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RESUMO -[Panorama global da polinizacéo de culturas de Fabaceae e influéncia da polinizacéo
na producéo do feijdo-comum (Phaseolus vulgaris L., Fabaceae)]. A familia Fabaceae é um dos
maiores e mais importantes grupos botanicos do mundo, com espécies de grande valor econémico,
seja para a alimentacdo humana ou para animais. Suas espécies também desempenham valioso papel
ecoldgico, pois sustentam populacfes de polinizadores (especialmente abelhas), em ambientes
tropicais e temperados. A polinizacdo é considerada um dos mais importantes servicos ecossistémicos
porque favorece a producéo agricola de mais de 70% das espécies cultivadas. Entretanto, nos Gltimos
anos os polinizadores estdo em declinio, resultando em uma ja registrada reducao na producdo agricola.
Ha& poucos estudos relacionados aos requerimentos reprodutivos de espécies cultivadas de Fabaceae, e
ndo ha estudos que compilem e analisem estatisticamente as informacdes ja publicadas sobre o tema.
Dentre as Fabaceae cultivadas destaca-se o feijdo-comum (Phaseolus vulgaris L., Fabaceae), que tem
importancia ao redor do mundo e, especialmente, no Brasil, pais considerado um dos maiores
produtorese consumidores mundial desta leguminosa. Assim como ocorre para as demais espécies da
familia, osrequerimentos reprodutivos do feijoeiro sdo pouco estudados, ndo havendo um consenso
sobre o sistema reprodutivo (autogamia para alogamia) e ndo estando claro o papel e importancia dos
polinizadores para a producdo. A presente tese tem como objetivos: 1) Integrar dados de polinizacao
atraves de uma meta-rede em espécies cultivadas de Fabaceae (hip6teses: ha predominancia de abelhas
na polinizacdo e ha diferenga de estudos conduzidos entre ambientes tropicais e temperados); 2)
Analisar a influéncia da polinizacdo na producdo do feijdo-comum (Phaseolus vulgaris), usando
plantios no Agreste Meridional de Pernambuco como modelo. Para o primeiro objetivo, foi realizado
um levantamento bibliografico sistematico em bases de dados e acervos pessoais. Foram coletadas
informagdes sobre os visitantes florais, espécie botanica e dominio climatico (temperado-tropical). E,
para isso, foram acessados 78 trabalhos (compreendidos em seis décadas) com informacgdes de quinze
espécies de leguminosas e 208 visitantes florais. A matriz de interagdo incluiu 3120 interagdes. Foram

encontrados oito mddulos, onde a maioria dos polinizadores e todas as plantas estdo incluidas como
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periféricas. Ndo houve diferenga na proporcdo de estudos conduzidos em regides tropicais e
temperadas. Os visitantes florais mais representativos foram as abelhas, principalmente as espécies de
carater generalista. Entretanto, as leguminosas de importancia econémica mostraram-se significativas
para manter uma fauna diversificada de polinizadores. Para o segundo objetivo, dados de campo de
sistema reprodutivo, limitagdo polinica e polinizacdo foram coletados em duas safras. As seguintes
variaveis-resposta foram inseridas nas andlises: nimero, morfometria e peso de frutos, nimero,
morfometria, peso e germinacdo de sementes. Foram calculados a eficiéncia reprodutiva e o indice de
limitacdo polinica. Frutos, medidas, peso e germinacdo oriunda de autopolinizacdo espontanea
apresentaram valores maiores em relagdo a polinizacdo cruzada manual. A eficiéncia reprodutiva foi
alta, e houve limitacdo polinica apenas em um ano. As flores do feijdo receberam visitas de varios
grupos de insetos, sendo borboletas o mais frequente. Como nenhum foi considerado polinizador
efetivo, ndo pudemos testar a hipdtese de que a producao é favorecida pelos polinizadores. A falta de
polinizadores pode ser explicada pelas baixas temperaturas e pela alteracdo de habitats. O feijdo pode
ser considerado uma cultura-chave diante da atual crise mundial dos polinizadores, pois ndo depende
de polinizadores para produzir alimento e sustenta populac6es de varios grupos de insetos.

Palavras-chave: feijdo-comum, limitac&o polinica, autocompativel, Fabaceae
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1. INTRODUCAO GERAL

Os polinizadores séo agentes indispensaveis para as culturas agricolas, uma vez que seu papel
de promover a polinizacdo cruzada contribui para melhorar a qualidade e quantidade de frutos e
sementes e, consequentemente, propicia um maior rendimento na producdo (GARIBALDI et al.,
2020). O potencial da polinizagdo como servico ecossistémico pode ser ressaltado quando associado a
producdo de alimentos. A primeira valoracdo econdmica global do servigo ecossisttmico da
polinizacdo apontou o montante de US$ 70 bilhdes/ano (Costanza et al., 1997). Mais recentemente,
esse servigo ecossistémico foi avaliado em € 153 bilhdes (Gallai et al., 2009). Esse ndmero foi
atualizado no Relatério de Avaliacdo sobre Polinizadores, Polinizacdo e Producdo de Alimentos da
IPBES, sendo estimado entre US$ 235 bilhdes e US$ 577 bilhdes (IPBES, 2016). No Brasil, calcula-
se que a polinizacdo relacionada a producéo agricola tem um valor anual de US$ 12 bilhdes (Giannini

et al., 2015b).

Entretanto, devido principalmente as acGes antropicas, 0 servi¢o ecossistémico da polinizacao
encontra-se em declinio (POTTS et al.,, 2010; LEVY, 2011). Dentre as agdes antropicas que
conhecidamente afetam os polinizadores estdo o uso indiscriminado de agrotdxicos e a alteracdo de
habitats (GRAB et al., 2019; SGROI et al., 2018), introducéo de espécies exdticas e patdgenos (ROSA
et al., 2019). Além disso, as mudancas climaticas afetam a distribuicdo geografica dos polinizadores
(ELIAS et al., 2017). Tal declinio tem afetado a producédo agricola mundial, (PALMER et al., 2004;
RICKETTS et al., 2008; PINHEIRO; FREITAS, 2010; IMPERATRIZ-FONSECA et al., 2012,
ELLIS; MYERS; RICKETTS, 2015), com uma perda econdmica em torno de 43 bilhdes de
dolares/ano no mundo e 12 milhGes de dolares/ano no Brasil, uma vez que a presenca de polinizadores
favorece, de maneira geral, varios aspectos da producdo (ASHWORTH et al., 2009; VAISSIERE et
al., 2011).

Para tentar minimizar os danos causados pela crise dos polinizadores, praticas de manejo séo
indicadas para a atracdo ou manutencéo dos polinizadores em areas cultivadas, como: a preservacdo
das areas de vegetacdo nativa proximas a campos de agricultura (BOMMARCO et al., 2012;

WITTER et al.,, 2014; MOREIRA; BOSCOLO; VIANA, 2015; SILVA et al., 2018), estratégias para
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aumentar a visitacao em cultivares (por exemplo, uso de esséncias) e/ou inclusdo de colmeias (POTTS
etal., 2010;WOLOWSKI et al., 2019).

Uma das familias botanicas que mais se beneficia com o servi¢o de polinizacdo é Fabaceae,
sendo considerada uma das maiores e mais importantes Angiospermas do mundo, apresentando
distribuicdo cosmopolita (LEWIS et al., 2005). Agrega grande valor econdmico por serutilizada na
alimentacdo humana e animal, como por exemplo, Phaseolus vulgaris (feijao-comum) e Medicago
sativa L (alfafa), respectivamente (WATSON; DALLWITZ, 2009). Além disso, as espécies que
compdem essa familia desempenham servicos ecossistémicos importantes, suas flores e frutos sédo
recursos essenciais para a fauna (GOULSON et al., 2011) e, na agricultura, sdo amplamente
utilizadas como adubos naturais (LEWIS, 1987).

Espécies da familia Fabaceae sdo mais comumente polinizadas por abelhas (ASSOCIACAO
BRASILEIRA DOS ESTUDOS COM ABELHAS, 2015). Nas regibes tropicais, as abelhas nativas
sem ferrdo que pertencem a familia Apidae e a tribo Meliponini sdo as mais expressivas (SILVEIRA
et al., 2002; PEDRO, 2014), apesar de algumas ocorréncias em regiGes temperadas (MICHENER,
2007). As familias Andrenidae e Colletidae sdo mais diversificadas nas regides temperadas
(MICHENER, 1979; ROUBIK, 1989; SILVEIRA et al., 2002; SCHLINDWEIN et al., 2006) e,

quando ndo ausentes, sa0 pouco presentes nas regides tropicais.

Entre as espécies da familia Fabaceae, o feijdo (Phaseolus vulgaris L., Fabaceae), uma das
mais importantes culturas no Brasil e no mundo; o Brasil é considerado um dos maiores produtores e
consumidores globais (CONAB, 2019). A cultura desse grao apresenta uma importancia que extrapola
0 aspecto econémico do pais, devido a sua relevancia como componente cultural e alimenticio,
podendo ser considerado, de acordo com Barbosa e Gonzaga (2012), um dos pilares da dieta brasileira.
A importancia da polinizacao no cultivo do feijdo € controversa: alguns estudos sugerem que nao ha
diferenca significativa na produtividade quando culturas sdo expostas ou ndo aos insetos polinizadores
(MCGREGOR, 1976; DELAPLANE; MAYER, 2000); outros afirmam que ha aumento do nimero e
melhoramento nutricional dos gréos quando as flores recebem as visitas desses animais (KASINA et

al., 2009b; MASIGA et al., 2014). Além dos aspectos relacionados a polinizacdo, ha também
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controvérsiasobre a estratégia reprodutiva: alguns autores assinalam a autogamia preferencial da
espécie (VIEIRA; PAULA-JUNIOR; BOREM, 2011), outros asseguram que h& predominancia da
alogamia (KINGHA et al., 2012). Dentre os principais polinizadores do feijdo destacam-se as
abelhas (Apis mellifera, Bombus atratus, B. opifex, Xylocopa calens, X. Incostans, X.olivacea,
Megachile sp., Centris sp., dentre outras (BLISS, 1980; BOREM, 1999; HOC; GARCIA, 1999;
IBARRA-PEREZ et al.,1999; PALMER, 2004; KASINA et al., 2009c; MASIGA et al., 2014;
KINGHA et al., 2012).

Partindo das premissas de que trabalhos de revisdo sobre polinizacdo sdo importantes para a
identificacdo de padrBes reprodutivos de culturas, especialmente no Brasil, um pais tipicamente
agricola, porém sdo escassos; que a compreensao dos requerimentos reprodutivos de espécies
cultivadas e sua associacdo a fatores abidticos € fundamental para avaliar se estdo atingindo seu
maximo produtivo;e que o feijdo é uma das culturas mais importantes no Brasil e no mundo, porém
com dados conflitantes sobre sua reproducdo. Portanto, a presente tese tem como objetivos: 1)
Integrar dados de polinizacdo através de uma meta-rede em espécies cultivadas de Fabaceae
(hipoteses: ha predominancia de abelhas na polinizacdo e ha diferenca no nimero de estudos
conduzidos entre ambientes tropicais e temperados); 2) Analisara influéncia da polinizacdo e de
fatores abioticos e de paisagem na producdo do feijdo-comum (Phaseolus vulgaris), usando plantios
situados no Agreste Meridional de Pernambuco, Brasil, como modelo.

2. REFERENCIAL TEORICO
2.1 Reviséo sobre a biologia reprodutiva de espécies cultivadas no Brasil
Problemas envolvendo a biologia reprodutiva em sistemas de cultivo ja foram relatados como,
por exemplo, o declinio de polinizadores (POTTS, 2010; GEMMILL-HERREN, 2016). Tais trabalhos
mostram a urgéncia de estabelecer medidas eficazes para a protecdo de polinizadores e seus habitats,
e consequentemente garantir a producdo agricola mundial. Uma alternativa vidvel para colaborar com
0 conhecimento e reduzir o déficit de polinizacdo de espécies cultivaveis, seria um estudo que
compilasse os requerimentos reprodutivos, identificacdo de polinizadores mais eficientes e respectivo
comportamento de forrageamento de espécies cultivadas. Esses estudos permitem desenvolver

estratégias especificas envolvendo protecdo e restauragdo do habitat dos polinizadores (SHULER et
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al., 2005). Entretanto, estudos com esse enfoque s&o raros.

O primeiro estudo que tentou formalizar um banco de dados contendo informac6es revisadas
sobre polinizadores de espécies cultivadas no Brasil € o de Giannini et al. (2015 a,b). Anteriormente,
existia apenas um estudo pioneiro envolvendo essa interacdo planta-polinizador que foi proposto por
Free (1993), mas ndo contemplava um banco de dados. O site da Organizacdo das Nac¢des Unidas para
a Alimentacéo e a Agricultura (FAO) retne informacdes sobre essas interagdes, mas também néo estdo
disponiveis de forma compilada. Outro estudo incluindo revisdo literaria publicado recentemente foi
o0 de Garcia et al. (2016), onde fizeram um levantamento com o intuito de verificar qual a tendéncia de
publicacBes sobre o assunto. Contudo, esse trabalho ndo engloba especificamente a importancia dos
polinizadores para cada cultivar. Recentemente, foi lancado o primeiro Relatério Tematico sobre
Polinizacdo, Polinizadores e Producdo de Alimentos no Brasil (BNBES, 2019), onde agrega
informacdes sobre a importancia da polinizacéo para diversas culturas brasileiras

2.2 Familia Fabaceae e sua importancia econémica
Fabaceae constitui uma das maiores e mais importantes familias de Angiospermas do mundo,
constituida por cerca de 727 géneros e 19.325 espécies (LEWIS et al., 2005). E considerada a terceira
maior familia botanica do planeta e a maior do Brasil, com 3.033 espécies e 253 géneros, com 1.588
espécies e 18 genéros endémicos (FLORA E FUNGA DO BRASIL, 2023). Apresentam distribuicédo
cosmopolita, ocorrendo em todos os biomas terrestres, estando apenas ausentesna Antartida e nas

altas latitudes das margens do Artico (STEVENS, 2006).
O valor econdmico expressivo dessa familia é devido ao grande nimero de espécies vegetais
utilizadas como fonte de produtos alimentares, medicinais, ornamentais, madeireiros e fornecedores
de forragem, fibras, corantes, gomas, resinas e 6leos (DI STASI; HIRUMA-LIMA, 2002; WATSON;

DALLWITZ, 2009), sendo considerada a segunda de maior valor econémico (JUDD et al. 2009).

As leguminosas séo culturas alimentares respeitaveis que fornecem produtos com grande teor
de proteinas e micronutrientes, beneficiando a saude e os meios de subsisténcia, principalmente nos
paises em desenvolvimento (YAHARA et al., 2013).

Dentre as espécies de grande valor econdmico e alimenticio, destacam-se: Glycine max (soja),
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Phaseolus vulgaris (feijdo), Vicia faba (feijdo fava), Vigna unguiculata (feijdo caupi), Cajanus cajan
(feijdo guandu), Tamarindus indica (Tamarindo), Pisum sativum (ervilha), Cicer arietinum (gréo-de-
bico), Medicago sativa (alfafa), Arachis hypogaea (amendoim) e Ceratonia siliqua (alfarroba).

