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Abstract: Impact of pollination on the agri-food sector is of paramount importance. Pollinators
contribute to the maintenance of ecosystems, the reproduction and survival of many plants, and
their presence usually leads to increased yield and quality of agricultural products. Breeding and
selecting for plant traits for enhancing pollinator visits could therefore lead to more resilient farming
systems. In stating the advantages of enhancing pollinators in agricultural systems, this study was
designed aiming to assess six cowpea accessions for their flower traits and their effect on insect-
pollinators. Pollinators species abundance and foraging activity was recorded and their impact on
yield was investigated. Twenty-five of the twenty-seven flower traits studied differed statistically
significantly among cowpea accessions. The main pollinators recorded belonged to the genus Xylocopa
(Latreille, 1802). Seed and fresh pod yield was not affected by pollinators. The floral traits related to
pollinators abundance and foraging activity were flower color, inflorescence position and the hours
that the flowers per plant remained open during the day. However, they were not related linearly to
pollinators abundance and foraging activity; therefore, they did not constitute safe traits for selection
aiming to increase pollinators visitation. The findings suggested that other traits, such as pollen
and nectar reward, probably perform a more important role in attracting pollinators compared to
flower traits.

Keywords: biodiversity; floral resources; foraging activity; landraces; production; resilient ecosystems

1. Introduction

Pollination effect in the agri-food sector is considered of utmost importance as it
contributes positively to yield and quality of agricultural products [1], and therefore to food
security. Without pollinators presence, productivity of many crops that depend consider-
ably on them would be drastically reduced [2]. Pollinators also contribute to ecosystems
maintenance, and reproduction and survival of many plants, including domesticated and
wild species [3]. Among pollinator species, bees are considered as the main contributors [1],
visiting over 90% of staple crops worldwide [4].

Numerous conservation policies have been proposed and enacted to protect pollinators
and the agricultural environments that host them [2,5]. Policies also aim to compensate
for the rapid decline in pollinator numbers observed [6,7]. Maintaining wild pollinators
diversity, which is considered one of the most important factors for successful pollination,
composes also one of the main policies’ goals [5]. Towards this direction, increased efforts
have been made for breeding plant varieties that are highly attractive to pollinators, and
their inclusion in breeding programs. Usage of pollinators friendly varieties leads to
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pollinators diversity enhancement, plant heterozygosity maintenance, increased yield, and
more sustainable and resilient ecosystems [8–10].

Floral traits investigation is a prerequisite for introducing a pollinator friendly variety
in a breeding program. Assessment on existence and availability of suitable pollinators
and their interaction with plant material used should take place separately on the different
environments [11,12], as environmental and climatic conditions prevailing can also affect
pollinators species presence and pollinators flights and may influence the behavior of
plant species in terms of its advertisement to be or not be attractive for pollination [13,14].
Plant intra-population diversity, sub-populations proportions, and, therefore, populations
genetic composition are affected by environmental conditions [15].

Legumes are among the plant species that are affected by pollinator visitation rates.
Although they usually constitute predominantly self-fertilizing species, their flowers are
configured to be receptive to pollinator visits and increase yield when they are present [10].
Cowpea is a mainly self-pollinated legume species [16]. Its flowers mostly are self-fertilizing
before opening (cleistogamous species) [17,18]. Its flower morphology encourages this
purpose [19] as the anthers are in direct contact with the stigma [16,20]. However, cross-
pollination has been reported [21] ranging from 1% to 9.5% in countries near its center of
origin in Africa [19,21,22]. In the U.S., very low cross-pollination rates up to 1.4% [18] have
been reported, while a rate of about 10% has been recorded for Vigna in tropical regions by
Rachie et al. [23].

Prevailing climatic conditions drastically affect cross-pollination rates [24,25] by modi-
fying insect flights [26]. Cross-pollination rates vary also according to plant species and
pollinators population dynamics [18] and applied sowing distances [17]. In adverse con-
ditions, self-pollination appears to be a mechanism to ensure fertilization and survival,
while cross-pollination is not encouraged [27]. Various cowpea floral traits [26,28], such
as the intra and extrafloral nectaries that maintain [29] and pollen production [28,30], af-
fect pollinators attractivity. Pollinators visitation therefore varies among genetic material
used [29,31].

Bee species from various families are reported worldwide as cowpea pollinators [28],
such as the honeybee (Apis mellifera Linnaeus, 1758) [16,17], species of the genus
Xylocopa [17,22,26,31,32], bumblebees (Bombus sp.) [17,29], and species of the Megachil-
idae family [17,22,31]. In addition, hummingbirds (family Trochilidae) [29] and species
of the families Noctuidae, Pieridae, and Vespidae [28] are also mentioned as effective
pollinators. Contradictory results were obtained for species of the Lepidoptera order and
honeybees regarding if they can be positive pollinators of cowpea [17,28,31,33].

