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Abstract 
 
The soybean is the most cultivated grain crop in Brazil and there are many efforts to protect visitor pollinators, especially 
honeybees. The understanding of honeybee behavior on soybean fields is important to growers to apply integrated pest 
management strategies to avoid harm the pollinators. The European bee (Apis mellifera Linnaeus, 1758 (Hymenoptera: Apidae)) is 
a social bee, with European origin, whose the worker length is 12 mm to 13 mm with darker chest hairs. In this sense, foraging 
hours of Apis on soybean, its spatial distribution, the effect of pollination on soybean yield and the effect of insecticides on 
honeybee behavior were investigated. Two experiments were carried out. The first experiment was performed in a soybean field 
with 79 sampling points and four insecticide treatments to understand the spatial distribution of honeybees. In addition, foraging 
behavior of honeybees was evaluated hourly from 7:00am to 7:00pm randomly on 40 sampling points. The second experiment was 
carried out in cages with and without honeybees to quantify the effect of pollination on soybean yield under spray of chemical 
insecticides. Four hives with Africanized honeybees (A. mellifera) were set around the area. The hives had approximately six to 
eight brood frames and two to four food frames. Insecticides  were sprayed as diferent treatments. The first experiment showed 
that honeybees prefer to forage on soybean flowers from 10:00am to 1:00pm and have random distribution. The use of A. mellifera 
as a pollinator did not increase the yield of soybean. Besides the particular manner of experiment’s conduction, the information of 
foraging behavior of honeybees, the pollination effect on soybeans yield and the effect of insecticides on honeybees are prudently 
discussed and some implication for soybean producers are also carefully addressed to avoid insecticide applications to harm 
pollinators. It is important to understand that the effect of pollination on yield of soybean depends on environmental conditions, 
cultivars, the effect of caging plants, and the abnormally high concentration of bees in the cages. 
 
Keywords: Apis mellifera; Glycine max; pollination; behavior; ecology; insecticide. 
Abbreviations: WB_caged soybean with honeybees; NB_caged soybean without honeybees; FVP_uncaged soybean; NPK_nitrogen-
phosphorus-potassium; IPM_ Integrated Pest Management. 

 
Introduction 
 
Soybean (Glycine max (L.) Merril) is the major crop in Brazil, 
occupying 50% of cultivated crop land (Conab, 2019). 
However, the foraging behavior of honeybees and its effect 
as a pollinator remains uncertain. Soybean is an autogamous 
species with both stamens and pistil enclosed within the 
corolla (Sediyama, 1985). Pollen release and pistil reception 
occur before corolla opening for most soybean varieties, a 
process known as cleistogamy (Muller, 1981). Due to flower 
anatomy characteristics, soybean is considered self-
pollinating (Delaplane and Mayer, 2000), such that cross-
pollination between flowers is less than 1% (Schuster et al., 
2007). Studies on the effects of honeybee pollination on 
soybean have given divergent results. For example, 
Southwick and Southwick (1992) found no yield loss for 
soybean in the absence of honeybees or any replacement 
insects as pollinators. Conversely, increases in soybean yield 
with the presence of honeybees also have been reported 
(Erickson, 1975; Abrams et al., 1978; Erickson et al., 1978; 
Kettle and Taylor, 1979, Mason, 1979; Robacker et al., 1983; 
Chiari et al., 2005; 2008, Milfont et al., 2013; Kengni et al., 

