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RESUMO

EFEITO DA FLORACAO MASSIVA DA SOJA NA ATRACAO DE ABELHAS DO
CERRADO DO OESTE DA BAHIA

Felina Kelly Marques Bulhdes
Orientador Antonio José Camillo de Aguiar

Resumo da Dissertacdo de Mestrado apresentada ao Programa de Pds-graduacdo em
Zoologia, Instituto de Ciéncias Bioldgicas, da Universidade de Brasilia, como parte dos
requisitos necessarios a obtencao do titulo de Mestre em Zoologia.

As abelhas desempenham um papel crucial na economia global, seu servico
ecossistémico prestado, contribui para a manutencdo da biodiversidade e seguranca
alimentar. A dependéncia das abelhas na polinizacdo destaca a necessidade de sua
preservacao para manter ecossistemas saudaveis e sistemas agricolas produtivos. A
soja, Glycine max (L.) Merr, é originaria do leste da Asia, tendo uma excelente adaptacéo
para o seu cultivo ao redor do mundo, é uma importante fonte de alimentos para humanos
e animais, com as mais diversas aplicabilidades. No entanto, este estudo ressalta a
potencial contribuicdo da polinizacdo por abelhas para a producdo de graos de soja no
oeste da Bahia. Apesar do Cerrado ser a savana mais rica do mundo, este ecossistema
estd sujeito a uma elevada taxa de desmatamento para expansdo agricola,
especialmente para a cultura da soja. Essa dissertacdo esta organizada em introducao
geral, e 0 manuscrito submetido para publicacdo. No estudo experimental apresentado
no manuscrito, foi quantificado sistematicamente a diversidade de abelhas nas lavouras
de soja no municipio de Luis Eduardo Magalhaes, oeste da Bahia uma das maiores areas
agricolas do Brasil. Investigamos a diferenca de riqgueza e abundancia de abelhas entre
areas naturais e plantagfes de soja, e a distribuicdo distinta de abelhas relacionadas a
borda das lavouras e &reas naturais nas distancias de 10, 50, 250 e 500 metros. Dez

transectos foram amostrados com armadilhas coloridas de queda - pan traps, durante a
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fase de floracdo da soja. A floracdo sincronizada em um curto periodo leva a oferta em
massa de flores de soja que atrai uma comunidade de abelhas das areas circundantes
representada por 53 espécies de abelhas. Esta floracdo leva a um forte efeito de
transposicao das abelhas para estas areas, levando a uma diferenca maior da riqueza
nas areas naturais, com maior abundancia de abelhas nas areas de cultivo. Foi
observado que as abelhas tém maior abundancia na &rea de cultivo até a distancia de
50 metros, e nas distancias maiores de 250 e 500 metros a abundancia e riqueza ja é
menor. Nas areas naturais estas diferencas de distancia ndo variam. Apis mellifera
Linnaeus, 1758 e outras trés espécies de abelhas silvestres representam mais de 50%
das abelhas nas lavouras de soja, e outras 49 espécies de abelhas nativas representam
0s restantes potenciais polinizadores da soja. Nossos dados sugerem uma alta atracéo
de abelhas sobre as lavouras de soja durante a fase de floracdo e um potencial servico

ecossistémico de polinizacdo de areas naturais como reservas legais.

Palavras-chave: Polinizacdo, Servicos ecossistémicos, Biodiversidade, Matopiba,

Agricultura, Paisagem agricola.

Brasilia/ DF
Fevereiro/2024
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ABSTRACT

EFFECT OF SOYBEAN MASS INFLUENCE ON BEE ATTRACTION IN THE
CERRADO OF WESTERN BAHIA

Felina Kelly Marques Bulhdes

Antonio José Camillo de Aguiar

Abstract of the Master's Dissertation presented to the Postgraduate Program in Zoology,
Institute of Biological Sciences, University of Brasilia, as part of the necessary

requirements to obtain the title of Master in Zoology.

Bees play a crucial role in the global economy; their ecosystem service contributes to
maintaining biodiversity and food security. The dependence of bees on pollination
underscores the need for their preservation to sustain healthy ecosystems and productive
agricultural systems. Soybean (Glycine max (L.) Merr), originating from East Asia, has
excellent adaptability for cultivation worldwide, serving as a vital food source for humans
and animals with diverse applications. However, this study emphasizes the potential
contribution of bee pollination to soybean grain production in western Bahia, Brazil.
Despite the Cerrado being the world's richest savanna, it faces high deforestation rates
for agricultural expansion, particularly soybean cultivation. This dissertation is organized
into a general introduction and a manuscript submitted for publication. In the experimental
study presented, we systematically quantified bee diversity in soybean fields in Luis
Eduardo Magalhdes, one of Brazil's largest agricultural areas. We investigated
differences in bee richness and abundance between natural areas and soybean
plantations, considering the distinct distribution of bees related to field edges and natural

areas at distances of 10, 50, 250, and 500 meters. Ten transects were sampled with

Vii



colored pan traps during the soybean flowering phase. Synchronized flowering results in
a mass supply of soybean flowers attracting a bee community from surrounding areas,
represented by 53 bee species. This flowering creates a strong spillover effect of bees
into these areas, resulting in greater richness differences in natural areas, with higher bee
abundance in cultivated areas. Bees were observed to have higher abundance within the
cultivation area up to a distance of 50 meters, while at greater distances of 250 and 500
meters, abundance and richness decreased. In natural areas, these distance differences
were not observed. Apis mellifera Linnaeus, 1758, and three other wild bee species
represent over 50% of bees in soybean fields, with 49 native bee species serving as
potential soybean pollinators. Our data suggest high bee attraction to soybean fields
during flowering and a potential ecosystem service of pollination for natural areas as legal

reserves

Keywords: Pollination, Ecosystem services, Biodiversity, Matopiba, Agriculture,

Agricultural landscape.

Brasilia/ DF

Fevereiro/2024
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INTRODUCAO GERAL

O aumento continuo na demanda global por alimentos ressalta a necessidade
premente de investimentos em praticas agricolas mais sustentaveis, com o objetivo de
mitigar os impactos ambientais associados (Ferreira et al.,, 2022). Essa busca por
sustentabilidade requer a implementacdo de estratégias que harmonizem a producéo
agricola com boas praticas (Aizen et al., 2009; Ferreira et al., 2022; Klein et al., 2007).
Enfrentar o desafio da seguranca alimentar, ao mesmo tempo em que se busca reduzir
0S impactos ambientais da agricultura em larga escala, emerge como um dos principais
desafios do século XXI (Foley et al., 2011).