Contribution of pollinator visits to cowpea yield and yield-related traits varied among
similar studies. Number of seeds per pod, weight of seeds per pod (g), weight of fresh
pods (g), and pod length (cm) were reduced when they were covered to prevent insects’
visitation [30,34], while total fresh pod weight (g) was not affected [28]. Presence of
pollinators influenced seed yield of twenty-three oilseed rape cultivars expressing different
flower traits [35]. This differentiation underlines the importance of investigating plant-
pollinator relationships separately in each environment.

Taking into consideration the multiple advantages the knowledge of plant-pollinator
interplay offers and its implementation in breeding, the low genetic diversity that charac-
terizes cultivated cowpea, and the lack of previous relevant record for cowpea-pollinators
interaction around Mediterranean, this study aims to record cowpea floral traits (phenolog-
ical, visual, and design characteristics), investigate their contribution to the attraction of
insect-pollinators and assess possible pollinators effect on seed and fresh pod yield. At the
same time a first record of pollinator species effective on cowpea in the area was attempted.

2. Materials and Methods
2.1. Plant Material and Experimental Design

The experiment was conducted at an experimental field of Agricultural University of
Athens (N 37◦59′10′′, E 23◦42′29′′, altitude 24 m), during spring–summer 2017. Five cowpea
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(Vigna unguiculata (L.) Walp.) landraces, two of them originated from Greece (VG2, VG21)
collected on-farm, one from Portugal (Vg60), kindly provided by the University of Trás-os-
Montes e Alto Douro (Vila Real, Portugal), and two from Spain (BGE038478, BGE038479),
kindly provided by the Centro de Recursos Fitogenéticos (CRF)-INIA (Madrid, Spain),
were assessed. Breeding line IT97K-499-35 with origin from Nigeria was also used. Cowpea
accessions varied regarding their seed coat color, color around the hilum (eye color), flower
color, and raceme position (Table 1; Figure 1), while they expressed uniformity regarding
their seed color and eye color. A Randomized Complete Block Design (RCBD) with four
replications was used. Each plot consisted of forty plants. Sowing took place on 29th of
May in 2017, by placing one seed per hole, at a depth of 3 cm. Plant spacing between lines
was 40 cm, and 30 cm within each line.

Table 1. Cowpea accessions, breeding status, origin, flower color, raceme position, seed coat color,
and eye color.

Accession Breeding Status Country of Origin Flower Color Raceme Position Seed Coat Color and
Eye Color

IT97K-499-35 Breeding line Nigeria

White with purple
pigmentation and a red

tip on the back of the
standard petal

Mostly above the canopy White with black eye

VG2 Landrace Greece White On the upper canopy surface White/cream
VG21 Landrace Greece Violet Mostly above the canopy Brown

Vg60 Landrace Portugal White with purple
pigmentation Mostly above the canopy Cream with brown eye

BGE038478 Landrace Spain Violet Throughout canopy Brown/beige
BGE038479 Landrace Spain Light Violet Throughout canopy Brown/red
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Figure 1. Flower color of the plant material used, where: (a) flowers of breeding line IT97K-499-35, 
(b) flowers of local population VG2, (c) flowers of local population VG21, (d) flowers of local popu-
lation Vg60, (e) flowers of local population BGE038478, and (f) flowers of local population 
BGE038479. 

  

Figure 1. Flower color of the plant material used, where: (a) flowers of breeding line IT97K-499-35,
(b) flowers of local population VG2, (c) flowers of local population VG21, (d) flowers of local popula-
tion Vg60, (e) flowers of local population BGE038478, and (f) flowers of local population BGE038479.

2.2. Growth Conditions

The soil was clay with a loamy texture (pH 8.1). Plants were drip irrigated and
supplied with 1200 kg ha–1 of a mineral fertilizer (NPK 11-15-15). During the growing
season, no chemical control means were used. Weeds were manually controlled inside
the plots area, while in the corridors that the plots formed weed growth was allowed.
Monthly meteorological data throughout the cultivation period are presented in online
Supplementary Material S1.
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2.3. Floral Traits

Floral traits were grouped into three categories, namely phenological, visual and
design flower traits, based on the protocol of Suso et al. [9], and Suso and Maalouf [36].
Phenological traits recorded were days to flowering from sowing (DFL), days to the last
flower opened (DLFL), and duration of flowering (FDUR) defined as the time interval
between days to flowering from sowing (DFL) and days to the last flower opened (DLFL).
Visual traits recorded, referred to the number of open flowers per plant (NOF), the time that
the flowers began to open (FLO) and close (FLC) within a daytime interval (h), flower color
(FC), and raceme position (RACP). The hours that the flowers per plant remained open
within a day were also calculated as the period from time that flowers opened till flowers
closure (DFDUR = FLC-FLO). Record on visual traits performed on eleven observation
days during flowering period.

