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Abstract: We assessed if the commercially reared South American bumblebee Bombus pauloensis
forages resources in alfalfa crops by monitoring their colony activity daily. We analyzed the pollen
collected by using pollen traps specifically designed for B. pauloensis nests and counted the number
of bumblebees in the crop. Consequentially, colony activity was found to be highest during the
mornings; 65% of the pollen trap samples analyzed contained alfalfa pollen grains, and 60% of the
total pollen loads were identified as alfalfa pollen. Although the honey bee was the predominant
pollinator observed in the crop, the high percentage of alfalfa pollen found in the pollen traps of
B. pauloensis nests suggests that this species forages resources in alfalfa crops and could be considered
a potential managed pollinator.

Keywords: native bumblebee; lucerne; pollination

1. Introduction

Worldwide food production depends heavily on animal pollination [1]. Specifically,
around 35% of crop production requires animal pollination [2,3]. The honey bee Apis
mellifera is the most widely used managed pollinator in crops, but for certain crops, other
bees, like small leaf-cutting bees, stingless bees, bumblebees, and mason bees, are used
as managed pollinators [4]. Wild bees can be even more efficient pollinators compared to
their managed counterparts [5], which is why integrated management is the recommended
practice to have a good pollination service [5,6].

Alfalfa or lucerne (Medicago sativa) is a flowering plant from the legume family
Fabaceae native to Asia and introduced around the world as cattle and horse forage.
Self-pollination in alfalfa represents around 12% of the total production in a bee-pollinated
crop field [7]. The alfalfa flower has five petals, with the two lower ones forming a keel
that requires tripping by an insect pollinator to release its pollen [4,8–10].

To increase the seed yield of alfalfa crops, both managed bees and wild bees, alone or in
combination, are used for pollination [11]. Managed honey bees are used to pollinate alfalfa
worldwide, but their efficiency is variable [4,12,13], while managed Megachile rotundata
is one of the most effective pollinators of alfalfa [14]; however, it is irrelevant for alfalfa
pollination in its native range and is absent in some western European countries [12]. There
are many wild bee species in the US, Europe, Australia, South Africa, and China that are
effective pollinators [15–21]. In the US, for example, Nomia melanderi was shown to be just
as effective as M. rotundata in tripping alfalfa flowers [9]. Another study conducted in the
US by Brunet and Stewart [22] showed that two wild solitary bees (Halictus rubicundus,
Andrena asteris), a wild bumblebee (Bombus auricomus) and a managed bumblebee (Bombus
impatiens) had a higher tripping rate and a higher number of flowers tripped by raceme

Agriculture 2024, 14, 2192. https://doi.org/10.3390/agriculture14122192 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture14122192
https://doi.org/10.3390/agriculture14122192
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0003-4436-1716
https://orcid.org/0000-0001-6411-489X
https://doi.org/10.3390/agriculture14122192
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture14122192?type=check_update&version=2


Agriculture 2024, 14, 2192 2 of 13

than honey bees and M. rotundata. This is not surprising considering that several studies
have demonstrated that Bombus spp. (managed or wild) can be effective pollinators for
various crops and have thus been commercially reared [1,23–27].

In Argentina, where around 2000 tons of alfalfa seeds are produced each year [28,29],
two managed bee species are used for pollination services in this crop: M. rotundata
and A. mellifera. The alfalfa leaf-cutting bee was introduced in our country in the 1970s,
but its importation has been forbidden since 2011 by the National Secretary of Environ-
ment and Sustainable Development [28]. Despite this, around 5% of alfalfa production is
supplemented by M. rotundata management in a density of 45,000 females/ha, reaching
1000 kg/ha [28,30]. The more frequently registered and identified wild bee species associ-
ated with the production of alfalfa seed are Colletes sp., Megachile sp., Caupolicana lugubris,
Xylocopa splendidula, Xylocopa augusti, Bombus bellicosus, and Bombus sp. [31,32]. Studies
about wild pollinators of alfalfa are scarce, and few have measured wild pollinator contribu-
tions to pollination services [31,33–35]. On the other hand, like in other parts of the world
with other Bombus species, in Argentina, the native bumblebee Bombus pauloensis is commer-
cially reared for pollination services and used as an alternative pollinator for increasing the
production of crops such as strawberry, kiwi, tomato, blueberries, and red clover [27,36–39].
However, despite observations of Bombus spp. in alfalfa fields in Argentina [40], the study
of the behavior and contribution of bumblebees in alfalfa pollination is still pending.

