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ABSTRACT - (Importance of bees in pollination of Solanum lycopersicum L. (Solanaceae) in open-field of the Southeast
of Minas Gerais State, Brazil). Pollinators are extremely important in agricultural crops because their deficit can affect food
production in the world. Consequently, a lot of studies have been emphasizing the importance of the knowledge about the
biology of these agents. The tomato stands out among the economically most important crops. Therefore, the objectives of
this work were: to identify the pollinators of Solanum lycopersicum in a conventional area of cultivation in the southeast of
Minas Gerais State and detect which of these are more representative; to assess the importance of the pollinators’ action for
the quality of the fruits produced; and discuss practices for conservation to these agents. Fifteen floral visitors were found,
with Exomalopsis analis being the most representative. Apis mellifera and Trigona spinipes, although not vibrating bees,
also acted as pollinators of Solanum lycopersicum.
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RESUMO - (Importancia das abelhas na polinizac¢do de Solanum lycopersicum L. (Solanaceae) em cultivo aberto no Sudeste
do Estado de Minas Gerais, Brasil). Polinizadores sdo extremamente importantes em cultivos agricolas, pois o seu déficit
pode afetar a producdo de alimentos no mundo. Sendo assim, estudos tém enfatizado a importancia do conhecimento sobre
a biologia desses agentes. Dentre as espécies olericolas mais importantes economicamente, destaca-se o tomate. Assim, este
estudo objetivou identificar os potenciais polinizadores de Solanum lycopersicum em uma area de cultivo convencional no
sudeste do Estado de Minas Gerais; identificar quais destes sdo mais representativos, verificar a importancia da sua agdo na
qualidade dos frutos produzidos e discutir praticas para a conservagao desses agentes. Foram encontrados 15 visitantes florais,
sendo Exomalopsis analis o mais representativo. Apis mellifera e Trigona spinipes, mesmo ndo sendo abelhas vibradoras,
também atuaram como polinizadores de Solanum lycopersicum.

Palavras-chave: buzz pollination, cultivo convencional, servigo ambiental

related with agricultural intensification, including the
use of agrochemicals (Pinheiro & Freitas 2010) and
the fragmentation of native areas (Freitas et al. 2009).
The fragmentation causes habitats heterogeneity and

Introduction

The pollinators’ action is extremely important
in agricultural crops, being directly or indirectly

responsible for about 1/3 of the food production
consumed by humans worldwide (Klein et al. 2007,
Ollerton et al. 2011). In this context, 73% of cultivated
species relies on the action of the bees for pollination.
Their action can influence the quality of fruits and seeds
produced (FAO 2004), increase productivity (Malagodi-
Braga 2002), as well as to standardize fruit ripening,
which hence avoids crop losses (Willians et al. 1991).

In general, the number of pollinating guild species
has declined alarmingly and the main causes are

contributes to changes in the diversity of pollinators
(Benton et al. 2003).

The pollination deficit can affect food production
around the world and this issue emphasizes the
importance of knowing the pollinators powers, mainly
bees, of cultivated plants (Hein 2009). Considering
the decline of pollinators, conserving these agents is
necessary, however, some data associated to richness,
taxonomy, diversity and distribution of these agents
still need to be better investigated.
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In this aspect, projects as the International
Pollinators Initiative and the Brazilian Pollinators
Initiative have been gathering information that can
help conserving these agents (Imperatriz-Fonseca
et al. 2007, Freitas et al. 2009). Studies have shown
that the presence of fragments of native vegetation
near crops has increased the reproductive success of
cultivated species (Kremen et al. 2002, Klein et al.
2003, Holzschuh et al. 2012). This is because these
fragments provide resources and nesting sites for
insects, especially bees (Liow et al. 2001).

In planting areas, knowledge about interactions
between crops and their pollinators, on a local scale,
is important to propose management and protection
actions to these agents (Klein ef al. 2003). Studies
of this nature are relevant because this kind of
information is still incipient and restricted to few
cultures and regions (Yamamoto et al. 2010).