Design floral traits were recorded regarding petal dimensions and included standard
petal length (SPL) (cm), standard petal width (SPW) (cm), standard petal area (SPA) (cm2),
standard petal perimeter (SPP) (cm), standard petal angle (SPAN) (◦), length of floral tube
(FTUBL) (cm), keel length (KL) (cm), keel width (KW) (cm), keel perimeter (KP) (cm),
keel opening (KOP) (cm), and keel angle (KAN) (◦). The ratio of standard length to its
width (SPL/SPW) and the ratio of standard length to keel length (SPL/KL) were also
calculated. Five traits were also recorded, referring to flower’s sexual dimension and male
and vector matching, namely stamen (STL) and ovary length (OL) (cm), style length (SL)
(cm), style-ovary angle (SOA) (◦), and the number of ovaries (ON).

Measurements of phenological and visual traits were taken on ten central plants per
plot. For floral design traits, measures were taken on two completely open flowers of each
one of the ten central plants per plot. For flower design traits a scanner and UTHSCSA
Image Tool program (http://www.uthsca.edu/dig/itdesc.html, accessed on 8 October
2017) were used. Additional observations on flower traits and flowering behavior of the
accessions (i.e., non-opening of the flowers) were recorded.

2.4. Yield Related Traits

Regarding fresh pod production, twenty fresh pods per accession were collected and
weighed. Fresh pods collected were on the appropriate harvesting stage [37]. Results
are presented as weight of fresh pod (g). Seed weight per plant (g) was also recorded
from ten central plants per plot. Seed weight per plant was then used for seed yield
(kg ha−1) calculation.

2.5. Pollinators Record and Investigation of Inter-Crossing

Pollinators observations took place only during days with favorable weather condi-
tions for insects, i.e., not rainy, or with strong wind blowing. All observations on pollination
carried out by the same researcher. Pollinators observations lasted for five minutes per
plot and were recorded in the same ten plants that the floral traits were measured. Positive
visits were considered the ones that pollinators were approaching the flower’s physical
opening and not from the side (Figure 2) when a flower was completely open according
to the protocol described by Suso et al. [12]. The flowers that were visited positively by a
pollinator species then changed their color and started to close, as they did not need to ad-
vertise themselves anymore. Pollinators abundance (number of positive pollinator species
recorded per plant) and foraging activity (number of positive pollinators visits recorded per
plant) were then determined. The seed color, eye color, flower color, and raceme position
characterization was based on cowpea descriptors proposed by the International Board for
Plant Genetic Resources [38].

http://www.uthsca.edu/dig/itdesc.html
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2.6. Statistical Analysis

Floral traits, yield traits, and pollinators abundance and foraging activity subjected
to One-way Analysis of Variance (One-way ANOVA). Tukey’s mean comparison method
(α = 0.05) was used to make comparisons among accessions, using the statistical software
Statgraphics Centurion XVII [39]. Regression Analysis was performed: (i) between polli-
nator abundance and foraging behavior, (ii) between pollinators abundance and foraging
activity with each one of the flower traits recorded, and (iii) between pollinators abundance
and foraging activity with seed weight per plant and fresh pod weight. Cross-tabulation
Analysis was also used to investigate possible correlations among flower traits with abun-
dance and foraging activity of pollinators.

3. Results
3.1. Flower Traits

During flower traits recording, some plants were observed to exhibit one flowering
flush, while others two flowering flushes, extending their flowering duration. Plants that
exhibited two flowering waves were observed in all accessions. At the same time, it was
observed that breeding line IT97K-499-35 had many flowers that did not open to become
amenable to cross-pollination. Self-fertilization became evident as the unopened flowers
turned their colors from white/purple to yellow. Due to high temperatures prevailed
during summer period, flower abortion was observed, therefore a lower pod and seed yield
was obtained.

Significant statistical differences were observed among the cowpea accessions for the
three phenological traits studied (p ≤ 0.05) (Table 2). Landraces BGE038478 and BGE038479
presented a later beginning of flowering in comparison to the other accessions and needed
85.15 and 82.80 days from sowing to enter flowering stage, respectively. VG2 and Vg60
landraces, on the other hand, were the most early flowering accessions. BGE038478 and
BGE038479 along with the breeding line IT97K-499-35 were also the latest matured acces-
sions, with 103.80, 103.85, and 104.62 days from sowing to the last flower that remained
open, respectively. Flowering period lasted from 15.20 days (VG2) to 29.68 days (IT97K-
499-35) (Table 2).
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Table 2. Phenological traits and coefficients of variation (CV%) for each cowpea accession and trait
studied. Means ± SE in columns with different letters are statistically significantly different at the
0.05 level, by Tukey’s HSD means comparison method.