The objective of this study is to assess if the commercially reared bumblebee Bombus
pauloensis forages resources in alfalfa crops. Therefore, we first monitored colony activity,
measuring the number of bees entering and exiting the nest; secondly, we assessed the
density of bees in the alfalfa field; and lastly, with the use of pollen traps, we analyzed the
pollen being collected by the bumblebees.

2. Materials and Methods
2.1. Study Site and Managed Bumblebees

Field studies were performed during the alfalfa flowering season in December 2021
in two plantations supervised by Gentos S.A. and located near Pedro Luro, Villarino
(39◦32′39.08′′ S, 62◦38′54.23′′ W; 39◦33′17.44′′ S, 62◦39′48.05′′ W), province of Buenos Aires,
Argentina. Alfalfa cultivars H1 and H2 were grown in plots of 13.6 ha and 9.77 ha, re-
spectively. Cultivars were arranged, due to the combined harvester used to harvest the
crops, in sets of 37 rows, each set separated by a narrow street. The two plots were 1.29 km
apart, separated by plantations of other crops such as vetches, empty fields, and dirt
roads. Irrigation of these plots was done via flooding through aqueducts connected to the
Colorado River.

Commercial Bombus pauloensis colonies (100–120 worker strength; n = 20 colonies)
provided by Biobest-Brometán Argentina S.R.L. were introduced in the fields during the
first day of the experimental period. Twelve colonies were arranged in two groups of six,
separated by 198 m in plot 1, whilst in plot 2, eight colonies were arranged in two groups
of four, separated by 193 m (Figure S1).

While honey bees were not used for this field assay, the surrounding area had honey
bee colonies set up. Plot 1 had three different beehive plots to the west at about 500 m
distance. Plot 2 also had three different bee plots to the west nearby, the closest at about
30 m distance and the farthest one at around 500 m (Figure S1).

2.2. Colony Activity

Colony activity was monitored from 17 December 2021 (Day 1) to 20 December
2021 (Day 4) between 8.00 and 16.00 h. We counted the number of bumblebees entering
(incoming rate) or exiting (departure rate) at the entrance of the nest as an indicator of
colony activity, differentiating between incoming individuals who carried pollen and those
who did not. We counted the arrivals/departures for 2 min three times a day: in the
morning (8.00–11.00 h), at midday (11.00–13.00 h) and in the afternoon (13.00–16.00 h).
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2.3. Pollinator Density

We sampled the density of pollinators on the crop by recording daily the number of
individuals foraging on flowers during four consecutive days, between 9.30 and 14.00 h.
Following standardized procedures, we counted the total number of pollinators along 50 m
transects in both fields [41]. Six transects, separated by 37 rows, were determined around
each group of bumblebee colonies (n = 24 transects). Since the colonies were placed in the
middle of the fields, three transects were determined on each side of the field, following
the rows of the crops. Observers varied to avoid bias.

2.4. Pollen Collection

We designed pollen traps following a device previously developed [42] but specifically
made to accommodate Bombus pauloensis (Figure S2). Different filter sizes were evaluated
to make sure that pollen loads could be collected while still allowing bumblebees to access
the nest. Seven traps were distributed among the colonies in Plot 1, and eight traps in the
colonies in Plot 2. These traps can be left on the colonies without the filter that removes the
pollen loads from the bumblebees’ hind legs, allowing the bumblebees to go in and out
undisturbed. Filters to the traps were placed early in the morning and removed at the end
of the day. Pollen traps worked between 4.5 to 6.5 h each day. Pollen loads that were in
the catch basin were collected and stored in plastic vials for later analysis at the laboratory.
Samples were carefully divided by day and by nest. Alfalfa flowers and those from the
surrounding flora were collected in plastic bags and stored in ice for later comparison with
pollen obtained from pollen traps.

