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Abstract: Plant—pollinator interactions research can assist in the development of more ecologically
friendly crop breeding methods, leading to enhanced global food security. In the present study, we
have aimed to assess fifteen floral traits as insect attractancies of six bitter vetch (Vicia ervilia (L.)
Willd.) landraces, a neglected crop. Four traits related to seed yield were also measured. Abundance
and foraging behavior of potential insect pollinators on bitter vetch flowers were recorded, and
their species were identified. Differences among landraces regarding floral and yield traits were
statistically significant in most cases. A total number of four insect species were recorded as positively
visiting flowers and constituting potential pollinators of bitter vetch. At a landrace level, there was a
positive correlation between potential insect pollinators’ foraging activity and the number of open
flowers, especially for the landrace ERV65-Kastania, Korinthia (p < 0.01). Floral tube length, as well
as standard petal length, was also positively correlated in some cases with potential insect pollinator
species abundance and their visitation frequency. A positive correlation was also recorded between
seed yield-related traits, which varied among landraces, and potential insect pollinators’ foraging
activity. The results showed that bitter vetch flowers can attract and receive positive visits from
insects, despite their mainly self-pollination reproductive system. Bitter vetch flower traits, such as
the number of open flowers, floral tube length, and standard petal length, could, therefore, be useful
as breeding tools, aiming to develop varieties with insect pollinator-friendly traits that could lead to
enhanced seed yield production and help to conserve wild insect species biodiversity in the context
of sustainable agriculture.

Keywords: plant-pollinator interactions; resilient ecosystems; seed yield; Vicia ervilia (L.) Willd.

1. Introduction

Pollinators provide a crucial ecosystem service through their role in the sexual re-
production of both wild and cultivated plant species [1,2]. Insect flower visitors in many
cases mediate increased seed set and improvement of food quality, even though the latter
is not always clear [3-5], as well as the variability of native plants and the conservation
of ecological balance [6,7]. On the other hand, insects can benefit from the foraging and
nesting resources provided by various plant species. As a result, plant-insect pollinator
interactions form a key component for the maintenance of both plant and insect groups in
different ecological environments [8].

The rapid intensification of modern agriculture has negatively affected insect pollinator
populations and their abundance [9-11]. For this reason, nowadays, farming systems and

Ecologies 2023, 4, 595-613. https:/ /doi.org/10.3390/ecologies4030039

https://www.mdpi.com/journal/ecologies


https://doi.org/10.3390/ecologies4030039
https://doi.org/10.3390/ecologies4030039
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ecologies
https://www.mdpi.com
https://orcid.org/0000-0003-0964-4681
https://orcid.org/0000-0003-3364-3101
https://doi.org/10.3390/ecologies4030039
https://www.mdpi.com/journal/ecologies
https://www.mdpi.com/article/10.3390/ecologies4030039?type=check_update&version=2

Ecologies 2023, 4

596

approaches are implemented to mitigate the negative impacts of intensified agriculture
on the ecosystem and to support more sustainable agricultural models [10]. One of the
approaches that is included within the context of sustainable agriculture is the development
of plant breeding strategies that aim to preserve and enhance potential insect pollinators,
through the provision of suitable floral and nesting resources [6], while in parallel, to lead
to conservation of crops heterogeneity, through enhancement of outcrossing rates whenever
is desirable [12].

Potential insect pollinators’ foraging preferences are affected by variability present
in floral traits [13,14], the chemical composition of the nectar and the pollen, or even the
physical contact that insect pollinators have with the flowers [15]. Therefore, pollinator-
mediated breeding strategies are focused on the investigation and selection of geno-
types/varieties that express desirable traits that could attract insect pollinators. So far,
many floral traits have been proved useful in enhancing insect pollinators’ visits, such as
operative strength [16], standard and keel petal dimensions, central color patch, and spots
existence [17-19], while some of them were utilized in the development of hybrid seed
production technologies and open pollination improvement [6,12].

Bitter vetch (Vicia ervilia L. Willd.) is a bushy legume crop and one of the eight
Neolithic Founder Crops [20,21]. Nowadays, it is cultivated on a small scale around the
Mediterranean, as in North Africa, in the Near East, and in the U.S.A. [22-24]. Bitter
vetch is a multi-purpose legume, cultivated for its grain, straw, and hay production, as
well as for protein-based edible films production and its potential as a source of bioactive
components [25,26]. Even though nowadays it is considered a neglected crop [27], an
increased interest in this crop with multiple uses has been recorded [28]. Therefore, bitter
vetch genetic material, including landraces, has been recently investigated, characterized,
and evaluated under various aspects [24,29-34]. Landraces are constituting a valuable
genetic resource for plant breeding programs. On-farm conservation allows continuous
selection by farmers and the maintenance of the availability of genetic variability hidden in
landraces material [29,35,36].

The bitter vetch pollination system is reported to be autogamous or predominantly
autogamous [37,38], as for most legume species [17]. However, legume flowers are capable
of outcrossing, depending on the genetic material used, the climatic factors that prevail
in different locations, and the available insect fauna in each location [13,39-42]. Positive
potential insect pollinators’ visitations have also been found to increase the proportion of
seed set and/or the quality of the produced legume seeds [13].

Bitter vetch accessions have been assessed for their floral phenology traits, including
flowering time and flowering duration and design, such as flower color [33,36,43]. Their
color is mainly white with a violet or/and pink pattern or/and lines (colored veins) in
the inner side of the standard petal [33]. However, to date, to our knowledge, there is no
report with the objective of studying bitter vetch floral traits and investigating their ability
to attract potential insect pollinators or recording any positive insect pollinator species
foraging on its flowers. For this purpose, in this present study, we aim to examine bitter
vetch floral traits and their attractiveness to potential insect pollinator species, so as to
increase the knowledge of the crop’s pollination system and assess the possibility of the
studied flower traits being implemented for the development of insect pollinator-friendly
varieties.

2. Materials and Methods
2.1. Experimental Site and Growth Conditions

The experiment was carried out at an experimental field of the Agricultural University
of Athens, Greece (N 37°59'10”, E 23°42/29”, altitude 24 m), in 2016. The environmental
conditions of the location correspond to a Mediterranean climate, with an average rainfall
of about 400 mm and sandy loam (SL) soil with pH 7.84. Plants were supplied with
800 kg ha~! of mineral fertilizer (NPK 11-15-15) as base dressing. Meteorological data of
the location throughout the flowering period are presented in Table 1.
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Table 1. Meteorological data recorded—mean, max, and min air temperature (Tair mean (°C), Tair
max (°C), Tair min (°C)); total precipitation (mm); and average wind speed (km h_l)—during each
one of the six weeks of bitter vetch flowering and on the six days that potential insect pollinators’
visitation was recorded.