Accessions Days to Flowering
from Sowing (DFL)

Days to the Last
Flower Open (DLFL)

Duration of
Flowering (FDUR)

IT97K-499-35 74.94 ± 2.29 b 104.62 ± 2.29 a 29.68 ± 1.62 a
CV% 17.81 12.74 31.91
VG2 55.64 ± 0.72 c 71.18 ± 0.92 c 15.20 ± 1.16 c
CV% 7.37 8.00 48.46
VG21 57.62 ± 1.09 c 82.53 ± 1.93 b 22.35 ± 1.86 b
CV% 11.49 14.77 52.54
Vg60 55.23 ± 1.39 c 79.00 ± 1.54 b 22.78 ± 2.16 ab
CV% 15.92 12.37 57.36

BGE038478 85.15 ± 1.34 a 103.80 ± 1.26 a 18.65 ± 0.73 bc
CV% 9.99 7.69 24.90

BGE038479 82.80 ± 1.95 a 103.85 ± 1.68 a 21.05 ± 1.29 bc
CV% 14.93 10.21 38.71

Level of significance *** *** ***
*** Statistically significant difference at a level 0.001.

Cowpea flowers opened only in the morning hours throughout flowering period. More
specifically, the flowers remained open during 7 a.m. to 1 p.m. and then were fertilized
and turned into yellow. Time of flower opening, and closure of the accessions were finely
differentiated among days (Supplementary Material S2; S3) probably due to variability in
air temperatures prevailed. VG2 was characterized by a slightly earlier opening of flowers
in comparison to the rest of the accessions. Mean number of open flowers per plant did
not differ statistically significantly in most observation days. The highest number of open
flowers for VG2, VG21, and Vg60 were presented on the 5th of August, while BGE038478
and BGE038479 were on the 29th of August (Supplementary Material S4).

Regarding petal floral design recorded traits, statistically significant differences were
observed among cowpea accessions, except for keel opening (KOP) and keel angle (KAN)
(Supplementary Material S5). Landrace BGE038478 presented the longest standard petal
length (2.35 cm), standard petal width (1.22 cm), and floral tube length (1.27 cm), while
VG2 presented the shortest standard petal length (2.11 cm) and the shortest floral tube
length (1.10 cm). VG2 presented also one of the shortest standard petal widths (1.04 cm)
and the smallest standard petal area (515.99 cm2). Vg60 presented the largest standard
petal area (603.31 cm2) and standard petal angle (64.60◦). VG21 presented the largest
standard petal perimeter (6.90 cm) while BGE038479 the smallest one (6.51 cm). VG21
was the landrace that presented the largest keel length (2.12 cm), keel width (2.21 cm),
keel perimeter (6.25 cm), and standard petal length to standard petal width ratio (2.18).
On the other hand, BGE038478 presented the shortest keel length (2.04 cm), shortest keel
width (1.16 cm), and the lowest standard petal length to standard petal width ratio (1.93)
(Supplementary Material S5).

Accessions exhibited also statistically significant differences regarding sexual dimen-
sion and male and vector matching traits studied (Supplementary Material S6). VG21
presented the highest stamens length (0.819 cm), ovary length (2.029 cm), style length
(0.790 cm), and the number of ovaries (11.44). BGE038478 had the largest style-ovary angle
(114.31◦), and IT97K-499-35 had the smallest one (104.59◦) (Supplementary Material S6).

3.2. Yield Related Traits

Breeding line IT97K-499-35 was the only one that differed statistically significantly
among the accessions regarding fresh pod weight (g) and seed weight per plant (g) (Table 3).
Among landraces, VG2 and VG21 were the ones that produced the lowest fresh pod weight
and seed pod weight per plant.
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Table 3. Yield and yield related trait studied for each accession and coefficients of variation (CV%)
for each accession and trait. Means ± SE in columns with different letters are significantly different at
the 0.05 level, by Tukey’s HSD means comparison method.

Accessions Fresh Pod Weight (g) Yield (kg ha−1)

IT97K-499-35 3.98 ± 0.16 a 887.43 ± 82.23 a
CV% 18.12 79.99
VG2 2.41 ± 0.13 b 598.76 ± 62.30 b
CV% 24.11 65.81
VG21 2.50 ± 0.19 b 560.47 ± 57.94 b
CV% 33.78 65.39
Vg60 2.19 ± 0.17 b 552.37 ± 62.98 b
CV% 34.72 72.11

BGE038478 1.96 ± 0.18 b 543.24 ± 45.29 b
CV% 40.83 52.74

BGE038479 2.24 ± 0.13 b 525.49 ± 53.01 b
CV% 25.28 63.79

Level of significance *** ***
*** Statistically significant difference at a level 0.001.