As espécies que compde Fabaceae também desempenham um valioso papel ecologicopara o
ecossistema. Varias leguminosas sdo boas fornecedoras de néctar, como exemplos, a alfafa
(Medicago sativa) e o trevo branco (Trifolium repens) recurso que atrai visitantes florais e facilita o
processo de polinizacdo. Além disso, constituem importante fonte de polen para a espécie Bombus
hortorum, de grande importancia para a polinizacdo de varias culturas e de arvores de fruto
(GOULSON et al., 2011). Essas plantas sdo bem adaptadas a colonizacdo inicial de uma area e a
exploragdo/estabelecimento de diversos ambientes, devido, em parte, & suas associa¢cdes com
bactérias fixadoras de nitrogénio ou com ectomicorrizas (LEWIS, 1987). Essas leguminosas sdo
valiosissimas como adubos naturais, uma vez que as bactérias do género Rhizobium, localizadas em
nodulos radiculares encontrados em muitas espécies, convertem o nitrogénio atmosférico em amonia,
forma sollvel que pode ser utilizada por outras plantas (LEWIS, 1987; SPRENT, 2001).

2.3 Phaseolus vulgaris L. - Aspectos botanicos e ecolégicos

O feijdo-comum (Phaseolus vulgaris L., Fabaceae) é uma espécie herbacea e a mais importante
dentro das cinco mais cultivadas do género, por ser a mais antiga e a mais cultivada nos cinco
continentes (SANTOS; GAVILANES, 2008). Essa leguminosa era cultivada no antigo Egito e na
Grécia, sendo também cultuada como simbolo da vida (LAJOLO; GENOVESE; MENEZES, 1996;
EMBRAPA, 2010). Teve origem na América Central e na América do Sul, de onde surgiu grande
variedade de gréos de diferentes cores, formas e tamanhos (GEPTS; DEBOUCK, 1991), sendo tais
caracteristicas visuais a base para a classificacdo das atuais classes comerciais de feijao.

Essa espécie possui flores zigomorfas, composta por uma quilha retorcida de duas pétalas, uma
pétala maior (estandarte) e duas asas. O gineceu (com ovario multiovulado) e androceu (com dez
estames) ficam dentro da quilha. As flores podem ser brancas, rosas ou roxas (GRAHAM; RANALL,
1997).

Quanto ao sistema reprodutivo, Phaseolus vulgaris é autocompativel, sendo alogamica e

autogamica (IBARRA-PEREZ et al., 1999; KINGHA et al., 2012). Para Vieira, Paula-Junior e
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Borém (2011) a espécie tem como modo preferencial de reproducdo a autogamia, favorecida pelo
mecanismode cleistogamia, devido a estrutura de suas flores que possuem anteras situadas no mesmo
nivel do estigma e envolvidas completamente pela quilha, possibilitando que os graos de polen caiam
sobre o estigma por ocasido da deiscéncia das anteras. Entretanto, Hoc e Garcia (1999) afirmam que
a P. vulgaris é preferencialmente alogamica (atingindo 80% de éxito reprodutivo na presenca de
polinizadores) e protoginica, utilizando essa estratégia para obter polen de outras flores no inicio da
antese. Kingha et al.,(2012) também afirmam que ha predominancia de alogamia na reproducdo da
espécie.

De acordo com Bliss (1980), ndo existe partenocarpia € nem apomixia em P. vulgaris e a
uniformidade de vagens é influenciada pela constancia do conjunto de sementes: quando todos os
6vulos sdo fertilizados, as vagens crescem uniformemente, dando ao produtor um fruto de primeira
qualidade. Por outro lado, a polinizacdo escassa resulta em menos évulos em desenvolvimento,
levando a vagens curvas que sdo rejeitadas durante a classificacdo de vagens comercializaveis.
Embora os feijoes sejam autocompativeis (WHITE; 1IZQUIERDO, 1991; VIEIRA; PAULA-
JUNIOR; BOREM, 2011), os visitantes florais podem aumentar a polinizacdo da espécie (WELLS et
al., 1988; IBARRA-PEREZ et al., 1997).

Os insetos, em especial as abelhas, geralmente aumentam o rendimento de frutos e de sementes
de muitas espécies de plantas por meio da provisdo da polinizagdo (KELLER; WALLER, 2002;
SABBAHI et al., 2005; KLEIN et al., 2007; TCHUENGUEM FOHOUO et al., 2009). As abelhas
sdoos polinizadores mais abundantes do feijao quando visitam suas flores para coletar pélen e néctar
(BLISS, 1980; BOREM, 1999; HOC; GARCIA, 1999; IBARRA-PEREZ et al.,1999; PALMER, 2004;
MASIGA et al., 2014; KASINA et al., 2009c; KINGHA et al., 2012). Todavia, de acordo com
Pinheiroe Farias (2005) as taxas de cruzamento natural do feijdo no Brasil sdo baixas, inferiores a
1%. No exterior as taxas também ndo sdo elevadas, girando em torno de 4%. Contudo, esse fato ndo
é regra, uma vez que Antunes, Costa e Oliveira (1973) obtiveram, em Pelotas, RS, cerca de 10,6% de
cruzamento natural; ja Brunner e Beaver (1988) mencionaram até 17,6% de fecundacdo cruzada, em
Porto Rico; e Wells et al. (1988) obtiveram, na Califérnia, EUA, até 85%.

A familia Apidae (Apis e Xylocopa) é a mais abundante nas visitas florais dos feijoes (MASIGA
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et al., 2014; KASINA et al., 2009b; WIDHIONO; SUDIANA; DARSONO, 2017). Contudo, a
exposicdo de plantas de feijdo a polinizacdo com abelhas nao resultou em maior producéo de sementes
secas no Reino Unido nem nos EUA (FREE 1966; McGREGOR, 1976; DELAPLANE; MAYER,
2000). Em contradicdo, feijoes polinizados por abelhas tiveram aumento do nimero e melhoramento
nutricional de sementes colhidas (MASIGA et al., 2014; KASINA et al., 2009b). Entretanto, de
acordocom Moreti et al. (1994) as abelhas Apis melifera s visitam os cultivares de feijdo na falta de
outras plantas que estejam floridas na area, além de ndo aumentarem o sucesso reprodutivo da espécie.
Apesarde Masiga et al. (2014) afirmarem que o género Apis é o mais abundante, as espécies do
género Xylocopa foram mais eficientes na polinizagcdo. Corroborando com os achados desse autor,
Kingha etal.(2012) afirma que a taxa de frutificacéo atribuida a influéncia da Xylocopa olivacea foi
de 63,31% quando comparadas as flores sem acdo dessas abelhas. Ja Ibarra-Perez et al. (1999)
relataram que abelhas do género Bombus foram os polinizadores mais eficazes de P. vulgaris e suas
visitas tiveram um efeito positivo na producdo de sementes. Resultado que corrobora com os achados
de McGrego (1976) para a América do Norte.

A maioria dos campos de cultivo de feijao possui ciclo vegetativo de 65 a 110 dias, sendo
influenciado pela época do plantio e, nesse periodo, a planta deve ser abastecida de agua e nutrientes
(KLUTHCOUSKI; STONE; AIDAR, 2009). O surgimento das flores tem inicio, em geral, até 45 dias
apos a emergéncia das plantulas do solo e é variavel de acordo com a precocidade do cultivar. A
floracdo dura de 12 a 20 dias (VIEIRA; PAULA-JUNIOR; BOREM, 2011).

Os periodos de semeadura-colheita do feijdo apresentam variagdes de ano para ano, com isso,
a producdo do feijdo, embora distribuida ao longo do ano, necessita do armazenamento para garantir a
oferta deste produto em todas as regides do pais, evitando a escassez na entressafra e diminuindo a
oscilagéo de precos no mercado (BRACKMANN et al., 2002).

2.4Vingamento floral do feijdo e fatores climéticos

No feijoeiro, nem todas as flores se transformam em frutos, sendo o numero de vagens/planta
um dos componentes primarios da producédo (e um dos mais importantes) (COSTA; ZIMMERMANN,
1988; GUILHERME et al., 2015). Esse abortamento ocorre para ajustar a capacidade de suprimento

de fotoassimilados com a demanda dos gréos, fazendo com que as vagens com reduzida capacidade
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de demanda sejam abortados e, normalmente, as primeiras flores tem preferéncia na demanda de
fotoassimilados necessarios para o enchimento dos grdos, em relacdo aos frutos mais jovens

(DIDONET; SILVA, 2004).

Trabalhos mostram que, em geral, o vingamento floral é baixo e o potencial produtivo da
plantanem sempre é atingido. Ramalho e Ferreira (1979) o vingamento foi de apenas 28%; lzquierdo
e Hosfield (1981) observaram que, em média, o vingamento floral foi de 39,5%; Reis, Ramalho e
Cruz (1985), estudando feijao em consorcio com o milho, o vingamento foi de apenas 31% e que 0
vingamento floral médio dos feijoeiros consorciados foi inferior ao do monocultivo em 11%.

Inimeros fatores afetam o vingamento floral, dentre eles, temperatura méxima muito elevada,
temperatura minima muito baixa, umidade do solo, umidade relativa do ar, nutricio mineral
inadequada e ataque de insetos (FANCELLI, 2009; ZILIO et al., 2011). O feijoeiro é considerado uma
espécie muitoexigente as condicdes climaticas, tendo seu desenvolvimento e producdo diretamente
afetados pelas temperaturas e indices pluviométricos extremos (VIEIRA et al., 2008; LACERDA et
al., 2010).

Temperaturas elevadas na fase de antese reduzem o nimero de vagens e sementes no feijoeiro
(Phaseolus vulgaris L.), devido a queda de botGes florais, flores e vagens jovens (MONTERROSO;
WIEN, 1990). Temperaturas superiores a 29°C podem provocar abortamento de flores e queda de
vagens jovens, consequentemente uma reducdo no numero de grdos (SILVA et al., 2006),
provocando depreciacdo na producdo eprodutividade (BALLARDIN; COSTA; RIBEIRO, 2000).

A temperatura atua de forma significativa as fases fenoldgicas e o rendimento dos gréos, por
influenciarem no abortamento de flores, vagens e gréos; para germinar a semente, temperaturas em torno
de 28° C sdo consideradas 6timas, ja para a emergéncia e maturacao fisiologica a temperatura fica em
torno de 12°C e 30° C (DIDONET; SILVA, 2004), sendo a temperatura 6tima 21° C (HEINEMANN et
al., 2009). Observou-se que em temperaturas superiores a 30°C, cultivares mais precoces tiveram maior
relacdo com flores e vagens abortadas (HOFFMAN-JUNIOR et al., 2007).

No feijoeiro, a redugdo na produtividade de gréos decorrente de altas temperaturas tem sido

relacionada a esterilidade do grdo de pélen, reducdo na taxa de fertilizacdo das flores e ao abortamento
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de flores e de vagens (GROSS; KIGEL, 1994; PORCH; JAHN, 2001). O nimero de sementes em
legumes é fortemente afetado por severo estresse térmico a semelhanca do que ocorre na deficiéncia
hidrica (GUILIONI et al., 2003), geralmente refletindo-se em menor nimero de sementes por vagem.
No feijao, temperaturas diurnas acima de 30°C e noturnas superiores a 20°C provocam abortamento de
orgéos reprodutivos, principalmente, flores e vagens em formacéo, causando prejuizo de até 75% na

producdo (KAY, 1979; SILVEIRA et al., 1980; MARIOT, 1989; GONCALVES et al., 1997).

Baixas temperaturas também influenciam na reducdo de vingamento floral. Temperaturas
abaixo de 10° C podem também provocar perdas na produtividade (DIDONET; SILVA, 2004). Farlow
(1981) comprovou reducdo no numero de vagens por planta em temperaturas inferiores a 11,4°C; o
crescimento do tubo polinico foi retardado com a temperatura inferior a 16,7°C, ocasionando reducéo
no vingamento, ocasionando abortamento de oOvulos (FARLOW; BYTH; KRUGER; 1979;
DICKSON; BOETTGER, 1984; PAULA JUNIOR; VENZON, 2007).

A demanda hidrica também influencia o vingamento floral (SILVEIRA; STONE, 1994). A
producdo de vagens do feijdo é afetada principalmente em virtude da baixa capacidade de recuperacédo
ap6s a deficiéncia hidrica, pois possui um sistema radicular pouco desenvolvido (MIRANDA;
BELMAR, 1977; GUIMARAES, 1998; NASCIMENTO, 2009; MIORINI et al, 2011). Os danos
causados dependem da duracdo e severidade do estresse, e também do estagio de desenvolvimento em
que a planta se encontra (FOLEGATTI et al., 1997).

Miorini et al. (2011) afirmam que a produtividade do feijao é afetada negativamente quando o
plantio sofre estresse hidrico na fase vegetativa (reducao de 75,1% do numero de vagens) e na floracédo
(reducéo de 76,2% do numero de vagens). Na fase de enchimento dos graos, a reducdo foi em torno
de 35,8%. Entretanto, a produtividade ndo é tdo afetada quando a supressdo de agua ocorre na fase de
maturacao (reducéo de 5,4% do namero de vagens) e na emergéncia (reducdo de 10,1 % do numero
de vagens). Karamanos et al. (1982) e Didonet e Silva (2004), asseguram que a ocorréncia de estresse
hidrico durante a fase vegetativa inicial leva a reducdo do crescimento e da superficie fotossintética,
ocorrendo menor numero de flores, de vagens por planta e de grdos por vagens. De acordo com

Guimarées (1998), se o déficit ocorrer durante a floragdo, ha inducdo de abortamento e queda das
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flores, com reducdo do numero de vagens por planta. Ainda de acordo com o mesmo autor, se o déficit
ocorrer durante o enchimento de grédos, a formacao de sementes sera prejudicada e ocorrera reducao
de seu peso.A necessidade de agua do feijoeiro com ciclo de 60 a 120 dias, varia entre 300 a 500 mm
paraobtencdo de alta produtividade (DOORENBOS; KASSAM, 1979; NETO; FANCELLI, 2000), e
340 a 370 mm (VIEIRA; PAULA-JUNIOR; BOREM, 2006). Entretanto, quando os valores de dgua
sdo muito acima dos valores necessarios a produtividade ¢ afetada, isso porque de acordo com Barros
et al. (2012), o feijdo comum é uma plantasensivel ao excesso hidrico do solo e a umidade excessiva
do ar, sobretudo porque favorece o aparecimento de fungos causadoras de doencas radiculares. E por
apresentar um sistema radicular relativamente curto, um periodo longo de encharcamento do solo
pode apodrecer as raizes. Chuvas prolongadas no periodo de desenvolvimento da cultura provocam
reducdo na produtividade, atrasa a colheita e provoca o acamamento das plantas, refletindo em baixo
rendimento e na baixa qualidade dos grdos (HEINEMANN et al., 2009).