Week Tair Mean (°C) Tair Max (°C) Tair Min (°C) Precipitation (mm) g$i§geed
15t (28 March-3 April) 15.71 20.57 10.79 0.00 2.73
ond (4 April-10 April) 19.26 24.37 14.74 0.00 3.13
3rd (11 April-19 April) 20.39 26.22 14.80 0.00 2.27
4th (20 April-27 April) 19.10 23.15 15.78 0.00 6.19
5th (28 April-3 May) 19.45 23.40 16.27 0.00 5.42
6th (4 May-12 May) 19.38 23.82 15.06 0.02 3.03
Day

28 March 11.40 15.80 6.90 0.00 2.90
4 April 19.60 24.50 14.10 0.00 2.60
11 April 17.80 23.00 13.40 0.00 4.70
20 April 22.90 27.60 18.10 0.00 4.00
28 April 19.10 23.60 14.40 0.00 2.70
4 May 17.70 23.40 13.60 0.00 3.10

The seeds were manually sown, so as to have one plant per position. The experimental
field experiences dense vegetation of weeds, such as Sinapis alba L., Papaver rhoeas L.,
Capsella bursa-pastoris (L.) Medik., Urtica urens L., Chrysanthemum coronarium L., Convoloulus
arvensis L., Sissymbrium altissimum L., Parietaria judaica L., and Chenopodium album L. Manual
weeding was, therefore, performed inside the experimental plots, while weeding was
not applied in the spaces between plots, so that each plot would be bordered by weeds.
Harvesting was carried out by hand. During the plants’ growing period, no irrigation or
chemical control means were applied.

2.2. Experimental Layout

Sowing took place on 9" of December 2016. Six bitter vetch landraces of Greek origin
were used that had previously been assessed and presented differences regarding their
mean phenotypic diversity (Hp) [33]. Two of the landraces were collected from local
farms of Greece (AUA2 from Alexandreia, Imathia, Northern Greece, and AUA5 from
Lefkada Island), during expeditions of the laboratory of Plant Breeding and Biometry of the
Agricultural University of Athens [44] (Figure 1). The rest were landrace accessions of Greek
origin (ERV35-Mina, Lakonia, ERV45-Goura, Korinthia, ERV53-Ampelouzos, Herakleio,
ERV65-Kastania, Korinthia), obtained from the Genebank of the Leibniz Institute of Plant
Genetics and Crop Plant Research (IPK) in Germany (Figure 1). A Randomized Complete
Block Design (RCBD) was used with four replications. Each plot consisted of forty plants
per plot. Spacing between rows was 50 cm and within each row 50 cm.
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Figure 1. Bitter vetch landraces codes and collection sites. Blue triangles indicate accessions obtained
from the Genebank of Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), while yellow
rhombuses indicate landraces collected on-farm.

2.3. Measurements
2.3.1. Flower Traits

Floral characteristics were recorded on ten central plants per experimental plot and
then were grouped, in accordance with the protocol proposed by Suso and Maalouf [45],
into three groups: (i) phenology traits, (ii) display traits, and (iii) design traits. Phenology
traits included beginning of flowering (BOF) and end of flowering (EOF) (measured as
days after sowing, DAS), which were recorded with the appearance of the first flower and
when there were no open flowers left in each plant, respectively. Flowering duration (FD)
was also calculated as the subtraction of the beginning (BOF) from the end of flowering
(EOF) per plant.

Display traits recorded included the time of opening and closure of flowers within a
day (24 h) time period for each plant, as well as the flower color-pattern (standard petal
with or without pigmentation, veins with or without color), the number of flowers per
plant, and the number of open flowers per plant. Measurements of opening and closure of
flowers, number of flowers per plant, and number of open flowers per plant were taken
once per week, on days with favorable weather (not windy or rainy). Standard petal color
and pattern (colored veins or not) observations were taken once during morning hours
(10 am.~12 a.m.).

Design traits included (i) floral advertisement characteristics, namely, standard petal
length (cm) (STL) and width (cm) (STW); (ii) female sexual dimensions, namely, style
length (cm) (SL) and ovary length (cm) (OL); and (iii) vector matching, namely, keel length
(cm) (KL), keel width (cm) (KW), and floral tube length (cm) (FTL). All design traits were
measured in three completely open flowers per plant in each experimental plot, using
Digimizer Image Analysis Software, version 5.7. (MedCalc Software Ltd., Ostend, Belgium
bvba® 2005-2018).

2.3.2. Yield-Related Traits

Traits related to seed yield were also recorded, namely, number of pods per plant (PPP),
number of seeds per pod (SPPD), number of seeds per plant (SPPL), and hundred-seed
weight (g) (HSW). Measurements were taken from the 10 central plants per plot in which
the flower traits had been previously measured.
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2.3.3. Potential Insect Pollinators” Visitation Record

Recording of potential insect pollinators’ visitation took place during the days when
display flower traits were measured. Each experimental plot was observed for 5 min,
and when a potential insect pollinator was noticed positively foraging in a completely
open flower, its visitation and its species was recorded. Positive visits were considered
the ones during which potential insect pollinators foraged positively on a flower, entering
through the flowers’ natural opening [46]. The potential insect pollinator species (insect
species that probably have the ability to pollinate bitter vetch flowers) abundance (number
of positively foraging insect species per plant per species) and their foraging behavior
(number of positive insect visits per species per plant) were then calculated.

2.3.4. Statistical Analysis

Flower and yield data were subjected to one-way Analysis of Variance (one-way
ANOVA), followed by the Least Significant Difference (LSD) means comparison method,
using the JMP statistical package, version 8.0.0. [47]. The frequencies of flower color-pattern
were calculated for each landrace and cross-tabulation analysis performed to investigate a
possible correlation between flower color and potential insect pollinators” abundance and
foraging. Pearson correlation coefficients were computed to assess the relation between
potential insect pollinators” abundance and their foraging behavior, as well as their relation
with flower traits and yield-related traits recorded. All the above analyses were performed
using Statgraphics Centurion 16 [48].