3.3. Pollinators Record

During cultivation season, insects that positively visited Vigna flowers and insects
with dual behavior, hence either positively visited flowers or stole nectar, were observed.
In the case of insects with dual behavior, their visits were characterized as positive or
negative, respectively. Flowers from which nectar was stolen became evident from an
opening formed in the flower side. However, there were also quite a few insects that
exclusively visited the extrafloral nectaries located on the stipels of trifoliolate leaves and
on the inflorescences’ stalks, such as ants and wasps (Polistes sp., Vespa sp.) (Figure 3).
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Figure 3. (a) A pair of nectaries on the stipels of a trifoliate leaf; (b) Nectaries on a cowpea inflorescence stalk.

Two species of butterflies, Carcharodus alceae (Esper, 1780) and Lampides boeticus (Lin-
naeus, 1767) were also recorded visiting cowpea flowers either for nectar or foraging.
However, they were not characterized as positive pollinators as they had no power to
trigger cowpea flowers and their long proboscis was capable of serving their purpose when
receiving the nectar without disturbing the flower. Positive visits were observed on cowpea
flowers by species belonging to the Apidae family, named Xylocopa pubescens (Spinola,
1838), and Xylocopa valga (Gerstäcker, 1872) (Figure 4). These species assisted as pollinators
and consumed nectar from the flowers.
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Honeybees were also observed, whereas they rarely succeeded in positively visiting
cowpea flowers, as they did not have the necessary strength. However, they were visiting
flowers which had their stigma and anthers already exposed because they had already
received positive visit from the species Xylocopa pubescens (Spinola) and Xylocopa valga
(Gerstäcker) (Figure 5).
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Figure 5. (a) Flower with exposed anthers and stigma; (b) Apis mellifera bee foraging in a previously
exposed flower.

Honeybees were in that way considered as secondary positive pollinators. A. mellifera
also appeared to be attracted to native flora species that flowered at the same time with
cowpea, such as Portulaca oleracea L. and Tribulus terrestris L. Unlike honeybee, the larger
pollinator species, that were recorded to visit cowpea flowers, were not observed visiting
any other flora species in the field. Visits by species X. pubescens, X. valga and A. mellifera
were therefore counted as positive visits. As positive visits by honeybee, along with normal
visits, the secondary visits that they made on already exposed stamens and stigmas from
other insects were included, because in this way there was also possibility of transferring
pollen from one flower to another.

Mean number of pollinator species per plant and mean number of positive visits
per plant differed statistically significantly among the accessions (Table 4). VG21 had the
highest mean number of pollinators species per plant (1.70 pollinators species per plant)
and VG2 the highest mean number of positive visits per plant (2.13 positive visits per plant).
Pollinators abundance was also positively related to the foraging activity of pollinators
(p = 0.002, R2 = 92.34) (Figure 6).
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Table 4. Pollinators abundance, foraging activity and coefficients of variation (CV%) of each accession
and trait. Means ± SE in columns with different letters are statistically significantly different at the
0.05 level, by Tukey’s HSD means comparison method.

Accessions Pollinators Abundance Pollinators Foraging Activity

IT97K-499-35 1.00 ± 0.01 c 1.00 ± 0.01 b
CV% 10.00 10.00
VG2 1.63 ± 0.17 ab 2.13 ± 0.29 a
CV% 50.72 67.00
VG21 1.70 ± 0.10 a 2.03 ± 0.20 ab
CV% 34.50 55.73
Vg60 1.19 ± 0.08 bc 1.46 ± 0.14 ab
CV% 33.71 48.31

BGE038478 1.05 ± 0.05 c 1.20 ± 0.09 b
CV% 21.30 34.20

BGE038479 1.46 ± 0.12 abc 2.04 ± 0.23 ab
CV% 40.34 54.96

Level of significance *** **
** Statistically significant difference at a level 0.01; *** Statistically significant difference at a level 0.001.
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3.4. Floral Traits Relation with Pollinators Abundance and Foraging Activity

Regression analysis did not reveal relation between pollinators abundance and foraging ac-
tivity with the design floral traits studied, and therefore indicated no predictability of pollinator
abundance and foraging behavior by them. Among phenological traits, only non-linear relations
of pollinators abundance (Pollinators abundance = 1/(−0.2594 + 0.0008×DUR2, p = 0.025,
R2 = 75.43) and foraging activity (Pollinators foraging activity = 1/(−0.2693 + 0.0008× FDUR2,
p = 0.024, R2 = 75.64) were recorded with the duration of flowering (FDUR).