2.5 Importéancia econémica do feijao

De acordo com a FAO (2019), a produ¢do mundial média de feijoes no ano de 2017 foi de 31,4
milhdes de toneladas, sendo as Américas o segundo maior produtor mundial (cerca de 25,2% da
producdo total) e o Brasil o terceiro pais que mais produz feijées no mundo, correpondendo a 3,03
milhdes de toneladas.

Segundo o 4° levantamento da producgéo brasileira de feijdes da CONAB (2020), na safra de
2020/2021 houve producdo de 3.145 t (-2,63%), area plantada de 2.925 mil ha (-0,07%) e
produtividade 1.075 kg/ha (-2,57). Ainda de acordo com 0 CONAB (2020), no estado de Pernambuco
foram cultivados 229 mil hectares de feijdo, com uma producdo de 103 mil toneladas e uma
produtividade de 449,78 kg/ha.

Segundo informacdes do IBGE (2017), o Agreste Meridional de Pernambuco detem a maior
producdo de feijdo no Estado, sendo que o municipio de Sdo Jodo assume o rancking com uma
producéo de 4800 t, seguido de Jupi e Calgado, 3920 t e 3630 t, respectivamente; Garanhuns ocupa a
14° posic¢do, com uma producéo de 968 t. Quanto ao valor da producdo, Sdo Jodo assume a primeira
colocagdo com um valor de R$ 10.320.000,00, seguido de Jupi (R$ 9.850.000,00) e Calgado
(R$8.871.000,00); Garanhuns fica em 12° colocagdo, com um valor aproximado de R$ 2.600.000,00.
Em relacdo a area plantada, Sdo Jodo lidera juntamente com Araripina, possuindo 12000 ha e
Garanhuns assume a 35° posi¢do, com 2100 ha. Levando em considracéo a area colhida, em S&o Jodo
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foi 7600 ha, ficando na 1° colocagdo, e em Garanhuns foi de 1780 ha, ocupando a 26° posi¢do. No
que se refere ao rendimento meédio, Sdo Jodo cai para a 13° posicdo, 632kg/ha e Garanhuns se
posiciona no 23°, 544 kg/ha.

O feijdo tem especial importancia para a agricultura brasileira, principalmente no Nordeste do
pais, por sua relevancia na dieta da populacéo e na geracéo de receitas dos pequenos produtores que
se utilizam da forca de trabalho familiar (CONAB, 2018). Entretanto, com o passar dos anos, vem se
notando um declinio no consumo de feijdes devido a mudanca de habitos alimentares dos brasileiros
(EMBRAPA, 2019), onde o consumo no Brasil € de aproximadamente 14 kg/habitante/ano.

O feijdo é um excelente alimento, fornecendo nutrientes essenciais ao ser humano, como
proteinas, ferro, calcio, magnésio, zinco, vitaminas (principalmente do complexo B), carboidratos e
fibras, representando a principal fonte de proteinas das populacfes de baixa renda (MESQUITA et al.,
2007;PAULA-JUNIOR et al., 2008). Além do mais, a facilidade do cultivo e aspectos culturais
destacam o feijao como uma excelente alternativa de exploragdo agricola para pequenas propriedades
(BARBOSA; GONZAGA, 2012). Além da agricultura familiar, o cultivo também é praticado por
grandes agricultores que utilizam modernas tecnologias para a producdo (por exemplo, lavouras
irrigadas) utilizando muita mé&o-de-obra durante o ciclo, com possibilidade de cultivo ao longo de todo
ano nos estados do territorio nacional, colocando o feijao como uma excelente opcéo socioecondmica

(POSSE et al., 2010).

2.6 Paisagem - A importancia da vegetacao nativa para manutencao ecossistémica

A rigueza e abundéancia de espécies de polinizadores em culturas diminui, muitas vezes com
distancia das areas de vegetagdo nativa, como apontam os estudos na América do Norte (KREMEN et
al, 2004; MORANDIN; WINSTON, 2005), América Central (RICKETTS, 2004), América do Sul
(CHACOFF; AIZEN, 2006), incluindo o Brasil (DE MARCO; COELHO, 2004), Asia (KLEIN et al.,
2003), Europa (STEFFAN-DEWENTER et al., 2002) e Australia (BLANCHE et al., 2006). No
entanto, as consequéncias desse declinio para a produtividade das culturas tém recebido pouca atencdo
(GHAZOUL, 2005).

Entre os poucos estudos disponiveis, Kremen et al. (2002) constataram que a alta abundéancia

e diversidade de abelha foram essenciais para deposi¢do de pdlen na melancia e variava positivamente
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com a proximidade ao habitat natural. Além disso, Ricketts (2004) demonstraram que as flores de café
em plantas a cerca de 100 m do fragmento florestal receberam mais polen do que as plantas mais
distantes, o que registrou uma producéo significativamente maior do que a producdo nos locais mais
afastados das areas naturais. Outro exemplo é a maior producéo de castanhas em cajueiros localizados
a menos de 1 km do fragmento florestal quando comparados aos localizados ao longo de 2,5 km
(FREITAS et al., 2014).

A proximidade de cultivos agricolas com paisagens naturais e a implantacdo de sistemas
agroflorestais tem alcangado resultados positivos na obtencdo de ambientes com maior conectividade
e favorecendo a manutencdo da biodiversidade de espécies (VANDERMEER; PERFECTO, 2007).
Sabe-se ainda que a poliniza¢do na agricultura depende do manejo da cultura e da qualidade dos
habitats adjacentes para aumentar sua produtividade (KLEIN et al., 2003).

Entretanto, Masiga et al. (2014) constataram que houve maior rendimento e ganho liquido no
cultivo do feijdo em areas mais afastadas da vegetacdo nativa quando comparadas as areas mais
proximas. Tal fato pode ser explicado porque nas areas mais distantes existia um ndmero mais
expressivo de abelhas do género Xylocopa que se mostrou mais eficaz na polinizacdo desse grao para

essa area estudada.

2.7 Polinizacéo
2.7.1 Importancia da polinizacao para as culturas agricolas

H& muito tempo a acdo dos polinizadores é conhecida e considerada como um elemento chave
da producdo agricola e da conservacdo ambiental (IMPERATRIZ-FONSECA et al., 2012; GIANNINI
et al., 2012, 2015a; GARIBALDI et al., 2013, 2014) e o declinio dos polinizadores j& causa grande
vulnerabilidade na producao de alimentos no mundo (CARVALHEIRO et al., 2010; VIANA et al.,
2012).

A polinizacdo é considerada um fator de producdo fundamental na conducdo de muitas
culturas agricolas do planeta. Alem do aumento no nimero de frutos vingados, a polinizacdo bem
conduzida também leva a um aumento no nimero de sementes por fruto, melhora a qualidade dos

frutos e diminui os indices de malformacdo, aumenta o teor de 6leos e outras substancias de interesse,
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encurta o ciclo de certas culturas agricolas e ainda uniformiza o amadurecimento dos frutos diminuindo
as perdas na colheita (MALAGODI-BRAGA; KLEINERT, 2004; VAISSIERE et al., 2011;
BOMMARCO et al, 2012; KLATT et al., 2014; GARRET et al., 2014; JUNQUEIRA;

AUGUSTO, 2016).

Segundo Klein et al. (2007), ao estudar dados de 200 paises, apontaram que a producdo de
frutas, vegetais e sementes de 86 culturas globais mais importantes dependem da polinizagdo por
animais, enquanto que apenas 28 ndo dependem. Em culturas agricolas, as abelhas exercem
importantepapel, sendo responsaveis por até 90% da polinizacdo, entre culturas comerciais e arvores
nativas (HALINSKI et al., 2015; CHUTTONG et al., 2016). O papel dos polinizadores na agricultura
tem estado mais evidente nas Ultimas décadas, pois a agricultura tem se beneficiado desses insetos
mediante 0 aumento da produtividade, tanto nos paises desenvolvidos quanto em desenvolvimento
(GALLAI et al., 2009; VAISSIERE et al., 2011). A agricultura nos paises em desenvolvimento
representa mais de 2/3 da agricultura mundial e é 50% mais dependente da polinizacdo que a
agricultura dos paises desenvolvidos (AIZEN et al., 2008). No caso das culturas dependentes de
polinizacao nos paises em desenvolvimento, na auséncia de polinizadores seria necessario plantar uma
area seis vezes maior para obter a mesma produtividade que os paises desenvolvidos apresentam
(AIZEN et al., 2008).

O valor econdmico mundial da polinizagdo por insetos é de cerca de U$200 bilhdes/ano, o que
corresponde a 10% do total valor econdmico gerado (BARBOSA et al., 2017). Entretanto, de acordo
com Relatorio de Avaliacao sobre Polinizadores, Polinizacao e Producdo de Alimentos da IPBES, esta
estimado entre US$ 235 bilhdes e US$ 577 bilhGes (IPBES, 2016). No Brasil, a contribuicdo
econdmicados polinizadores totaliza quase 30% da producdo total, aproximadamente US$ 12 bilhdes
de um totalde US$ 45 bilhGes, do valor total da producéo agricola anual (GIANNINI et al., 2015b).
No entanto, aproximadamente metade destes valores vem da cultura da soja (Glycine max (L.)
Merr.), que deve US$ 5,7 bilhdes de sua producdo anual de US$ 22 bilhdes a contribuicdo dos
polinizadores. As outrasquatro culturas agricolas, apds a soja, com os maiores valores de producéo

dependentes da contribuicdo dos polinizadores sdo o café (Coffea arabica L. e C. canefora Pierre
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ex A. Froehner) com US$ 1,9 bilhdes, o tomate (Lycopersicon esculentum Mill.) com US$ 992
milhdes, o algoddo (Gossypium hirsutum L., com US$ 827 milhdes, o cacau (Theobroma cacao L.)
com US$ 533 milhGes e a laranja (Citrus aurantium L. e C. sinensis (L.) Osbeck) com US$ 522
milhdes (GIANNINI et al., 2015b).

Exemplos de culturas que comprovadamente séo beneficiadas pela presenca de polinizadores
sdo o trevo branco (Trifolium repens L.), que houve incrementos de 200-300% no rendimento de
sementes e o trevo vermelho (Trifolium pratense L.) que foram obtidos 500 a 600 kg/ha na presenca
de abelhas, decrescendo a producdo de sementes em 7,2 kg/ha para cada 30 metros de distancia do
apiario, ambas na Nova Zelandia (CAMACHO; FRANKE, 2008); o abacate (Persea americana Mill.),
que pode reduzir em até 81% na producdo de frutos na auséncia de polinizadores (MALERBO-
SOUZA et al., 2000); a acerola (Malpighia emarginata D.C.), que pode aumentar em até 53%, a
producdo com visitacdo adequada dos polinizadores, elevando o peso dos frutos, nimero de sementes
e também tornando a forma do fruto mais regular (VILHENA; AUGUSTO, 2007); o algodéao
(Glossypium hirsutum L.), que exibiu aumento na producdo de frutos e sementes em até 24% em
cultivos nos Estados Unidos, Russia, Egito (MCGREGOR et al., 1955); o café (Coffea arabica L.),
que pode aumentar a produtividade entre 14% (DE MARCO; COELHO, 2004) e 50%, (RICKETTS
et al., 2008); a cebola (Allium cepa L.) pode exibir aumento do nimero de sementes entre 20%
(WATERS, 1972) e 40% (WITTER; BLOCHTEIN, 2003), e em alguns casos aumentou a producao
em 60% (EWIES; EL-SAHHAR, 1977); a laranja (Citrus sinensis (L.) Osbeck) pode ter aumento de
até 35% na producdo de frutos quando expostas a acdo dos polinizadores (MALERBO-SOUZA et al.,
2003), bem como outras espécies e variedades de Citrus (MANZOORUL-HAQ et al., 1978,
KREZDORN, 1972); o maracuja-amarelo (Passiflora edulis Sims.), aumentou a producéo de frutos
entre 25% (FREITAS; OLIVEIRA-FILHO, 2003) e 700% (CAMILLO, 1996 a,b); e ainda o melao
(Cucumis melo L.; TRINDADE et al., 2004), o umbu (Spondias tuberosa L.; NADIA et al., 2007), a
goiaba (Psidium guajava L.; ALVES; FREITAS 2007), a alfafa(Medicago sativa L.; ROUBIK, 1995)
e 0 morango (Fragaria x ananassa Duch; ANTUNES; REISSER-JUNIOR 2007).

A importancia da polinizacdo para a alimentacdo humana foi enfatizada em um estudo que o

declinio de polinizadores pode ter como consequéncia a reducdo da producéo de frutas e verduras para
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numeros abaixo do necessario para o consumo atual, se pensarmos numa escala global (KLEIN et
al., 2007;GALLAI et al., 2009). Nos paises em desenvolvimento, 0s cenarios que envolvem a perda
de polinizadores sdo ainda mais preocupantes porque podem implicar uma diminuicdo mais severa
na producdo de culturas (AIZEN et al., 2009).

Apesar de muitas culturas (incluindo de Fabaceae) ja terem sido estudadas em relacéo a biologia
floral, requerimentos reprodutivos e polinizacdo, tais caracteristicas e 0 consequente status dos
servigos de polinizacdo, variam muito entre areas. Muitos estudos da Gltima década mostram que a
generalizacdo tedrica em polinizacdo agricola ndo corresponde a realidade no campo. Cada cultura
(variedade, cultivar) possui requerimentos reprodutivos que interagem com as condi¢des de campo
(clima, solo, tipo de manejo e paisagem) e, assim, variam entre areas. Por esta razdo, ndo podemos
usar dados de biologia reprodutiva de uma cultura em determinada area, por exemplo, como base para
estabelecer diagnostico de déficit de polinizacdo e manejo de polinizadores em outras areas (RICKETS
et al., 2008; FERNANDES et al., 2019). E necessario, portanto, que os dados de biologia floral,
requerimentos reprodutivos e polinizadores sejam coletados em cada area onde se pretende fazer
avaliacdo de déficits de polinizagdo e, caso necessario, estabelecer manejo de polinizadores
(AHRENFELD et al., 2015; GEMMIL-HERREN, 2016). Assim, a literatura mostra que é totalmente
equivocada a ideia de que, uma vez a cultura ja ter sido estudada, nada ha mais a acrescentar. O
maracuja (Passiflora edulis), a uva (Vitis vinifera L), os citros (Citrus), as Solanaceae (como tomate-
Solanum lycopersicum L. e pimentdo- Capsicum annuum L.), as Cucurbitaceae (abOboras —
Curcubita spp., chuchu - Sechium edule (Jacq.) Swartz, pepino - Cucumis sativus L., meldo -
Cucumis melo L., melancia - Citrullus lanatus L.), dentre muitos outros exemplos, ja foram bastante
estudados ao redor do mundo e, no entanto, continuam a ser investigados e os resultados publicados
em revistas de alto fator de impacto. Isto porque, assim como ocorre em todas as areas da ciéncia,
estudar um tema (no caso da polinizacao agricola, uma cultura) que ja foi investigado ndo significa
necessariamente investigar o mesmo problema.