3. Results
3.1. Flower Traits

Statistically significant differences were found among landraces for all phenological
traits studied (p < 0.001) (Table 2). Flowering of the earliest bitter vetch accessions (ERV35-
Mina, Lakonia; ERV45-Goura, Korinthia; AUA2-Alexandreia, Imathia) started on 28th
of March, while the latest flowering accessions (ERV53-Ampelouzos, Herakleio; ERV65-
Kastania, Korinthia; AUA5-Komilio, Lefkada) did not flower until 12th of May.

Table 2. Flower phenology traits for each bitter vetch landrace. Values are given as means + SE
of four replications. Means in columns with different letters are significantly different by Least
Significant Difference (LSD).

Landrace Beginning of Flowering (BOF) End of Flowering (EOF) Flowering Duration (FD)
AUA2 115.94 £ 0.77¢ 140.83 + 8.90d 15.65 £ 0.76a
AUA5 134.00 + 0.82a 148.75 £ 9.07b 10.04 £ 0.81a
ERV35 110.49 + 0.78d 138.29 £ 7.90e 56.64 £ 0.77¢
ERV45 129.29 + 0.75b 144.66 + 8.57¢ 42.25 4 0.74bc
ERV53 131.22 +0.89b 151.52 +10.41a 22.20 £ 0.88ab
ERV65 129.71 4+ 0.78b 145.03 £ 8.42¢c 30.14 £ 0.77ab

Level of significance

%%

%%

%%

*** Statistically significant difference at 0.001 level.

More specifically, the mean beginning of flowering ranged from 110.49 DAS (ERV35-
Mina, Lakonia) to 134.00 DAS (AUA5-Komilio, Lefkada) (Table 2), while the flowering
duration ranged on average from 10.04 days (AUA5-Komilio, Lefkada) to 56.64 days
(ERV35-Mina, Lakonia). Among landraces, ERV35 had the earliest flowering and the
longest flowering duration, while AUA5 had the latest flowering and the shortest flowering
duration, both displaying statistically significant differences from the rest of the landraces.
ERV53-Ampelouzos, Herakleio, along with AUA5-Komilio, Lefkada, were the landraces
whose flowering ended statistically significantly later than the other ones, with 151.52
and 148.75 DAS, respectively (Table 2). Flowering lasted in total for a six-week period
(28th of March-12" of May).
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Regarding flower display traits, a total number of six records (28" of March, 4™ of
April, 11th of April, 20th of April, 28th of April, and 4th of May) took place for the number
of flowers and number of open flowers per plant, each one corresponding to one of the
six weeks that landraces were flowering. Flowers were recorded to open at 10.00 a.m. in
the morning and to close at 19.00 p.m. in the afternoon, while on mornings with partly
cloudy weather, a 1 to 2 h delay of the flowers” opening was observed. The total mean
number of flowers and number of open flowers during morning and midday-afternoon
hours varied significantly among landraces (p < 0.001) across the six weeks of flowering
(Table 3), while a greater number of flowers were recorded to be open during midday
hours (15.00-17.00 p.m.) for all landraces in comparison to the morning hours. The time
of opening and closure of flowers of all landraces were slightly modified from day to day,
depending on the air temperature recorded and the cloudiness.

Table 3. Mean number of flowers per week (NF1, NF2, NF3, NF4, NF5, NF6), mean number of open
flowers during morning—midday hours (NFI1, NFI2, NFI3, NFI4, NFI5, NFI6), and mean number of
open flowers during midday—afternoon hours (NFII1, NFII2, NFII3, NFII4, NFII5, NFII6) during each
one of the six weeks of flowering, for the six landraces, respectively. Means for the total number of
flowers (MNF) and the number of open flowers during morning hours (MNFI) and midday-afternoon
hours (MNFII) for each landrace across all weeks. Values are given as mean =+ SE of four replicates.
Means in columns with different letters are significantly different at 0.001 level by Least Significant
Difference (LSD).

Landrace NF1 NF2 NEF3 NF4 NF5 NFe6 MNF
AUA2 0.22 + 0.60b 8.03+1.09p 11.03 +2.07b  11.50 % 6.70c 8.47 + 6.53b 7.85
AUAS5 13.48 £+ 4.81c 94.35 £ 7.04a 16.45 £ 2.00a 41.43
ERV65 57.37 £+ 4.53a 80.4 £ 6.63a 68.89
ERV35 834 £0.6la 21.11 £1.11a 3743 +210a 17.05=£5.99¢c 9.74 + 6.63b 18.73
ERV45 1.45 + 0.58b 3.03 £ 1.06c 6.87 £2.01b  36.05 £ 5.99b 41.11 £ 6.36ab 0.50 £ 1.80b 14.84
ERV53 9.39 £ 5.06¢ 27.32 £7.41b 16.68 + 2.10a 17.80

NFI1 NFI2 NFI3 NF14 NFI5 NFI6 MNFI
AUA2 0.17 £ 0.39b 2.72 £ 0.39b 3.25 £1.03b 2.38 £ 2.87¢c 5.67 £ 3.61c 2.84
AUA5 3.23 +£2.45c 39.83 £ 3.95a 6.48 £ 0.79a 16.51
ERV65 23.68 £ 2.29a 38.34 & 3.66a 31.01
ERV35 5.77 £ 0.40a 6.17 £ 0.39a 17.63 £1.04a  1.35+£2.57c 5.43 + 3.66¢ 7.27
ERV45 0.92 + 0.38b 0.50 £ 0.38¢ 242 +1.00c  14.15+2.57b 23.61 £ 3.51b 0.26 £0.71c 6.98
ERV53 146 £2.17c 16.57 £+ 4.09b 3.64 £+ 0.83b 7.22

NFII1 NFII2 NFII3 NFII4 NFII5 NFII6 MNFII
AUA2 0.08 = 0.30b 5.06 £ 0.53b 6.50 + 0.64b 9.00 £ 5.43b 6.58 +4.97d 5.44
AUAS 9.91 + 4.63b 59.33 £ 5.45a 10.71 £ 1.34a 26.65
ERV65 35.49 £ 3.67a 61.43 £ 5.04a 48.46
ERV35 4.60 £ 0.31a 9.63 +£0.53a  10.63 £0.65a  9.50 £ 4.86b 7.29 4+ 5.04cd 8.33
ERV45 0.74 + 0.29b 0.82 £ 0.51c 097 £0.63c  26.65 + 4.86a 32.55 + 4.84b 0.29 +1.21b 10.34
ERV53 454 +4.11b 22.30 £ 5.74bc 8.79 £ 141a 11.88

The mean number of flowers (MNF) per plant for the landraces that were flowering in
each week, across all weeks, ranged from 7.85 flowers per plant (AUA?2) to 68.89 (ERV65).
AUA2 and ERV35 had an earlier peak of flowering in comparison to ERV65 and AUAS5,
which flowered later and reached the highest number of flowers (MNF) and number of
open flowers (MNFI, MNFII) during the 5t week of flowering (Table 3).