2.5. Pollen Analysis

Pollen from the pollen traps was first dried in an oven at 100 ◦C for 30 min. The amount
of pollen loads for each sample was separated by color and weighed. Pollen samples were
analyzed in two different ways. To analyze the presence of alfalfa pollen in the pollen
traps, random pollen loads were selected to be viewed under the microscope (Labomed CX
RIII; 1000x; Labomed Inc, Los Angeles, CA, USA). These pollen loads were gently scraped
with a toothpick, and the pollen obtained was placed on a microscope slide with a drop of
distilled water, covered, and then sealed with nail polish. Each sample was photographed
and compared with both the bibliography and samples of alfalfa obtained at the field. Traps
that contained alfalfa were marked as 1, and traps that did not contain alfalfa were marked
as 0. To analyze the amount of alfalfa pollen loads in the total amount of pollen loads
collected, we separated pollen loads by color, as in the previous bibliography, we found the
color assigned to the pollen load corresponded to the palynological assessment done with
the microscope [43,44]. This analysis gave us an approximated amount of alfalfa pollen
loads per trap as opposed to only knowing if alfalfa was present or not.

2.6. Environmental Variables

Measurements of temperature and light intensity were recorded using a HOBO data
logger (® Onset Computer Corporation; Onset Computer Corporation, Falmouth, MA,
USA) placed in field 1. The flowering percentage during the campaign period was acquired
from the field manager, and it was estimated to be between 20 and 40%. These variables
were considered for the statistical analysis of colony activity and pollinator density in
the field.

2.7. Statistical Analysis

All statistical analysis was performed in R v4.3.1 [45] via RStudio v2023.06.1-524 [46].
To analyze all colony activity (total incoming bees, incoming bees with pollen, departures),
we proposed a Poisson model. However, as the models did not fit, we tried a Conway–
Maxwell–Poisson distribution model using the glmmTMB package [47] with the variables
light intensity, temperature, day (four-level factor corresponding to 1–4 days), shift (three-
level factor corresponding to morning, midday and afternoon) and plot (two-level factor
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corresponding to plots 1 and 2) as fixed effects and nest as random effects. The flowering
percentage of the plots was included as an offset variable to account for differences between
the two plots. To analyze bee density, we first proposed a Poisson model; as it did not fit,
we tried the Conway–Maxwell–Poisson distribution model using the glmmTMB package
with the variables: day (four-level factor), plot (two-level factor), temperature and light
intensity as fixed effects and row and observer as random effects. To analyze the number
of corbiculae gathered in each trap, we proposed a Poisson distribution model using the
lme4 package [48]. Day (four-level factor corresponding to 1–4 days) and plot (two-level
factor corresponding to plots 1 and 2) were set as fixed effects and nest as random effects.
To analyze the total weight of pollen gathered, we proposed a linear fixed effects model
using the lme4 package and applied a log transformation on the weight [48]. Day and plot
were proposed as fixed effects and nest as random effects. To analyze the corbicular weight,
we proposed a linear model using the lme4 package and applied a log transformation
to the weight. Day and plot were proposed as fixed effects. To analyze the presence of
alfalfa pollen in the pollen traps, we proposed a binomial model with the variables day
(four-level factor corresponding to 1–4 days) and plot (two-level factor corresponding to
plots 1 and 2) as fixed effects and nest as a random effect. Traps that contained alfalfa
were marked as 1, and traps that did not contain alfalfa were marked as 0. To analyze the
amount of alfalfa pollen loads in the total amount of pollen loads collected, we considered
a linear mixed effects model and proposed the variables day (four-level factor) and plot
(two-level factor) as fixed effects and nest as random effects; the working time of traps
was considered as an offset variable. The significance of each term was tested by using the
drop1 function from the lme4 package, which drops all possible fixed-effect terms from
a model [49]. Non-significant terms were removed (p > 0.05). For additional information,
refer to the Supplementary Material.

3. Results
3.1. Colony Activity

Regarding the total incoming bees, the time of day and the plot were significant.
The number of incoming bees per 2 min was higher during the morning than during
midday (Compois, z = −2.416; p = 0.016) and during the afternoon (Compois, z = −4.957;
p = 7.15 × 10−7; Figure 1a). There was also a significant difference between the number of
incoming bees between both plots, with the number of incoming bees being higher in plot
2 than in plot 1 (Compois, z = 3.035; p = 0.002; Figure 1b; Table S1).

When it came to the incoming bees carrying pollen loads, again, both the shift and
plot were significant. The number of incoming bees with pollen was different between
morning and midday (Compois, z = −2.687, p = 0.007) and between morning and afternoon
(Compois, z = −3.982, p = 6.83 × 10−5; Figure 1c); there was also a difference between plot
1 and 2 (Compois, z = 0.223, p = 0.026; Figure 1d; Table S2).