Em 2023, o Brasil consolidou sua posi¢do como lider mundial na producéo de soja
na safra 22/23, alcancando 43,8 milhdes de hectares e uma colheita de 154,8 milhdes de
toneladas (Brasil, 2023). A regido oeste da Bahia destaca-se nacionalmente desde o final
dos anos 1970, com um notével crescimento de 440% na area cultivada entre 1990 e
2018, sendo reconhecida como uma das fronteiras agricolas mais dindmicas do mundo,
caracterizada por expansao e intensificacao da atividade agricola (Filho & Filho, 2012), e
desde entdo houve um significativo aumento na area cultivada, com um crescimento
impressionante entre 1990 e 2018 (Chartuni Mantovani et al., 2019). E a regiao,
conhecida como Matopiba (acrénimo formado pelas iniciais dos estados do Maranhéo,
Tocantins, Piaui e Bahia), tem sido caracterizada pelo rapido crescimento da producédo
agricola e pelo aumento da area cultivada, sendo estabelecida como uma nova fronteira
agricola (Aradjo et al., 2019; Calmon, 2022).

A producdo de soja na regido comprovou sua posicao de destague como a
principal cultura na regido oeste da Bahia, ao atingir uma marca impressionante de mais
de 7 milhdes de toneladas produzidas durante a safra 2022/23 (AIBA, 2022). Varias
razbes impulsionaram essa expansao, incluindo terras férteis de baixo custo, melhorias
na infraestrutura logistica (estradas e ferrovias) e avangcos em tecnologias agricolas,
como sementes melhoradas e maquinaria moderna (Araujo et al., 2019).

Embora a expanséo das areas agricolas com transformacdo de areas naturais
ou areas de pastagens seja amplamente considerada a solugcdo mais imediata para

enfrentar os desafios na producao de alimentos, é essencial reconhecer que o0 servi¢co
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ecossistémico prestado por polinizadores € um dos mais importantes mecanismos para
aumento de producéo e este servico enfrenta ameacas significativas devido a fatores
como o uso de agrotoxicos, praticas de manejo da terra, mudancas climaticas e perda de
habitat associada ao avanco agricola (Ferreira et al., 2022).

Essa expansao de areas de plantio, especialmente em paises tropicais, € uma
estratégia primaria para aumentar a producao mundial de alimentos (Zalles et al., 2021).
Apesar dos beneficios econémicos que acompanham essa expansao, € crucial destacar
0S impactos ambientais substanciais, incluindo desmatamento, 0 uso intensivo de
agrotoxicos e fertilizantes, além de ameacas a qualidade dos recursos hidricos e a
biodiversidade (Calmon, 2022).

A legislacao brasileira prevé a preservagao de 20% da cobertura vegetal nativa
dentro de suas propriedades no bioma Cerrado (Brasil, 2012). Consequentemente, as
areas de maior produtividade agricola assumiram uma configuracdo paisagistica
diversificada, composta por fragmentos remanescentes de vegetacdo nativa que estao
cercados por extensas areas destinadas a agricultura (Simoes et al., 2020). No entanto,
a estrutura da comunidade de polinizadores naturais em escala paisagistica ainda é
pouco explorada.

A preservacao de populacdes de polinizadores nativos em habitats naturais
adjacentes as areas agricolas desempenha um papel crucial na promocéo da polinizacéao
e, consequentemente, no aumento da produtividade das culturas (Halinski et al., 2020).
Diversos estudos tém ressaltado a importancia desse fenébmeno, por exemplo, pesquisa
realizada por Gazzoni & Paz Barateiro (2023), demonstrou um aumento na produtividade
média quando as abelhas da espécie A. mellifera estdo inseridas nessas areas de cultivo
de soja. Porém, esse aumento na produtividade s6 sera efetivo com a presenca de
habitats naturais adjacentes a campos agricolas para assim promover a diversidade e
abundéancia de polinizadores, resultando em maior rendimento das culturas (Ferreira et
al., 2022).

A pesquisa proposta tem como objetivo preencher uma lacuna no estudo da
ecologia das abelhas, especificamente no bioma Cerrado, uma regido que enfrenta
grandes desafios decorrentes do crescimento das praticas agricolas intensivas (Zalles et
al., 2021). O entendimento da estrutura da comunidade de abelhas nesse contexto é de
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extrema importancia, uma vez que esses polinizadores desempenham um papel vital na
interacao planta-inseto, especialmente na producado de culturas agricolas como a soja.
Essa dissertacdo esta organizada em introdugdo geral, e 0 manuscrito submetido

para publicagéo.

Abelhas e suarelevancia como polinizadoras de areas agricolas

A intensificacdo das préticas agricolas tem desencadeado impactos significativos
nos servicos ecossistémicos de polinizacdo (Klein et al.,, 2007). A fragmentacédo e
destruicdo de habitats naturais resultam na escassez de recursos florais essenciais para
os polinizadores, comprometendo seu papel vital na polinizagdo de culturas agricolas
(Barda et al., 2023). Em um cenario global, cerca de 75% das culturas alimentares (Klein
et al., 2007) e 90% das plantas com flores dependem da polinizacdo animal para
reproducéo bem sucedida, tornando esse servigo ecossistémico crucial para a seguranca
alimentar e a biodiversidade (Barda et al., 2023; Ferreira et al., 2022).

Apesar da importancia da polinizacdo, algumas plantas tém a capacidade de
realizar autopolinizacdo, especialmente na presenca de flores autocompativeis, o que
confere resiliéncia a ambientes alterados pelas praticas agricolas intensivas (Souza et
al., 2023). No entanto, a propagacdo de organismos polinizadores entre habitats
agricolas e naturais é essencial para o funcionamento eficiente de processos ecoldgicos,
como polinizacéo, predacéo e dispersdo de sementes (Ferreiras et al., 2022; Gonzélez-
Varo & Vila, 2017). A transferéncia sazonal de polinizadores entre habitats agricolas e
naturais, especialmente apés eventos fenolégicos como floracao, frutificacdo e colheita,
desempenha um papel crucial na manutencao da biodiversidade e na funcionalidade dos
ecossistemas (Gonzalez-Varo & Vila, 2017).