O fato de ser amplamente aceito que os polinizadores, de maneira geral, aumentam
caracteristicas quantitativas e qualitativas da producéo, ndo € o bastante. Nao se pode generalizar, pois

esta ndo € uma verdade para todas as culturas, nem todos os lugares e nem para todas as caracteristicas
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da producéo. A polinizacdo pode nédo alterar a quantidade, mas pode alterar a qualidade dos frutos,
como observado em estudos de maracuja (Passiflora edulis) (SILVA et al., 2018) e de uva (Vitis
vinifera) (SILVA, 2013). Tal influénciapode também estar atrelada aos fatores abidticos (solo, clima,
estacdo do ano), de paisagem e historico de uso da area. Por esta razdo, hd um consenso de que
estudos em polinizagdo agricola incluam em suas analises outros fatores que influenciam a producéo
(FREITAS et al., 2016). Diante da crise mundial de polinizadores, mensurar quanto cada cultura é
dependente de polinizadores, quais os polinizadores mais eficientes sdo fundamentais para a
implementacao de manejo de polinizadores e para a modificacdo do manejo da cultura propriamente
dita (como, por exemplo, aplicacdo de pesticidas). Outro aspecto que deve ser ressaltado em
polinizacdo agricola é que o foco ndo é somente a producdo da cultura, mas também gerar
conhecimentos que norteiem agdes de conservacdo de polinizadores.

E preciso saber qual a fauna de visitantes florais que a cultura sustenta; pilhadores de uma
cultura podemser importantes polinizadores de outras.

2.7.2 Declinio dos polinizadores e limitacao polinica

Atualmente, agricultores e cientistas vém percebendo um déficit no servico ecossistémico de
polinizacdo, acarretando uma reducdo na producdo de alimentos (BARBOSA et al., 2017;
BERINGER; MACIEL; TRAMONTINA, 2019; BPBES, 2019). Nas décadas de 1980 e
19 90, desaparecimento das abelhas ja havia sido reportado, porém de uma forma mais discreta
(WILLIAMS et al., 2010). Essa diminui¢do dos polinizadores ja foi avaliada em varias partes do
planeta, como é o caso de A. mellifera e de espécies do género Bombus no hemisfério Norte
(BUCHMANN; NABHAM 1996; KEARNS et al. 1998; BIESMEIJER, 2006; GOULSON et al,
2008;POTTS et al., 2010; CAMERON et al., 2011). Segundo Gianinni et al. (2017), no Brasil, €
possivel prever o declinio dos polinizadores por motivos climaticos.

Com a diminuicdo da produtividade oriunda do declinio dos polinizadores, a tendéncia é
aumentar o uso da terra para producgdo agricola, ou seja, expandir as terras agricultveis em direcéo
as areas naturais, fato que se observa principalmente em paises em desenvolvimento (AIZEN;
HARDER,2009; IMPERATRIZ-FONSECA et al., 2012). Contudo, a literatura assegura que a

intensificacdo do uso de terras pela agricultura convencional é um dos principais motivos que
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causam a diminuicdo da riqueza e abundancia de polinizadores em todo o mundo (TILMAN et al.,
2002; KLEIN et al., 2007; TAKI et al., 2011; VIANA et al., 2012).

Cerca de 20 mil espécies estdo sob ameaca de extincdo (IMPERATRIZ-FONSECA et al.,
2012), e como as abelhas sdo consideradas os polinizadores mais eficientes (PERUQUETTI;
TEIXEIRA; COELHO, 2017), o declinio desses insetos age de forma depreciativa na reproducéo
sexuada e na diversidade genética das plantas, além de afetar a producédo de alimentos (KLEIN et al.,
2007; VIANAet al., 2012), gerando um forte impacto econémico (GALLAI et al., 2009), podendo
levar a extingdo de plantas e animais, mudancas na paisagem e nas funcdes do ecossistema (KEVAN;

VIANA, 2003).

A reducdo dos polinizadores parece envolver varios fatores. Contudo, tem crescido muito o
numero de evidéncias que demonstram que a simplificacdo de paisagens, resultante de modificacbes
no uso do solo em areas de agricultura intensiva, provoca alteraces no comportamento, na riqueza,
na composicao de espécies e na abundancia dos polinizadores no mundo (POTTS et al., 2010; KERR
et al., 2010;0LIVEIRA, 2015; LOPES et al., 2018), seja pela auséncia de recursos alimentares
(MARCO-JR; COELHO, 2004; OLIVEIRA, 2015) ou de substratos para a nidificacdo (AFONSO,
2012; BARBOSA et al., 2017). Somado a isso, também pode-se citar as mudancas climaticas
(GONCALVES, 2012; ROCHA; ALENCAR, 2012; BARBOSA et al, 2017
BIZAWU;LEMGRUBER, 2018), introducdo de animais exoticos que competem com espécies
nativas, introducdo de espécies de plantas exoticas cultivadas em grandes areas e que muitas vezes
representam recursos escassos para 0s polinizadores (ROBINSON; SUTHERLAND, 2002;
TSCHARNTKE et al.,2002; POTTS et al., 2010), infecgdo por patdgenos (MAIA, 2010; MESSAGE
etal., 2012; GOULSONet al., 2015; POTTS et al., 2016) e uso indiscriminado de defensivos agricolas
e pesticidas que repelem, matam ou afetam negativamente a fisiologia dos insetos (RIBAS;
MATSUMURA, 2009; POTTS et al., 2010; PETTIS et al., 2013;ARIOLI et al., 2015).

Declinio na frequéncia de visita pode reduzir a quantidade e qualidade do pdlen depositado nos
estigmas, que por sua vez pode causar a limitacdo polinica e afetar a producéo de fruta e/ou semente

(KNIGHT et al., 2005). A quantidade de pdlen para a flor pode estar limitada se os polinizadores séo
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escassos, se entrar em contato com 6rgdos sexuais raramente ou se as plantas competem para 0s
servigos de polinizadores compartilhados (BIERZYCHUDEK, 1981). Mesmo com um fornecimento
adequado de polinizadores, a qualidade do pélen pode limitar a fecundidade das plantas se, por
exemplo, os polinizadores entregarem principalmente pélen do préprio individuo ou polen de parentes
proximos (WASER; PRICE, 1991).

Estudos sobre a polinizacdo do maracuja-amarelo (Passiflora edulis) na regido de Juazeiro da
Bahia divisa com Pernambuco, concluiram que existe na regidao um déficit no servico de polinizacéo,
isto €, ocorre limitacdo polinica porque as populacdes das abelhas Xylocopa néo sao suficientes para
realizar a polinizacdo das plantacdes de maracuja (Passiflora edulis) da Regido. Para suprir a falta de
polinizadores dssa regido, os produtores contratam mao-de-obra para realizar a polinizacdo manual,
com um consequente encarecimento do custo de producdo (VIANA et al., 2006; SIQUEIRA et al.,
2009). Em uma revisdo considerando 482estudos sobre o efeito da suplementagdo de polen em frutos
estabelecidos em plantas selvagens, Knight et al. (2005) descobriram que 63% das espécies
apresentaram limitacdo polinica. Embora os tamanhosde amostra para plantas cultivadas sejam mais
limitados, Thomson e Goodell (2001), encontraram evidéncias de limitacdo de pdlen entre 59% de
16 espécies de culturas. Esses nimeros sugerem que alimitacdo do polen é comum, de modo que
qualquer declinio do polinizador associado a destruicdo do habitat poderia ainda comprometer a
reproducdo de muitas plantas selvagens e cultivadas (CHACOFF;AIZEN; ASCHERO, 2008).
2.7.3 Manejo de polinizadores

Por serem fundamentais para a producao agricola, é necessario criar estratégias de manejo de
polinizadores que visem aumentar a frequéncia de visitas nas culturas, aumentando a sua
produtividade. Estudos apontam os beneficios da manutencdo de fragmentos de areas nativas para as
culturas agricolas por apresentar um melhor servico de polinizacdo (DE MARCO; COELHO, 2004;
KLEIN etal., 2007; GARIBALDI et al., 2011; BOMMARCO et al., 2012; WITTER et al., 2014). A
introducdo deninhos artificiais ou colmeias de abelhas em culturas agricolas tem sido a estratégia mais
utilizada para elevar a quantidade e a qualidade da produgdo (FREE, 1993; FREITAS, 1998;
DAG;EISIKOWITCH, 1995; PARANHOS, 1996; FREITAS; OLIVEIRA-FILHO, 2003; KLEIN et

al., 2007; POTTS et al., 2010). Contudo, é recomendado que as espécies polinizadoras apresentem
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ampla distribuicdo geografica, cujo manejo e multiplicacdo de ninhos sejam conhecidos como, por
exemplo: as abelhas de mel (Apis mellifera), amplamente encontradas nas mais diversas culturas
agricolas; as mamangavas(especialmente Bombus terrestris), presentes em plantacfes de tomate, e as
abelhas carpinteiras (Xylocopa sp.), responsaveis pela polinizagdo do maracuja (Passiflora edulis)
(YAMAMOTO et al., 2012; COBRA et al., 2015) para que o servico ambiental prestado seja efetivo
(IMPERATRIZ-FONSECA; NUNES-SILVA, 2010; POTTS et al., 2010). Entretanto, a Apis
mellifera é a espécie mais utilizada e importante nos manejos de polinizadores devido seu carater
generalista (KEVAN, 1997; DELAPLANE;MAYER 2000).

Determinados pesquisadores sugerem que a densidade de colmeias introduzidas depende da
atratividade que a cultura em questdo promove nos polinizadores (PARANHOS et al. 1998;
DELAPLANE; MAYER 2000; FINTA, 2004). Ademais, a abundancia de abelhas silvestres na cultura
estd atrelada a uma combinacdo da paisagem circundante (TAKI et al., 2011; KENNEDY et al.,
2013)e as praticas agricolas favoraveis aos polinizadores (KREMEN; MILES, 2012; KREMEN et al.,
2012). InteracBes interespecificas e condicdes climaticas durante a época de floracdo sdo fatores
importantesque merecem destaque na influéncia de abelhas silvestres nas culturas (BRITTAIN et al.,
2012; BRITTAIN et al., 2013).

O manejo é uma atividade que exige conhecimento sobre 0s requerimentos reprodutivos da
espécie, tais como a morfologia e biologia floral, sua fisiologia, bem como do (s) polinizador (es)
maiseficiente (s) e a sua estratégia de forrageio, como horario de atividade, comportamento na flor,
frequéncia de visitas e recurso procurado (FREITAS, 1998). A introducdo de colmeias em culturas
agricolas € relativamente comum em paises desenvolvidos, tais como Canada, Estados Unidos e paises
da Unido Europeia, mas pouco praticada em paises em desenvolvimento (KEVAN; IMPERATRIZ-
FONSECA, 2002.

No Brasil,essa pratica ainda nao é significativa, se levarmos em consideragdo o numero de
espécies cultivadas. Existem estudos dessa pratica para o cultivo de acerola (M. emarginata)
(MAGALHAES; FREITAS, 2013), berinjela (S. melongena) (NUNES-SILVA et al., 2013), café (C.
arabica) (NOGUEIRA-NETO et al., 1959) , canola (B. napus) (WITTER et al., 2015), goiaba (P.

guajava) (ALVES;FREITAS, 2006), maca (M. domestica) (VIANA et al., 2014), maracuja (P. edulis)
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(FREITAS; OLIVEIRA-FILHO, 2003; JUNQUEIRA;AUGUSTO, 2017), morango (F. x
ananassa)(MALAGODI-BRAGA; PEIXOTO KLEINERT, 2004; ANTUNES et al, 2007;
ROSELINO et al.,2009; WITTER et al., 2012), palmito (E. edulis) (DORNELES et al., 2013),
pepino (C. sativus) (SANTOS et al., 2008), pimentdo (C. annuum ) (CRUZ et al., 2005; FARIA-
JUNIOR et al., 2008; ROSELINO et al., 2010), tomate (S. lycopersicum) (DEL SARTO et al., 2005;
SANTOS et al., 2009; BARTELLI; NOGUEIRA-FERREIRA, 2014), dendé (E. guineensis)
(MOURA et al., 2008) e soja (Glycine max) (MILFONT et al., 2013).

Outro modelo de manejo de polinizadores é a aplicacdo de atrativos nas culturas agricolas,
como empregar esséncias e extratos florais na area cultivada com a finalidade de atrair animais
polinizadores (SILVA et al., 2002; SILVA; MALERBO-SOUZA, 2003). Entretanto, as pesquisas
existentes ndo apontaram incremento na producdo (abacate, Persea americana),

(SILVA;MALERBO- SOUZA;TOLEDO, 2002; SILVA;MALERBO-SOUZA 2003).
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Abstract. Legume crops (family Fabaceae, order Fabales) constitute a relevant component of the
human food supply. In view of the global decline in crop production, as a result of increasing threats
(such as habitat fragmentation and land use change) to pollinators, knowledge concerning legume
floral visitors can contribute to world food security. In this study, a synthesis was performed of global
data on interactions between legume crops and their floral visitors, in order to improve understanding
of the structure of crop-floral visitor interactions and the roles of different species. A literature review
was conducted using three databases, considering 15 legumes of economic importance, enabling the
construction of a meta-network of plant-floral visitor interactions. Soybean, alfalfa, and common bean
received the highest numbers of floral visitor species. A total of 208 floral visitor species were
recorded, distributed in eight orders. The most diverse group was Hymenoptera (mainly bees),
followed by Lepidoptera. The European honeybee Apis mellifera interacted with the highest number
of plant species. Modularity analysis identified eight modules that included more than one order of
floral visitors. Most species were classified as peripherals, with few links restricted to their own
module. The three connector species were the bees Bombus pascuorum, B. terrestris, and Megachile
rotundata. The only network hub was A. mellifera. The predominance of bees seemed to be related to
the predominant floral morphology among the crops. The connector and hub species were typically
generalists, and all except one species (B. pascuorum) were used as managed pollinators. The crops
studied have an important role in global pollination resilience, maintaining a diversified fauna of

pollinators other than bees.

1. Introduction

Legumes (family Fabaceae, order Fabales) constitute the second most important group of crops
worldwide, after wind-pollinated grasses (Stagnari et al., 2017), with a global annual economic value
of more than 160 billion dollars (90 billion and 70 billion dollars for soybean and other legumes,
respectively; data for 2016, excluding alfalfa; FAOSTAT, 2020). This economic potential is related to

the fact that legumes are adaptable to a broad range of edaphoclimatic conditions (Lewis et al., 2005),
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and their leaves and seeds have valuable nutritional compositions for humans and livestock (Voisin et
al., 2014; Stagnani et al., 2017). Furthermore, these species are used in consociation with crops of
diverse plant families, due to their ability to fix nitrogen in the soil (Voisin et al., 2014; Stagnani et al.,
2017). Given the threat of further reductions in pollination services, due to the decline in pollinators
for pollinator-dependent crops (Potts et al., 2010; Reilly et al., 2020), it is evident that knowledge
concerning legume pollination can contribute to world food security (Eilers et al., 2011; Smith et al.,
2015). However, there has been no previous study that has integrated the available data on the
interactions between pollinators and Fabaceae species of economic importance. Understanding of the
structure of Fabaceae crop-pollinator interactions and the roles of pollinator species in these networks

will assist in quantifying pollinator dependence and identifying particularly vulnerable crop species.