Five flower color and standard petal pattern (standard petal with or without pigmenta-
tion, veins with or without color) combination types were recorded, namely, white flower—
purple veined (WP), white flower—pink veined and pigmented (WPIP), white flower (W),
white flower—purple veined and pink pigmented (WPPIP), and white flower—purple veined
and purple pigmented (WPPP) (Figure 2). White—purple veined and pigmented flowers and
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white—pink veined and pigmented flowers were the most frequent ones, while white flowers
were the least frequent, regarding all six landraces (Supplementary Material S1).

Figure 2. Flower color and standard petal pattern (standard petal with or without pigmentation,
veins with or without color) combination types recorded: (a) white flower—purple veined (WP),
(b) white flower—-pink veined and pigmented (WPIP), (c) white flower (W), (d) white flower-purple
veined and pink pigmented (WPPIP), (e) white flower—-purple veined and purple pigmented (WPPP).

Statistically significant differences were observed among landraces for all floral design
traits studied (p < 0.001), except for keel petal length (KL) and width (KW) (Table 4). ERV65
(Kastania, Korinthia) had the largest standard petal length (STL) (0.730 cm) and width
(STW) (0.557 cm), while the shortest standard petal length (0.525 cm) was observed in
AUA2 (Alexandreia, Imathia) and the shortest standard petal width (0.305 cm) in AUAS5
(Komilio, Lefkada). Style length (SL) ranged from 0.196 cm (AUAZ2-Alexandreia, Imathia)
to 0.250 cm (ERV53-Ampelouzos, Herakleio), while ovary length (OL) ranged from 0.381
(AUA5-Komilio, Lefkada) to 0.514 cm (ERV65-Kastania, Korinthia). AUA2 (Alexandreia,
Imathia) and AUAS5 (Komilio, Lefkada) had a shorter ovary, with a statistically significant
difference from the rest of the landraces (p < 0.001). AUAS5 (Komilio, Lefkada) had the
longest floral tube (0.386 cm), while AUA2 (Alexandreia, Imathia) displayed the shortest
one (0.346 cm) (Table 4).

Table 4. Flower design traits measured in six bitter vetch landraces. Values are given as means & SE
of four replications. Means in columns with different letters are significantly different by Least
Significant Difference (LSD).

Landrace

STL!

STW

SL

OL

KL

KwW

FTL

AUA2
AUAS5
ERV65
ERV35

0.525 4 0.009e
0.600 £ 0.009d
0.730 & 0.009a
0.605 4 0.009bd

0.321 £ 0.009d
0.305 £ 0.009d
0.557 £ 0.009a
0.392 £ 0.009b

0.196 £ 0.001d
0.203 &£ 0.001c
0.245 £ 0.001b
0.212 £ 0.001c

0.413 + 0.016¢
0.381 & 0.016¢
0.514 + 0.016a
0.482 £ 0.016b

0.507 £ 0.020
0.543 4 0.020
0.544 £+ 0.020
0.487 £ 0.020

0.323 £+ 0.015
0.320 £ 0.015
0.324 £+ 0.015
0.300 + 0.015

0.346 £ 0.001e
0.386 + 0.001a
0.348 £ 0.001d
0.381 £ 0.001b
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Table 4. Cont.

Landrace STL! STW SL OL KL KW FTL
ERV45 0.640 4 0.009¢ 0.321 £ 0.009d 0.249 4+ 0.001ab 0.477 +0.016b  0.548 +0.020  0.319 £+ 0.015 0.353 4+ 0.001c
ERV53 0.691 4+ 0.009b 0.355 4+ 0.009¢ 0.250 4+ 0.001a 0.479 +0.016b  0.582 +0.020  0.331 £ 0.015 0.351 4+ 0.001cd

Level Of HAA Bt HAN BT AN

. ns ns

significance

1 STL: standard petal length (cm); STW: standard petal width (cm); SL: style length (cm); OL: ovary length
(cm); KL: keel petal length (cm); KW: keel petal width (cm); FTL: floral tube length (cm). ns: Non-significant;
*** Statistically significant difference at 0.001 level.

3.2. Yield-Related Traits

Among traits related to seed yield, the number of pods per plant (PPP), seeds per plant
(SPPL), and hundred-seed weight (HSW) varied significantly among landraces (p < 0.05)
(Table 5). ERV35 (Mina, Lakonia) and ERV45 (Goura, Korinthia) had a significantly higher
mean number of pods per plant (56.64 and 42.25, respectively) and mean number of seeds
per plant (146.31 and 121.26, respectively) than the other landraces. Hundred-seed weight
(HSW) was significantly higher in ERV65 (Kastania, Korinthia) (3.93 g) in comparison to
most of the landraces studied. Generally, AUAS5 (Komilio, Lefkada) received the smallest
values for all studied yield traits (Table 5).

Table 5. Seed yield-related traits for each bitter vetch landrace. Values are given as means =+ SE of four
replications. Means in columns with different letters are significantly different by Least Significant
Difference (LSD).

Landrace PPP! SPPD SPPL HSW
AUA2 15.65 + 8.90a 291 +£0.91 46.57 + 27.69bc 3.57 + 0.16ab
AUAb 10.04 £ 9.07a 1.78 +1.02 23.72 4+ 31.30c 3.04 £+ 0.18¢
ERV35 56.64 + 7.90c 3.79 £0.76 146.31 4= 23.48a 3.31 + 0.13bc
ERV45 42.25 + 8.57bc 2.87 £0.91 121.26 + 27.69ab 3.70 &+ 0.15ab
ERV53 22.20 + 10.14ab 3.53+1.12 52.14 + 35.49bc 3.05 £+ 0.20c
ERV65 30.14 + 8.42ab 4.04 £0.89 79.35 4+ 27.69abc 3.93 £ 0.15a

Level of . . .

. .o ns

significance

1 PPP: pods per plant; SPPD: seeds per pod; SPPL: seeds per plant; HSW: hundred-seed weight (g). ns: Non-
significant; * Statistically significant difference at 0.05 level.