Among the most important cultivated species,
we emphasize the tomato, Solanum lycopersicum L.
(Solanaceae), produced on a large scale, both at
national level (Filgueiras 2008) and worldwide
(FAO 2009). Its flowers are hermaphrodite and self-
pollinated, however, their anthers need to be vibrated
to release the pollen grains that will reach the stigma
(Buchmann 1983). This vibration can be performed
by vibrating bees in a type of pollination known as
buzz pollination (Buchmann 1983) or by the action
of the wind (Del Sarto ef al. 2004).

Most of the studies upon pollination in Solanum
lycopersicum were conducted in greenhouse. In
these studies, the main species of bees considered
to be pollinators were those of the genera Bombus
(Dogterom et al. 1998, Velthuis 2002, Malagodi-
Braga 2005, Palma et al. 2007, Vergara & Fonseca-
Buendia 2012), Melipona (Del Sarto et al. 2005,
Bispo dos Santos ef al. 2009, Nunes-Silva et al.
2010), Nanotrigona (Cauch et al. 2004, Palma
et al. 2007) and Xylocopa (Velthuis 2002). In
addition, there are few studies upon the open field
(Macias-Macias et al. 2009, Santos & Nascimento
2011, Silva-Neto et al. 2013, Silva-Neto et al.
2016).

This research aims to identify potential pollinators
of Solanum lycopersicum in a conventional crop in the
southeast Minas Gerais State, as well as to identify
which of these are more representative. In addition, we
verified the importance of these agents to the quality
of the fruits produced and discussed some practices
to preserve these pollinators.

Material and methods

Study area - The study was conducted in a conventional
cropping of tomato Salad type, at Guiricema city,
southeast of Minas Gerais (figure 1). The region is
marked by an average annual temperature of 23.5 °C;
rainfall to 1,567 mm/year and Cwa climate, according
to Kdppen’s classification, characterized by dry
winters and rainy summers (Climate-Data 2016).

The crop was located at Fazenda Boa Vista
(21°01'05"S, 42°38'23"W). In the surrounding area,
there were two fragments of native forest distant, 200
and 600 m of the crop, and two other cultures, passion
fruit (Passiflora edulis Sims) and okra (4belmoschus
esculentus (L.) Moench). However, most of the
farming environment consisted of pasture.

The culture was conducted based on traditional
techniques, using the grafting system. The crop was
periodically exposed to the appliance of pesticide and
watering, with the pesticide being launched twice a
week, late in the afternoon, when pollinators were no
longer foraging and irrigation was done every two
days.
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Figure 1. Map of study area showing site surrounded by other crops
and forest fragments, located in the municipality of Guiricema,
Minas Gerais State, Brazil.
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Richness, behavior and representativeness of floral
visitors - Sampling of floral visitors was carried out
in the periods of June-August 2011 and June-August
2012. This procedure was conducted via active
collection, in which, during the flowering period, the
crop was randomly ranged from 10 a.m. to 2 p.m.
Along the way, the bees foraging on tomato flowers
were collected with the aid of a hand net. This capture
was conducted over 10 days in the cultivation of 2011
and 10 days in the cultivation of 2012, totaling an 80
hours sample effort. Samples of collected visitors were
assembled, duly tagged and identified. The vouchers
were deposited in the Entomological Collection of the
Taxonomic Collections of the Universidade Federal
de Minas Gerais.

The frequency of floral visitors was verified
through observations, performed between 8 a.m and
5 p.m on each day, for ten minutes each hour. This
procedure was repeated for ten days in cultivation in
2011 and ten days in cultivation in 2012, amounting
34 hours. During regular observations, the behavior of
the floral visitors was also noted. In addition, hourly-
related temperature data were collected every day of
analysis.

Pollination testing - Two experiments were conducted:
1) Open pollination - The flowers were marked with a
ribbon and left exposed to the action of the pollinators
and 2) Self-pollination - The flowers were bagged with
organza at the pre-anthesis phase, to avoid contact
with the floral visitors.