2015; Blettler et al., 2018). These contrasting results seem to 
be dependent on methodologies used in each experiment, 
soybean varieties, crop management, and environmental 
conditions. Furthermore, the unnatural environment inside 
the cages built to keep the bees during the experiments may 
affect development of soybean plants, which makes it 
difficult to compare artificial research models to a natural 
pollination process. 
Foraging behavior of pollinators during the plant 
developmental stages, especially during flowering stages, is 
a key issue in soybean production systems. The biology of 
honeybees, together with climate factors including 
temperature, humidity and wind speed, are known to affect 
their foraging on flowers (Malerbo-Souza and Silva, 2011). 
For instance, the foraging activity of Apis mellifera adansonii 
Linneaus, 1758 (Hymenoptera: Apidae) is influenced by 
temperature and hygrometry throughout the flowering 
period, with a peak of activity between 01.00 p.m. and 02.00 
p.m. (Kengni et al., 2015). Temperature also influences the 
foraging behavior of A. mellifera during the daytime and 
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throughout the year (Malerbo-Souza and Silva, 2011). In 
addition, regarding the ecological concept of population 
dynamics of insects, the spatial and time distribution 
patterns of A. mellifera in soybean fields are not understood. 
Regardless of the fact that the distribution models of wild 
and managed pollinators are based on crop location, their 
foraging distance and dispersal functions are empirically 
derived (Lonsdorf et al., 2009; Polce et al., 2013), and not 
applicable from one field to another or across crop types, 
including commodities. Therefore, the relationship between 
spatial and time distribution has an important role on the 
ecology and consideration of sampling methods for 
honeybees in soybean fields. 
In cropland areas, several factors are known to affect 
pollination services, notably farm management practices 
(Nicholson et al., 2017, Pufal et al., 2017). Among these 
practices, insecticides have been shown to affect the 
foraging of honeybees (Bortolotti et al., 2003). Therefore, 
the use of environmentally friendly pesticides and repellent 
agents to treat soybeans may cause less harm to pollinators 
(Fagúndez et al., 2016), and perhaps even the possibility to 
avoid the use of chemical pesticides during the flowering 
period, based on honeybee foraging behavior. Insecticides 
are frequently used in soybean production systems in Brazil 
to control pests and prevent yield loss. Some of these 
insecticides used in soybean fields have been banned in 
other countries, including thiamethoxam and imidacloprid. 
They are still registered and recommended by the Ministry 
of agriculture, livestock and supply (MAPA - 
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agro
fit_cons) to control key pests in Brazil, especially against 
stink bugs and Bemisia tabaci in soybeans, cotton and maize. 
It is apparent that management of sucking pests in Brazil 
requires other new control methods that efficiently reduce 
the risk of damage to other useful insects. However, new 
methods are not available to growers yet. Based on these 
issues related to insect pollinators, we conducted 
experiments to assess the foraging behavior of A. mellifera 
on soybean flowers during the day and its spatial 
distribution within soybean fields sprayed with insecticides 
or not sprayed. In addition, we also evaluated the effect of 
honeybee pollination on soybean yield under differing 
pollination systems and insecticide spray treatments. 
 
Results 
 
Experiment I: Foraging time and spatial distribution of Apis 
mellifera on soybean with and without chemical 
insecticides sprays 
 

The preferable period of foraging for nectar and pollen 
during the day in soybean flowers was between 10:00am 
and 1:00pm (Figure 3), significantly different between time 
of evaluation (Supplementary 3). However, foraging activity 
began around 9:00am and declined around 02:00pm to 
03:00pm. Peak foraging was at 12:00pm, ranging from 4-9.5 
bees per sample point, within the five minutes of sampling. 
After 3:00pm and during periods of low temperature, 
especially early in the morning and evening, only several 
bees were observed near the hives, and these bees were not 
foraging. In addition, the foraging time of bees on soybean 
flowers was similar regardless of the soybean growth stage 
evaluated (Supplementary 4). 
At beginning of the bloom stage of soybean plants, when 
open flowers began to appear, there was an insignificant 
number of A. mellifera foraging in the field, compared to the 