A expansdo das monoculturas e dos monocultivos florestais (MFCs) € uma
tendéncia comum na paisagem agricola, mas essa pratica pode levar a diluicdo da
densidade de polinizadores, impactando negativamente o0s servicos de polinizacao
(Holzschuh et al., 2016). No entanto, permanece uma incognita se os MFCs realmente

promovem o crescimento populacional a longo prazo dos polinizadores ou se apenas
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atraem temporariamente esses importantes agentes polinizadores para areas especificas
(Holzschuh et al., 2016).

Apis mellifera, € reconhecida como o animal domesticado mais amplamente
distribuido e abundante (Ferreira et al., 2022; Quinlan et al., 2021). Além de sua
contribuicdo essencial para a producdo de mel, essa espécie, em particular, esta se
tornando cada vez mais crucial na polinizacdo de culturas agricolas, como a soja,
aumentando a produtividade e a qualidade dos gréos (Garibaldi et al., 2021; Gazzoni &
Paz Barateiro, 2023; Gonzéalez-Varo & Vila, 2017).

No entanto, o declinio alarmante das populaces de polinizadores (Beringer et
al.,2019), acende sinalizadores criticos sobre os servicos de polinizacédo para culturas
agricolas e plantas selvagens (Holzschuh et al., 2016). A perda de diversidade e
abundéancia de polinizadores selvagens, que desempenham um papel fundamental na
polinizacdo de plantas nativas e em ecossistemas naturais, representa uma ameaca para
a biodiversidade desses ambientes (Ferreira et al., 2022). O declinio dos polinizadores
selvagens intensifica a dependéncia de polinizadores domésticos, como A. mellifera
(Klein et al., 2007), destacando a vulnerabilidade dos sistemas agricolas e naturais a
perturbacdes nas comunidades de polinizadores.

A agricultura é intrinsecamente dependente do processo de polinizacdo para
alcancar niveis elevados de produtividade e garantir a qualidade dos frutos produzidos
(Gonzalez-Chaves et al., 2022). Uma pratica comum nesse contexto € o uso generalizado
de colmeias de abelhas meliferas, desempenhando um papel crucial na polinizacéo de
diversas culturas (Barda et al., 2023). Entretanto, essa dependéncia consideravel em
uma unica espécie levanta preocupacfes, ressaltando a vulnerabilidade do sistema
agricola a eventos adversos que possam afetar negativamente as populacdes de abelhas
meliferas.

Os insetos, em geral, desempenham fun¢gbes fundamentais em processos
ecoldgicos e na provisdo de servigcos ecossistémicos essenciais para a sustentabilidade
ambiental (Barda et al., 2023). As abelhas, em particular, ttm um papel vital na
polinizacdo, sendo indispensaveis para culturas agricolas que dependem da visita desses
insetos, como € o caso da soja, embora essa dependéncia seja considerada moderada
em comparagcdo com outras culturas (Giannini et al., 2015; Souza et al., 2023). O
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equilibrio delicado dessa relacdo destaca a importancia de estratégias de manejo que
promovam a diversidade de polinizadores e reduzam a dependéncia exclusiva de uma
Unica espécie.

Expandir e conservar as areas de habitat adequado para a nidificagdo para
abelhas selvagens em campos de soja ndo apenas potencializa a producédo de graos,
mas também estabelece e mantém habitats de polinizadores nas paisagens de soja,
proporcionando beneficios adicionais, como a prote¢éo do solo, purificacdo de agua e ar,
controle de pragas (Garibaldi et al., 2021). Contudo, a movimentacéo de abelhas de areas
de mata preservadas para areas de monocultura apdés o florescimento das culturas
destaca a interconexdo complexa entre as praticas agricolas e os ecossistemas naturais
(Ferreira et al., 2022), durante esse periodo, desempenham um papel crucial ao atrair
abelhas, atuando como verdadeiros imés que temporariamente diluem suas densidades
em manchas florestais proximas (Gonzalez-Varo & Vila, 2017).

Mesmo em plantacbes que, a principio, ndo dependem diretamente da
polinizacdo, como o caso da soja, a inclusdo de ambientes propicios aos polinizadores
pode promover beneficios a comunidade desses agentes e resultar em aprimoramentos
nas meétricas de producao, ja que as abelhas coletam pdlen de soja, indicando uma
interacdo ativa com a cultura (Levenson et al., 2022).

As abelhas, com destaque para a A. mellifera, emergem como os polinizadores
mais frequentes da soja, envolvendo-se em intenso forrageamento em busca de néctar
e poélen (Souza et al., 2023), esses insetos desempenham um papel vital na polinizacao
da soja, contribuindo significativamente para o processo reprodutivo dessa cultura. Sua
presenca impulsiona a produtividade da soja, realcando a importancia fundamental dos
polinizadores na formagéo de sementes e vagens (Gazzoni & Paz Barateiro, 2023; Souza
et al., 2023;). Mesmo sendo a soja uma cultura autbgama (Roubik, 1995), a influéncia
positiva das abelhas, como agentes polinizadores, na produtividade destaca a interacéo
benéfica entre a cultura e esses insetos (Souza et al., 2023).

Apis mellifera foi observada em alguns estudos como a principal visitante floral
na soja, contribuindo na promocao da polinizacdo cruzada e, consequentemente, no

desenvolvimento reprodutivo da planta (Gazzoni & Paz Barateiro, 2023; Souza et al.,
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2023). Entretanto, € crucial salientar que, apesar dessa contribuicdo, essa pratica nao
substitui completamente o papel de polinizadores selvagens (Holzschuh et al., 2016).
Os polinizadores selvagens contribuem para a polinizacdo de culturas,
desempenhando papéis especificos na transferéncia de pélen entre flores (Holzschuh et
al., 2016). Compreender a ecologia e a dindmica desses polinizadores nativos em
ambientes especificos é crucial para desenvolver estratégias de manejo que promovam
a coexisténcia harmoniosa entre polinizadores, garantindo assim a sustentabilidade da

producéo de alimentos (Barda et al., 2023).

O Cerrado e seu potencial servi¢co ecossistémico de na polinizacdo de areas

agricolas

O bioma Cerrado, classificado como o segundo maior em extensao territorial no
Brasil, predomina na regido central do pais e se estende em pequenas areas na Caatinga,
Mata Atlantica e Floresta Amazobnica. Internamente, o Cerrado se divide em trés
principais grupos fitofisiondbmicos: formagdes savanicas (como cerrado stricto sensu e
cerrado ralo), campestres (incluindo campo sujo, campo-cerrado e campo limpo) e
florestais (como cerraddo e mata seca) (Ribeiro & Walter, 2008).