The open pollination was conducted with 100
flowers of the different individuals and self-pollination
in another 100 flowers of the different individuals. In
each year, 2011 and 2012, 50 individuals were used
for the open pollination experiment and 50 for the self-
pollination experiment, amounting 200 individuals
observed.

The evaluation of the quality of the fruit was
conducted with tomatoes produced in each of the
above experiments. However, some fruits from bagged
flowers aborted in the initial development stage and
cannot be analyzed. Thus, in total were analyzed 100
tomatoes from marked flowers and 58 tomatoes from
bagged flowers.

This evaluation was performed from the weight,
verified with analytical balance and the number
of seeds produced, which were removed from the
fruits, transferred to petri dishes, oven dried and after
manually quantified. All these measurements were
carried out at the Biological Sciences Laboratory of

the Universidade do Estado de Minas Gerais - Campus
Uba.
Statistical analysis - Data were tabulated using the
descriptive statistical analysis. A significance level
of 5% was adopted. For the data analysis, Pearson
correlation was used to measure the degree of linear
relationship between temperature and frequency of
floral visitors and t-test for independent samples to
compare the fruiting data from the different pollination
treatments. In addition, we used the Shannon diversity
index (H’) to compare the diversity of each year of
collection and the Sorensen similarity index (ISS)
representing the common species between the two
communities, allowing the evaluation of the similarity
between the years sampled. Subsequently, the paired
t-test was used.

For the calculation of the diversity index of
Shannon, we use the formula below:

H’=-> pi.ln pi

Where: pi = ni/N, ni: number of individuals of species
1; N: total number of individuals sampled; In: neperian
logarithm.

For the calculation of Sorensen’s similarity index,
we use the formula below:

ISS = (2.C)/(S1+ S2)

Where: C - number of common species in two years;
S1- number of community species in 2011; S2 -
number of community species in 2012.

Results and Discussion

Richness, behavior and representativeness of floral
visitors - During the observation period, the bees were
the only pollinators of Solanum lycopersicum. Fifteen
species were cataloged in the studied area belonging to
the families Andrenidae, Apidae and Halictidae (table
1). All individuals collected were females and Apidae
was the family with the highest species richness.
Among all the species collected, nine perform the
buzz pollination, typical pollination of flowers that
have poricidal anthers and that requires vibration to
release the pollen.

The flowers analyzed presented rimosas anthers
(figure 2a), different from those observed by other
authors (e.g. Buchmann 1983, Plowright & Laverty
1987). These anthers are collapsible, constituting a
cone-shaped structure that has a pore at its apex (figure
2b). Thus, the rimosas anthers, when united in cone,
began to show equivalence with a single and large
poricidal anther.
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Table 1. Floral visitors of Solanum lycopersicum and their representativeness observed in an open-field area in Guiricema,
Minas Gerais State, Brazil, during the years 2011 and 2012. (*): species that perform buzz pollination.

Representativeness
Species
2011 2012

Andrenidae

Oxaea flavescens (Klug 1807)* 0.005 0.000
Apidae

Apis mellifera (Linnaeus 1758) 0.307 0.289

Bombus (Fervidobombus) morio (Swederus 1787)* 0.025 0.022

Bombus (Fervidobombus) pauloensis (Friese 1913)* 0.012 0.000

Exomalopsis (Exomalopsis) analis (Spinola 1853)* 0.356 0.375

Exomalopsis (Exomalopsis) fulvofasciata (Smith 1879)* 0.010 0.000

Thygater (Thygater) analis (Lepeletier 1841)* 0.053 0.051

Trigona spinipes (Fabricius 1793) 0.043 0.042

Plebeia sp. 0.005 0.005
Halictidae

Augochloropsis callichroa (Cockerell 1900)* 0.030 0.042

Augochloropsis electra (Smith 1853)* 0.043 0.031

Augochloropsis smithiana (Cockerell 1900)* 0.020 0.031

Augochloropsis sp.* 0.017 0.000

Pseudaugochlora erythrogaster (Almeida 2008)* 0.043 0.034

Pseudaugochlora graminea (Fabricius 1804)* 0.025 0.045

The vibrating bees were attached to the anthers cone
by their jaws and placed below the apical pore (figure
2¢), because the flowers of Solanum lycopersicum were
pendant. These species, when vibrating their structure
released the pollen from the anthers that came out of
the cone through the apical pore. Subsequently, they
cleaned and stored the pollen in their corbiculas.