sampling at full bloom stage (Figure 4). The highest number 
of A. mellifera foraging was at the full bloom stage of 
soybean plants, with bees present in the entire sampled 
area, concurrent with greater availability of open flowers. A 
higher density of bees was observed in the neighborhood of 
the hives (50-150 m from beehives), indicating that the 
placement of beehives influenced the spatial distribution of 
bees on soybean fields (Fig 4). 
The soybean plots sprayed with insecticides (thiamethoxam 
+ lambda-cyhalothrin, imidacloprid + beta-cyfluthrin, and 
acephate) at the full bloom stage had no measurable effect 
on distribution of A. mellifera. The two maps illustrating 
both the immediate after-effect (3 days) and a later after-
effect (11 days) of insecticide spray time, show that the 
distribution pattern and number of A. mellifera on soybean 
field was not affected by the use of insecticides (Figure 4). 
However, we have to consider the possibilities of bees flying 
around the soybeans into the experimental area, and vice-
versa, because the beehives were installed on the border of 
perimeter. 
Spatial distribution of bees in the soybean field (Figure 4) 
was classified as a random distribution with the absence of 
spatial dependence. The value of the nugget effect ranged 
from 0.39-1.14 and the sill parameter ranged from 0.10-1.21 
(Supplementary 2 and 6). For the most semivariograms, it 
was not possible to adjust any model of spatial variability 
because of the absence of spatial dependence, since the 
values of the nugget effect were higher than those of the sill 
parameter. Exception was found at full bloom stage prior to 
insecticides spray (Supplementary 6). It was not possible to 
use the classification of Cambardella et al., (1994) for spatial 
dependence analysis in the range of values obtained for the 
nugget effect and sill parameter. Cambardella’s classification 
considers a strong spatial dependence for a semivariogram 
that has a nugget effect value <25% of sill parameter, or 
moderate when it ranges between 25 and 75%, or weak 
when is >75% of sill parameter. 
 
Experiment II: Pollination effect of Apis mellifera on 
soybean yield under different pollination systems and use 
of chemical insecticides 
 
There was no interaction between presence/absence of 
honeybees and insecticide treatments (Supplementary 5A) 
and each factor was analyzed separated. The yield of 
treatments is shown on Figure 5. The uncaged treatment 
(open to natural pollinators) had a significantly greater yield 
when compared to caged treatments, with and without 
honeybees (Table 1). The average yield of the uncovered 
area was 349.44g m

-2
, which was greater than either of the 

caged areas by a factor of 16.5% for the sample with bees, 
and greater by a factor of 15.6% for the area without bees. 
No significant yield differences were observed between 
caged plots with or without honeybees (291.73g m

-2
 and 

294.91g m
-2

, respectively). Comparing the yield averages 
between insecticide treatments, we found the lowest yield 
on untreated control plots (263.42g m

-2
) differing from the 

plots that received an insecticide spray (Table 1). 
For the variable 100-seed weight, there was interaction 
between the presence/absence of pollinators and insecticide 
treatments (P = 0.02187) (Supplementary 5B) only on the 
uncovered area (Table 2). Cages without honeybees and 
with application of insecticides resulted in a higher weight of 
100 seeds (Thiamethoxam + Lambda-cyhalothrin - 18.4025g, 
Imidacloprid + Beta-cyfluthrin - 16.7550g and Acephate - 
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17.2575g), differing from untreated control plots (14.9250g). 
Soybeans caged with honeybees presented the higher 
weight of 100 seeds for the insecticide Thiamethoxam + 
Lambda-cyhalothrin (16.4175g), differing statistically from 
Acephate (14.5800g) and untreated control (14.1700g). 
Analyzing the mean data of each insecticide, we found the 
lowest weight of 100 seeds on untreated control (15.5150g) 
(Table 2), which was statistically different from 
Thiamethoxam + Lambda-cyhalothrin (17.5866g) and 
Imidacloprid + Beta-cyfluthrin (16.9833g).  
The open field plots presented the highest 100-seed weight 
for all insecticides and untreated control, resulting an 
average of 17.8850g. The caged plots with bees had the 
lowest 100-seed weight (15.1450g), independently from 
treatments. These findings indicate that the soybean seed 
weight has a restricted effect by pollination under covered 
areas. It appears to be more related to the reduced damage 
of insect-pests due to the efficacy of some insecticides in 
controlling these pests. 
 