Many Fabaceae species of economic importance are autogamous (setting fruits after self-
pollination, with some species being cleistogamous, where the flowers do not open and self-pollination
is mandatory) and therefore do not depend on pollinators to set fruits and seeds. Nonetheless, the visits
of pollinators to legume flowers can increase productivity and seed setting of the crop, with
improvements of both quantity and quality, similar to the effects observed for crops in general (Potts
et al., 2016). Examples of legumes that benefit from pollination services are white clover (Trifolium
repens L.), red clover (T. pratense L.; Camacho & Franke, 2008), alfalfa (Medicago sativa; Riday et
al., 2015), and soybean (Milfont et al., 2013). The Fabaceae is the fifth largest Angiosperm plant
family, including around 720 genera and more than 19,300 species (Flora do Brasil, 2019). Members
of this family are widely cultivated, occupying around 247 million hectares (FAOSTAT, 2018).
Therefore, it is reasonable to suppose that the Fabaceae contribute to pollination resilience, since their
flowers constitute a relevant source of floral resources for pollinators worldwide (Klein et al., 2018).
This plant family is known to provide floral resources for a vast number of pollinator species, including
invertebrates (bees, flies, moths, butterflies, and beetles) (Dutra et al., 2009; Goulson et al., 2011) and

vertebrates (mainly birds and bats) (Gibbs et al., 1999; Oliveira & Sigrist, 2008).
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The Fabaceae includes 15 species of economic importance that are used as human food and/or
animal fodder, such as soybean [Glycine max (L.) Merr.], several beans, and alfalfa (Medicago sativa).
Legume species are visited by both exotic and native pollinators. In tropical areas, the native bee
species (Apidae: Meliponini) are the most frequently observed pollinators (Silveira et al., 2002; Pedro,
2014). These bees are less common in temperate regions (Michener, 2007), where the Andrenidae and
Colletidae families are more important (Michener, 1979; Roubik, 1989; Silveira et al., 2002;
Schlindwein, 2003), while the latter families are less frequent in tropical areas. In the USA, alfalfa
flowers are commonly pollinated by managed colonies of honeybees, such as the exotic Apis mellifera
L. in California and the leafcutting bee Megachile rotundata F. in the Pacific Northwest, as well as by
some exotic Bombus species (Brunet and Stewart, 2010). In both tropical and temperate regions, native

and exotic pollinators can improve legume crop productivity.

This study synthesizes global data on economically important Fabaceae species and their floral
visitors, in order to answer the following questions: 1) How are plant-floral visitor interactions
structured? 2) What roles do different species have, in terms of importance in the structure of the

network interactions?

2. Materials and methods
2.1 Literature review

A literature review of the interactions reported globally between legume crops and pollinators
was performed using three academic databases, without year restriction (the last search was conducted
in September 2019): Web of Science™ (https://www.webofknowledge.com), Google Scholar®
(www.scholar.google.com), and SciELO (http://www.scielo.br). The following keywords were

combined with the scientific and popular names of 15 legume crops: ‘crop pollination’, ‘reproductive
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requirements’, ‘crop yield’, ‘pollination’, ‘pollinator’, ‘reproductive efficiency’, ‘reproductive
biology’, and ‘breeding system’. The crops were selected after a preliminary review of legumes used
for food (human and cattle), wood production, and medicine. The species were the annuals alfalfa
(Medicago sativa L.), peanut (Arachis hypogaea L.), pea (Pisum sativum L.), faba bean (Vicia faba
L.), cowpea [Vigna unguiculata (L.) Walp.], common bean (Phaseolus vulgaris L.), runner bean
(Phaseolus coccineus L.), pigeon pea [Cajanus cajan (L.) Millsp.], chickpea (Cicer arietinum L.),
soybean [Glycine max (L.) Merr.], and perennial soybean [Glycine wightii (Graham ex Wight & Arn.)
Verdc.], together with the woody species baru nut (Dipteryx alata Vogel), diesel tree (Copaifera
langsdorffii Desf), gliricidia [Gliricidia sepium (Jacg.) Steud.], and jatoba (Hymenaea stigonocarpa
Mart. ex Hayne). The factor ‘cultivar’ was not included in the review.

After the review, the scientific names of the plants were checked and updated using SpeciesLink
(http://inct.splink.org.br/) and the Missouri Botanical Garden’s Tropicos (http://www.tropicos.org).
For the floral visitors, Moure’s Bee Catalogue (moure.cria.org.br) and the Global Names Resolver
(resolver.globalnames.org) were employed. In order to avoid duplicates in the analysis, use was only
made of the studies that presented plants and animals identified at the species level.

For the selected studies, recording was made of the study location (country), year of data

collection, plant identities, and floral visitors reported in the interaction.

2.2 Analysis

A meta-network of global plant-floral visitor interactions (sensu Heilmann-Clausen, 2016;
Aradujo et al., 2018; Nascimento et al., 2020) was constructed using a binary matrix with floral visitors
as columns and plants as lines, in which 1 indicated a reported interaction and zero represented no
interaction reported. A modularity analysis with the meta-network was then performed to characterize
the associations between the plants and the floral visitors. The existence of modules in pollination
networks reflects preferential interaction between partners within the modules (Olesen et al., 2007,

Araujo et al., 2018). In addition, modularity analysis allows subsequent evaluation of the roles of
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species, identifying species important in maintaining the structure of the entire network (Olesen et al.,

2007; Aratjo et al., 2018).

The following analysis was performed using R software (R Core Team, 2016). The modularity
was calculated with the DIRTLPAD + algorithm, which was recently implemented (Beckett, 2016; Liu
and Murata, 2010). The computeModules function was estimated using the bipartite package
(Dormann et al., 2008), defining the number of steps at 10°, and using default options. The modularity

analysis was performed 1,000 times, in order to check the stabilization.

Since the network metrics may be affected by intrinsic characteristics such as the number of
interacting species (Bllthgen et al., 2006; Frind et al., 2016; Vizentin-Bugoni et al., 2016), the
modularity significance observed was evaluated by comparing it with a null model. Here, the swap.web
binary null model was used, similar to that proposed by Vazquez et al. (2005), which constrains the
connectance and marginal totals. The 95% confidence interval for the modularity (DIRTLPAb +)
metric was estimated from 10,000 simulated values, with a metric value being considered significant
if the confidence intervals did not overlap (0.025-0.975). Finally, two indexes related at the species
level were calculated: ¢ (connectivity between modules) and z (degree of connectivity within the
module). The ¢ index quantifies the importance of a species as a connector of different modules, while
the z index is the importance of the species within its own module (Olesen et al., 2007). According to
the c and z values, species were classified as module hubs (generalists, being highly connected species
linked to many species within their own modules), connectors (linking several modules), peripherals
(specialists with only a few links, mostly to species within their own modules), and network hubs
(super-generalists, acting as both connectors and module hubs), following the limits established by

Olesen et al. (2007).

The difference in floral visitor composition among modules was illustrated using a correlation

matrix of the composition of floral visitor orders as functional groups (Olesen et al., 2007), module
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identity employing the corrplot package (Wei and Simko, 2017), and testing using the Chi square test.
The network was illustrated using Pajek 4.09 software (Batagelj and Mrvar, 2003), with the method
“Kamada-Kawai - separate components”, where the vertices (species) with the highest numbers of

connections were attracted to the network center.

3. Results

3.1 Literature review and species composition

A total of 87 studies were found, of which 9 were excluded because they did not identify plants
(4) or floral visitors (5) at the species level. Hence, the results presented are from 78 studies. There
was a small difference in the proportions of studies conducted in tropical (34 studies, 46.6%) and
temperate (44 studies, 56.4%) regions (Fig. 1). The oldest study was published in 1966. Most studies

(80.7%) were published from the 2000s onwards (Fig. 2).

The plants that received the highest numbers of floral visitor species were G. max (60), M. sativa
(40), P. vulgaris (33), V. faba (30), and C. cajan (21) (Table 1). A total of 208 floral visitors, distributed
in eight orders (six invertebrate and two vertebrate), were recorded visiting the flowers of legume
crops. The most diverse group was Hymenoptera (160 species, 76.9%), with bees as the majority (148
species, 92.5%). The second most representative group was Lepidoptera (16 species, 7.7%), followed
by Diptera (13 species, 6.25%), Coleoptera (eight species, 3.8%), Hemiptera (three species, 1.4%),
and Thysanoptera (three species, 1.4%). Vertebrates were represented by bats (Chiroptera, three
species, 1.4%) and hummingbirds (Apodiformes, two species, 1%). The bee A. mellifera was the
visitor that interacted with the highest number of plant species (11 species), being recorded in 57.6%

(45) of the studies.

3.2 Meta-network of interactions

The interaction matrix included 3,120 interactions between plants and floral visitors (Fig. 3). The
modularity analysis identified eight modules with a relatively high level of modularity (Q =0.73, p <

0.01 for null models; Fig. 3). All the modules included more than one order of floral visitors, but the
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frequencies of the orders differed among modules (X* = 267.09, df = 63, p < 2.2e-16; Fig. 3). For
example, module 1 was strongly associated with bees, module 2 with bees and thrips, module 3 with
dipterans, module 4 with hummingbirds, module 5 with bats, module 6 with lepidopterans, module 7

with thrips, and module 8 with beetles and flower bugs (Fig. 4).

Most of the 223 species (219 species, 98.20%) were classified as peripherals, with few links
restricted to their own module (Fig. 5). Within the peripherals, 93.15% (204 species) were animals
and 6.85% (15 species) were plants. The three connector species (1.34%) were bees (Bombus
pascuorum Scopoli, 1763, B. terrestres Linnaeus, 1758, and Megachile rotundata Fabricius, 1793).

The bee A. mellifera was the only network hub.
4. Discussion

The review showed heterogeneity in the number of studies, among the crops analyzed. Some
crops were overrepresented, such as alfalfa (21 studies, 26.9%) and faba bean (20 studies, 25.6%).
This overrepresentation did not reflect the production economic value, since only ten studies included
soybean (12.8%), whose production is much higher than that of other crops. The high number of
studies concerning alfalfa may have been due to its great importance as a cover and fodder crop in the
United States, while pollinator management studies using Megachie rotundata started in around the

1950s (Kemp & Bosch, 2000).

The increasing number of studies since the 2000s may indicate the growing concern regarding
the global pollinators’ crisis, which has been reported since the late 1990s (Buchman & Nabhan, 1996),
with increasing attention to this issue in the decades of 2000 and 2010 (Klein et al., 2007; Potts et al.,
2010; Garibaldi et al., 2014; Giannini et al., 2017). The similar proportions of studies conducted
intropical regions (e.g., Ramos et al., 2018; Shebl & Mahmoud, 2015) and temperate regions (e.g.,
Marzinzig et al., 2018; Banaszak-Cibicka et al., 2019) reinforce those concerns regarding the link
between crop production and pollination services are well established worldwide, with many studies
focusing on mitigation of the pollinators crisis. The increase of publications since 2000 could also

reflect the increased spread of crops around the world, together with increased cultivation areas. Thus,
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studies concerning the pollinators of legumes could have been intensified by the introduction of
outcrossing legume crops to different countries. It should be noted that prior to 1990, there were many
studies related to crop pollination, but they were published in non-indexed journals and are absent in

the most important current scientific databases (Giannini et al., 2015).

The floral visitor groups recorded here corroborated the tendency for grouping in distinct
modules that has been observed in previous studies (Danieli-Silva et al., 2012; Watts et al., 2016;
Nascimento et al., 2020). The interaction patterns in the modules seemed to be guided, in a general
manner, by the spatial co-occurrence and similarity of the organisms (plants and floral visitors). This
tendency was mainly observed in studies that covered large areas, although there are few studies on
this theme (Heilmann-Clausen et al., 2016; Araudjo et al., 2018). The studies indicated the maintenance
of a high diversity of pollinators by legume crops worldwide.

The four plant species that were visited by the highest numbers of floral visitors were those
included in the highest numbers of studies, namely alfalfa (21), faba bean (20), soybean (10), and
common bean (8). The highest numbers of floral visitors may represent a sampling bias, due to higher
numbers of studies on those species. Irrespective of such bias, it is important to note that crops visited
by a high number of floral visitors tend to be less susceptible to the pollinators’ crisis, compared to
crops with a more restricted group of pollinators. Therefore, alfalfa, faba bean, soybean, and common
bean could be considered as key species, within Fabaceae, for pollination resilience and global food
security. They are mostly self-compatible, widely cultivated, provide floral resources for a wide range
of pollinators, produce seeds and/or leaves with high nutritional value for humans and livestock, and
fix nitrogen in the soil, which improves the conditions for cultivation of other crops (Stagnari et al.

2017).

On the other hand, plant species that interacted with a restricted number of pollinator species
(fewer than 5) and/or that were included in isolated modules, such as perennial soybean (H.
stignocarpa) in module 5, and pea, peanut, and diesel tree in module 7, may represent groups more
prone to be negatively impacted by the global pollinator crisis. These species were cited in few studies,

which may explain the lower numbers of floral visitors recorded, so they deserve more attention in
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future investigations.

Similar to previous findings for Angiosperms (Imperatriz-Fonseca et al., 2012) and Fabaceae
species (Goulson et al., 2011), most studies (97.4%) recorded a predominance of floral visits by bees,
which constituted the most diversified group observed here, being present in seven out of eight
modules. The predominance of bees could be explained by the fact that most of the species studied
here belong to the subfamily Faboidae, characterized by complex zygomorphic flowers with petals
including a keel housing the stamens and pistil (Polhill, 1981). Such morphology implies a specialized
pollination system, requiring pollinators with suitable size, strength, and behavior to be able to force
their way into the keel and come into contact with the anthers and stigma during the collection of
nectar, which is accumulated at the base of the flower. It is believed that the evolution of keel flowers
has been mediated by insects of the order Hymenoptera, especially bees (Endress, 1994), and with
large body size (Frankie et al., 1983). Faboidae flowers also have other characteristics associated with
bee pollination, such as banner petals and/or landing platforms, colors ranging from white to purple,
diurnal anthesis, and pollen and nectar as resources (Faegri & van der Pijl, 1979, but see Ollerton et

al., 2009).

The greater association of modules 2 (Vicia faba) and 7 (Pisum sativum, Arachis hypogaea, and

Copaifera langsdorffii) with thrips can be explained by the fact that these insects were only observed

on the plants of those modules. Thrips feed on floral tissues, nectar, and pollen (Kirk, 1984), usually
of unattractive flowers (Norton, 1984). These floral characteristics are observed in broad bean (Bond
& Poulsen, 1983; Everwand et al., 2017) and peanut (Judd et al., 2009), species on which these insects
were observed. The inefficiency of thrip movement, associated with the self-compatibility of these
legume species, suggest that thrips may be pollinators for autogamous systems or in populations of
species with high density and aggregate distribution (such as the cultivation of broad beans and
peanuts), although no fruit set was tested after thrip pollination. However, thrips are pests, and some

can transmit viruses, negatively affecting the plant (Jones, 2005; Riley et al., 2011).