Through Pearson’s correlation, we observed a
moderate positive correlation (64.4%) between the
temperature and the frequency of floral visitors. Thus,
these bees more frequently foraged in the period
between 11 a.m and 3 p.m, time with the higher
temperatures (figure 3). These data are consistent with
Burril & Dietz (1981), who mention that the flight of
the bees can be inhibited at low temperatures. This
process occurs mainly in solitary bees (most of the
species cataloged in the present study), which do not
have high thermoregulatory capacity (Eickwort &
Ginsberg 1980).

The Shannon diversity analysis between the
sampled years, 2011 (H’=1.89) and 2012 (H*=1.73)
did not differ statistically (p < 0.001). These results
can be corroborated by Sorensen’s similarity index
(ISS = 88.88%). The most frequent species were

Exomalopsis (Exomalopsis) analis Spinola, followed
by Apis mellifera L. (table 1). Exomalopsis analis was
considered the main pollinator in the studied area. This
is due to three factors: 1) high frequency of flower
visitation, 2) ability to vibrate the flowers for pollen
collection, and 3) foraging activity during the entire
flower development period. These characteristics fit
into the standards that define an efficient pollinator,
which are local abundance, ability to carry pollen and
fidelity to the species visited (Lindsey 1984).

Exomalopsis analis was also the most frequent
in other studies with tomato in conventional crop
(Macias-Macias et al. 2009, Silva-Neto et al. 2013,
Depra et al. 2014, Santos et al. 2014, Silva-Neto et al.
2016). The high frequency of Exomalopsis analis is
probably related to the fact that this species nests in
soil aggregations, where in each one, several females
use the same entrance (Michener 2006). Gaglianone
et al. (2015) point out that this type of behavior results
in a greater number of individuals in the area.

This information combined with their vibrating
capacity makes this species the main tomato pollinator
in this type of crop. Together with Exomalopsis analis,
always mentioned in most of the studies cited with
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Figure 2. Solanum lycopersicum flowers, Fazenda Boa Vista, Guiricema, Minas Gerais State, Brazil. a. Rimose anthers. b. Detail of the
flower showing anthers forming a cone-shaped structure with one pore at the apex. c. Bee positioned below the apical pore. d. Detail of
the flower showing the cone of the anthers externally folded at the apex and exposing the stigma. Drawn by Reinaldo Pinto.
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Figure 3: Average of flower visitors and temperature per hour of
day in Fazenda Boa Vista, Guiricema, Minas Gerais State, Brazil.

Solanum lycopersicum, including this one, and by
the vibrating habit presented, species of the genera
Bombus, Augochloropsis and Pseudaugochlora
could also be considered important pollinators in
conventional culture.

The species Apis mellifera, Trigona spinipes
Fabricius and Plebeia sp., were the only non-vibrating
bees found in the area. Thus, the pollen was collected
by two methods: 1) taking advantage of the remaining
pollen in the flower due to the vibration of another
species of bee or 2) inserting the gloss in the cone
of anthers, through the apical pore, and reaching
the stamens. Among the non-vibrating species, Apis
mellifera and Trigona spinipes collected pollen by
both methods and Plebeia sp. only by method 1.

Apis mellifera and Trigona spinipes, because
of their inability to vibrate flowers, are generally
considered only robber species (Depra et al. 2014).
However, in the present study, by inserting the gloss
in the anther cone to collect the pollen grains, it was
observed that these bees were contaminated with them,
especially on the head. When foraging on another
plant, they can cross-pollinate by touching the stigma
of the flower visited. Despite this, it is important to
note that Trigona spinipes have damaged many tomato
flowers with their jaws. This type of behavior may
decrease the percentage of fruiting, causing harm to
the producer (Boiga-Junior et al. 2004).