Discussion 
 
Our study provides some suitable information on the 
foraging behavior of honeybees among day period, from 
07:00am to 07:00pm, at soybean bloom stage. On the other 
hand, careful insights of insecticide effects on honeybees 
and the effect of pollination on soybean yield could be 
taken, besides the particular manner of experiment’s 
conduction. Its implication for soybean producers could be 
addressed in regard to understand the honeybee behavior 
to use precautionary principles for insecticide applications 
during the blooming period of soybeans, considering the 
good practice of Integrated Pest Management (IPM), in 
order to be less harmful on bees/pollinators and also to 
protect the crop against pest damages. 
The peak time of pollen and nectar collection on soybean 
flowers was between 10:00am to 1:00pm, very similar to 
other studies that evaluated honeybee foraging on soybean 
plants. Foraging activity in soybeans has been observed to 
peak between 11:00am to 12:00pm (Milfont, 2012), 
11:00am to 1:00pm (Fávero and Couto., 2000), and at 
12:30pm (Blettler et al., 2018). It is known that below 13ºC 
foraging is limited, but over 19ºC it increases to a relatively 
high level (Keogh et al., 2005). These results demonstrate 
that temperature plays an important role in defining hours, 
in which the honey bee foraging activity occurs in soybean 
fields, especially on sunny days. 
Our data confirm that pesticide application should be 
avoided from 9:00am to 3:00pm because of the presence of 
honeybees in a soybean field during the hottest mid-day 
hours. The best time to apply insecticides is at dusk, night, or 
early in the morning when the bees are not foraging (Jay, 
1986). The time of application of insecticides should aim to 
have the least impact on pollinators that are visiting soybean 
flowers. Nevertheless, we encourage no insecticide 
applications during soybean bloom (flowers opened) unless 
strictly necessary. This minimizes the risk of exposure of 
pollinators in soybean fields to lethal and sublethal 
concentration of insecticides.  
The average number of bees visiting soybean flowers was 
very low (6-10 bees per sample point) even with the 
placement of hives on the edge of the soybean field. The 
floral biology (e.g. flower size, cleistogamy, nectar 
production, flower abundance, and flowering sequence) are 
directly associated with the attraction effect on bees 

(Erickson, 1975). Cross-pollination of soybean flowers is less 
than one percent (Schuster et al., 2007), thus the pollen 
available for bee foraging is almost absent. The quantity and 
quality of pollen and nectar produced by the flowers is very 
poor (Jaycox, 1970) and this explains the generally low 
number of bees visiting soybean flowers. 
Soybean cultivars planted in Rio Grande do Sul have a 
flowering period of approximately 5 to 15 days (Zanon et al., 
2016), with sequential, not simultaneous, opening of 
blooms. Therefore, soybean plants provide a short period of 
availability of pollen and nectar from the opening flowers in 
layers on soybean canopy. These sequential flower layers 
might be an inefficient source of pollen and nectar to 
honeybees with a width-time distribution of only a few 
flowers. In contrast, pollinators can find richer sources of 
pollen and nectar in flowers growing nearby within forests, 
native vegetation, and cultivated plants (Lengler, 1999). In 
Rio Grande do Sul, a major honey producer in Brazil, bees 
seek pollen and nectar mainly on native vegetation, native 
trees, and cultivated Eucaliptus spp. (Coelho, 2011).  Since 
bees have other options for foraging, this may account for 
the low occurrence of bees on soybean flowers even when 
beehives are placed on the edge of a soybean field. 
In southern Brazil, beekeepers do not locate beehives along 
borders of soybean fields, as we did in this experiment. We 
tested an uncommon concentration of bees, higher than a 
natural occurrence of pollinators on soyean field (four 
beehives allocated around an area of 19.7ha), and found no 
effects on behavior or repellency, when strips of insecticides 
were applied to the experimental area. Additionally and 
more significantlly, no signs of dead bees at each sample 
point and in the neighborhood of hives were seen. However, 
long-term effects of the insecticides used were not 
evaluated, and insecticides to control soybean pests may 
change each growing season on the basis of pest occurrence 
and pressure. Thus, regardeless of the lack of a short-term 
effect observed in this experiment, further research 
including other pesticides and evaluation of behivee  health 
over the year must be conducted. Some works report a 
chronic exposure to pesticides (e.g. neonicotinoid and 
pyrethroid) prejudices foraging behavior (efficiency to 
collect pollen) and results in mortality of worker honeybees 
(Gill et al., 2012). In addition, declines of wild and managed 
bees are also substantially involved with other factors 
besides pesticides, including parasites and the loss of habitat 
that reduce floral resources (Goulson et al., 2015).  
Although there was no interaction between the pollination 
and insecticide treatments for soybean yield (Figure 5), the 
uncovered area had the highest mean yield (Table 1), 
comparable to means of seed weight (Table 2). These 
findings raise some possibilities to explain the highest yield 
and seed weight in uncovered area free of pollination, 
compared to caged areas. First point, the uncovered areas 
have the maximum sunlight incidence on soybean canopy, 
compared to caged areas covered with a voile fabric, and 
the plants are more photosynthetically active. Secondly, we 
can point the possibility of a higher infestation of pollinators 
inside the cages from each beehive, which could damage the 
flowers instead of pollinating them. Third point, unlike the 
second point, the area opened to pollinators probably had 
anemophily from honeybees and other insects at a balanced 
amount of insect density. Fourth point, the lowest yield and 
seed weight on untreated control plots, compared to 
insecticides  treatments,  seems  to  be  due to pest damage,  
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. 
Table 1. Mean of soybean yield (g m