The dipterans were the floral visitors with the highest power of association in module 3, with C.

arientinum as the only plant species. The color of its flowers (from white to purplish) varies among
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cultivars. The other floral features are those already mentioned for Faboidae and, therefore, do not
explain the visitation of this specific group. Some Diptera, such as syrphids, can land on plants with
petals in the same way as bees, because they are bee mimics, which might explain this association
(Sadeghi, 2008; Doyle et al., 2020). Module 4 (C. cajan, V. unguiculata, G. sepium, and D. alata) was
strongly associated with hummingbirds, due to the presence of D. alata, a tree whose attributes are
often associated with pollination by birds, such as diurnal anthesis, abundance of nectar, absence of
odor, and nectary distant from stigma and anthers (Oliveira & Sigrist, 2008). The strong association
of module 5 (G. wightiic and H. stignocarpa) with bats could be explained by the presence of H.
stignocarpa and its large, dish-shaped (typical of the subfamily Detarioidae), clear, nocturnal flowers
that produce a nectar with acrid odor, corresponding to a chiropterophily pollination system (Souza et
al., 2016). Bats clearly formed a module loosely connected to the other modules, reinforcing that some
vertebrate pollinators can form modules weakly connected to the rest of the pollinator community
(Maruyama et al., 2019; Nascimento et al., 2020). It is interesting to note that module 4, which also

included vertebrate pollinators (hummingbirds) and invertebrates associated with a tree species (D.
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alata), had several connections with other modules, which could be explained by the greater number

of invertebrate species (especially bees), compared to the bat module (module 5).

Module 6, composed of P. vulgaris (flowers ranging from white to purple) and P. coccineus (red
flowers), presented some characteristics attractive to lepidopterans, such as the presence of nectar at
the bottom of the flowers, diurnal anthesis, and mild odor. It is important to note that such insects
usually act as nectar robbers, since they are not able to move the keel and come into contact with the
sexual organs of the flower. Lastly, module 8 (M. sativa) was more closely associated with beetles.
However, similar to the observations for module 3, its floral characteristics (small flowers arranged in
dense inflorescences, with colors ranging from white to purple, and pollen and nectar as floral
resources) are not necessarily typical of beetle flowers (robust petals and sepals, actinomorphic, large,
individual, and with strong odor). It is important to stress that some of the beetle genera recorded
visiting alfalfa flowers (Lytta and Mylabris) can eat leaf and flower parts, occasionally acting as
pollinators (Bohart, 1958). Cajanus cajan, P. sativum, C. langsdorffii, G. wightiic, and G. sepium were
visited by only one functional group of floral visitors, which could be indicative of a specialized
pollination system. However, this result may represent a sampling bias, since the analysis only
included studies that provided the identification of floral visitors at the species level.

All the plant species were classified as peripherals. The connector species recorded here (B.
pascuorum, B. terrestres, and M. roduntata) are typically generalists capable of exploiting many types
of flower morphologies and floral resources, consequently visiting a higher number of plant species,
compared to other bee species. Similarly, the only network hub, A. mellifera (which had the highest
number of partners) also has a generalist foraging behavior and is widely recorded in crops and non-
crop species worldwide (Garibaldi et al., 2014). Generalist pollinators are important for crop
production because they are adapted to forage on, and efficiently pollinate, a broad range of floral
types. This is the reason why A. mellifera and B. terrestris are two of the most used pollinators in

agriculture, having considerable economic value (Kevan, 1997; Delaplane & Mayer, 2000).
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However, it is important to stress that A. mellifera and B. terrestris are exotic species in many
ecosystems and may cause critical ecological problems. Apis mellifera, for example, is known to
negatively impact the relations between plants and native pollinators, reducing the diversity of the
latter and the numbers of interactions in the pollination networks, consequently impacting the
reproductive success of plants pollinated by native pollinators (Valido et al., 2019; Baronio et al., 2021,
in press). Honeybees may also behave as nectar robbers, which can reduce the reproductive success of
legume crops such as alfalfa (Cane, 2002), and may be inefficient pollinators for many crops,
impacting crop yields (Garratt et al., 2014). Similarly, the introduction of B. terrestris beyond its native
area may lead to a number of environmental problems, such as hybridization with subspecies or local
species (resulting in the loss of valuable local adaptations), competition with other bees for food
resources and nesting sites (which may lead to the extinction of native species), and the introduction
of diseases and parasites (Velthuis & Doorn, 2006). Given the conflicting effects of exotic pollinators
(considering that they are necessary to maintain world food production, but can also have negative
impacts), it seems that combining exotic and native pollinators could be an attractive management

strategy for improving crop production (Garibaldi et al., 2013, 2014).

Trigona spinipes, the other connector species, is a social bee known as a generalist pollinator
that exhibits low selectivity in terms of habitat and nest requirements (Roubik, 2006; Antonini et al.,
2013), and is benefited by environmental disturbances such as those caused by agriculture (Giannini
et al., 2015). These features could provide an explanation for its role in the meta-network. Similarly,
B. pascuorum is also considered to be a generalist forager that is well adapted to temperate regions,

where, like other bumblebees, it is an important pollinator (Goulson, 2003).

5. Conclusions

A synthesis was performed using six decades of worldwide data on legumes of economic

importance and potential pollinators. Most studies were conducted after the year 2000, when the global
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pollinator crisis became well documented, and in similar proportions for tropical and temperate
environments. Bees were the most important group of pollinators, especially those exhibiting
generalist behavior and that might negatively impact the relations between plants and native bee
species. Legumes of economic importance have an important role in global pollination resilience,
maintaining a diversified fauna of pollinators other than bees, such as butterflies, flies, thrips,
hummingbirds, and bats. Although the review of relevant studies undertaken in this work was
extensive, it should be noted that several studies were not included here, because they were published
in sources that were unavailable in the databases employed. The data revealed crops that have been
less studied, as well as crops that are more prone to be negatively affected by the global pollinator

crisis.
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FIGURE LEGENDS

Figure 1. Global distribution of studies that focused on floral visitation of legumes of economic

importance.

Figure 2. Number of studies that focused on floral visitation of legumes of economic importance along

decades in the world.

Figure 3. Structure of the modular meta-network representing legumes of economic importance and
their pollinators around the world. Squares: plants; circles: bee; diamonds: lepidopterans; triangles:
other pollinators; Ara_hyp: Arachis hypogaea (peanut); Cic_ari: Cicer arietinum (chickpea); Caj_caj:
Cajanus cajan (pijeon pea); Cop_lan: Copaifera langsdorffii (diesel tree); Dip_ala: Dipteryx alata
(baru nut); GI_max: Glycine max (soybean); Gli_sep: Gliricidia sepium (gliricidia); Gly_wig: Glycine
wightii (perennial soybean); Hym_sti: Hymenaea stignocarpa; Med_sat: Medicago sativa (alfalfa);
Pha_coc: Phaseolus coccineus (runner bean); Pha_vul: Phaseolus vulgaris (common bean); Pis_sat:

Pisum sativum (pea);Vic_fab: Vicia faba (faba bean); Vig_ung: Vigna unguiculata (cowpea).

Figure 4. Correlation graph showing the association and disassociation power of the pollinator groups
and eight modules detected in the meta-net of interactions between legumes of economic interest and
pollinators around the world. Positive values in blue indicate attraction/association, and negative

values in red indicate disassociation with the module.

Figure 5. Roles of species in the meta network of interactions between legumes of economic
importance and pollinators around the world according to their degree within the module (z) and
connectivity between modules (c) of each species in each group. We used the values of 2.5 for z and
0.62 for c in order to determinate the role of each species (lines in z = 2.5 and ¢ = 0.62 define the role

of species)



Table 1. Number (and percentage of total) of floral visitor species of different taxonomic groups that interacted with legumes of
economic importance in the world. Lepidop: Lepidoptera; Coleop: Coleoptera; Chirop: Chiroptera; Apodif: Apodiformes

(hummingbirds); Thysan: Thysanoptera; Hemip: Hemiptera.

Hymenoptera
Legume specles Lepidop Coleop Diptera  Chirop  Apodit  Thysan Hemip
Apidae Vespidae Formicidae
Arachis hypogaea 6 (2.88) - - - 1(0.48) - - - 1(0.48) -
Cajanus cajan 21 (10.10) - - - - - - - - -
Cicer arietinum 3(1.44) 2 (0.96) - 2 (0.96) - 6 (2.88) - - - -
Copaifera langsdorffii 3(1.44) - - - - - - - - -
Dipteryx alata 7 (3.36) - - - - - - 2 (0.96) - -
Gliricidia sepium 1(0.48) - - - - - - - - -
Glycine max 56 (26.92) - - - - 4(1.92) - - - -
Glycine wightiic - - - - - 1(0.48) - - - -
Hymenaea stigonocarpa - - - 2 (0.96) - - 3(1.44) - - -
Medicago sativa 24 (11.54) 3(1.44) - 3(144) 4(192) 4(1.92 - - - 2 (0.96)
Phaseolus coccineus 16 (7.69) 2 (0.96) 1(0.48) - 1(0.48) 1(0.48) - - - -
Phaseolus vulgaris 17 (8.17) 3(1.44) 1(0.48) 9(433) 1(048) 1(0.48) - - - 1(0.48)
Pisum sativum 1(0.48) - - - - - - - - -
Vicia faba 27 (12.98) - - - 1(0.48) - - - 2 (0.96) -

Vigna unguiculata 3(1.44) - - 1(0.48) - - - - - -
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Table 2: Legumes of economic importance and pollinators with the largest number of partners in the
world. We included only two species as pollinators because of the high number of species recorded

with three partners.

Organism Family/Subfamily Number of partners
Pollinators
Apis mellifera Apidae 11
Trigona spinipes Apidae 4
Plants
Glycine max Faboideae 60
Medicago sativa Faboideae 40
Phaseolus vulgaris Faboideae 33
Vicia faba Faboideae 30

Cajanus cajan Faboideae 21
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Figure 1. Global distribution of studies that focused on floral visitation of legumes of economic importance.
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Figure 2. Number of studies that focused on floral visitation of legumes of economic importance along

decades in the world.
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Figure 3. Structure of the modular meta-network representing legumes of economic importance and their pollinators around the world.
Squares: plants; circles: bee; diamonds: lepidopterans; triangles: other pollinators; Ara_hyp: Arachis hypogaea (peanut); Cic_ari:
Cicer arietinum (chickpea); Caj_caj: Cajanus cajan (pijeon pea); Cop_lan: Copaifera langsdorffii (diesel tree); Dip_ala: Dipteryx
alata (baru nut); GI_max: Glicine max (soybean); Gli_sep: Gliricidia sepium (gliricidia); Gly_wig: Glycine wightii (perennial
soybean); Hym_sti: Hymenaea stignocarpa; Med_sat: Medicago sativa (alfalfa); Pha_coc: Phaseolus coccineus (runner bean);
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Figure 4. Correlation graph showing the association and disassociation power of the pollinator groups and
eight modules detected in the meta-net of interactions between legumes of economic interest and pollinators
around the world. Positive values in blue indicate attraction/association, and negative values in red indicate

disassociation with the module.
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Figure 5. Roles of species in the meta network of interactions between legumes of economic
importance and pollinators around the world according to their degree within the module (z) and
connectivity between modules (c) of each species in each group. We used the values of 2.5 for z and
0.62 for c in order to determinate the role of each species (lines in z = 2.5 and ¢ = 0.62 define the role

of species).



Appendix 1. Floral visitors recorded in legumes of economic importance.

Species number Species identification
spl Acamptopoeum prinii Holmberg,1884
sp2 Agapostemon texanus Cresson, 1872
sp3 Agapostemon virescens Fabricius, 1775
sp4 Aguna asander Hewitson, 1867
spS Ammophila infesta Smith, 1873
Sp6 Anapheis aurota Fabricius, 1793
sp7 Andrena chengtehensis Yasumatsu, 1935
sp8 Andrena ovatula Kirby, 1802
sp9 Andrena minutula Kirby, 1802
spl10 Andrena squamata Wu, 1990
spll Andrena wilkella Kirby, 1802
spl12 Anthidium florentinum Fabricius, 1775
spl3 Anthophora aegyptiaca Dalla Torre & Friese, 1895
spl4 Anthophora dispar Lepeletier, 1841
sp15 Anthophora hispanica Fabricius, 1787
spl6 Anthophora melanognatha Cockerell, 1911
spl7 Anthophora plumipes Pallas, 1772
spl8 Apion vorax Herbst, 1797
sp19 Apis dorsata Fabricius, 1793
sp20 Apis florae Fabricius, 1787
sp21 Apis mellifera Linnaeus, 1758
sp22 Apis mellifera adansonii Latreille, 1804
sp23 Apis mellifera carnica Pollmann, 1879
sp24 Pieris rapae Linnaeus, 1758
sp25 Augochlora (Augochlora) phoemonoe Schrottky, 1909
sp26 Augochlora (Oxystoglossella) iphigenia Holmberg, 1886
sp27 Augochlora (Augochlora) nausicaa Schrottky, 1909
sp28 Augochloropsis pomona Holmberg, 1903
sp29 Augochlorella aurata Smith, 1853
sp30 Augochloropsis callichroa Cockerell, 1900
sp31 Augochloropsis cupreola Cockerell, 1900
sp32 Augochloropsis euterpe Holmberg, 1886
sp33 Augochloropsis metallica Fabricius, 1793
sp34 Augochloropsis tupacamaru Holmberg, 1884
sp35 Belonogaster juncea Fabricius, 1781
sp36 Bombus (Fervidobombus) morio Swederus, 1787
sp37 Bombus atratus Franklin, 1913
sp38 Bombus (Fervidobombus) brevivillus Franklin, 1913
sp39 Bombus griseocollis DeGeer, 1773
sp40 Bombus hortorum Linnaeus, 1761

sp4l Bombus impatiens Cresson, 1863
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sp42
sp43
sp44
sp45
Sp46
sp47
sp48
sp49
spS0
sp51
sp52
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Sp69
sp70
sp7l
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sp75
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sp77
sp78
sp79
sp80
sp8l
sp82
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sp84
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Bombus lapidarius Linnaeus, 1758

Bombus lucorum Linnaeus, 1761

Bombus pascuorum Scopoli, 1763

Bombus pratorum Linnaeus, 1761

Bombus (Megabombus) ruderatus Fabricius, 1775
Bombus subterraneus Linnaeus, 1758
Bombus terrestris Linnaeus, 1758
Brachygastra lecheguana Latreille, 1824
Caenonomada bruneri Ashmead, 1899
Calliopsis andreniformis Smith, 1853
Camponotus flavomarginatus Mayr, 1862
Carollia perspicillata Linnaeus, 1758
Centris (Melacentris) rhodoprocta Moure & Seabra, 1960
Centris (Centris) caxiensis Ducke, 1907
Centris (Trachina) fuscata Lepeletier, 1841
Centris (Hemisiella) tarsata Smith, 1874
Ceratina calcarata Robertson, 1900
Chalepogenus luciane Urban, 1995
Megachile cincta Fabricius, 1781
Megachile rufipes Fabricius, 1781
Megachile (Chalicodoma) siculum Rossi 1792
Chioides catillus Cramer, 1779
Chlorostibon aureoventris Orbigny & Lafresnaye, 1838
Coccinella septempunctata Linnaeus, 1758
Coccinella undecimpunctata Linnaeus, 1758
Cocytius antaeus Drury, 1773