Plebeia sp. also did not vibrate the flowers
collecting the remaining pollen from them, without
actually performing pollination. This species was
first recorded foraging on tomato flowers and it seems
that both observed visits (one each year) were only
random. With a relatively small body measuring ca.
3-6 mm (Michener, 2006) and unable to effect buzz
pollination, the species was considered only looter.

The behavior of Apis mellifera and Trigona
spinipes is facilitated by the fact that in several Solanum
lycopersicum flowers, the apical region of the anthers
cone folded externally and exposed the stigma (figure
2d). Patricio et al. (2012) observed the efficiency of
Apis mellifera pollinating eggplants and Amoako &
Yeboa-Gyan (1991) had already mentioned that this
species could act as a pollinator in tomato flowers and
other vegetables, such as eggplant and pepper.

The exposure favors the contact of this structure
with the bees foraging and, therefore facilitates the
action of these non-vibrating species in the pollination
process. Our results were similar with others studies
which verify the potential of non-vibrating species
in tomato pollination, including 7rigona iridipennis
Smith, Apis cerana L., Apis mellifera and Paratrigona
lineata Lep. (Putra & Kinasih 2014, Santos et al.
2014).

Influence of pollinators on fruit yield and quality -
From the pollination tests, it was observed that in
both bagged and non-bagged flowers it occurred fruit
formation. However, around 40% of the fruits from
bagged flowers, in both years, aborted at the beginning
of development and in flowers with free access to the
bees, all the fruits formed developed until reaching
the harvest stage. This considerable percentage of
aborted fruits is probably related to failures in the
pollination process (Kinet & Peet 2002). These results
reinforce the importance of these agents to tomato crop
production.

In a comparison between the fruits produced by
bagged and unpackaged flowers, it was verified that
the weight and the seeds number in the fruits from
non-bagged flowers differed statistically between the
pollination test (table 2 and 3). These data corroborate
other studies that mention the importance of the
pollinators to the production of fruits with higher
quality in Solanum lycopersicum (Morandin et al.
2001, Bell et al. 2006, Hogendoorn et al. 2006,
Greenleaf & Kremen 2006). In addition, the results
obtained were similar to those reported in others
studies (Aldana et al. 2007, Silva-Neto et al. 2013,
Bartelli & Nogueira-Ferreira 2014, Depra et al. 2014,
Santos et al. 2014, Silva 2015).

The number of seeds produced in the fruits is
directly associated with the number of pollen grains
that reach the stigma and fertilize the oosphere.
According to Kinet & Peet (2002), seed quantity is
associated with tomato quality and this parameter
influences fruit size and weight (Nuez 2001, Alvarenga
2004, Rodriguez et al. 2005). The average weight is
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Table 2. Weight of tomatoes fruits according to different pollination tests in 2011 and 2012 in Fazenda Boa Vista, Guiricema,

Minas Gerais State, Brazil.

Pollination Number of

Standard

Year test tomatoes Minimym Average Maximum Deviation P-value®
T
T
mre W T e e

* According to t test to indendent samples.
**Significant at 5% probability level.

Table 3. Number of seeds of tomatoes fruits according to different pollination tests in 2011 and 2012 in Fazenda Boa Vista,

Guiricema, Minas Gerais State, Brazil

Year Pollination  Number of Minimum Average Maximum Star?dgrd P-value*
test tomatoes Deviation
- T A
T I T I
N I

*According to t test to indendent samples.
**Significant at 5% probability level.

associated to the source-drain relationship, that is, to
the translocation capacity of photoassimilates to the
fruit during the development of the plant (Peluzio et
al. 1999).