O Cerrado é reconhecido como a savana mais rica do mundo (Castro et al.,
1999). No entanto, a transformacéo acelerada do Cerrado é evidente, com mais de 50%
de sua extensdo original convertida em pastagens, cultivos agricolas e outros usos ao
longo dos ultimos 35 anos. Esse processo, impulsionado principalmente pelo avancgo do
desmatamento, especialmente devido a expansdo da monocultura de soja no oeste da
Bahia, tem impactos na biodiversidade (Klink & Machado, 2005), esse fenémeno foi
impulsionado por fatores-chave, incluindo infraestrutura robusta, pregos de terras
acessiveis e condi¢des climaticas favoraveis (Araujo et al., 2019).

As comodities mais significativas em termos de areas de plantio no Cerrado sao
o café, concentrado no centro-sul do Cerrado, e a soja, com maiores areas de producao
no oeste da Bahia, centro-sul de Goias, e centro-oeste do Mato Grosso (Marco &

Coelho,2004). Ambas as comodities, café e soja, sdo beneficiadas pela polinizacdo
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cruzada melitofila, indicando que a relacéo de alta riqueza de espécies de abelhas no
cerrado e areas agricolas pode ser extremamente benéfica.

Nas ultimas duas décadas, a regido do Matopiba testemunhou uma expansao no
cultivo de soja, especialmente na mesorregido do Extremo Oeste Baiano (Aradjo et al.,
2019; Calmon, 2022). Esse crescimento expressivo na producdo de soja destaca a
adaptabilidade e a produtividade dessa cultura na regido, consolidando o Matopiba como
um importante polo agricola (Araujo et al., 2019).

Apesar da intensa pressdo do agronegdécio e da reducéo da biodiversidade no
Cerrado devido a acdo humana, existem ainda remanescentes de vegetacao natural que
desempenham um papel crucial na preservacdo da diversidade biolégica regional que
atuam como reflgio para a fauna local (Grandolfo et al., 2013).

As areas de Cerrado integro sao recursos potenciais para conservacao e
incremento da producdo nas areas agricolas através do servico de polinizacdo (Jauker
et al., 2009), como a polinizacdo de cultura de soja e do café (Jauker et al., 2009; Luo et
al., 2020). Porém, a dispersao desses polinizadores para as areas de agricultura
dependera da qualidade, forma e distanciados refligios naturais préximos as areas de
cultivo, que daréo subsidios de nidificacdo e forrageamento para diferentes espécies de
abelhas (Jauker et al., 2009; Forrest et al., 2015).

Biologia Floral e importancia econdmica da Soja (Glycine max (L.) Merrill)

A soja (Glycine max (L.) Merrill, 1917), € uma cultura amplamente cultivada
(Gazzoni & Dall’Agnol, 2018;Leff et al., 2004). Tornou-se uma das commodities agricolas
mais importantes globalmente (FAOSTAT (FAO, 2024)), impulsionada pelo seu uso em
racBes animais, 6leo de cozinha e produtos alimentares (Gazzoni & Dall’Agnol, 2018),
sua producado s6 vem crescendo ao longo do tempo.

Essa espécie apresenta reproducdo autégama, com flores autopolinizadoras que
sincronizam a receptividade do estigma e a viabilidade do pdlen para obter rendimentos
mais elevados (Roubik, 1995). Porém, discussdes recentes tém questionado o papel da
polinizacdo animal nessa cultura (Gazzoni & Paz Barateiro, 2023; Souza et al., 2023).
Essa discussdo € motivada, em parte, pelas diversas caracteristicas da soja (Gazzoni,
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2017), que se assemelham a uma planta polinizada por animais e os beneficios ofertados
por esse servico ecossistémico (Aizen et al., 2008). Apesar das alegacbes de
autofecundacéo total (Roubik, 1995), a soja se beneficia da polinizagao por insetos, como
as abelhas, aumentando a producao de sementes (Chiari et al., 2008) e na produtividade
e qualidade dos graos (Evans et al., 2023, Gazzoni & Paz Barateiro, 2023).

A morfologia floral da soja apresenta grande variabilidade no nimero de flores
por planta, onde cada uma possui nove estames diadelfos que se fundem pelas anteras
e sdo posicionados sobre o estigma apds a antese; o décimo estame esté localizado
opostamente aos estames fundidos. Os nectérios, discoides e vascularizados por ramos
do floema, tém um diametro de 0,63 a 0,73 mm, com estdbmatos préoximos as fendas
dorsais, além de apresentarem nectérios e guias de néctar (Erickson & Garment,1979).

Com a presenca de um alto numero de flores por planta durante o tempo de
floracdo, os cultivos de soja atuam como um poderoso atrativo para as abelhas
(Gonzélez-Varo & Vila, 2017). Além de possuirem guias de néctar e canais que atraem
as abelhas para um contato proximo facilitando e viabilizando a polinizacdo (Erickson &
Garment,1979; Gil & O'Neal, 2015).
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Abstract

1. The Cerrado is the richest savanna of the World, with a potential ecosystem
service of pollination for numerous crops like coffee and soybean. Despite
soybeans, are primarily self-pollinating, monitoring bee populations through
continuous surveys, and promoting bee attraction through a heterogeneity
landscape with natural areas around soybean fields must ensure long-term benefits
for both crops and pollinators.

2. Here, we surveyed and quantified the bee diversity on soybean crops in Western
Bahia, one of the larger farming areas of Brazil. We investigated the difference of
richness and abundance of bees between natural areas and soybean plantations,
and the distinct distribution of bees related to the border of crops and natural areas.
Ten areas were sampled with pan traps during the flowering stage of crops.

3. There was observed a high abundance and richness of bees in the cultivation
areas during the soybean flowering stage, with greater attraction near the edge up
to a distance of 50 meters. At greater distances such as 250 m and 500 m from the
edge, the richness and abundance were lower compared to the edge up to 50 m
and the natural areas.
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4. Apis mellifera Linnaeus, 1758 and other three wild bee species represent more
than 50% of the bees on the soybean crops, and other 49 native bee species
represent the remaining potential soybean pollinators.

5. Our data suggests a high attraction of bees over soybean crops during the
blooming stage, and a potential pollination ecosystem service of natural areas like
legal reserves.