Cross-tabulation Analysis performed showed a significant relation of pollinators
foraging activity (p = 0.002, Lambda = 0.000) with flower color, but not with their abundance
(p = 0.541, Lambda = 0.000). Among different flower colors, increased preference recorded
for the violet ones, expressed by accessions VG21 and BGE038478. A statistically significant
relation was also observed between raceme position with foraging activity (p = 0.019,
Lambda = 0.029) but not with pollinators abundance (p = 0.721, Lambda = 0.000). More
visits were recorded on accessions exhibited racemes above the canopy, namely VG21
and Vg60. The duration that the flowers remained open during the day (DFDUR) was
positively related to pollinators abundance (p = 0.044, R2 = 67.98) and foraging activity
(p = 0.048, R2 = 66.56) on 5th of August. On 5th of September there was also a positive
relation observed between the hours that the flowers per plant remained open during a
day (DFDUR) with pollinators abundance (p = 0.013, R2 = 82.34), and with their foraging
activity (p = 0.019, R2 = 78.31).
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Regression Analysis also revealed a linear correlation, on the 5th of August, between
the mean number of open flowers and the abundance of pollinators (p = 0.049, R2 = 65.87),
but also a non-linear correlation with the foraging behavior of pollinators (p = 0.023,
R2 = 76.09). There was not a significant relation, either between the time interval that the
flowers remained open within a day with pollinators abundance and foraging activity,
neither to the mean number of open flowers in any other observation day.

3.5. Pollinators Abundance and Foraging Activity Relation to Yield

Regression Analysis did not show a linear correlation of pollinator abundance (p = 0.526,
R2 = 10.76) and foraging behavior (p = 0.366, R2 = 20.63) with fresh pod yield, neither with
seed yield (p = 0.322, R2 = 24.13) and (p = 0.279, R2 = 28.13), for pollinator abundance and
foraging behavior, respectively.

4. Discussion

Legumes include a large number of predominantly self-pollinated species, which,
maintain the possibility of cross-pollination as a mechanism for sustaining their diver-
sity [40]. Cowpea is a typical example of such a plant species because while it is a mainly
self-pollinated species, it also maintains certain floral traits, like extrafloral nectaries which
attract insect pollinators [41].

4.1. Plant Traits

Plant material used in our experiment presented statistically significant differences in
terms of phenological, visual and most flower design characteristics studied to investigate
their effect on attracting insect-pollinators. Therefore, the diverse genetic material used in
our study was considered as suitable for flower traits identification that could be used in
breeding for enhanced pollinators visitations.

Cowpea flowers opened during the morning hours (7:00 a.m.) and remained open until
noon (1:30 p.m.), being in that way, throughout this time available for possible pollination
by insects. Corresponding times for opening (6 a.m.) and closing (12 p.m.) of cowpea
flowers are reported by Ige et al. [16]. Among the accessions, VG2 presented a slightly
earlier flower opening in the morning, which allowed its flowers to be visited by insects
earlier than the other accessions, and resulted in a more extended flower opening during
the day. For some plants, from all accessions, two flowering flushes were observed that also
lengthened insects’ visitation period. Two flushes were also reported for cowpea plants by
Hall [42] with a one-week period time interval.

Compared to the other accessions of our study, BGE038478 was characterized by larger
standard petal dimensions (length, width, and area) that could be possibly able to attract
insect pollinators more easily. In comparison to the rest of the accessions VG21 presented
greater keel dimensions, such as keel length and width that could allow largest insects
landing. Floral display size has been found to modify pollinators visitation, plant-pollinator
patterns [31,43] and even flower size to covariate with pollinators size [44].

Regarding yield traits, high air temperatures and drought that prevail in the area
during late spring and summer, a period during which cowpea plants flower and set
pods, have hindered pollen viability and caused increased amount of flower and pod
losses [45–47]. Breeding line IT97K-499-35 was the only one that resulted in statistically
significant higher fresh pod weight and seed yield production compared to the other
accessions. It had also many flowers that did not open to become amenable to cross-
pollination. However, the flowers were self-pollinated forming pods and seeds. Breeding
line IT97K-499-35 is a drought tolerant line [48], so it was bred to be productive under stress
conditions. Plants are used to adjust their cross- and self-pollination levels to safeguard
their production and survival [49]. Promotion of self-pollination of the breeding line
possibly was the reason of the increased seed production observed.
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4.2. Pollinators Observations

Several insect species appeared to be attracted by the extrafloral nectaries of cowpea,
among those species are ants, but they were unable to expose the stamens and stigma of the
flowers to allow cross-pollination. Honeybees were attracted by cowpea flowers, but only
on rare occasions were able to trigger large cowpea flowers. They usually visited flowers
that already had the stamens and stigma exposed after a larger insect had visited them. The
inability of honeybees to cross-pollinate cowpea flowers has been previously reported by
Wousla et al. [31] and Purseglove [41]. Fohouo et al. [34] also reported that the visits of the
bee A. mellifera adansonii (Latreille, 1804) to cowpea flowers were only positive in a 4.70%.
This observation contradicts the reports of Ige et al. [16], Asiwe [17] and Musa et al. [30]
where the honeybee is encountered as a positive insect-pollinator of cowpea and even
considered as the main pollinator [33]. Different honeybee subspecies abundant in each
region may contribute to this differentiation as they differ morphologically [50]. Honeybees
observed to visit other species that were abundant in the corridors that the plots formed
where the weed growth was allowed. The foraging behavior therefore depended also on
the availability of other plant species present. Foraging of honeybees has been previously
reported to range among different plant species [51] and to prefer pollen sources with
increased protein content [52].