When it came to the number of bees leaving the nest, we only found significant differ-
ences for the shift between morning and midday (Compois, z = −4.322, p = 1.55 × 10−5)
and between morning and afternoon (Compois, z = −5.229, p = 1.71 × 10−7; Figure 1e;
Table S3); no significant differences were found between plots (Compois, z = 1.2, p = 0.229;
Figure 1f).
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than during midday (Mid) or the afternoon (A). (d) Number of bumblebees entering the nest with 
pollen in 2 min per plot. The number of incoming bumblebees carrying pollen was higher in plot 2 
than in plot 1. (e) Number of bumblebees departing the nest in 2 min for each shift. Significant dif-
ferences were found; departing bumblebees were higher during the morning shift (M) than during 
midday (Mid) or the afternoon (A). (f) Number of bumblebees departing the nest in 2 min per plot. 
No significant differences were found. Whiskers show the max and min for each category, plus signs 
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3.2. Pollinator Density 
The observed density of bumblebees in the field was extremely low. The maximum 

number of bumblebees observed collecting resources from alfalfa was only 2 (Figure 2a). 
In comparison, the maximum number of honey bees observed on the field was 31. Honey 

Figure 1. Colony activity. (a) Number of bumblebees entering the nest in 2 min for each shift.
Significant differences were found; the total incoming bumblebees were higher during the morning
shift (M) than during midday (Mid) or the afternoon (A). (b) Number of bumblebees entering the
nest in 2 min per plot. The total number of incoming bumblebees was higher in plot 2 than in plot 1.
(c) Number of bumblebees entering the nest with pollen in 2 min for each shift. Significant differences
were found; incoming bumblebees carrying pollen were higher during the morning shift (M) than
during midday (Mid) or the afternoon (A). (d) Number of bumblebees entering the nest with pollen
in 2 min per plot. The number of incoming bumblebees carrying pollen was higher in plot 2 than in
plot 1. (e) Number of bumblebees departing the nest in 2 min for each shift. Significant differences
were found; departing bumblebees were higher during the morning shift (M) than during midday
(Mid) or the afternoon (A). (f) Number of bumblebees departing the nest in 2 min per plot. No
significant differences were found. Whiskers show the max and min for each category, plus signs
denote the mean, and points are individual observations. p < 0.001: ‘***’, p < 0.01: ‘**’, and p < 0.05: ‘*’.
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3.2. Pollinator Density

The observed density of bumblebees in the field was extremely low. The maximum
number of bumblebees observed collecting resources from alfalfa was only 2 (Figure 2a).
In comparison, the maximum number of honey bees observed on the field was 31. Honey
bee density was similar between plots (LRT = 2.162, Pr (>Chi) = 0.142; Figure 2b) but
varied throughout the blooming period (LRT = 11.445, Pr (>Chi) = 0.01; Figure 2c, Table S4).
Unfortunately, due to the small number of bumblebees registered in the field, it was not
possible to perform any statistical analysis for them.
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Figure 2. Pollinator density in the field. (a) Total number of bumblebees (Bombus) and honey bees
(Apis) registered. (b) Number of honey bees (Apis) by plot. The density between plots was similar.
(c) Number of honey bees (Apis) per day. Significant differences were found between days. Whiskers
show max and min, plus signs denote the mean, and dots are individual observations. Different
letters denote significant differences, and ‘n.s.’ stands for non-significant differences.

3.3. Pollen Analysis

Regarding the number of pollen loads collected by the bumblebees, we observed that
the number of collected pollen baskets increased during the blooming period (LRT = 72.328
p = 1.354 × 10−15). In particular, day 2 was different from day 1 (z = 4.270, Pr(>|z|) < 0.001);
day 3 was different from day 1 (z= 6.940, Pr(>|z|) < 0.001); day 4 was different from day 1
(z = 7.998, Pr(>|z|) < 0.001); day 3 was different from day 2 (z = 3.063, Pr(>|z|) = 0.0117);
day 4 was different from day 2 (z = 4.349, Pr(>|z|) < 0.001) and there was no difference
between day 4 and day 3 (z = 1.359, Pr(>|z|) = 0.5228; Figure 3a, Table S5).
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Figure 3. Pollen load harvest obtained from pollen traps attached to B. pauloensis nests. (a) Total
number of pollen loads per day. (b) Total weight (g) of the pollen loads collected per day. (c) Estimated
individual weight (g) of pollen loads per day. Whiskers show max and min, plus signs denote the
mean, and points are individual observations. Different letters denote significant differences.