3.3. Potential Insect Pollinators Record

During the first three weeks of flowering, potential insect pollinators’ visits were not
recorded on bitter vetch landraces since the potential insect pollinators were visiting weed
and tree flowers that were adjacent to the experimental field and were in bloom at the same
time. The main other species that attracted potential insect pollinators of bitter vetch were
Sinapis alba L., Sisymbrium altissimum L., Papaver rhoeas L., Matricaria recutita L., and Cercis
siliquastrum L. The first positive visits on bitter vetch flowers were recorded during the 4™
week of flowering (20t of April) by two solitary Megachilidae bee species, which were
recognized as Megachile parietina (Geoffroy, 1785) (black mud bee) and Megachile ericetorum
(Lepeletier, 1841) (banded mud bee) (Figure 3a,b). During the two last weeks of flowering
(28t of April-12t of May), bitter vetch flowers received visits from another solitary bee
species, Andrena flavipes (Panzer, 1799) (mining bee) (Figure 3c), and two butterfly species
Pieris rapae (Linnaeus, 1758) and Pieris napi (Linnaeus, 1758). Insect visits were recorded
only on four out of six bitter vetch landraces, with the exceptions being AUA2 (Alexandreia,
Imathia) and ERV35 (Mina, Lakonia).
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(b)

Figure 3. Bee insect species recorded visiting bitter vetch flowers: (a) Megachile parietina, (b) Megachile
ericetorum, (c) Andrena flaviceps.

The mean number of visits per plant of M. parietina ranged from 1.00 to 15.67 for
AUAS5 (Komilio, Lefkada) and ERV65 (Kastania, Korinthia), respectively (Table 6). ERV65
was the only landrace that was visited by M. ericetorum, while AUA5 (Komilio, Lefkada)
and ERV45 (Goura, Korinthia) were visited by Andrena flavipes, with a rate of 3.00 and
8.00 mean number of visits per plant, respectively. Visits from the two pierid butterflies
were observed in all four landraces (AUA5, ERV45, ERV53, ERV65) and are presented as a
summary (Table 6).

Table 6. Mean number of visits of potential insect pollinator species on the AUA5, ERV45, ERV53,
and ERV65 landraces. Values are given as means £ SE of four replications. Means in columns with
different letters are significantly different by Least Significant Difference (LSD).

Potential Insect Pollinator Species

Landrace

Megachile Megachile Andrena ..
i . . Pieris spp.
parietina ericetorum flavipes
AUAS5 1.00 £ 2.48b 3.00 & 0.00 5.00 + 1.59
ERV45 6.00 £ 1.43b 8.00 £ 0.00 6.00 £2.76
ERV53 12.00 &= 2.48a 3.50 £ 1.95
ERV65 15.67 £ 1.43a 7.67 +£0.88 4.00 +1.95
Level of “
S ns ns
significance

* Statistically significant difference at 0.05 level.

3.4. Effect of Flower Traits on Potential Insect Pollinator Visits

The effect of bitter vetch floral traits on potential insect pollinator visits was estimated
from the 4™ to the 6" week and for landraces AUA5, ERV45, ERV53, and ERV65, for which
visits by potential insect pollinators were recorded. There were no statistically significant
differences regarding abundance and foraging activity among the four landraces, although
ERV65 (Kastania, Korinthia) received five times more visits than AUA5 (Komilio, Lefkada)
and two times more visits than ERV45 (Goura, Korinthia) (Table 7).

Analysis showed a significant correlation between potential insect pollinators” abundance
and the number of open flowers of AUAS5 (Komilio, Lefkada) (Corr. Coeff. = 0.92, p < 0.01).
A positive correlation was also recorded between potential insect pollinators” abundance
and the number of open flowers of ERV65 (Kastania, Korinthia) (Corr. Coeff. = 0.89, p < 0.01)
(Table 7). The correlation between the number of open flowers and foraging activity recorded
for ERV65 (Kastania, Korinthia) was significant (Corr. Coeff. = 0.93, p < 0.01), whereas on
AUAD5 (Komilio, Lefkada), a weaker correlation was found (Corr. Coeff. = 0.72, p < 0.01). The
number of open flowers of ERV45 (Goura, Korinthia) also displayed a positive, significant
correlation with abundance, although not as strong. The ERV53 (Ampelouzos, Herakleio)
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number of open flowers displayed no significant correlation with abundance and foraging
activity (Table 7). The other floral display traits recorded did not show significant correlations
either with potential insect pollinators” abundance or with their foraging habit.

Table 7. Potential insect pollinators’ abundance, foraging activity, and correlation coefficients
(Corr. Coeff.) of abundance and foraging activity with the number of open flowers for landraces
AUAS5, ERV45, ERV53, and ERV65, during the 4th_gth week. Values are given as means =+ SE of four
replications.

Number of . ..
Open Flowers Abundance Foraging Activity
Landrace Mean Corr. Coeff. Mean Corr. Coeff.
AUA5 1.67 £ 0.61 0.92 ** 6.33 = 6.99 0.72 **
ERV45 2.00 £ 0.75 0.83 * 16.00 + 8.56 0.76 ns
ERV53 1.50 £0.75 0.57 ns 11.00 £ 8.56 0.74 ns
ERV65 2.50 +0.75 0.89 ** 34.50 + 8.56 0.93 **

ns: Non-significant, * Statistically significant difference at 0.05 level, ** Statistically significant difference at
0.01 level.

Regarding floral design traits, a statistically significant positive correlation was also
found between length of standard petal and potential insect pollinators” abundance
(Corr. Coeff. =0.92, p < 0.05), as well as between the length and width of standard
petal with foraging activity (Corr. Coeff. =0.95, p < 0.05, and 0.99, p < 0.01, respectively) in
the case of ERV65 (Kastania, Korinthia). A negative significant correlation was recorded for
this landrace between its floral tube length and abundance of potential insect pollinators’
(Corr. Coeff. = —0.95, p < 0.05), while a significant positive correlation was found between
its keel petal width and potential insect pollinators’ foraging activity (Corr. Coeff. = —0.99,
p <0.01).

In AUA5 (Komilio, Lefkada), a statistically significant positive correlation was found
between length of floral tube and potential insect pollinators” abundance (Corr. Coeff. = 0.97,
p < 0.05), while negative correlations were exhibited between potential insect pollinators’
abundance and both standard petal length and keel width (Corr. Coeff. = —0.99, p < 0.001, and
—0.96, p < 0.05, respectively). None of the floral design traits studied correlated significantly
with the foraging activity of the potential insect pollinators recorded. Furthermore, in the cases
of ERV65 and AUAS, potential insect pollinators” abundance and foraging activity did not ex-
press a significant correlation with each other. On the contrary, in the ERV45 (Goura, Korinthia)
and ERV53 (Ampelouzos, Herakleio) cases, a significant positive correlation was exhibited
between potential insect pollinators” abundance and foraging activity (Corr. Coeff. = 0.95,
p < 0.05,and 0.99, p < 0.01, respectively).

