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Abstract: Wild soybean germplasm is distributed widely in China, particularly in Heilongjiang
Province. In this study, 242 wild soybean accessions from four agricultural divisions in Heilongjiang
Province were evaluated based on six qualitative and eight quantitative traits. Results showed that a
large amount of variation occurred in these evaluated traits. Abundant qualitative traits included
the wild type (78.51%), purple flowers (90.50%), needle leaf (39.26%), black seed (83.88%), brown
hilum (52.07%), and mud film (87.60). Results of multivariate analysis based on quantitative traits
showed that 100-seed weight, seeds weight per plant, number of seeds per plant, number of effective
pods, and number of invalid pods were significantly different among samples (p < 0.05). A total of
27 germplasms were screened. Cluster analysis identified the 242 accessions into two groups, not
following the geographical distribution pattern, with rich wild soybean resources revealed in the
northern site. The present study indicated that wild soybean in Heilongjiang Province should be
conserved in situ. The rich genetic diversity revealed in soybeans of different sites in Heilongjiang
Province suggested its significant potential utilization in genetic improvement and breakthrough for
soybean breeding. This information will help to exploit and conserve wild soybean accessions in
Heilongjiang Province.

Keywords: Glycine soja Sieb. and Zucc.; morphological traits; agronomic traits; diversity; gene-
tic differentiation

1. Introduction

Cultivated soybean (Glycine max (L.) Merr.) is one of the economically important
crop plants worldwide, as food for both human and livestock [1]. Additionally, cultivated
soybean is the main resource for the world’s protein meal and produces more than half of oil
seed globally [2]. Although the soybean yield per acre has increased in the past century, the
production of soybean cannot meet the demand of the growing world population. Various
types of technology have been developed to breed soybean lines with high yield [34].
However, as one of the factors affecting high yield of soybean, the narrow genetic base
(i.e., bottleneck of genetic diversity) has hindered soybean improvement [5,6], significantly
limiting the development of soybean lines with high yield, high resistance traits, and
environmental stress tolerance. Thus, there is an urgent need to explore rich resources of
genetic diversity, to improve soybean production [7,8]. To date, it is commonly believed that
wild soybean contains important genes for the adaptation to different harsh environments
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stressed by salt and insects. It is naturally expected that these genes in wild soybean can be
re-introduced into domesticated soybeans due to the lack of breeding barrier between wild
and cultivated soybeans.

As an important resource to improve the beneficial characteristics in domesticated
soybeans, wild soybean (Glycine soja Siebold and Zucc.) contains high genetic diversity.
It has been suggested that wild soybean is native to East Asia and is distributed along a
broad geographic range. In China, soybean was domesticated BC 6000-9000 years ago [9]
with a wide distribution of wild soybeans. In particular, soybean is one of the main crops
in Heilongjiang Province located in the north of China, harboring a large number of wild
soybean resources duo to its unique geographical and ecological environment. In order
to advance the soybean industry, the sustainable utilization of wild soybean resources
will provide the foundation for soybean innovation and production in this area. The
comprehensive evaluation of agronomic traits of wild soybean will enrich the genetic basis
of soybean cultivation, make breakthrough in soybean breeding, enhance the ability of
soybean stress resistance, ensure the sustainable development of the soybean industry, and
protect and effective use of wild soybean resources [10-12]. In this review, we investigated
the agronomic traits of 242 wild soybean samples, providing a strong foundation for future
application of wild soybeans, to improve the quality of cultivated soybeans.

2. Materials and Methods
2.1. Plant Materials and Field Experiments

A total of 242 wild soybean (G. soja) germplasms were used in this study. The samples
collected from 13 cities of Heilongjiang Province were geographically distributed in four
regions, namely the northern (Region I), eastern (Region II), southern (Region III), and
western (Region 1V) sites of Heilongjiang Province (Table 1 and Figure 1). These four
regions were categorized based on their characteristics of topography, soil, and climate.
Specifically, Region I showed a cool and humid climate, which was characterized by wide
and rounded mountains with wide and shallow river valleys. Region II belonged to an
agricultural and pastoral area in a low and flat terrain with fertile soil and plenty of water
resources. Region III contained complex landforms with various vegetation types, crisscross
agriculture and forestry, and abundant water resources. In Region 1V, the special type
of topography and soil conditions were not conducive for tree growth with the meadow
steppe as the main vegetation type.