Cocytius duponchel Poey, 1832

Colias eurytheme Boisduval, 1852

Colletes lacunatus Dours, 1872

Nomia chandleri Ashmead, 1899
Dactylurina staudingeri Gribodo, 1893
Danaus chrysippus Linnaeus, 1758
Diabrotica speciosa Germar, 1824
Diadasina distincta Holmberg, 1903
Dieunomia heteropoda Say, 1824
Ectatomma quadridens Fabricius, 1793
Epanthidium tigrinum Schrottky, 1905
Epeolus pusillis Cresson, 1864

Epicauta strigosa Gyllenhal, 1817
Episyrphus balteatus De Geer, 1776
Eristalinus aeneus Scopoli, 1763

Eristalis tenax Linnaeus, 1758

Eucera alternans Brullé, 1832

Eucera dubitata Cresson, 1878
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spll7
spl18
sp119
sp120
spl21
spl22
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spl24
sp125
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Eucera hamate Bradley, 1942

Eucera numida Lepeletier, 1841

Eucera pekingensis Yasumatsu, 1946

Eucera pulveracea Dours, 1873

Eupeodes corollae Fabricius, 1794

Eurema elathea Cramer, 1777

Euschistus heros Fabricius, 1794
Megachile(Eutricharaea)manchuriana Yasumatsu,1939
Exomalopsis (Exomalopsis) analis Spinola, 1853
Exomalopsis (Exomalopsis) subtilis Timberlake, 1980
Exomalopsis (Exomalopsis) tomentosa Friese, 1899
Exomalopsis (Exomalopsis) ypirangensis Schrottky, 1910
Frankliniella fusca Hinds, 1902

Glossophaga soricina Pallas, 1766

Halictus confusus Smith, 1853

Halictus fulvipes Klug, 1817

Halictus ligatus Say, 1837

Halictus rubicundus Christ, 1791

Halictus tripartitus Cockerell, 1895

Helicoverpa zea Boddie, 1850

Phalaena dipsacea Linnaeus, 1767

Heliothis virescens Fabricius, 1777

Lasioglossum murrayi Cockerell, 1905

Lasioglossum urbanum Smith, 1879

Hylaeus affinis Smith, 1853

Hylaeus elegans Smith, 1853

Hylephila phyleus Drury, 1773

Hylocharis chrysura Shaw, 1812

Kakothrips pisivorus Westwood, 1880

Lagria villosa Fabricius, 1781

Lasioglossum clavipes Dours, 1872

Lasioglossum villosullum Kirby, 1802

Lipotriches collaris Vachal, 1903

Lygus hesperus Knight, 1917

Lygus pratensis Linnaeus, 1758

Lytta caraganae Pallas, 1781

Megachile (Dasymegachile) joergenseni Friese, 1908
Megachile (Pseudocentron) gomphrenae Holmberg, 1886
Megachile (Pseudocentron) gomphrenoides Vachal, 1909
Megachile abluta Cockerell, 1911

Megachile bituberculata Ritsema, 1880

Megachile minutissima Radoszkowski, 1876
Megachile (Leptorachis) paulistana Schrottky, 1902
Megachile rotundata Fabricius, 1793
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Megachile spissula Cockerell, 1911
Melanostoma mellinum Linnaeus, 1758
Melipona scutellaris Latreille, 1811
Melissodes agilis Cresson, 1878
Melissodes bimaculata Lepeletier, 1825
Melissodes communis Cresson, 1878
Melissodes druriella Kirby, 1802
Melissodes nivea Robertson, 1895
Melissodes trinodis Robertson, 1901
Melissoptila carinata Urban, 1998
Melissoptila tandilensis Holmberg, 1884
Melitomella grisescen Ducke, 1907

Musca domestica Linnaeus, 1758

Mylabris calida Pallas, 1782

Nannotrigona testaceicornis Lepeletier, 1836
Nomia melanderi Cockerell, 1906

Osmia cornifrons Radoszkowski, 1887
Osmia submicans hebraea Benoist, 1934
Oxaea flavescens Klug, 1807

Palpada vinetorum Fabricius, 1799
Panoquina lucas Fabricius, 1793
Paratrigona lineata Lepeletier, 1836
Partamona helleri Friese, 1900

Patellapis stirlingi Cockerell, 1910
Peponapis fervens Smith, 1879

Peponapis pruinosa Say, 1837

Philanthus triangulum Fabricius, 1775
Platyrrhinus lineatus E. Geoffroy, 1810
Polistes foederata Kohl, 1898

Polistes olivaceus De Geer, 1773

Polybia dimidiata Olivier, 1791

Polybia ignobilis Haliday, 1836
Proxylocopa nitidiventris Smith, 1878
Proxylocopa xinjiangensis
Pseudagapostemon puelchanus Holmberg, 1886
Pseudaugochlora graminea Fabricius, 1804
Ptilothrix relata Holmberg, 1903
Scaptotrigona depilis Moure, 1942
Sphaerophoria bengalensis Macqaurt, 1842
Svastra (Svastra) detecta Holmberg, 1884
Svastra obliqua Say, 1837

Synagris cornuta Linnaeus, 1758

Syritta pipiens Linnaeus, 1758

Tabanus taeniola Palisot de Beauvois, 1806

104



spl74
spl75
spl176
spl77
spl178
sp179
sp180
spl81
sp182
sp183
spl84
sp185
sp186
spl87
spl88
sp189
sp190
spl91
spl192
sp193
spl94
spl195
sp196
sp197
sp198
sp199
sp200
sp201
sp202
sp203
sp204
sp205
sp206
sp207
sp208

105

Tapinotaspis chalybaea Friese, 1899
Tetragonisca angustula Latreille, 1811
Thrinchostoma wissmanni Bllthgen, 1930
Thrips imaginis Bagnall, 1926

Thygater (Thygater) analis Lepeletier, 1841
Toxomerus geminates Say, 1923
Toxomerus marginatus Say, 1823
Trigona branneri Cockerell, 1912
Tetragonula carbonaria Smith, 1854
Trigona fuscipennis Friese, 1900

Trigona hyalinata Lepeletier, 1836
Trigona spinipes Fabricius, 1793
Urbanus dorantes Stoll, 1790

Urbanus proteus Linnaeus, 1758
Provespa anomala de Saussure, 1854
Vespa orientalis Linnaeus, 1761
Megachile(Xanthosaurus)remota Smith,1879
Xylocopa aestuans Linnaeus, 1758
Xylocopa albicepsFabricius, 1804
Xylocopa augusti Lepeletier, 1841
Xylocopa calens Lepeletier, 1841
Xylocopa carbonaria Smith, 1854
Xylocopa cearensis Ducke, 1911
Xylocopa flavorufa DeGeer, 1778
Xylocopa frontales Olivier, 1789
Xylocopa griscescens Lepeletier, 1841
Xylocopa incostans Smith, 1874
Xylocopa nigrita Fabricius, 1775
Xylocopa olivacea Fabricius, 1778
Xylocopa pubescens Spinola, 1838
Xylocopa suspecta Moure & Camargo, 1988
Xylocopa torrida Westwood, 1838
Xylocopa valga Gerstéacker, 1872
Xylocopa violacea Linnaeus, 1758
Zizeeria karsandra Moore, 1865
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Influence of animal pollination in the common bean (Phaseolus vulgaris L., Fabaceae)

production and seed germination

Abstract. The influence of animal pollination on the common bean (Phaseolus vulgaris L., Fabaceae)
production is quite variable, but there is a tendency towards the predominance of strong self-fertility.
Few studies tested for the influence of pollination on quality aspects of production and seed
germination. In view of the global economic importance of the common bean, and the pollinator crisis
that the planet is experiencing, the objective of this study was to investigate the influence of animal
pollination in the amount and quality of fruits, seeds, and seed germination of the common bean, using
four plantations of the ‘mulatinho’ variety in a region under semiarid climate of NE Brazil as a model.
Our hypotheses are: 1) Flowers are visited mainly by bees; 2) The production of fruits, seeds and seed
germination are favored by pollinators. Data were collected during the 2017 and 2018 plantings, when
data on floral visitors were collected. Controlled crosses (spontaneous self-, cross- and natural
pollinations) were performed and the number and morphometry of fruits, number, morphometry, and
germination of seeds were compared between the experiments. Reproductive efficiency (RE) and
pollen limitation index (PLI) were calculated. Number of formed fruits, measurements, weight, and
germination resulting from spontaneous self-pollination showed higher values than those formed by
natural and cross-pollination. In 2017, the RE was high (1.44) and the ILP was 0.14, indicating no
pollen limitation. In 2018, RE was also high (1.8), but the ILP was 0.3, indicating pollen limitation.
Overall, the frequency of visits on focal individuals was low. Conversely to what was expected,
butterflies and moths were the most frequent floral visitors, although the flowers were also visited by
bees, ants, flies beetles and spiders. None were considered pollinators because they did not touch the
reproductive structures of the flower. The bee Xylocopa sp. was the only species capable of pollinating
the flowers, as its size allows it to expose the reproductive parts present inside the keel when it lands

on the flower to collect the floral resource. However, its frequency was very low, and it did not visit
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the focal plants. Apparently, low temperatures and high rainfall negatively interfered with pollination
and, consequently, with the production. The common bean can be considered a relevant crop in the
face of the current global pollinator crisis, as it does not depend on pollinators to produce food, flowers
are used by several pollinator groups and, additionally, it contributes to soil nitrogenating, reducing

input costs for farmers.

Keywords: crop pollination, legumes, seed quality, self-fertility.

1. Introduction

The importance of animal pollination to produce fruits and seeds in greater quantity (fruit and
seed sets) and quality (fruit and seed characteristics, as well as seed germination rate) is broadly
demonstrated (Klein et al., 2007; Klatt et al. 2014; IPBES 2016). Therefore, pollination by animals
reduces harvest losses and adds value to the production, being considered an important ecosystem
service (Garibaldi et al. 2013; Garibaldi et al. 2016; Costanza et al. al. 2017; IPBES, 2016). However,
the increasing habitats loss and alteration and the inappropriate use of pesticides have caused the
decline of pollinator populations worldwide and, consequently, of agricultural productivity (Potts et
al., 2010).

To verify whether a crop needs pollination management, it is necessary to have prior knowledge
of its reproductive requirements, as well as to calculate the reproductive efficiency (RE, which
determines how effective the species is in the formation of fruits (Freitas and Oliveira, 2002). In
addition, it is important to obtain the degree of pollen limitation (CLI) of the crop, which indicates
whether its production in each area or growing season is being limited by the arrival of pollen, in terms
of quantity and quality (Larson and Barrett, 2000; Ashman et al., 2004; Knight et al., 2005).

The common bean (Phaseolus vulgaris L., Fabaceae) is the most economically important species

within the five most cultivated species of the genus (Santos and Gavilanes, 2008.), and Brazil is the
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third largest producer and consumer (CONAB 2016; FAOSTAT, 2021). There are controversies in the
literature about the reproductive requirements of P. vulgaris. Some studies indicate that the species is
mostly self-compatible; however, common bean can also reproduce by allogamy (Vieira et al, 2011,
Ibarra-Perez et al., 1999). On the other hand, other investigations suggest a predominance of allogamy
(Kingha et al., 2012). Thus, the knowledge acquired so far shows a high variation in natural cross-
fertilization rates (1-85%) in bean cultivation on a global scale (Pacova and Rocha, 1975; Pereira Filho
and Cavariani, 1984; Wells et al., 1988). There are no more recent studies that can corroborate these
data.

Bees are the most abundant bean pollinators, obtaining pollen and nectar from flowers (Masiga
etal., 2014; Kasina et al. 2009a; Kingha et al., 2012). Representatives of the genera Apis and Xylocopa
have been the most frequent species as shown in previous studies (Masiga et al., 2014; Kasina et al.
2009b; Widhiono et al., 2017). The presence of these pollinators in bean crops can have both a positive
(Kasina et al. 2009b; Masiga et al., 2014; Kingha et al., 2012; Douka and Tchuenguem, 2013) and a
neutral effecto on production (McGregor, 1976; Delaplane and Mayer 2000). The increase in the
number and nutritional improvement of seeds have been observed as a positive result of pollination by
bees (Kasina et al. 2009b; Masiga et al., 2014; Kingha et al., 2012; Douka and Tchuenguem, 2013).

Given the relevance of pollinators for agricultural production, the economic importance of the
common bean on a global scale, this study aims to investigate the influence of pollination on

production of fruits, seeds and on seed germination of this crop in areas under semiarid climate.

2. Materials and methods

2.1 Study areas and crop variety
The study was carried out in four private areas of common bean planting in neighboring

municipalities located in the State of Pernambuco the Agreste of Pernambuco, northeast of Brazil,
under semi-arid climate: one area in the municipality of Garanhuns (A) and three areas in the
municipality of S&o Jodo (B, C and D. Data were collected in the years 2017 and 2018. For each year,
three areas were sampled (Fig. 1). Local farmers use seeds from the previous year's crop. In the region

farmers use the common bean of the variety ‘mulatinho’.
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2.2 Climate data

Because pollinator activity is strongly influenced by temperature and rainfall, those data were
obtained from the websites of the National Institute of Meteorology and the Pernambuco Water and
Climate Agency (http://www.inmet.gov.br and http://www.apac.pe.gov.br), respectively, for the study
areas and for the periods from 05/01 to 07/31 in 2017 and 2018. Such periods correspond,

approximately, to the beginning of planting until harvest.

Figure 1. Areas of common bean (Phaseolus vulgaris ‘mulatinho’ variety, Fabaceae) planting in NE
Brazil: Garanhuns (A: 8°56°41”S and 36°32°56” — 2017, 2018) and Sao Jodo (B: 8°49°16”S e
36°22°44”W - 2017; C: 8°52°11”S 36°25°43”W — 2017 and 2018; D: 8°52°18” S and 36°26°52”W-
2018). Images obtained in Google Earth version 9.2.91.0 and camera od approx. 2.000m.


http://www.inmet.gov.br/
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2.3 Floral biology

Since there is variation in floral attributes between crop varieties, the floral biology, reproductive
system, and morphometry were studied in each of the areas to capture such variation. The following
floral biology data were collected from 30 flowers followed from pre-anthesis to senescence,
distributed in 30 individuals, using usual methods in reproductive biology (Dafni, 2005): duration of
the flower (observing from the pre-anthesis period to senescence), pollen viability (by macerating the
anthers in neutral red on a slide to count the viable grains), period of stigmatic receptivity (using
hydrogen peroxide on the stigmas), pollen availability (observing the anthers with the aid of a
magnifying glass), odor-emitting regions (dipping the flowers in neutral red and observing the parts
that were marked) and odor classification (covering some flowers in the pot , leave it for 1 hour and
then open the jar and smell what was exhaled for a better characterization of the odor).