Main positive cowpea visitors in our experimental area, were species of the genus
Xylocopa. Species of the genus Xylocopa along with species of the genus Megachile (Latreille,
1802), are worldwide among the most effective pollinators of cowpea [17,22,28,31,53] and
of legumes that exhibit large flowers [54,55]. Species of these genera have the size and
therefore the ability to trigger cowpea flowers as reported by Wousla et al. [31]. Cultivation
of cowpea in the present experimental area therefore appears to contribute to the provision
of food to these non-domestic pollinator species, and thereby encourage the maintenance
and growth of their population.

Given that the main pollinator visitors observed were wild bees, the preservation and
enhancement of their natural habitats and nesting sites near cowpea cultivated areas are
considered essential for their conservation [29], but also useful for promoting environmental
stability [3]. Maintaining natural habitats near cultivated areas helps to enrich the number
of pollinator-insect species [4]. Establishing honeybees near the crop would probably not
help in the present environment, unlike in Nigeria where common bee is considered an
efficient pollinator for cowpea [30].

The presence and effectiveness of each pollinator species, including the possibility
of contributing to cross-pollination and its rate, are not equivalent measures as cross-
pollination is also affected by environmental factors [12]. Pollinator species recorded
have been found to be different for legume crops even in different countries of Europe.
Plant-pollinator interactions and inter-crossing levels vary among genetic material used
and the experimental location, as different pollinator species and native flora are present.
Several different pollinator species were recorded to visit Andean lupin flowers between
two locations, one in Athens, Greece where Anthophora and Megachile bees were recorded
and one in Cordoba, Spain where Andrena and Anthophora genera were recorded among
visitors [56]. Pollinator species of faba beans recorded in Spain and France, and their
foraging behavior were also differentiated [57].

4.3. Floral Traits Relation with Pollinators Abundance and Foraging Activity

Among the traits studied, flower color, raceme position, and flowering duration
(h) during a daytime period were related to pollinators abundance, while flower design
features and number of open flowers per plant were not able to predict the foraging
behavior of the recorded pollinator species, despite the differences observed among the
accessions. Thus, cowpea flowers design traits did not perform such a significant role in
attracting pollinators in comparison to faba bean [9], and therefore, they do not constitute a
primary breeding target aiming to encourage insect visitation and pollination.
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Violet flowers attracted greater number of all pollinator species recorded and received
more positive visits compared to the other flower color categories. Nevertheless, visits from
all insect-pollinator species recorded also in accessions with white or white with purple
pigmentation flowers (Figure 7). Visits varied among the observation dates and sometimes
visits on white flowers were in correspondence with the number of visits recorded in
violet flowers.
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Figure 7. Number of positive visits per pollinator species on: (a) white-colored flowers;
(b) white/purple-colored flowers; (c) purple-colored flowers; and (d) light purple-colored flowers.

This fact shows that color may influence pollinator visitation, but it is not the pri-
mary factor of enhancing their foraging [28]. Similarly, while most positive visits were
recorded on accessions which exhibited their racemes above the canopy, visitation was
not only increased to these accessions (Figure 8). This observation suggests that raceme
position performs a role in pollinator attraction and visitation as in other plant species [58],
but likely interacts with other factors and is not sufficient to predict accurately cowpea
visitation preferences.
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Significant correlation of foraging behavior with the hours that the flowers remained
open during the day (h) (DFDUR) were recorded only on two observation days, and that
was not of a linear relation. Flowering beginning and closure time during a day varied
per accession and observation date in other species as well, possibly due to environmental
factors, such as temperature [59]. In general, climatic conditions appear to influence
pollinator visitation rates [60,61]. Relying therefore solely on this trait, aiming to enhance
pollinators visits, would be risky and likely ineffective. Other traits, such as nectar quality
and quantity, may influence increased visitation and pollinators attraction in cowpea [28]
and not flower traits exhibited. In aiming to enhance pollinators visitation rates, cowpea
breeders should investigate other traits besides floral ones.

However, pollinators could promote either or both cross-pollination and self-pollination
of cowpea [29]. Therefore, the number of insect pollinators recorded is inconsistent with
cross-pollination rate between flowering cowpea accessions. Insect size and the distances
used between different genotypes appear to perform a key role in cross-pollination ability
of cowpea [31,62]. Out-crossing rates have also been found to vary according to the planting
pattern used. In the study of Asiwe [17], higher out-crossing rates were observed when
cowpea types with different flower color were planted in alternate rows than in concentric
cycles, reaching up to 0.85%. Out-crossing of this study [17] was also studied through the
assessment of F2 seeds. Sowing separated plots of each accession used in our experiment
might have not enhanced pollinators visitation and activity. Therefore, other planting
patterns should be tested. Genetic material used is also an important factor that affects
cross-pollination rates. Cross-pollination seems to be encouraged in countries around the
African cowpea center of origin, where wild types exist, and their flower morphology
favors cross-pollination [18].