Table 1. Collecting sites of 242 wild soybean samples analyzed in this study.

Site (Region)

Sample Size Code Collection Site Area

42-57, 59-83, 85-89, 91-92, 103,

Northern 38 121, 123-125, 157-159, 161-163, Yichun, Heihe, 140162 km?2
(Region I) 165-174, 189, 204, 206-210, Daxinganling ! m
224-226, 254-256, 258-261, 264-265
Fastern 109, 117-118, 130-133, 138, 156, Jiamusi, Shuangyashan,
(Region 1I) 51 190-195, 197, 211-218, 227-229, Qitaihe, Jixi, Mudanjiang, 142,493 km?
& 237,242,243, 250, 251, 263, 269, 274 Hegang
3,8,11-12, 14-16, 18, 22-23, 25-35,
Southern 105-108, 116, 126-127, 129,
(Region TII) 64 134-137,139-143, 148-150, Suihua, Harbin 89,051 km?
& 152-155, 219-221, 231-232, 236,
240, 245-249, 252, 253, 267, 270-273
Western 1,9-10,93-97,99-101, 110-115,
- - . . . 2
(Region IV) 39 146-147,175-188, 196, 198, 238, Qigihar, Daqging 65,161 km:

257,262, 266
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Figure 1. Geographic distribution of 242 wild soybean samples in Heilongjiang Province.

Based on the information of four major agricultural regions in Heilongjiang Province,
all wild soybean resources were collected and preserved by the field investigation (Table 1).
Seeds were obtained by self-breeding. The growth habits of wild soybean were different
from those of the cultivated soybeans, including stolon habits, high plant height, and thin
stems. Thus, in this study, a completely randomized block design (i.e., a 0.65m x 1m
plot containing four holes) was utilized with three replications for each sample. One
seedling was sown in each hole. About 2 weeks after germination, routine management
was performed throughout the experiment. To avoid plant twist, the growth of each plant
was supported by bamboo sticks.

All experiments were carried out at the Academy of Agricultural Sciences National
Agricultural Demonstration Zone of Heilongjiang Province, in the summers of 2012
and 2013. A total of 14 agronomic traits were investigated on the soybean samples
(Figure 2). The six qualitative traits were evolutionary type (“wild” as recognized by
100-seed weight less than or equal to 3 g with main stem and “semi-wild” identified as
100-seed weight > 3.01 g without main stem), flower color (white and purple), leaf shape
(needle, oval, ellipse, and linear), seed color (yellow, green, black, brown, and dichroma-
tism), hilum color (black and brown), and bloom habit (mud film, mud-free film, and
lustrous). The eight quantitative traits collected at maturity were 100-seed weight (g),
number of seeds per plant, number of effective pods (with seeds) per plant, number of
invalid pods (without seeds) per plant, number of branches (with more than two mature
pods) per plant, number of nodes (from cotyledon to apex of plant) per plant, and internode
length (cm; between two adjacent nodes).
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Figure 2. Qualitative traits, namely flower color (A), leaf shape (B), evolutionary type (C), seed color (D), hilum color (E),
and bloom habit (F), investigated for 242 wild soybean samples in this study.

2.2. Data Processing and Statistics

The values of the variation coefficient, minimum, maximum, average, and genetic
diversity index of each trait were calculated by Excel software. The genetic diversity index
was calculated based on Shannon-Weave index H = —XPiLnPi [12].. Correlation analysis,
principal component analysis and cluster analysis were carried out by SPSS software.
Significant differences were evaluated by using one-way ANOVA and Duncan’s test at
p < 0.05.