-2
) on treatments of pollination options and insecticide application. 

 Cage with honeybees Cage without honeybees Uncovered area Untreated control 

Mean yield 291.73 b 294.91 b 349.44 a  

 Thiamethoxam + lambda-cyhalothrin Imidacloprid + Beta-cyfluthrin Acephate 263.42 b 
Mean yield 336.77 a 327.92 a 320.01 a  

 
 

 
Fig 1. Map of the experimental area with a regular grid (50 m x 50 m), sampling points, strips of insecticide treatments (T1, T2 and 
T3) and untreated plot (T4) separated by red lines, and indication of beehive’s disposal around the experimental area 
 
 
Table 2. Soybean 100-seed weight (g) from samples with insecticide application and presence of Apis mellifera. 
 Insecticides applied  

Honeybees 
Thiamethoxam+ lambda-
cyhalothrin 

Imidacloprid+ Beta-
cyfluthrin 

Acephate Untreated control Mean 

Cage with honeybees 16.4175 bA* 15.4125 bAB 14.5800 bB 14.1700 bB 15.1450 c 
Cage without honeybees 18.4025 aA 16.7550 bA 17.2575 aA 14.9250 bB 16.8350 b 
Uncovered area 17.9400 abA 18.7825 aA 17.3675 aA 17.4500 aA 17.8850 a 
Mean 17.5866 A 16.9833 AB 16.4016 BC 15.5150 C  
* Mean values followed by the same lowercase letters in each column, and uppercase letters in each line, do not differ significantly at P < 0.05 by the Tukey test. 

 

 
Fig 2. Pollination cages used in the experiment sized 32m

2
 (length 8m, width 4m, height 2m). Insecticide treatments in the vertical 

side and WB - cages with beehives, NB - cages with no beehives and FVP - free visiting pollinators. 
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Fig 3. Number of honeybees (Apis mellifera) foraging in soybean flowers during the day, from beginning bloom to beginning pod 
stages. 
 
 

 
Fig 4. Spatial-temporal distribution of honeybees (Apis mellifera) from beginning bloom to beginning pod stages. Strips indicate 
insecticide treatments (T1, T2 and T3) and untreated plot (T4) separated by red lines. 
 
 

 
Fig 5. Soybean yield (g m

-2
) under insecticide application and presence of Apis mellifera. Means and its interaction are not 

significantly different (P > 0.05). 
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because no spray was applied in these areas to control 
insect-pests. 
Previous research has demonstrated beneficial effects on 
soybean yield due to the presence of honeybees. Soybean 
yield was greater in caged samples with bees and open field 
samples (37.84% and 41.39% greater, respectively), 
compared to caged plots without honeybees (Chiari et al., 
2008). Soybean seed production (soybean variety BRS 133) 
was 57% higher in fields open to pollinators compared to 
caged plots without bees (Chiari et al., 2005), and soybean 
flowers visited by honeybees had greater production of 
viable seeds (66.17%) (Ribeiro and Couto, 2005). A more 
recent study in Argentina over two soybean growing seasons 
demonstrated that soybean yield increases in plots with 
soybean plants open to pollinators compared to caged 
plants. However, this positive effect was observed on caged 
plots only in one year, and environmental conditions 
seemed to be a strong determinant of the degree to which 
soybeans benefit from pollinators (Blettler et al., 2017). 
These previous results are in accordance to our findings and 
the points raised above explain the possibilities of higher 
yields and 100-seed weight at uncaged plots. 
Soybean is considered a self-pollinating species that receives 
no benefit from the presence of pollinators (Milum, 1940, 
Rubis, 1970), probably because the process of pollination is 
completed 24 hours before the opening of soybean flowers 
(Carlson and Lersten, 2004). Also, not all soybean varieties 
are attractive to honeybees, apparently because of genetic 
and environmental factors (Erickson, 1975, Issa et al., 1980, 
Robacker et al., 1983). Furthermore, the variety used in our 
experiment (determinate cultivar) has a short period of 
blooming for bees to pollinate and affect on soybean yield. 
Maintaining of a high honeybee population in a small area, 
with a limited number of flowers, is not representative of 
normal field conditions (Milfont, 2012). The contradictory 
results and discussions regarding soybean pollination will be 
better understood if an entire environmental condition in 
soybeans fields is taken into consideration (Chiari et al., 
2008).  
 