Dempsey & Boyton (1965) reported a higher mass
in tomato fruits with the higher number of seeds and
verified an increase in 1g of dry weight in the fruits
for each additional seed. The effect of seed number on
fruit weight is still poorly understood, but it is likely
that this correlation occurs due to the intense synthesis
of hormones in seed tissues (Keulemans et al. 1996).
It is believed that hormones are associated with the
fruit’s ability to import photoassimilates (Denis 1986).
Thus, since the synthesis of these hormones in the
seeds is intense, a greater number of them can increase
the fruit weight.

Conservation practices for Solanum lycopersicum
pollinators - Our results emphasize the importance
of bee species considered pollinators in this study for
the quality of fruits produced. Giannini et al. (2012)
mention that studies upon strategies to conserving
native bees need to be developed urgently. In the
agricultural field, these strategies should contemplate

the protection of these pollinators, as well as the
maintenance of the productivity of cultivated species.

Studies on the biology of these pollinators are
required so that management practices for these
species can be drawn up (Silva-Neto et al. 2013, Silva-
Neto et al. 2016). In this context, it is important to
know more about the biology of Exomalopsis analis,
a more frequent pollinator in tomato crop.

Despite the need for more studies on these agents,
some practices adopted by the producers themselves
can contribute to the maintenance of these pollinators
in conventional crops, mainly related to the tomato
crop:

1. Preservation of forest fragments and soil near
cultivated areas - The cultivation carried out near
forest fragments is beneficial, as they help maintain
the guild of pollinators that contributes to agricultural
production. These fragments provide varied sources
of food to bees and nesting sites (Liow ef al. 2001,
Chacoff & Aizen 2006, Klein et al. 2007, Kremen
et al. 2007). According to Benevides et al. (2009)
and Garibaldi et al. (2011), the small distance from
the crops in relation to the natural areas positively
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influences the richness of floral visitors and fruit
formation.

The distance from the forest fragments in relation
to the growing area is important when considering the
radius of flight of the bees during foraging. Bees of
smaller size, like the majority found in this study (such
as Apis mellifera, Exomalopsis analis, Exomalopsis
Sfulvofasciata, Thygater analis, Trigona spinipes, Plebeia
sp., Augochloropsis sp., Augochloropsis callichroa,
Augochloropsis electra, Augochloropsis smithiana,
Pseudaugochlora erythrogaster and Pseudaugochlora
graminea), forage on a radius up to 800 meters from the
nest (Gathmann & Tscharntke 2002). Considering that
there were two fragments of forests close to cultivation,
bees that were probably nesting on these forest areas had
a resources in the tomato blossoms.

Another point to highlight is the edaphic conditions of
the area. Many species collected nest in soil (Michener 2006),
such as Exomalopsis analis, Exomalopsis fulvofasciata,
Augochloropsis sp., Augochloropsis callichroa,
Augochloropsis electra, Augochloropsis smithiana,
Pseudaugochlora erythrogaster and Pseudaugochlora
graminea. Thus, soil preservation in and around growing
areas is an important measure for the maintenance of the
bee population (Gaglianone ez al. 2015). The main measures
that contribute to preserve the soil with short-cycle species
plantations, such as tomato, are no-till, level planting and
terraced construction (Embrapa 2003).

In light of this scenario, the tomatoes cultivation
(and other olive groves) near forest area and its
preservation, as well as of the soil at the planting site
and its surrounding area, are forms to conserve the bee
species. Consequently, these practices are also ways
to increase fruit production, since the action of these
pollinators contributes to increase the fruit quality.

2. Management of ruderal plant species close to
cultivation - Tomato flowers do not produce nectar, so
pollen is the only resource provided to bees as a floral
reward (Buchmann 1983). Therefore, the presence
of ruderal plant species in the vicinity of the crop or
among the tomato plants which offer this resource
(nectar), becomes an additional attraction to these
agents (Gaglianone et al. 2015).