The only significant correlation regarding ERV45 (Goura, Korinthia) was that between
ovary length and foraging activity (Corr. Coeff. = 0.95, p < 0.05). In the case of ERV53
(Ampelouzos, Herakleio), a significant positive correlation exhibited between style length
and both potential insect pollinators” abundance and foraging activity (Corr. Coeff. = 0.96,
p < 0.05and 0.98, p < 0.05, respectively), while a significant negative correlation was exhibited
between keel width and both potential insect pollinators” abundance and foraging activity
(Corr. Coeff. = —0.99, p < 0.01 and —0.99, p < 0.05, respectively).

3.5. Effect of Potential Insect Pollinators Visits on Yield-Related Traits

There was a positive correlation between hundred-seed weight, pods per plant, and
seeds per plant with both potential insect pollinators” abundance and foraging activity for
three of the four studied landraces for which visits were recorded (Table 8). Abundance
was significantly correlated with the number of pods per plant (PPP) (p < 0.01) and number
of seeds per plant (SPPL) (p < 0.01) of AUAS5 (Komilio, Lefkada), and with the hundred-
seed weight (HSW) of ERV45 (Goura, Korinthia) (p < 0.01), as well as with the number
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of pods per plant (p < 0.001) and number of seeds per plant (SPPL) (p < 0.01) of ERV53
(Ampelouzos, Herakleio) (Table 8).

Table 8. Pearson correlation coefficients between potential insect pollinators” abundance and foraging
activity for each one of the four landraces for which visits were recorded, as well as among seed
yield-related traits, and potential insect pollinators” abundance and foraging activity.

Foraging

Landrace Trait .2, pPP ! SPPD SPPL HSW
Activity
AUAS Abundance 0.88 * 0.98 ** 0.13 0.90 ** 0.08
Foraging activity 1.00 0.87* 0.31 0.78 0.22
ERV45 Abundance 0.95 ** 0.59 0.45 —0.12 0.93 **
Foraging activity 1.00 0.71 0.46 —0.02 0.96 **
ERV53 Abundance 0.99 *** 0.99 *** —0.07 0.98 ** 0.79
Foraging activity 1.00 0.99 *** 0.03 0.99 ** 0.85*
ERV65 Abundance 0.84 * -0.37 —0.78 -0.35 0.07
Foraging activity 1.00 -0.20 —0.58 —0.11 0.55

1 PPP: pods per plant, SPPD: seeds per pod, SPPL: seeds per plant, HSW: hundred-seed weight. * Statistically
significant difference at 0.05 level, ** Statistically significant difference at 0.01 level, *** Statistically significant
difference at 0.001 level.

Foraging activity was significantly correlated with the number of pods per plant (PPP)
of AUAS (Komilio, Lefkada) (p < 0.05) and ERV53 (Ampelouzos, Herakleio) (p < 0.001),
and with the hundred-seed weight (HSW) of ERV45 (Goura, Korinthia) (p < 0.01) and of
ERV53 (Ampelouzos, Herakleio) (p < 0.05), as well as with the number of seeds per plant
(SPPL) of ERV53 (p < 0.01) (Table 8).

4. Discussion
4.1. Flower and Insect Observations

Breeding for sustainable agriculture is linked to the development of environmental,
non-food services [49]. Plant-pollinator interactions can be optimized by breeding strategies
that focus on both plant yield and insect pollinators needs, through the selection of plant
traits that are favorable to insect pollinators [50].

In our study, bitter vetch landraces presented statistically significant differences for
most of their studied floral traits, allowing in this way the assessment of these traits
regarding their attractiveness to potential insect pollinators. Bitter vetch flowers of four
out of the six studied landraces received frequent positive visits from solitary bees and
butterflies, despite the self-pollinated or mainly self-pollinated mating system reported for
the species. Therefore, its flowers can be suitable for the foraging needs of various insects
that could further serve as pollinators.

To assess potential insect pollinators’ visitation rate, a protocol described by
Suso et al. [17,46], which has been also used for pollinator-mediated studies of differ-
ent legume species, such as faba bean (Vicia faba L.), cowpea (Vigna unguiculata (L.) Walp.),
and Andean lupin (Lupinus mutabilis Sweet.), was followed [7,41,51]. During our study, sev-
eral plants of early-flowering landraces, ERV35 (Mina, Lakonia) and AUA2 (Alexandreia,
Imathia), displayed some flowers with completely open standard and keel petals, exposing
their stigma and stamens (Figure 4; Supplementary Material S2). However, no potential
insect pollinators’ visit was recorded on these plants, suggesting that this phenomenon
might not be due to a visit of a bigger and heavier insect, as recorded for cowpea [51].

AUAZ2 and ERV35 have also been previously recorded as expressing lower mean
phenotypic diversity within each population across all trait (Hp) values than the other four
studied landraces [33], which enhances the possibility of this phenomenon not serving as a
secondary pollen transfer mechanism [51].
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Figure 4. Bitter vetch flower with exposed stigma and stamens.

Style and stamens dimensions are reported to not be easily affected by drought;
however, differences in flower morphology traits, such as in petal length, have been
previously reported to occur due to limited water conditions [52,53], which could affect the
stigma and stamens position and lead to their exposure. Therefore, flowers of these two
landraces were probably affected by drought that led to an exposed stigma and stamens
phenomenon, as no irrigation was implemented, and no precipitation occurred during
the plants flowering stage. AUA2 and ERV35 were also the earliest flowering landraces,
while AUA2 flowering lasted only 15.65 days on average; therefore, these landraces might
be forced to complete their biological cycle earlier. Moreover, they were possibly forced
to enter the reproduction phase, as they were the earliest flowering landraces; however,
only AUA2 was characterized by a short flowering duration. Additional research is needed
regarding drought’s effect on bitter vetch flowers morphology and its ability to modify
species’ pollination system. Modifications of the protocol followed may also be needed.
Bitter vetch is a bushy legume with smaller flower size and a greater number of flowers than
other legume species to which this protocol has been previously applied [7,41,51]. Bitter
vetch flowers also remain open for many hours during the day, and therefore, the flower
visitation record is complex and difficult. For these reasons, amendments are probably
needed regarding the frequency of the observations recording and the time that should be
spent for a plot observation.

