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(Lee and Bazzaz 1986; Solomon 1988; Diggle 1995). In most parts of the world, bees are the most
abundant and diverse pollinators, mainly in many agricultural crops, about 20,000 species were recorded
around the globe (Neff and Simpson 1993; Klein et al. 2007; Michener 2007).

The pollination by bees in agricultural crops has a strong in�uence in the reproductive success of
species. Some crops are totally dependent on biotic pollination for fruit and seed set, and without �oral
visitors there would be a decrease of 90% in reproductive success. These include atemoya fruit (Annona
cherimola Mill. x Annona squamosa L.) (Annonaceae), coconut (Cocos nucifera L.) (Arecaceae), kiwifruit
(Actinidia deliciosa (A.Chev.) C.F.Liang & A.R.Ferguson) (Actinidiaceae), yellow passion fruit (Passi�ora
edulis Sims) (Passi�oraceae), macadamia nut (Macadamia integrifolia Maiden & Betche) (Proteaceae),
hazelnut (Corylus avellana L.) (Betulaceae), pumpkin (Cucurbita moschata Duchesne) (Cucurbitaceae),
watermelon (Citrullus lanatus L.) (Cucurbitaceae), melon (Cucumis melo L.) (Cucurbitaceae), acerola
cherry (Malpighia emarginata D.C.) (Malpighiaceae), vanilla (Vanilla planifolia Jacks. ex Andrews)
(Orchidaceae) and red banana (Musa acuminata L.) (Musaceae) (Klein et al. 2007). However, some
agricultural crops have the ability to self-pollination, i.e., they are not dependent on pollinators to
reproduce, such as tomato (Solanum lycopersicum L. Pizzadoro hybrid) (Solanaceae) (Hayashi-Trevizor
2014), eggplant (Solanum melongena L.) (Solanaceae) (Zambon 2015; Zambon and Agostini 2017),
soybean (Glycine max (L.) Merr.) (Leguminosae) (Nogueira-Couto 1994; Ribeiro and Nogueira-Couto
2002) and coffee (Coffea arabica L.) (Rubiaceae) (Klein et al. 2003; Klein et al. 2007). However, if occurs
pollination by bees, can have an increase of viable fruits and seeds, weight of fruits, agriculture
productivity and producer pro�t (Kevan and Phillips 2001; Santos et al. 2014).

A study found higher production of viable seeds of soybeans resulting from �owers visited by bees
(66.17%) than those not visited by bees (33.83%) for the cultivar “Conquista” (Ribeiro and Nogueira-Couto
2002). In coffee crop, the studies developed by Klein et al. (2003, 2007) showed that the species is self-
compatible, but the increase in fruits set is due to the relationship with pollination by bees. Also,
comparing 24 agroforestry systems in Indonesia, the coffee fruit set can be favored by increasing the
species of bees that visit the �owers, from 60% of fruiting (three species) to 90% (20 species). This
suggests that minimal differences in the quantity and pollinator’s e�cacy can lead to variations in the
agricultural productivity (Freitas and Nunes-Silva 2012). Thus, the �rst measure to promote the
pollinators conservation is to motivate studies on the relationships between pollinators and economically
important plants, which includes the analysis of the ecological and economic roles of pollinators, and
essential information such as the effect of pollination on fruit and seed set patterns (Allen-Wardwell et al.
1998; Mauês 2014). Also, to understand these informations is especially important when the producer
needs to manage the pollinators in agricultural crops.

Studies that emphasize the in�uence of �oral morphology and pollinator’s behavior on reproductive
success, in agricultural crops, are still not very representative. Floral attributes were demonstrated by van
der Pijl (1960), as a set of convergent adaptations of �owers to the sensory mechanism of biotic or
abiotic vectors responsible for pollination (Vogel 1954; Faegri and van der Pijl 1960, 1961, 1980; Culley et
al. 2002; Rech et al. 2014). These attributes may restrict or guide the accessibility of visitors to resources
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and determine the degree of dependence on plant-pollinator relationships (Sakai et al. 1998). Therefore,
the richness of pollinators is closely related to their �oral features, which are able of attracting, repelling
and even mobilizing the learning process in the manipulation of reproductive structures that have
restricted access to most species, a process resulting from probable competition between plants and
�oral visitors (De Luca and Vallejo-Marín 2013). Comparative studies are being developed to evaluate the
pollinator’s e�cacy in many agricultural crops (Imperatriz-Fonseca et al. 2007; Hayashi-Trevizor 2014;
Zambon 2015; Martarello 2016; Zambon and Agostini 2017; Martarello et al. 2021). These studies were
conduced through the controlled access of the pollinators to the �owers, varying their number of visits, in
order to compare the pollinator’s e�cacy on the reproductive success, thus providing relevant data for
key-pollinators in several agricultural crops (Klein et al. 2007; Mauês 2014; Santos et al. 2014).

