survey of glyphosate
residues in honey, corn and soy products. J Environ Anal
Toxicol, 5(1), 249-257. https://doi.org/10.4172/2161-0525.
1000249

Sanchez-Bayo, F., & Goka, K. (2014). Pesticide residues and
honeybees - A risk assessment. PloS One, 9(4), €94482.
https://doi.org/10.1371/journal.pone.0094482

Sandrock, C., Tanadini, M., Tanadini, L. G., Fauser-Misslin,
A., Potts, S. G, & Neumann, P. (2014). Impact of chronic
neonicotinoid exposure on honeybee colony perform-
ance and queen supersedure. PloS One, 9(8), €103592.
https://doi.org/10.1371/journal.pone.0103592

Sanford, J. L., Shields, V. D, & Dickens, J. C. (2013).
Gustatory receptor neuron responds to DEET and other
insect repellents in the yellow-fever mosquito, Aedes
aegypti. Die Naturwissenschaften, 100(3), 269-273.
https://doi.org/10.1007/s00114-013-1021-x

Silva, V., Montanarella, L., Jones, A., Fernandez-Ugalde, O.,
Mol, H. G. J, Ritsema, C. J, & Geissen, V. (2018).
Distribution of glyphosate and aminomethylphosphonic
acid (AMPA) in agricultural topsoils of the European
Union. Science of The Total Environment, 621, 1352-1359.
https://doi.org/10.1016/j.scitotenv.2017.10.093

Sparks, J. T., & Dickens, J. C. (2016). Bitter-sensitive gusta-
tory receptor neuron responds to chemically diverse
insect repellents in the common malaria mosquito


https://doi.org/10.33448/rsd-v11i9.32051
https://doi.org/10.1007/s11356-014-2879-7
https://doi.org/10.1242/jeb.109520
https://doi.org/10.1242/jeb.109520
http://ibama.gov.br/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos#sobreosrelatorios
http://ibama.gov.br/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos#sobreosrelatorios
http://ibama.gov.br/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos#sobreosrelatorios
https://www.gov.br/ibama/pt-br/assuntos/quimicos-e-biologicos/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos
https://www.gov.br/ibama/pt-br/assuntos/quimicos-e-biologicos/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos
https://www.gov.br/ibama/pt-br/assuntos/quimicos-e-biologicos/agrotoxicos/relatorios-de-comercializacao-de-agrotoxicos
https://doi.org/10.3390/insects12010069
https://doi.org/10.3390/insects12010069
https://doi.org/10.1016/j.foodcont.2019.106859
https://doi.org/10.1016/j.foodcont.2019.106859
https://doi.org/10.1038/s41598-020-80445-4
https://doi.org/10.1242/jeb.176644
https://doi.org/10.1242/jeb.176644
https://doi.org/10.1016/j.fct.2017.07.025
https://doi.org/10.1016/j.fct.2017.07.025
https://doi.org/10.1128/AEM.01150-20
https://doi.org/10.1128/AEM.01150-20
https://doi.org/10.3390/insects11100664
https://doi.org/10.3390/insects11100664
https://doi.org/10.3896/IBRA.1.49.3.03
https://doi.org/10.3390/toxics10030104
https://doi.org/10.3390/toxics10030104
https://doi.org/10.1039/C9AY00543A
https://doi.org/10.1039/C9AY00543A
https://doi.org/10.1016/j.chemosphere.2016.12.008
https://doi.org/10.22267/rcia.1936E.104
https://doi.org/10.22267/rcia.1936E.104
https://doi.org/10.1007/s13412-018-0517-2
https://doi.org/10.1007/s13412-018-0517-2
https://doi.org/10.4172/2161-0525.1000249
https://doi.org/10.4172/2161-0525.1000249
https://doi.org/10.1371/journal.pone.0094482
https://doi.org/10.1371/journal.pone.0103592
https://doi.org/10.1007/s00114-013-1021-x
https://doi.org/10.1016/j.scitotenv.2017.10.093

Anopheles quadrimaculatus. The Science of Nature, 103(5-6),
1-11. https://doi.org/10.1007/s00114-016-1367-y

Straw, E. A, & Brown, M. J. (2021). No evidence of effects
or interaction between the widely used herbicide, gly-
phosate, and a common parasite in bumble bees. PeerJ,
9, e12486. https://doi.org/10.7717/peerj.12486

Tan, S., Li, G, Liu, Z, Wang, H., Guo, X, & Xu, B. (2022).
Effects of glyphosate exposure on honeybees.
Environmental Toxicology and Pharmacology, 90, 103792.
https://doi.org/10.1016/j.etap.2021.103792

Thompson, T. S., van den Heever, J. P., & Limanowka, R. E.
(2019). Determination of glyphosate, AMPA, and glufosi-
nate in honey by online solid-phase extraction-liquid
chromatography-tandem mass spectrometry. Food Addit
Contam Part B, 36(3), 434-446. https://doi.org/10.1080/
19440049.2019.1577993

JOURNAL OF APICULTURAL RESEARCH 1

Tschoeke, P. H., Oliveira, E. E., Dalcin, M. S., Silveira-
Tschoeke, M. C. A. C, Sarmento, R. A, & Santos, G. R.
(2019). Botanical and synthetic pesticides alter the
flower visitation rates of pollinator honeybees in
Neotropical melon fields. Environmental Pollution, 251,
591-599. https://doi.org/10.1016/j.envpol.2019.04.133

Vazquez, D. E., Balbuena, M. S., Chaves, F., Gora, J., Menzel,
R., & Farina, W. M. (2020). Sleep in honeybees is affected
by the herbicide glyphosate. Scientific Reports, 10(1),
10516. https://doi.org/10.1038/s41598-020-67477-6

Zhu, Y. C, Yao, J, Adamczyk, J, & Luttrell, R. (2017).
Feeding toxicity and impact of imidacloprid formulation
and mixtures with six representative pesticides at resi-
due concentrations on honey bee physiology (Apis melli-
fera). PloS One, 12(6), €0178421. https://doi.org/10.1371/
journal.pone.0178421


https://doi.org/10.1007/s00114-016-1367-y
https://doi.org/10.7717/peerj.12486
https://doi.org/10.1016/j.etap.2021.103792
https://doi.org/10.1080/19440049.2019.1577993
https://doi.org/10.1080/19440049.2019.1577993
https://doi.org/10.1016/j.envpol.2019.04.133
https://doi.org/10.1038/s41598-020-67477-6
https://doi.org/10.1371/journal.pone.0178421
https://doi.org/10.1371/journal.pone.0178421

	Does roundup® affect worker bees (Apis mellifera) that inhabit areas of high agrochemical pressure?
	Abstract
	Introduction
	Materials and methods
	Study areas
	Honey bee sampling
	Honey bee handling and exposure to roundup®
	Oral lethal dose (LD50) test
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	References