Among potential insect pollinator species recorded as visiting bitter vetch flowers,
two of them belong to the genus Megachile (Latreile, 1802), which is known to include
oligolectic species that are common visitors and pollinators of legume species [54]. Another
potential insect pollinator species recorded belongs to the genus Andrena (Fabricius, 1775),
which is reported to comprise species that are feeding on different flower species or families
(polylectic), depending on the species, location, fauna, and crop/tree availability in each
season [55-57].

During the beginning of bitter vetch plants flowering, no potential pollinator insects
visitation was recorded on them while potential insect pollinators were visiting frequently
the weed species flowering around and in the corridors of the experimental field. Weed
species left on purpose, as strips of flowering plants around field crops have been reported
to provide food and habitat to pollinators [58]. Weeds have also been left to grow frequently
around the field, as in some crop species, they have been found to enhance pollinators
visitation on cultivated species [59,60].

Nevertheless, in our case, weeds were found to be strong competitors of bitter vetch
regarding potential pollinating insects’ visitation, especially during the first three weeks of
bitter vetch flowering. Potential insect pollinators” preference for weed flowers could be
attributed to the higher pollen and nectar concentration of weed species in comparison to that

7
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of bitter vetch flowers. No effect on pollinators’ visit rate or a negative impact of flowering
weeds have been previously reported on other cultivated crops and orchards [59,61]. There is
also the possibility that the smaller number of bitter vetch flowers in total and open flowers
available during the first three weeks of the trial’s flowering, as only three of the six landraces
were flowering, were not adequate to attract potential insect pollinators, providing poor floral
advertisement, since flower rewards available depend on the number of open flowers [62].
Legumes are reported also to provide a high pollen protein content, which is useful to potential
insect pollinators to cover their needs during their reproductive and larva feeding periods;
however, they cannot meet all the requirements that they have [63,64]. Therefore, the fact that
potential insect pollinators’ visitation on bitter vetch flowers started later than their visitation
on weed species could probably reveal their increased need for pollen rich in protein content
during specific life cycle periods.

The two species of the genus Megachile that were recorded in the present study showed
a particular preference for the flowers of bitter vetch over the neighboring weeds, while
the Andrena species visited bitter vetch few times and preferred nearby weeds flowers,
especially that of Matricaria recutita L. Different needs and preferences for bitter vetch
flower resources were expressed among potential insect pollinator species. The visits of
these species were from the physical opening of bitter vetch flowers and were considered
as positive. No visits for nectar robbing were recorded. More research is needed aiming to
identify if these bee species constitute pollinators of bitter vetch and if they promote self-
or cross-pollination.

Even though there were abundant honeybees (Apis mellifera L.), Xylocopa spp. and
Bombus spp. in the experimental field, no visitations to bitter vetch flowers were recorded
by them; instead, they preferred and were visiting tree and weed species that were around
the experimental field. The bitter vetch small flower size, as well as floral display traits,
might be the reasons that they were not being visited by these species [65]. In general,
legumes are not considered to solely sufficiently provide insects the essential nutrients
needed and, therefore, are suggested to be used in multicultures to favor pollinators [64].

Two butterfly species belonging to the genus Pieris (Schrank, 1801) were also recorded
while visiting bitter vetch flowers. Pieridae (Lepidoptera: Papilionoidea) butterflies are
reported to feed as larvae on plants belonging to legumes, among others [66]. On the other
hand, Pieridae are considered among the butterfly species that visit flowers for nectar, as
they have long, thin proboscis and sometimes are able to transfer pollen [67,68]. However,
in the present study, the two species recorded were not able to trigger bitter vetch flowers,
and therefore, they have a reduced probability of constituting pollinators of the species.

4.2. Flower Traits Effect on Potential Insect Pollinators’ Visitation

Early-flowering landraces, ERV35 and AUA2, received no visits from potential insect
pollinators, in comparison to late-flowering landraces, and therefore, they were considered
as the least preferable for selection for breeding insect pollinator-friendly varieties adapted
to the specific climatic conditions of this location. On the other hand, most potential
insect pollinators’ visits were recorded for ERV65 (Kastania, Korinthia), along with AUA5
(Komilio, Lefkada), landraces that both were among the late flowering ones and with
a relatively short flowering duration. These findings are in agreement with those of
Rodriguez-Pérez and Traveset [69], who supported that, in plant species with long flowering
periods, flowers that are developing outside the flowering peak may have lower chances to
be pollinated by insects, since plants and the experimental field are overall less advertised
in a specific period of time. Therefore, synchronization of flowering time with the insect
pollinators” emergence and flight period abundance in an area, as everything can change
seasonally, is of main importance when the aim is to breed high-yielding, insect pollinator-
friendly varieties [70].

The implementation of agronomic practices, such as applying different sowing dates
(e.g., in the case of early flowering landraces AUA2 and ERV35), could effectively mediate
this synchronization and, therefore, optimize bitter vetch and potential insect pollinators’
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interactions. This has been achieved on the highly pollinator-dependent niger (Guizotia
abyssinica (L.f.) Cas.), leading to an increase of pollinator visits and, consequently, to higher
seed yield [71]. Studies on the genetic control of flowering could also further assist in
synchronizing flowering with potential insect pollinators’ flight period, as it is the key
factor for the adaptation of many species [72]. In this way, genotypes could be selected
based on the desirable sequences, as most of the flowering regulatory genes are known [73].

The number of open flowers of the landrace ERV65 (Kastania, Korinthia) had a positive
correlation with the potential insect pollinators’ foraging activity. Although not comparable,
a high significant correlation between floral display size and pollinators’” activity has been
previously reported by Kudo and Harder [65], who stated that bumblebees visited more
flowers per inflorescence in legume species that displayed a larger number of flowers. Our
results are also consistent with the statements of Ohashi and Yahara [74] that bee species
tend to visit individual plants with large displays more frequently than plants of the same
species with smaller displays. Particularly, in faba bean, the number of available flowers
had a positive regression with a higher number of bee visits [46]. A significant relation
between the number of open flowers and pollinators visitation has also been recorded
for other plant species [75,76]. However, in the present study, AUA5 (Komilio, Lefkada),
despite having a similar number of open flowers to that of ERV65, received fewer visits
than any other late-flowering landrace. Probably, this happened because AUA5 was the
landrace that presented a significantly smaller size of flowers in comparison to the other
landraces used in the present study.