During the development of this study, several
ruderal species were observed around the cultivation
area, where several bees foraging on the tomato
flowers were also observed foraging. Among the
ruderal species found in the vicinity of the tomato
cultivation under study are Leonorus sibiricus
L. (Lamiaceae), Bidens pilosa L. and Vernonia

sonchifolia (L.) DC. ex Wight (Asteraceae). These
are considered by Gaglianone ef al. (2015) common
species around the tomato crop. The same authors
mention that the management of ruderal species close
to crops should be conducted carefully. This care is
because some ruderal species may be viruses deposit
that may affect tomatoes, or even be more attractive
than tomato flowers, and displace the attraction of
pollinators (Gaglianone et al. 2015).

Besides the ruderal species, near the tomato growing
area, there were also passion fruit and okra crops. Both
species have flowers that offer nectar and pollen as floral
reward (Malerbo-Souza et al. 2008, Varassin et al. 2012).
Some species of bees that forage on tomato flowers were
also observed foraging on flowers of these other crops.
Thus, cultivation of other olive groves in the vicinity of
tomato planting can contribute to the attraction of floral
visitors that can forage and pollinate both in tomato crop
and in nearby crops.

3. Applications of agrochemicals at suitable times -
The use of agrochemicals in conventional plantation
of Solanum lycopersicum is quite common and poses
risks to workers and to environment (Reis-Filho et al.
2009), including to pollinators. The intense utilization
of these agrochemicals is due to great amount of the
pests attack the tomato (e.g. nematodes, bacteria,
viruses and fungi) (Naika et al. 2006). In this sense,
Fontes & Silva (2002) emphasize that the agrochemical
application in excess in the crop, also, is related with
some others factors, mainly: high productivity per unit
area; long period of fruit production; production in
climate conditions unfavorable and use of place and
soil inappropriate.

Garibaldi et al. (2014) mention that the use of
pesticides can influences the richness, composition
and abundance of bees. Thus, the agrochemicals
applications should not be performance in the
bloom period (Johnson & Corn 2015). However,
in conventional tomato crop the applications are
carried during almost entire production period due the
countless pests attack the plant (Naika et al. 2006).
Therefore, the application of these products should
be done early in the morning or in the late afternoon
and early evening, during which there is no foraging
of the bees (Pinheiro & Freitas 2010).

In the crop where the present research was
conducted, the applications were made in the late
afternoon around 6 p.m. At that time, the bees had
already finished their foraging. This method avoids
the direct exposure of bees to products that at high
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concentrations may be lethal to these pollinators
(Pinheiro & Freitas 2010).

In order of minimize effect of agrochemicals to
pollinators in tomato crop, besides that choose time
with little foraging of the agents, others actions can
be taken as for example: I) fractionate the applications
(Pinheiro & Freitas 2010), what can decrease the
concentration of agrochemical that will be in contact
with pollinators. II) Perform applications around the
plants (utilization in crowing) to reduce the costs
and impacts related about the insects (Pinheiro &
Freitas 2010). III) Avoid hours of the day with high
temperatures, because in the conditions there is a
great spray drift and volatilization of the pesticides
(Johnson & Corn 2015) what can increase its area
of performance. IV) Use only agrochemicals with
residual time below eight hours (Pinheiro & Freitas
2010) to avoid its effects lasting to long time in the
environment.

Conclusions

Exomalopsis analis was the most frequent floral
visitor and considered the main pollinator of Solanum
lycopersicum in the study area. Apis mellifera and Trigona
spinipes, although not being vibrating bees can also act
as pollinators of Solanum bycopersicum. The behavior of
bees in the pollination of Solanum lycopersicum increases
the productivity and quality, based on weight and number
of seeds, of the fruits produced.

Studies on the biology of these bees are necessary
and important to the proposition of management
techniques bound to these species. Some practices
conducted, mainly by the producers can help in this
process as: 1) preservation of forest fragments near the
plantations, as well as the preservation of the soil in
the planted area and its surroundings; 2) maintenance
ofruderal species of interest near the crop and planting
close to other crops with flowers producing other
floral resources besides pollen; and 3) applications
of pesticides in a rational manner and at appropriate
times.
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