KEYWORDS

Pollination, Ecosystem Services, Biodiversity, Matopiba, Agriculture

INTRODUCTION

The global decline in the bee species is an urgent concern due to food security issues
(Decourtye et al., 2019; Klein et al., 2007). It is estimated that entomophilous pollination
contributes to the global economy in a range of 153 billion euros, representing 9.5% of
the total economic value of agricultural production directly used for human consumption
(Khalifa et al., 2021). Some varieties of agricultural crops, such as soybeans, Glycine max
(L.) Merr, are widely used worldwide and also benefit from this service (Gazzoni & Paz
Barateiro, 2023).

Despite being considered a self-pollinating species, soybean benefit from entomophilous
pollination, with higher increase in grain production compared to self pollination (Chiari et
al., 2008; Monasterolo et al., 2015; Evans et al., 2023; Gazzoni & Paz Barateiro 2023).
These results challenge the traditional view of soybeans' self-compatibility, highlighting
the valuable contribution of entomophilous pollination, especially by Apis mellifera
Linnaeus, 1758 - honeybees, to optimize soybean grain production. This was evidenced
by the average 17% increase in the weight of fruits from openly pollinated flowers
compared to treatments of automatic self-pollination and manual cross-pollination (Evans
et al., 2023). These findings not only contribute to redefining assumptions about soybean
pollinator independence but also provide valuable guidance for management of bees on
crops.

Soybeans represent a mass-flowering crop, characterized by rapid and massive growth
that proves rewarding for the bee community in the surrounding areas, nestled within a
landscape of natural remnants (Monasterolo et al., 2015, Montero-Castafio et al., 2016).
By emphasizing the biological richness of the pollinators found in these fields, it is
suggested that the mass flowering crops exert a strong attractiveness, not only in the
immediate vicinity but also in more distant areas. This phenomenon has significant
implications for the composition and abundance of bees in natural ecosystems,
suggesting that the crops may attract the bees from nearby and distant natural areas,
affecting the composition and abundance of bees in natural ecosystems.
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The Cerrado is a hotspot of biodiversity with a strong potential to ecosystem services for
agricultural production, like the provision of pollinators for commodities like coffee and
soybean. The increase of production by the natural pollination provided by natural areas
is specially reported to coffee (Marco & Coelho, 2004). However the deforestation and
the transformation of heterogeneous natural areas to homogeneous landscapes
composed only by monocultures is the main tactics employed to increase agricultural
production.

Understanding the intricate dynamics between the honey bees, wild bees, and agricultural
production is crucial for making well-informed decisions in pollination management of
crops, specially soybeans. Our research is dedicated to improving soybean pollination
research by investigating the distribution of bee species among crops and natural areas.
In our research, we systematically quantified the spillover effect of bees, including both
native bees and exotic A. mellifera, across different distances from soybean plantations
and natural Cerrado areas. Utilizing standardized sampling methods, we evaluated the
roles of various wild bee groups at different distances from the edges of soybean
plantations within a landscape. We investigated the difference of richness and abundance
of bees between natural areas and soybean plantations, the distinct distribution of bees
related to the border of crops and natural areas, A. mellifera and wild bees are very distinct
distributed on natural areas and crops, exploring potential differences in the effects of A.
mellifera and native bees on soybean pollination.

METHODS
Study sites

The present study was carried out in western Bahia (Brazil), a large area of the Matopiba
region, one of the most extensively cultivated landscapes with soybean crops in Brazil
(Araujo et al., 2019; FAOSTAT (FAO, 2019), http: //www.fao.org/faostat). The study area
is located on a flat plateau, with a homogeneous landscape of mechanized annual
monocultures (Gongalves & Chang, 2017). This region presents intensely cultivated
agricultural landscapes, forming a large mosaic of landscapes composed of remnants of
native vegetation, which comprises areas protected by law, surrounded by extensive
agricultural areas (Simdes et al., 2020). There are few studies on pollinating insects in
their crops, highlighting a gap in knowledge in this regard.

Ten transects were classified in the agricultural matrix with scattered fragments of natural
Cerrado (Fig. 1): (1) -11.823711S, -45.915353W, (2) -11.820848S, -45.919295W; (3) -
11.817901S, -45.923214W; (4) -11.810641S, -45.926200W; (5) -11.75560S, -
45.881335W; (6) -11.753238S, -45.885453W; (7) -11.751063S, -45.889817W; (8) -
11.781905S, -45.932413W; (9) -11.786633S, -45.935805; (10) -11.798559S,
45.932710W. Each transect crosses the boundary of 500 meters from the natural areas
to 500 meters inside the soybean plantation.
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The transects were placed with at least 700 meters of distance between each other. We
defined these distances because most bees in a heterogeneous community have a flight
range that does not exceed 600 meters in proportion (Gathmann & Tscharntke 2002,
Zurbuchen et al. 2010).

We used traps painted with UV yellow and blue colors (250 ml cups; paint label: Colorgin
Luminoso), as an efficient and highly standardized method for sampling bees at each
location simultaneously (Gill & O'neal, 2015; Roulston et al. al., 2007). In each transect,
32 pan traps were installed, 16 in yellow and 16 in blue, in two parallel lines, arranged in
pairs in a straight line from the edge to the interior of the fragment at distances of 10 m,
50 m, 250 m and 500 m for both the Cerrado area and the cultivation area (Fig. 1). Each
trap was fixed to a support made from a wooden rod and fixed to the ground in an open
area without permanent shade. They were placed at approximately the height of crop
flowers, ca. 1 meter, and at the height of grasses in natural areas, ca. 40 cm high. The
traps remained in the field for 15 days and the collected material was removed every five
days, where the material from each trap was organized individually and labeled.

Pan traps are disposable plastic containers, measuring 7 cm in height x 5.3 cm in diameter
(“mouth”) and 3 cm in diameter (bottom), with a capacity of 80 ml. These specific colors
were chosen because they are within the visible spectrum of bees (Moreira et al., 2016).
The cups are filled with 60 ml of a mixture of water and propylene glycol in a 1:1 ratio,
along with 3-5 drops of colorless detergent to break surface tension.
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FIGURE 1 Location and distribution of traps at bee sampling points in the agricultural matrix and Cerrado
area (close: 10 and 50 m; far: 250 and 500 m).
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The traps were set up on December 9, 2021 and the bees were collected during three
consecutive expeditions with an interval of 5 days (December 14, 19 and 24, 2021). The
choice of this month was based on the post-rainy period and the soybean flowering period
in the areas, totaling 15 days in which the traps remained in the field. The soybean variety
planted in the areas was Brasmax focus Ipro — 74177 RSF, which had a short flowering
period, around 30 days. Subsequently, the bees were sorted, mounted on entomological
pins and sent to the Bee Laboratory of the University of Brasilia, where they were
deposited in the reference collection of the Entomological Collection of the Department of
Zoology of the University of Brasilia. The classification used in this study follows the
proposal by Michener (2007), with small modifications by Moure et al. (2012).