The corbiculae were also weighed. There was a significant difference between dates
(LRT = 43.526 Pr(Chi) = 1.903 × 10−9). The weight of the collected pollen was not signif-
icantly different between day 2 and 1 (z = 2.210, Pr(>|z|) = 0.120) or day 4 and day 3
(z = 1.170, Pr(>|z|) = 0.646), however it was significantly different between days 3 and
1 (z = 6.162, Pr(>|z|) < 0.001), days 4 and 1 (z = 7.160, Pr(>|z|) < 0.001), days 3 and 2
(z = 4.129, Pr(>|z|) < 0.001) and days 4 and 2 (z = 5.214, Pr(>|z|) < 0.001) (Figure 3b,
Table S6). The individual weight of each pollen load was estimated by dividing the total
weight of pollen loads of the same color by their total number. While the total weight was
observed to increase slightly throughout the blooming period, the corbicular weight did
not increase. Day 2 was significantly different from day 3 (t = 2.953, Pr(>|t|) = 0.0233) and
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from day 4 (t = 3.043, Pr(>|t|) = 0.0189), but not from day 1 (t = −1.672, Pr(>|t|) = 0.3485;
Figure 3c, Table S7).

When analyzing the presence of alfalfa pollen in the pollen traps, we found that 37 of
the 57 samples contained alfalfa pollen grains—around 65% of the samples showed alfalfa
pollen grain presence in them. Alfalfa presence was not date dependent (LRT = 1.021,
Pr(Chi) = 0.796); however, there was a significant difference between plots (LRT = 4.355,
Pr(Chi) = 0.0369). Plot 1 had alfalfa pollen presences in 13 of 27 samples (48%), while
plot 2 had alfalfa presence in 24 of 30 (80%) samples (Figure 4a, Table S8). When we
analyzed the number of alfalfa pollen loads in the total pollen loads, determined by color
and corroborated by palynological analysis [43,44], we obtained that 60% of the total pollen
loads corresponded to alfalfa and the remainder corresponded to pollen from other sources.
Unlike the previous analysis (presence/absence of alfalfa grains), the proportion of alfalfa
corbiculae was not plot dependent (LRT = 1.148, Pr(Chi) = 0.284) but date dependent
(LRT = 14.15, Pr(Chi) = 0.0027), the third day having less proportion of alfalfa than days 1
and 2 but not day 4 (Figure 4b, Table S9).
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individual observations. Different letters denote significant differences.

4. Discussion

The results obtained in this study show that the South American bumblebee Bombus
pauloensis forages resources in alfalfa crops used for seed production. Bumblebee activity
was, as expected [49], higher during the mornings, both for general activity as well as for
pollen recollection. Additionally, the pollen collected by bumblebees in terms of units,
weights, and sizes increased throughout the crop blooming period. Even though the
number of bumblebees observed in the field was almost null, the results obtained from
the palynological analysis indicate that bumblebees are able to gather alfalfa pollen and,
therefore, trigger the tripping mechanism required for alfalfa pollination. More than half
(65%) of the samples analyzed showed alfalfa presence (i.e., alfalfa pollen grains were
observed in the sample), and 60% of the pollen loads were identified by color as belonging
to alfalfa. The use of pollen traps in this study was crucial since it allowed us to demonstrate
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that bumblebees forage for pollen in alfalfa flowers and could be considered managed
pollinators for pollination services in this crop.

As mentioned in the introduction, the alfalfa flower has its stamens contained inside
the keel, and to expose them, an insect must land on it. When it comes to honey bees,
pollen foragers are desirable in alfalfa crops for seed production, but not nectar foragers.
Bohart and collaborators [8,50] demonstrated that honey bee pollen foragers activate (i.e.,
expose the stamen by posing on the keel) around 80% of visited flowers, while only 1% is
activated by honey bee nectar foragers. Foragers for this species generally avoid activating
the keel—in order to avoid getting hit—by inserting their proboscises in between the wing
petals and the banner petal [51], whilst to collect pollen, it is necessary for them to pose on
the keel, activating the mechanism that exposes the anthers [8,52].