During seed harvesting, there was no change of seed coat color and eye color observed
in comparison to the beginning seed samples, since the seed coat color and eye color are
maternal traits [63–65], while epistatic effects are also reported [66]. Ajayi et al. [66], while
assessing crossability of cowpea genotypes, found that maternal effects did not influence
the seed coat color of F1 generation, and were therefore able to define if the genotypes
were inter-crossed in an early generation. Nwofia [67], while crossing black and brown
seeded genotypes with a white seeded genotype in the F1 seed generation, found that all
seeds obtained were of black or brown color regardless with which genotype was used
as maternal material, indicating dominance of the black and brown seed coat color to the
white seed coat color. According to Herniter et al. [68], a possible cross of a genotype with
white color and black eye (e.g., IT97K-499-35) with a genotype with brown red seed color
(e.g., BGE038479) would give a F1 generation with black colored seeds, while a cross of a
genotype with white color and black eye (e.g., IT97K-499-35) with a cream color and brown
eye genotype (e.g., Vg60) would give seeds with gray mottled coat and black eye. Moreover,
a crossing of a cream seed colored with brown eye genotype (e.g., Vg60) with a brown-
seeded genotype (e.g., BGE038479) would give a F1 generation with light brownish-beige
colored seeds.

In the present study, that the plants were subjected to open pollination, different seed
morphotypes were included, such as brown seeded and white seed-colored accessions
with black eye. The seeds produced could be further used to indicate a successful or not
successful inter-crossing among plant material used. As maternal effects prevail, seeds
should be sown and F1 generation should be assessed regarding their seed traits so that
we could have indisputable results regarding inter-crossing possibility by the pollinator
species foraging on cowpea flowers.

Genetic diversity recorded in cowpea in the European area is lower than that in
African countries [69,70]. Limited diversity observed for the species in European countries
compared to Africa combined with the fact that there was no apparent inter-crossing in the
present study suggests the possibility of lower inter-crossing rates around Mediterranean in
comparison to cowpea center of origin. However, the method does not provide information
regarding intra-crossing and therefore more research is needed.
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4.4. Pollinators Abundance and Foraging Activity in Relation to Yield

In the present study, pollinators abundance and foraging behavior did not affect fresh
pod and seed yield. Fohouo et al. [34] observed no correlation of honeybees’ visitation with
seed yield, whereas there was a positive correlation with yield-related traits, such as pod
length and number of seeds per pod. Dingha et al. [28] also did not observe correlation of
pollinators visitation with fresh pod yield (fresh pod weight), while Vaz et al. [29] observed
increased fruit set, but not an increase in the number of seeds per pod following an increased
pollinator visitation rate. Musa et al. [30] also reported a positive effect of honeybees on
the number of pods per plant and the number of well-developed seeds per plant. This
differentiation is probably due to the types of pollinators recorded in each case and their
match to cowpea flowers. Characteristically, Wousla et al. [31] reported that insects of the
family Megachilidae are more capable of increasing fruit set in cowpea compared to insects
of the genus Xylocopa as they transfer pollen in a different way. Therefore, bee visitation
may not be able to increase cowpea yield, but helps to ensure its production and increase
its quality characteristics as it happens with other plant species [71,72]. Other traits, like
number of seeds per pod and the number of empty pods or poorly filled pods should also
be addressed in relation to the abundance and the foraging behavior of insect pollinators
recorded in this study, as pollinators presence have been found to result in a greater seed
set per pod [30].

5. Conclusions

Through this study an attempt was made to understand the patterns of plant-pollinator
interactions in cowpea, aiming to enhance farming ecosystems resilience via breeding. To
our knowledge, insect-pollinators of cowpea in a Mediterranean country, were recorded for
the first time. The main pollinators belonged to the genus Xylocopa, as reported for cowpea
worldwide. The floral traits that attracted them were flower color, raceme position, and
duration of flowering, but they were not directly and linearly related to their abundance
and foraging activity. This fact does not render these traits solely suitable traits for breeding
to increase pollinators visitation. It is likely that other reward traits, such as pollen and
nectar, perform an important role in attracting pollinators of cowpea that should be further
investigated. Finally, pollinators presence did not affect fresh pod and seed yield of
accessions; however, cowpea cultivation found to provide these wild pollinator species
remarkable food resources.
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with different letters are significantly different at the 0.05 level, by Tukey’s HSD means comparison
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