Data analysis

We calculated the difference between richness and abundance within soybean crops and
the cerrado natural areas during the soybean flowering period using Generalized Linear
Mixed Models (GLMMs, 'gimmTMB' function from the ginmTMB package, Brooks et al.,
2017). We used sample within sampling location as random structure." This approach
allowed us to capture the variation associated with different sampling locations,
considering micro-habitat as the smallest sampling unit. The models were fitted using the
'gImmTMB' function, with a Poisson error distribution (considering our response variables
are count data) and a log-link function. We tested the assumptions of residual normality
for each model and overdispersion using the DHARMa package (HARTIG; Hartig, 2017).
Additionally, we did not detect spatial dependence in our models. This test was performed
using Moran - function from the ape package (Paradis et al., 2019). We checked for
distinct groups between soybean crops and cerrado areas: are there completely distinct
groups between soybean and cerrado areas, or between distances from cerrado to
soybean cultivation areas?; or between distances - using Bray-Curtis distance for
abundance data and Jaccard for presence and absence from cerrado areas to soybean
crops using a PERMANOVA, with the ‘'adonis2' function from the vegan package
(Oksanen et al., 2019). We represented the existence of possible groups in bee
composition using a PCoA - using the first two axes generated by a Principal Coordinates
Analysis. We also tested if there is a significant difference in the abundance of A. mellifera
records in soybean cultivation and within the Cerrado matrix: is there a significant
difference in the abundance of A. mellifera records compared to all other bee species at
different distances in soybean cultivation?. For this approach, we used Generalized Linear
Mixed Models (GLMMs, 'gimmTMB' function from the ginmTMB package, Brooks et al.,
2017), with random variables 'sample/sampling location," using the negative binomial
distribution (for count data with overdispersion). Finally, we also analyzed if there is a
difference in the abundance of A. mellifera and native species (average): is the abundance
of A. mellifera higher compared to the other abundances of native bee species and
between the cerrado and soybean crops using Generalized Linear Mixed Models
(GLMMs, 'gimmTMB," Brooks et al., 2017). Richness accumulation curves were also
calculated (for different locations and distances), in order to determine the sampling effort
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carried out in our collections (with and without Apis melifera). To do this, we used the
INEXT function from the INEXT package (HSIEH et al., 2016).

RESULTS

A total of 755 bees from 68 species were collected throughout the study. In the soybean
cultivation area, 455 bees from 49 species were collected, while in the adjacent Cerrado
areas, 300 bees from 58 species were collected (Table 1). Species accumulation curves
approached an asymptote (Fig. SP1), indicating sufficient sampling effort for the entire
study. Apis mellifera represented 16.2% of all bees collected, and 22.6% of the bees
collected on the soybean crop.

% O~ °.| ™
290 2 = 754
‘e B 754 2
[ o [
Z 2 2 .
T 60 T . T 50
"] w 501 emta .- @
o 3 < J IS
o . o [E. -
Q 30 8 251 g = P
] » 7]
o T T T T 01 T T T T 04 T T T T T T
"] 250 500 750 0 50 100 150 0 50 100 150 200 250
Number of individuals Number of individuals Mumber of individuals
d .. * e 100 * f *
z = 2759
@ B 754 [
o 75 o [
= = Z e
=l T . © 50
o 50 w %01 0 LetToan .. @
2 2 § K S I a— 2 L bt
0 [} o - =
2 25 D 254 Q2 =
7] n i ~
o T T T T 04 T T T T 04 T T T T T
0 250 500 750 9 50 100 150 0 50 100 150 200
Number of individuals Number of individuals Number of individuals

FIGURE SP1. Accumulation curves representing the estimated richness (Chaol) of bees among Cerrado
and soybean plantations. a,b,c: curve including A. mellifera; def: curve excluding A. mellifera. Green -
Cerrado area; Yellow - soybean planting area.

The bee community sampled is represented by solitary, parasocial and social species,
including the exotic Apis mellifera. Apis mellifera and the following five native bee species
represents more than fifty percent of the total of bees collected: Trigona spinipes
(Fabricius, 1793) (13.6%), Exomalopsis auropilosa Spinola, 1853 (7.1%), Paratrigona
lineata (Lepeletier, 1836) (6.0%), Peponapis fervens (Smith, 1879) (4.9%), and Epicharis
bicolor Smith, 1854 (2.9%). On the soybean crops, A. mellifera and only three native bee
species, T. spinipes, E. auropilosa and P. lineata, represent 53.1% of bees, while the
remaining 46.9% is represented by 45 native bee species. In the soybean areas, ten
species occurring exclusively in these areas were recorded, for the Cerrado areas, 19
species were recorded and 39 occurring between the two areas.

BEES Soybean Natural

Total
areas areas
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Andrenidae

Acamptopoeum cf. prinii (Holmberg, 1884) 17 6 23
Oxaea cf. flavescens Klug, 1807 6 3 9
Cephalurgus anomalus Moure & Lucas de Oliveira, 1962 1 1
Apidae

Apis mellifera Linnaeus, 1758 103 20 123
Bombus (Fervidobombus) brevivillus Franklin, 1913 1 1
Centris aenea Lepeletier, 1841 1 1
Centris nitens Lepeletier, 1841 4 4
Centris tarsata Smith, 1874 1 1
Epicharis bicolor Smith, 1854 14 8 22
Epicharis picta (Smith, 1874) 1 1
Epicharis rustica (Olivier, 1789) 1 1
Ceratina (Ceratinula) minima Friese, 1908 4 4
Ceratina (Crewella) sp. 4 9 13
Alepidosceles sp. 1 1
Ancyloscelis sp. 3 6 9
Mesoplia rufipes (Perty, 1833) 1 1
Florilegus festivus (Smith, 1854) 18 3 21
Melissodes nigroaenea (Smith, 1854) 7 1 8
Melissodes sexcincta (Lepeletier, 1841) 12 1 13
Melissoptila pubescens (Smith, 1879) 7 10 17
Peponapis fervens (Smith, 1879) 16 21 37
Thygater analis (Lepeletier, 1841) 3 1 4
Eufriesea auriceps (Friese, 1899) 1 1
Euglossa (Euglossa) fimbriata Rebelo & Moure 1995 4 9 13
Euglossa (Euglossa) securigera Dressler, 1982 1 1
Euglossa cordata (Linnaeus, 1758) 1 1
Euglossa melanotricha Moure, 1967 1 9 10
Euglossa sp. 1 1 1 2
Euglossa sp. 2 2 2 4
Eulaema nigrita Lepeletier, 1841 9 5 14
Exomalopsis (Phanomalopsis) perikalles Silveira &