The following floral attributes, related to the plant-pollinator interaction, were quantified: corolla
diameter and length, and androecium and gynoecium length. These measurements were sampled from

30 flowers (fixed in 70% alcohol) distributed among 30 individuals and obtained using a digital caliper.

2.4 Breeding system and seed germination

To determine the influence of pollinators on bean production, a controlled pollination experiment
was carried out with the following treatments: spontaneous self-pollination, cross-pollination, and
natural pollination (control). It was used at least 50 flowers distributed in 30 individuals for each
treatment. The flowers were bagged in pre-anthesis using mesh bags, except for the control treatment,
in which flowers were kept available for visitation. For the cross-pollination treatment, newly opened
flowers received a mixture of fresh pollen from flowers of two or more different individuals, being
rebadged later. These pollen donor flowers were kept in gearbox boxes containing 2% agar solution to
prevent dehydration. For the spontaneous self-pollination treatment, all open flowers of each

inflorescence were removed, leaving only the buds. The inflorescences were kept in bags until the end

of the anthesis of all the flowers. Fruit formation was recorded three weeks after anthesis. Ripe fruits

were collected and dried in the sun, following the procedure conducted by the farmers. After drying,
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the following attributes were obtained: length, width, and weight of the pod, and number, length, and
weight of the seeds.

Reproductive efficiency (RE) was calculated by dividing the percentage of fruits from natural
pollination by the percentage of fruiting by cross-pollination; values below 0.66 indicate low RE,
between 0.67 and 0.80 indicate medium RE and values above 0.81 indicate high RE (Freitas e Oliveira,
2002). The pollen limitation index (CLI) was calculated as CLI = 1- (N/S), where N = set of seeds
formed by natural pollination and S = number of seeds formed from cross-pollination; Negative values
up to 0.2 indicate absence of pollen limitation (Freitas et al., 2010).

The germination rate of all seeds from the pollination treatments was obtained after being placed
under sand in plastic cups and watered daily with 25ml of water. Seeds were inspected daily for 40
days to record germination. At the end of the experiment, the total germination of each treatment (%)

was counted.

2.5 Frequency of visits and visiting behavior
The frequency and behavior of floral visitors were evaluated through focal observations in the
field during a day in the peak of flowering period (which varies between 12 and 20 days, according to
Vieira et al., 2011), totaling 11 hours of observation for each area Six focal individuals were selected
in each area and each individual was inspected for five minutes per hour, from 06:00 to 17:00.
The number of floral visiting individuals was counted at each observation interval. All
morphospecies of floral visitors were photographed and collected for later identification by specialists.
Visiting behavior (contact with reproductive structures and interaction with other visitors) and
the resource collected were also recorded throughout the observations. According to the visiting

behavior and frequency of visits, visitors were classified as effective pollinators (contacted the

reproductive structures and had a frequency greater than or equal to ten visits per hour), occasional
pollinators (contacted the reproductive structures and had a lower frequency of ten visits per hour) and
robbers (they used the floral resource without contacting the reproductive structures, or only contacting

anthers or stigma; Inouye, 1980).
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2.6 Data analysis

The effect of treatments on fruit characteristics (including number of seeds per fruit) and seeds,
and on germination rate was tested with mixed models. Treatments were included in the models as a
fixed effect. A hierarchical component considering the year of the experiment and the area of study
was used as a random effect, considering these variables as a source of variation in data on fruit
characteristics and seed germination rate. For seed traits, the identity of the plants and fruits that
originated them was also inserted as a random effect. For seed germination rate, mixed generalized
models were fitted for binomial distribution (germination/non-germination). The models were
compared with their respective null models using maximum likelihood estimation. The models were

run in the R environment (R Core Team, 2019) with the help of the Im4 package.

3.Results
3.1 Climate data

The average temperature for the study regions was 19.5°C (2017 and 2018), with maximum
and minimum temperatures, respectively, of 23.3°C and 17.5°C (2017) and 24.2°C and 17.0°C (2018).
The accumulated rainfall for 2017 was 892.1 mm (Garanhauns) and 654.5 mm (S&o Jo&o). In 2018 it

was 293.1mm (Garanhuns) and 230.8mm (Sao Jodo).

3.2 Floral biology and sexual system

The flowers are grouped in inflorescences, are white, small (diameter: 19.34+0.73mm; length:
12.41+0.21mm) and have the typical zygomorphic, 5-petal morphology of the Faboidae subfamily: an
upper petal (standard), two wings and a keel, formed by two petals and which houses the androecium
and gynoecium (Fig. 2). The androecium is composed of ten twisted stamens, one free (11.42 *
0.66mm long) and nine fused, forming the staminal tube. Of the nine fused stamens, four are shorter

(5.75+0.30mm) and five are longer (14.96+1.47mm). Pollen has high viability (90.04%)
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Figure 2. Flower of the common bean (Phaseolus vulgaris, ‘mulatinho’ variety, Fabaceae). Arrow:

keel petal, which cover both stamens and pistil.

Anthesis started around 04:30-05:00 a.m. and, as the flower ages, it acquires a yellowish color,
starting the senescence process around 12:00. The yellowish flower remains on the individual for about
two days, is visited and has reduced viability compared to fresh flowers due to the number of visits.

The flowers have odor-emitting regions across the surface of the corolla and a sweet odor.

3.3 Mating system and seed germination

There was no significant difference between treatments for fruit length (y2 =0.317; gl =2, p =
0.8536), width (x2 = 3,245; gl = 2, p = 0.1974), weight (2 = 1,357; gl = 2, p = 0.5075) and seed
number (x2 = 0.317; gl = 2, p = 0.8536; Fig.3). There was also no significant difference between seed
length (¥2 = 2.159; gl = 2, p =0.3397), width (¥2 = 2.026; gl = 2, p = 0.3631) and weight (¥2 = 0.454;
gl=2,p=0.797; Fig. 4). However, there was a significant difference in germination rates (32 = 10.32;
gl =2, p =0.006), with spontaneous self-pollination exhibiting higher values than cross pollination (z
=2.63, p =0.023). No differences were found in germination rates between self-pollination and natural
pollination (z = 1.62, p = 0.235) nor between cross pollination and natural pollination (z = -1.50, p =

0.289; Fig. 5).
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In 2017 the reproductive efficiency was high (1.44) and the CLI was 0.14, indicating no pollen

limitation; in 2018 the reproductive efficiency was also high (1.8), but the CLI was 0.3, indicating the

presence of pollen limitation.
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Figure 3 — Fruit morphometry and number of seed of the common bean (Phaseolus vulgaris,

‘mulatinho’ variety, Fabaceae) in four planting areas in NE Brazil along two consecutive planting

Seasons.
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Figure 4. Seed length (mm), width (mm) and weight (kg) of the common bean (Phaseolus vulgaris,

‘mulatinho’ variety, Fabaceae) in four planting areas in NE Brazil along two consecutive planting

seasons
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Figure 5 — Seed germination rate of the common bean (Phaseolus vulgaris, ‘mulatinho’ variety,

Fabaceae) in four planting areas in NE Brazil along two consecutive planting seasons.
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3.4 Floral visitors

The flowers were visited by 132 floral visitors (Fig. 6). Individuals distributed in 12
morphospecies belonging to the orders Hymenoptera (Apis mellifera, Trigona sp, Formicidae and
Vespidae — four morphospecies, 85 visits), Lepidoptera (Urbanus dorantes, U. proteus, - four
morphospecies of butterflies, 20 visits) Diptera (Muscidae - two morphospecies, 16 visits), Coleoptera
(two morphospecies, 7 visits) and Araneae (one morphospecies, 4 visits; Figs. 7 and 8).

Most visits were from butterflies, distributed in four morphospecies, which had a peak between
10:00 am and 11:00 am. Urbanus dorantes Stoll and U. proteus L. were abundant and two other species
were rare. Despite the low representation of the species U. proteus in the focal individuals, it was quite
common in the area.

None of the visitors was considered an effective pollinator in the individuals predetermined for
observation, as they only landed on the petals (flies, butterflies, bees) and/or walked through the calyx
and corolla (beetle and ants).

Species of Hymenoptera (two species of bees and one of ant) and Lepidoptera (butterflies) were
found in non-focal individuals. Ants and the bee Trigona sp. they walked among buds and flowers; the
butterfly landed on the flower and possibly collected nectar by inserting its proboscis. And among

these visitors, the species that is probably Xylocopa sp.4.
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Figure 6. Floral visitors of the common bean (Phaseolus vulgaris, ‘mulatinho’ variety, Fabaceae) in

four planting areas in NE Brazil along two consecutive planting seasons. A: Urbanus dorantes; B:

Urbanus proteus; C: Lepidoptera; D: Formicidae; E: Trigona cf. spinipes; F: Xylocopa sp.

85
20
16
/ 4
64% 15% 12% - 5% - 3%
Hymenoptera Lepidoptera Diptera Coleoptera Araneae

Figure 7. Number of floral visitor species of the common bean (Phaseolus vulgaris, ‘mulatinho’

variety, Fabaceae) in four planting areas in NE Brazil along two consecutive planting seasons.
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Figure 8. Number of floral visits to the common bean (Phaseolus vulgaris, ‘mulatinho’ variety,

Fabaceae) in four planting areas in NE Brazil along two consecutive planting seasons.
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4. Discussion

The average temperature of the study areas is within the temperature gradient supported by the
common bean crop, according to Didonet and Silva (2004) and Heinemann et al. (2009). As for the
rainfall indices, the values indicate that the bean crop suffered water stress (lack and excess), which
may have impaired productivity (Doorenbos and Kassam, 1979; Dourado Neto and Fancelli, 2000;
Vieira et al., 2006)

According to Vidal and Vidal (2005) the flowers are grouped in inflorescences of the axillary type
(indeterminate growth habit) and terminal type (determinate growth habit). As for the structure of the
flower, the data corroborate the findings of Vieira et al. (2006).

The fact that self-spontaneous germination experiments show a more evident significant
difference than natural and cross-pollination may be linked to the plant being sensitive to manipulation
and/or indicating that the bean crop is self-sufficient in its productivity, suggesting that Vieira et al
(2011) are closer to reality when they state that the species is mostly self-compatible. This data
corroborates some studies, since the exposure of bean plants to bee pollination did not result in higher
production of dry seeds in the UK or in the US (Free 1966; McGregor, 1976; Delaplane and Mayer,
2000). In contrast, beans pollinated by bees had an increase in the number of seeds in some studies
(Masiga et al., 2014; Kasina et al, 2009Db).

The absence of pollen limitation may be related to the self-compatibility of the species, reducing
its dependence on cross-pollination (Larson and Barret, 2000) and facilitating the production of fruits
from self-pollination (Larson and Barret, 2000; Ashman et al, 2004). On the other hand, the presence
of pollen limitation in 2018 indicates a lack of pollinators (Freitas et al., 2010), which may be caused
by the lack of native vegetation close to the cultures studied.

It was observed that areas A and D were the ones with the highest presence of insects, which can
be explained by the proximity to the native vegetation of the study areas (Fig. 1 and Fig. 7). The

presence and diversity of habitats close to crops are important requirements for pollinators, so the
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absence of these habitats can lead to the complete loss of pollinator groups or pollination systems
(Viana et al. 2012). Heterogeneous landscapes favor the maintenance and increase of pollinator
populations, by offering resources and nesting sites, and the stability of the pollination service (Viana
et al. 2012; Ferreira et al. 2015). These landscape characteristics have a direct effect on agricultural
productivity (Saturni et al., 2016; Hipolito et al., 2018), due to the increase in bee visits to crops
(Franceschinelli et al. 2017). The lack of nesting spaces can be a limiting factor for the presence of
bees in cultivated areas, as the requirements are diverse.

The low fruit formation in the experiments may be related to the low floral setting, since not all
the flowers produced by the plant turn into fruits (Costa and Zimmermann, 1988; Didonet; Silva, 2004;
Guilherme et al., 2015). Low flower set was observed by Ramalho and Ferreira (1979; 28%), lzquierdo
and Hosfield (1981, 39.5%) and Reis et al. (1985, 31%). This high abortion is understood because of
the priority allocation of resources to the most vigorous pods that will provide quality grains; in
addition, the first flowers of the flowering tend to have a greater fruit set when compared to the flowers
that open later (Didonet and Silva, 2004).

The low reproductive success may also be related to water stress, since the accumulated rainfall
was above the optimal gradient that favors fruit production. In 2017, the study areas suffered from an
atypical, very rigorous winter, with heavy rains, which can cause low grain yield and quality
(Heinemann et al., 2009). In addition, exposure of the crop to excess water promotes the appearance
of fungal diseases, reducing the amount of fruit formed (Barros et al., 2012). In the field, it was
observed in some plants the appearance of a kind of mold in the aerial parts.

The butterflies and moths landed on the petals and introduced their proboscis into the flowers,
which we can suggest that they were looking for nectar, but they were unable to shoot the keel due to
the lightness of their touching the flowers and, consequently, they did not touch the reproductive parts,

being considered looters.
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The large bee Xylocopa sp. apparently it is the only species able to pollinate the bean, as its
robust size managed to expose the reproductive parts present inside the keel when it landed on the
flower to collect the floral resource (Marques Jr. and Ramalho, 1995; Barbosa e Souz a, 2016).
However, the frequency of this bee was very low. Although the species was visited by several groups
of pollinators, a low frequency of bees was noted, which was not expected, since bees are the most
abundant pollinators of beans when they visit its flowers to collect pollen and nectar (Borém, 1999;
Hoc and Garcia, 1999; Ibarra-Perez et al., 1999; Kasina et al, 2009; Kingha et al., 2012; Masiga et al.,
2014). According to Bugalho (2009), in a study with Apis mellifera, the rains have little influence on
the activities of the workers inside the hive, however it prevents them from leaving. Also, according
to the author, the behavior of bees is influenced by external stimuli such as, for example, precipitation,
temperature, humidity, winds and light intensity, which corroborates the results obtained, since during
the study period the plantations were affected by a high level of rainfall and low temperatures (year
2017). The rapid visitation of bees on bean flowers can be caused by the low amount of nectar (Moreti

et al, 1994).

5.Conclusions

Although the literature points out that bees are the most abundant pollinators of common bean,
in the areas studied this condition was not observed, possibly due to low temperatures and high rainfall
in 2017. In addition, butterflies and moths are scavengers, which does not contribute to pollination.
Thus, we can conclude that Phaseolus vulgaris is a preferentially self-compatible species since it
manages to form fruits by spontaneous self-pollination. Although pollinators are important for
production, beans can be considered an important crop for maintaining the populations of animals that
visit it. Sustaining pollinators, but not depending on them, makes beans a key crop for pollinator
conservation and for agricultural production in the face of a pollinator crisis, in addition to

nitrogenizing the soil, favoring other crops.
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