Flowers with a venation pattern are reported to be preferred by insect pollinators
more often than colored ones, because of their perceived utility as nectar guides [18].
Flower color has also been reported to affect pollination insects’ visitation [77], as innate
flower color preferences were proved to exist [78]. However, color preference is not always
reward-dependent [78-80]. In the case of bitter vetch, no differences were observed in
potential insect pollinators” preferences among the various types of recorded flower color-
patterns. So, in bitter vetch, color-pattern preference should be taken into consideration
in combination with other floral traits, as it has been stated that color alone is maybe not
adequate to affect plant-insect pollinators’ interactions [78,81]. Floral display, for example,
was reported to attract insect pollinators to a greater extent than flower color [82].

With regard to floral design traits studied, significant positive or negative correlations
were recorded between keel width and potential insect pollinators” abundance and foraging
activity. However, this trait did not present statistically significant differences among
the landraces and, therefore, could not be used solely by breeders for the creation of
insect pollinator-friendly varieties. ERV53 (Ampelouzos, Herakleio) presented a significant
positive correlation of style length with potential insect pollinators’ abundance and foraging
activity and, in parallel, presented a statistically significantly higher mean value of this trait
than the other landraces. ERV65 (Kastania, Korinthia) also presented a positive correlation
of standard petal width with foraging activity and had the largest mean standard petal
length among the landraces studied. These traits could, therefore, constitute interesting
traits for breeding insect pollinator-friendly varieties.

Potential insect pollinators” abundance and foraging activity correlated significantly
with floral tube length, as well as standard petal length, either positively (AUA5 and ERV65,
respectively, for the two flower traits) or negatively (ERV65 and AUAD, respectively, for
the two flower traits). Therefore, aiming to enhance potential insect pollinators’ visitation
rates, bitter vetch genotypes or varieties/landraces with short floral tube length and large
standard petal length should be selected. In faba bean, outcrossing rates were lower in
genotypes with long floral tubes [18], while in cowpea, floral design traits did not enhance
potential insect pollinators’ visitation [51]. Generally, long floral tube flowers, although they
profit pollinators with more pollen [83], are becoming available for less insect pollinator
species, as the latter should have a long proboscis [84].

ERV65 (Kastania, Korinthia) received the largest number of visits by Megachilidae
bee species. The larger values of floral design traits that this landrace expressed probably
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were the ones that attracted more intensively these species. On the other hand, Andrena
flavipes (Panzer, 1799) was recorded visiting only the AUA5 (Komilio, Lefkada) and ERV45
(Goura, Korinthia) landraces. Andrena flavipes is a polylectic bee species—its presence could
favor pollination of these two landraces; however, an insect species more specialized on
legume species, like Megachile parietina (Geoffroy, 1785), could, in general, enhance more
the pollination ability of the species [85].

4.3. Potential Insect Pollinators” Visitation Effect on Yield-Related Traits

A significant effect of potential insect pollinators” abundance and foraging activity
on most studied seed yield-related traits was recorded, depending on the landrace. Out
of the four bitter vetch landraces that received pollinator visits, ERV53 (Ampelouzos,
Herakleio) showed positive correlations of potential insect pollinators’ species and foraging
behavior with pods per plant and seeds per plant. This landrace exhibited large-sized
flowers with a medium-low floral display size and was visited only by M. parietina. AUAS
(Komilio, Lefkada), which had received visits mainly by A. flavipes, presented also positive
correlations between potential insect pollinators” abundance and foraging and the number
of pods and seeds per plant, while ERV45 (Goura, Korinthia) presented a significant
positive correlation with hundred-seed weight and was visited by both aforementioned
insect species. These two insect species could, therefore, be positive pollinators of bitter
vetch flowers promoting either cross- or self-pollination and contribute at the same time to
seed yield increase. It is unlikely there was not an impact of potential insect pollinators’
presence and activity on yield traits of ERV65 (Kastania, Korinthia), despite the fact that it
was the landrace that received most visits and exhibited a larger standard petal size.

The significant impact of insect pollinators” presence and foraging activity on yield
traits has been previously recorded in sesame (Sesamum indicum L.), in cotton (Gossypium
hirsutum L.), and in rapeseed (Brassica napus L.), in which an increase in seed weight was
recorded, as well as in the number of pods and seeds per plant in faba bean (Vicia faba L.)
and cowpea (Vigna unguiculata (L.) Walp.) [17,86-88]. The positive correlation of landraces’
yield traits with potential insect pollinators’ visitation observed gives an early insight
that insects can enhance bitter vetch seed yield, while floral traits, such as the flower
size and number of open flowers, can be regarded as attractants to pollinators, giving in
parallel valuable information that could lead to successful development of insect pollinator-
friendly, high-yielding cultivars, such as in pigeon-pea (Cajanus cajan L.), for which a
successful hybrid was developed [89]; in soybean (Glycine max L.); and in faba bean (Vicia
faba L.) [90,91]. On the other hand, outcrossing and increased heterogeneity is not desirable
in many breeding procedures of various crops, such as in pure lines creation where five
to six generations of inbreeding are needed, in multilines, and in hybrids creation [92-94].
Further experimentation is needed, as the yield and pollinators abundance and impact on
crops varies among locations, and environmental conditions prevail in each area [46,95],
affecting also the breeding processes applied.

5. Conclusions

Bitter vetch flowers received visits from potential insect pollinators and, therefore, are
capable of providing suitable food resources, despite the species’ primarily self-pollination
system. The high statistically significant positive correlation between the number of open
flowers and potential insect pollinators” abundance and foraging activity revealed, as well
as the statistically significant positive correlation between floral design traits, such as floral
tube length and standard petal length, with potential insect pollinators” abundance and
visitation rates in many cases, showed that these traits can be regarded as tools for breeders
aiming to develop insect pollinator-friendly varieties. Landrace ERV65 (Kastania, Korinthia)
received more visits and, therefore, is considered the most insect-friendly landrace of the
present study, although its yield-related traits were not enhanced by its increased visitation.
AUADS (Komilio, Lefkada) and ERV53 (Ampelouzos, Herakleio) were, on the other hand, the
landraces that presented a statistically significant correlation of their seed yield components
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with potential insect pollinators” abundance and foraging activity. Further investigation is
needed to confirm if the insect species recorded are effective pollinators of bitter vetch.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ecologies4030039/s1, Supplementary Material S1. Flower color-
pattern types (standard petal with or without pigmentation- veins with or without color) frequencies
(%) within each landrace and total percentages of each type observed. Prevalent flower type and
pattern per landrace is indicated in bold; Supplementary Material S2. Bitter vetch flower with
exposed stigma and stamens.
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