Almeida, 2009 2 2
Exomalopsis analis Spinola, 1853 9 1 10
Exomalopsis auropilosa Spinola, 1853 41 13 54
Exomalopsis fulvofasciata Smith, 1879 9 7 16
Exomalopsis subtilis Timberlake, 1980 17 2 19
Paratrigona lineata (Lepeletier, 1836) 33 13 46
Trigona spinipes (Fabricius, 1793) 65 38 103
Paratetrapedia punctata Aguiar & Melo, 2011 1 1
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Tropidopedia punctifrons (Smith, 1879) 3 3
Coletidae

Ptillogossa sp. 1 1 2
Sarocolletes sp. 1 1
Halictidae

Augochloropsis affs.cupreola (Cockerell, 1900) 3 4 7
Augochlora (Augochlora) nausicaa (Schrottky, 1909) 1 1
Augochlora (Augochlora) scabrata Lepeco & Gongalves,

2020 2 4 6
Augochlora aurinasis (Vachal, 1911) 11 11
Augochlora braziliensis (Vachal, 1911) 1 1
Augochlora caerulior Cockerell, 1900 1 1
Augochloropsis (Paraugochloropsis) sp. 1 4 8 12
Augochloropsis (Paraugochloropsis) sp. 2 1 6 7
Augochloropsis calypso (Smith, 1879) 5 12 17
Augochloropsis sp. 1 2 10 12
Augochloropsis sp. 2 1 3 4
Augochloropsis sp. 3 1 1
Augochloropsis sp. 4 1 1
Augochloropsis sp. 5 1 1
Augochloropsis sp. 6 2 2
Pseudaugochlora graminea (Fabricius, 1804) 1 1
Pseudaugochlora pandora (Smith, 1853) 2 1 3
Thectochlora brachycera Gongalves & Melo, 2006 1 1
Thectochlora hamata Gongalves & Melo, 2006 1 1 2
Agapostemon sp. 1 3 4
Augochlorella sp. 1 6 7
Dialictus sp. 1 1 6 7
Dialictus sp. 2 3 4 7
Dialictus sp. 3 5 S
Dialictus sp. 4 1 1
Megachilidae

Megachile (Pseudocentron) rubricata Smith, 1853 7 2 9
Megachile sp. 3 3 6
Total 455 300 755

TABLE 2 Bee species sampled on pan-traps on soybean plantations and natural areas on Western Bahia
(Brazil).

The abundance (Z=-1.733, P=0.08) and richness (Z=0.435, P=0.6) of bees in the soybean
crop and in the Cerrado matrix did not show significant differences, for each of the
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transects. On the other hand, our results indicate that both the abundance (Z=5.624,
P<0.01) and richness (Z=2.323, P=0.02) of species are greater in the soybean cultivation
area compared to the natural areas of cerrado (Fig. 2).
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FIGURE 2 Abundance, richness index of bee diversity, comparing Cerrado and soybean plantations on
Western Bahia (Brazil).

In the comparisons of species composition, we detected significant differences between
natural cerrado areas and soybean crops (for abundance: F=5.4806, df=1, P=0.001; for
presence and absence: F=4.3099, df=1, P=0.001). No distinct groups were found when
comparing the four distances from natural areas of cerrado to soybean crops (for
abundance: F=1.3403, df=1, P=0.1; for presence and absence: F=1.2318, df=1, P=0.1)
(Fig. 3). However when we compare the two closer distances, 10 and 100 meters, and
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the two far distances, 250 and 500 m, we can observe a high difference in abundance and
richness on soybean crops, and no distinction on natural areas (Fig. 2).
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FIGURE 3 PCOA with the distribution of bee species composition between natural areas of cerrado and
soybean plantations

The abundance of A. mellifera was significantly higher in soybean crops compared to
natural Cerrado areas (Z=3.068, P=0.002). The number of bees reported on the distinct
distances - 10, 50, 250 and 500 meters from the natural borders of cerrado, did not shown
significative differences (Z=-0.433, P=0.6) (Fig 4).
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FIGURE 4 Difference between the abundances of Apis mellifera and native species.

It has been noted that a distinction exists between the abundances of A. mellifera and
native species (average) (Z=-19.210, P<0.001). In this context, the abundance of A.
mellifera surpasses that of native species on average. This distinction is consistently
observed across various cerrado areas and soybean crops (Z=12.880, P<0.001).
Essentially, this higher abundance is consistently observed in soybean crops (Fig 5).
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FIGURE 5 .Abundance of Apis mellifera in relation to all other bees at different distances in soybean
cultivation

DISCUSSION

Our results suggest that the natural areas of cerrado are strong providers of bee
pollinators for soybean crops. The soybean mass-flowering is very attractive for bees,
including A. mellifera and wild bees, in nearby natural areas, suggesting a potential
pollination service of these bees for soybean production. Fifty bee species were collected
on soybean crops in our experiment on Western Bahia with a high abundance of Apis
mellifera. The ecosystem service of natural pollination provided by nearby natural areas
of crops were also observed in many other studies supporting a considerable value of the
nearby natural areas for crop production (Clair et al., 2022; Drunen et al., 2022; Moreaux
et al., 2022). The Cerrado, characterized as a tropical savanna boasting rich biodiversity
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and recognized as a biodiversity hotspot, holds the potential for significantly greater
ecosystem services related to pollination, encompassing stingless bees and solitary bees,
in comparison to temperate regions. Similar studies performed in high soybean crop
regions, like Central lowa (US), observed high bee attraction of bees for the mass
flowering soybean crops, however the mainly structure and composition of bee
communities of nearby natural areas are very distinct from tropical regions, with a
predominance of smaller bee species like the genus Dialictus (Clair et al., 2022; Gill &
O’neil, 2015).