Materials and Methods 
 
Experimental design 
 
The experiments were conducted during the 2012/13 
soybean growing season in Hulha Negra city in the state of 
Rio Grande do Sul, Brazil (31

o
18’52” S and 53

o
58’02” W; alt. 

230m above sea level). Sowing of A 6411 RG soybean variety 
(determinate), maturity group 6.2 (135 days) was carried out 
on December 14, 2012 at a 45-cm row spacing and fertilized 
at the same time (23g m

-2
 of NPK 05-18-18). The following 

management practices were performed to control weeds: 
pre-sowing - Roundup

®
 720 WG, 0.2g m

-2
, glyphosate, + 

Clorim
®
 250 WG, 0.008g m

-2
, chlorimuron-ethyl; post-

emergence - V4 - Roundup
®
 720 WG, 0.2g m

-2
, glyphosate; to 

control caterpillars: V4 and R1 - Dimilin
®
 800 WG, 0.008g m

-2
, 

diflubenzuron; to control diseases - R1, R5.1 and R6 - Priori 
Xtra

®
 200+80 SC, azoxystrobin+ cyproconazole, 3x10

-5
L m

-2
. 

These products were applied with a self-propelled sprayer at 
a flow rate of 0.02L m

-2
. The experimental area was 

surrounded by soybeans and fairway from it (2 km) there 
were a native pasture and eucalyptus plantation. 
 
 

Experiment I:  Foraging time and spatial distribution of Apis 
mellifera on soybean sprayed with insecticides 
 
The perimeter of a 197000m

2
 experimental area was 

demarcated with a Garmin
® 

GPS, with an interface for a 
palmtop. The software CR-Campeiro

®
 was used to 

demarcate 79 sampling sites on the experimental area at 
50m away from each other (grid of 50m x 50m), represented 
by dots on Figure 1. On February 15, 2013, at the soybean 
pre-bloom stage, four beehives with Africanized honeybees 
(A. mellifera) were set around the area. The hives had 
approximately six to eight brood frames and two to four 
food frames. Furthermore, four strips of land 150m wide 
were marked off where insecticide treatments were 
sprayed.  
The treatments were sprayed on March 2, 2013, 15 days 
after the installation of bee colonies, as follows: T1-  
Engeo

TM
 Pleno 141+106 SC, 0.02mL m

-2
, thiamethoxam + 

lambda-cyhalothrin; T2- Connect
®
 100+12,5 SC, 0.1mL m

-2
, 

imidacloprid + beta-cyfluthrin; T3- Orthene 750 BR
®
 750 PS, 

0,07g m
-2

, acephate; and T4- untreated control. The sprays 
were applied with a self-propelled sprayer at a flow rate of 
0.02L m