Bohart and collaborators [50], as well as Peck and Bolton [53], suggest using high
concentrations of honey bees in alfalfa crop fields reduces the attraction of the crop to other
bees, like bumblebees, and recommend utilizing low numbers of honey bee hives to attract
wild pollinators. However, other studies suggest that honey bee presence does not affect the
presence of other bees [54]. When honey bees are introduced to alfalfa crops, their density
increases during the first few days but later on diminishes as they are hit by the activated
alfalfa flowers. When colonies are replaced, the same pattern can be observed [54,55]. Other
researchers, such as Levin [56,57], observed that honey bees from new colonies visit alfalfa
flowers more frequently than honey bees from older colonies, regardless of whether they
had previous experience with alfalfa or not. Honey bees from newly introduced colonies
visited alfalfa for longer time periods when alfalfa was scarce in comparison to areas where
alfalfa was more abundant. These studies suggest that A. mellifera is not the best pollinator
for alfalfa crops.

Our results show that the total amount and weight of pollen gathered throughout the
blooming period increased. However, the individual weight of the pollen loads did not
increase, as observed in other studies [58,59]. The increasing amount of pollen collected
throughout the blooming period suggests, as in previous studies, that it takes time for
bumblebees to learn the complex motor skills involved in the removal of pollen from
different flower morphologies [58,60–62]. In this sense, differences observed between plots
for the analyzed variables could be given by the two cultivars involved in this study, which
could present differences in their floral volatile profile, nectar volume, and concentration,
as well as pollen quality. In turn, these could be reflected in the bumblebees’ activity, as
observed in other studies [63–65].

Considering that Bombus individuals have been reported in alfalfa crops in Argentina [40]
and that B. pauloensis is a managed species, it would be possible to introduce commer-
cial B. pauloensis nests during alfalfa flowering season in adequate quantities. At present,
there are no studies concerning B. pauloensis nest density necessary for alfalfa seed pro-
duction. However, a study by Mänd and collaborators [66] suggests that, for B. lucorum
in alfalfa, a density between two to seven bumblebees per 10 m2 is needed to achieve
80–90% of alfalfa flower tripping. In this study, bumblebee nest density was below one nest
(100–120 workers) per hectare (around 0.1 bumblebees per 10 m2), an insufficient quantity
to achieve the observation of bumblebees in the field, and probably insufficient for adequate
pollination of the alfalfa crop. Considering that many of the nests were presented with
alfalfa pollen in their pollen traps, we can assume that B. pauloensis visited the alfalfa flower
and was able to trip the mechanism that exposes the anthers to pollen.

Hence, our preliminary study revealed interesting results that show that this native
bumblebee species forage resources in alfalfa crops and could, therefore, be a potential
pollinator of alfalfa crops used for hybrid seed production. Future research experiments,
including closure and first visit assays, as well as yield measures, are needed to determine
this bumblebee’s potential as an alfalfa pollinator. Furthermore, assays that focus on
their ability to learn floral odors [67,68] could be considered for the study of targeted
pollination, a strategy that has been successful in diverse pollinator-dependent crops with
honey bees [69].
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5. Conclusions

The South American bumblebee Bombus pauloensis is able to forage resources from
the alfalfa flowers, as evidenced by the pollen trap samples analyzed in this study. Even
though the overall bumblebee density on the field itself was near zero, probably due to the
fact that the number of nests in the field was extremely low (less than one nest per hectare),
60% of the pollen loads were identified as alfalfa pollen. More studies are necessary in order
to conclude that this bumblebee species is an effective alfalfa pollinator, but our results
represent a first step to gaining a deeper understanding of this insect–plant interaction.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agriculture14122192/s1; Figure S1: Satellite view of the study
site; Figure S2: Pollen trap designed for B. pauloensis; Table S1: Colony Activity: Total incoming
bees; Table S2: Colony Activity: Incoming bees with pollen; Table S3: Colony Activity: Departing
bees; Table S4: Honey bee density in the field; Table S5: Number of pollen loads collected by the
bumblebees; Table S6: Total weight of pollen loads collected by the bumblebees; Table S7: Corbicular
weight of pollen loads collected by the bumblebees; Table S8: Presence of alfalfa pollen; Table S9:
Proportion of alfalfa pollen; Data Set S1: Alfalfa Data Set; Script S1: Alfalfa Script.
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