The mass flowering of soybeans attracted mainly common and generalist species. The
exotic social Apis mellifera, two social stingless bees (T. spinipes and P. lineata) and the
solitary-communal species E. auropilosa comprise more than 50% of the bees collected
on soybean crops. These four species may represent key species that were also reported
as the most abundant visitors and pollinators of the other important crops on Cerrado, like
common beans (Ferreira et al.,, 2022, Silva et al., 2023). The increase production of
soybean provided by the pollination of A. mellifera were reported in many studies
(Erickson et al., 1978), and the high abundance of this bee species in the soybean crops
of western Bahia, reinforcing the importance of natural areas of cerrado for soybean crops.
Apis mellifera is an exotic species very adapted to Cerrado savanna, with a high
abundance between the most common bee species (Pedro & Camargo, 1991).

The preserved forest areas in the Cerrado, such as Legal Reserves, play a fundamental
role in maintaining pollinators in agricultural areas (Jauker et al., 2009; Luo et al., 2020).
These pollinators have a significant impact on assisted pollination, thereby increasing
soybean productivity (Gazzoni & Paz Barateiro, 2023). Among them, the presence of the
exotic species A. mellifera stands out as the economically most important pollinator for
monocultures due to its generalist habits (Gazzoni & Paz Barateiro, 2023; Klein et al.,
2007). However, the dispersion of these insects into agricultural areas will depend on the
quality of nearby refuges found by these individuals, providing nesting and foraging
support for different species (Forrest et al., 2015; Jauker et al., 2009). The social bees on
tropical landscapes, like stingless bees and A. mellifera, with a eusocial organization and
a constant large populations have a significant influence on promoting pollination and
increasing crop productivity (Gazzoni & Paz Barateiro, 2023; Milfont et al., 2013).

A lack of significant difference between sampling distances concerning the edge of the
natural area and the planting area can be partly explained by the composition of the
collected species, which are predominantly social bees or medium to large-sized bees
with substantial flight capabilities. Most of the bees presented on the samplings are social,
like A. mellifera, T. spinipes, or medium to large bees, Peponapis fervens and Epicharis
bicolor, suggesting that on Cerrado most of species have a wide range of flight and can
flow from cerrado natural areas to long distances inside the soybean crops. Social bees
have are mostly generalists and have special strategies to find seasonal plant resource
abundances, and must be an special concern due that on tropical areas the richness and
abundance of social stingless bees (Gruter & Hayes, 2022; Roubik , 1992; Willians et al.,
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2012 ;). Despiste the medium to large bees being able to fly long distances, solitary bees
on Cerrado are mainly composed of oligolectic bees with dependence of a heterogeneity
of plant families like Malpighiaceae, to sustain its diversity (Campbell et al., 2019; Pacheco
Filho et al., 2015).

The high diversity of bees on soybean crops alerts for a potential ecosystem service for
pollination services of the tropical bees. Current proposals for an intensification of
production of crops and sustainable systems must be worked together with a planned
landscape (Boscolo et al., 2017, Garibadi et al., 2023). A special concern is related to the
pollination bee service which is very effective including longer distances on massive
flowering, but depends on preserved and diversified natural areas.
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Resultados e consideracdes da dissertacao

Nosso foco foi compreender grupos distintos de abelhas e variaveis de resposta,
incluindo a contribuicdo geral da diversidade de abelhas selvagens para a visitacao de
flores de soja em areas de cerrado. N0s examinamos a abundancia de polinizadores
cruciais para as culturas, explorando diferencas potenciais nos efeitos de Apis mellifera
e abelhas nativas na visitacdo da soja. Para abordar esses aspectos, formulamos as
seguintes questdes de pesquisa: 1) Qual é a diferenca entre a riqueza e abundancia entre
os diferentes pontos de amostragem para dentro do cultivo de soja e para dentro da
matriz de Cerrado; 2) Ha diferenca significativa de abelhas em termos de abundéancia e
riqueza entre a soja e o Cerrado no periodo de floracdo da soja?; 3) Ha grupos distintos
entre as areas de soja e Cerrado, ou entre as distancias do Cerrado para as areas de
cultivo de soja?; 4) Ha diferenca significativa na abundancia de registros de A. mellifera
em relacdo as todas as demais abelhas nas distintas distancias no cultivo de soja?

A avaliacdo da composicdo de espécies destacou diferencas entre as areas
naturais do Cerrado e as areas de cultivo de soja, evidenciando variagdes em termos de
abundancia. As abelhas tiveram maior capacidade de disperséo sobre as areas de cultivo
de soja até 50 metros da borda das areas naturais, com menor riqueza e abundancia nas
distancias maiores de 250 e 500 metros ressaltando a necessidade de uma paisagem
mais heterogénea que permita a dispersdo dos polinizadores sobre as areas de cultivo.

Ao investigar a abundancia especifica de A. mellifera, observamos uma clara
predominancia dessa espécie nas plantacbes de soja em comparacdo com as areas
naturais do Cerrado. A notavel diferenca entre as abundéancias de A. mellifera e as
espécies nativas foi uma descoberta notavel. Essa distincdo foi consistentemente
observada em vérias areas do Cerrado e de cultivo de soja, destacando uma maior
predominancia de A. mellifera nas areas de cultivo de soja.

Estes achados contribuem para o avanco da pesquisa na area da dinamica de
polinizagdo em ambientes naturais e de producdo agricola, enfatizam o papel
fundamental das éareas naturais do Cerrado como fornecedoras essenciais de
polinizadores para as plantacbes de soja. A observacdo de uma atracdo de diversas
abelhas, incluindo A. mellifera e abelhas selvagens, para a floragdo massiva da soja nas
areas naturais circundantes sugere um potencial servigo valioso de polinizacdo prestado
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por essas abelhas para a producdo de soja ainda com a presenca marcante de A.
mellifera reforcando sua importancia para a producdo de soja, corroborando estudos
anteriores que evidenciaram um aumento na producdo de soja devido a efetiva
polinizacéo realizada por essa espécie.

Este estudo pretende contribuir para o conhecimento e conservacdo da
diversidade de abelhas do bioma Cerrado, fornecendo informacdes valiosas sobre a
ecologia desses insetos diante das adversidades impostas pelas atividades agricolas
intensivas. Ao compreender melhor a interacao entre abelhas e agricultura, poderemos
alinhar os interesses da producdo agricola com os beneficios proporcionados pela

polinizacdo, visando uma agricultura mais sustentavel e resiliente.
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