-2
. These insecticides and the times of spray selected 

are in agreement with pest management practices on 
soybeans, because they are the most sprayed during the 
reproductive stage of soybeans to manage insect-pests, in 
particular stink bugs. 
Foraging time and spatial distribution of bees were 
determined weekly from the beginning to the end of the 
soybean flowering stages (Fehr and Caviness., 1977). The 
first two samplings (A and B) were made prior to insecticide 
application and the last two (C and D) were performed after 
the application (Supplementary 1). The number of 
honeybees foraging in the soybean flowers was sampled 
following Milfont. (2012) methodology, by visual counting 
(stopped at a point about 2.5min covering a radius of 1m-
2m) and with an entomological sweep net (10 sweeps that 
took about 2.5 min to sweep and to count bees collected), 
completing the evaluation in five minutes. In the foraging 
time, the sampling was done hourly from 7:00am to 7:00pm 
by seven people randomly on 40 sampling points. This 
sampling was performed at (A) R1 - 02/21/13, (B) R2 - 
02/28/13, (C) R2 - 03/04/13, and (D) R3 - 03/12/13. Each 
evaluation date was considered as one replicate on time. 
Total data of each site found during 5 minutes of sampling 
procedures was used to ANOVA analysis in SISVAR (version 
5.6) (Ferreira,  2011) and the means compared with the 
grouping test Scott-Knott (P < 0.05). 
The evaluation of spatial distribution was performed a day 
after from dates described above, before and after spray. 
The number of honeybees was evaluated also during five 
minutes with seven evaluators during the day time (from 
11:00am to 1:00pm) at those 79 sampling sites, to obtain 
semivariograms and to assess the spatial distribution 
parameters of honeybees in the experimental area. From 
this, statistical models were adjusted for subsequent 
interpolation of variables and population maps were built by 
ordinary kriging with the software ArcGIS 9.3

®
. 

 
Experiment II: Pollination effect of Apis mellifera on 
soybean yield under different pollination systems and with 
and without chemical insecticides 
 
A two-factorial experiment was performed in a completely 
randomized design at a homogeneous area (free of soil, 
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cultivar and environmental variation) in the soybean field, 
where factor A was the presence of honeybees and Factor B 
was the use of insecticides. Eight cages of 32m

2
 were built 

before the soybean bloom stage (length 8m, width 4m, and 
height 2m and due to the size was considered one cage for 
each treatment) to make the manipulation of hives inside 
the cages possible, instead to using small replicates (Figure 
2). 
The treatments of Factor A were as follows: (1) caged 
soybean with honeybees (WB) - one beehive on each cage; 
(2) caged soybean without honeybees (NB); and (3) uncaged 
soybean (FVP) - free to wild visitor pollinators and 
honeybees. One beehive was placed inside of each cage of 
caged soybean with honeybees when 10-15% of plants had 
begun to bloom (February 15, 2013). Each hive had 
approximately 5,000 Africanized honeybees, with high purity 
and uniform population, consisting of three to four broods 
and one to two food frames. At the beginning of the R3 
growth stage, beehives and cages were removed, and stakes 
were used to mark the area of each treatment. The 
treatments of Factor B were applied inside the cages with 
and without honeybees and over uncaged soybean. 
Insecticides were chosen based on current registration for 
soybeans in Brazil: T1 - Engeo

TM
 Pleno 141+106 SC, 0.02mL 

m
-2

 (thiamethoxam + lambda-cyhalothrin); T2 - Connect
®
 

100+12,5 SC, 0.1mL m
-2

 (imidacloprid + beta-cyfluthrin); T3 - 
Orthene 750 BR

®
 750 PS, 0.07g m

-2
 (acephate); and T4 - 

untreated. Each treatment was sprayed at the soybean R2 
stage with a CO2-pressurized backpack sprayer equipped 
with four Teejet XR 110.015 nozzles (spaced 0.5m apart), 
and a flow rate of 0.015L m

-2
. 

To quantify the soybean yield, four replicates of 3m
2
 in the 

middle of each experimental cage were harvested. In 
addition, four replicates of 100 grains from each cage were 
weighed and evaluated to obtain the average weight of 100 
grains (g). Statistical analyses were performed using the 
software Assistat (7.7 Beta Version; 2009). Data were 
analyzed by ANOVA, and the means were separated by 
Tukey’s test with a significance level of P < 0.05. 
 
Conclusion 
 
Our findings corroborate with soybeans reproductive 
physiology, where no response of soybean yield occurred 
from pollination, except for uncovered area that have free 
visiting of pollinators and free sunlight incidence over 
soybeans canopy. In regards that soybean is an autogamous 
species, we could not see a clear yield advantage, even with 
high pollinator densities. Even more, the overall effect of 
pollination on yield of soybean depends on environmental 
conditions, cultivars, the effect of caging plants, and the 
abnormally high concentration of bees in cages. 
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