Leguminosae has a cosmopolitan distribution and is the second botanical family in economic
importance, being surpassed by Poaceae (Judd et al. 1999; LPWG 2013). Some species of Leguminosae
(e.g., Canavalia ensiformis (L.) D.C., Crotalaria juncea L. and Mucuna pruriens (L.) D.C.) are used in green
manure practice, offering many advantages for both soil and plants. Among these bene�ts are the
erosion control, potential for mulching avoiding warming, ecological balance, soil moisture conservation,
biological �xation of nitrogen and nutrient cycling from deeper soil layers to regions where cultivated
plants can remove them (Fávero et al. 2000; Faria et al. 2004; Formentini 2008). To understand the
pollination and reproductive biology of these species used as green manure is important, because the
propagation occurs through seeds, requiring the intervention of the pollinators. Thus, obtaining seeds is
essential for the soil management through green manuring (Mazzuco 2008). Other point to be mentioned
is about the producer who adopts crop rotation or intercropping to perform the planting of green manure
around the main agricultural crops and not cutting before �owering. The green manure species in the
surroundings are important for fruit and seed set, in addition to maintaining pollinators in the area,
because the pollination of cultivated plants depends on crop management and also the quality of
adjacent habitats (Klein et al. 2003; Hayashi-Trevizor 2014; Santos et al. 2014).

From India, C. juncea is a legume, herbaceous, reaching a maximum height from two to three meters
(Graner et al. 1973; pers. obs., NA Polizelli-Ricci 2016). The �owers are yellow, pentamers and bisexual,
distributed in in�orescences containing from four to 20 �owers (pers. obs., NA Polizelli-Ricci 2016). The
species offers nectar and pollen, having as main pollinators large bees (bumblebees) (Silva et al. 2009).
Also, has self-incompatibility system (Maeda et al. 1986; Thimmaiah et al. 2018), and �owering period
occurs from 60 to 120 days after planting (Salgado et al. 1987). In �eld, our individuals bloomed 61 days
after planting (pers. obs., NA Polizelli-Ricci 2016).

Flowers of C. juncea have an anthesis of �ve days, and sequential �owering, starting in the base and
�nishing in the apex of the in�orescence (acropetal opening) (pers. obs., NA Polizelli-Ricci 2016). Calix is
dialysepal, with four sepals. Corolla is composed of �ve yellow petals, divided into a �ag, two wings and
two fused petals forming the keel blossom, whose function is to shelter and protect the �oral reproductive
structures. It has zygomorph symmetry (bilateral) and free petals among them (dialypetal). Flowers have
10 free stamens, erects, greenishes in color and present a dimorphism of the male �oral structures
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to cross-pollination, compared to the pistils submitted to self-pollination. The reduced pollen tubes
growth in self-pollinated �owers can be attributed to self-recognition during pollen-pistil interaction, which
triggers the post-pollination / pre-zygotic barrier (Oliveira and Maruyama 2014). 

Our �oral biology experiments revealed that the number of fruits developed was different between
treatments with only one pollinator visit and three visits, corroborating the discussion of Lowenstein and
Minor (2015), where a greater number of bees in the �owers can result in a higher fruits development in
the eggplants crop. These authors explained that there is a longer period of time between one visit and
another, allowing greater production of pollen grains in the anthers and, thus, greater pollinic transfer by
the pollinators. About this, the �owers of C. juncea have a system of pumping the pollen grains, requiring
six visits of X. frontalis to release all the pollen grains produced by the anthers. In addition, C.
juncea pollen grains are oily, allowing for easy attachment to the �rst and second pairs of legs and
abdomen of X. frontalis (pers. obs., NA Polizelli-Ricci 2016).

Furthermore, the average weight of fruits set increased by the number of visits of pollinators, suggesting
that C. juncea requires at least two visits of X. frontalis for optimal fruits and seeds set (pers. obs., NA
Polizelli-Ricci 2016). We veri�ed that with a single visit of X. frontalis in the �ower of C. juncea is possible
to develop a fruit, but it is not always successful. Weight of fruits developed can be greater because the
number of the seeds is also greater according to the number of pollinators visiting the �owers. If a fruit
has more seeds, it is necessary more resources for embryo nutrition and seeds development, indeed fruits
will be heavier because they are allocating more maternal resources for embryo development. Both
factors can provide an increase in the production of some agricultural crops (Gingras et al. 1999; Artz et
al. 2011).

                In our study, seeds abortion frequently occurred in basal (peduncular) position, and it is related
to the number of pollinator visits. Some studies reported that seeds located in basal position (peduncular
position) are the strongest competitors by maternal resources. However, there are some species of
Leguminosae in which an increase in aborted embryos is observed as they distance themselves from the
stigma (Bawa and Buckley 1989; Susko and Lovett-Doust 1999). More pollinators foraging re�ects in a
greater pollen load, and if the closest ovules to the stigma are fertilized �rst by the sperm cells, these
developing embryos will be successful in obtaining resources in than those embryos that developed later
and are more distant from the stigma. Therefore, those embryos distant from the stigma and that
developed later will be aborted due to the nutritional reduction required for seeds set (Teixeira et al. 2006;
Teixeira et al. 2014). 

                We also veri�ed that C. juncea increased fruit production from 36.66% (one visit from the
pollinator) to 83.33% (three visits), increased the weight average of fruits developed from 0.58 g (one visit
from the pollinator) to 0.74 g (three visits) and increased the seeds developed from 87 (one visit from the
pollinator) to 229 (three visits). The difference between one to three visits suggests that the number of
visits of X. frontalis could increase the production of C. juncea, as seen in other studies with agricultural
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