3. Results
3.1. Statistical Analysis of Qualitative Traits

The information of qualitative traits on 242 wild soybean samples are listed in Table 2
and Supplementary Materials Table S1. These results indicated that the abundant traits
included wild type (78.51%), purple flower (90.50%), needle leaves (39.26%), black seed
color (83.88%), brown hilum (52.07%), and mud film (87.60%). The diversity index varied
from 0.31 (flower color) to 1.14 (leaf shape), with an average of 0.62.

In addition, we also calculated the percentage of different qualitative traits of 242 sam-
ples from all four sites (Table 3). The samples from the northern site contained mainly
purple flower (96.59%), needle leaf (67.05%), black seed color (98.86%), brown hilum color
(62.5%), and mud film (96.59%), while most accessions from the western site showed purple
flower (97.44%), ellipse leaf (53.85%), black seed color (97.44%), black hilum color (61.54%),
and mud film (97.44%). The germplasms from the eastern site were dominated mainly by
purple flower (84.31%), ellipse leaf (49.02%), black seed color (68.63%), brown hilum color
(52.94%), and mud film (76.47%). Most samples from the southern site contained purple
flower (82.81%), oval leaf (53.13%), black seed color (67.19%), brown hilum color (52.69%),
and mud film (78.13%).
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Table 2. Summary of six qualitative traits of 242 wild soybean samples in this study.

Trait Number (n) Percent (%) Diversity Index (H')

. wild 190 78.51

Evolutionary type semi-wild 52 21.49 0-52
purple 219 90.50

Flower color white 23 950 0.31
oval 67 27.68
needle 95 39.26

Leaf shape ellipse 77 31.82 114
linear 3 1.24
black 203 83.88
brown 20 8.26

Seed color yellow 3 1.24 0.61
green 2 0.83
dichromatism 14 5.79
. black 116 47.93

Hilum color brown 126 52.07 0.69
mud film 212 87.60

Bloom mud-free film 3 1.24 0.42
lustrous 27 11.16

Mean 0.62

H’, diversity index.

Table 3. Summary of 6 qualitative traits of 242 wild soybean samples based on four collecting sites.

Site Northern Site Eastern Site Southern Site Western Site
(Region) (Region I) (Region II) (Region III) (Region IV)
Trait Number (n)/ Number (n)/ Number (n)/ Number (n)/
Percent (%) Percent (%) Percent (%) Percent (%)
Evolutionary tvpe wild 82/93.18 30/58.82 43/67.19 35/89.74
yiyp semi-wild 6/6.82 21/41.18 21/32.81 4/10.26
il ) purple 85/96.59 43/84.31 53/82.81 38/97.44
ower color white 3/3.41 8/15.69 11/17.19 1/2.56
oval 8/9.09 19/37.25 34/53.13 6/15.38
Leaf shape needle 59/67.05 7/13.73 17/26.56 12/30.77
p ellipse 18/20.45 25/49.02 13/20.31 21/53.85
linear 3/3.41
black 87/98.86 35/68.63 43/67.19 38/97.44
brown 1/1.14 8/15.67 10/15.63 1/2.56
Seed color yellow 1/1.96 2/3.13
green 1/1.96 1/1.56
dichromatism 6/11.76 8/12.5
Ll ) black 33/37.50 24/47.06 35/54.69 24/61.54
tium color brown 55/62.50 27/52.94 29/45.31 15/38.46
mud film 85/96.59 39/76.47 50/78.13 38/97.44
Bloom mud-free film 3/3.41
lustrous 12/23.53 14/21.88 1/2.56

3.2. Statistical Analysis of Agronomic Traits

Several agronomic traits showed a wide range of variability in all wild soybean
samples, in particular seed weight per plant (1.98-95.75 g in 2012, and 0.38-88.53 g in 2013),
number of seeds per plant (126.33-5963.67 g in 2012, and 32.0-6204.00 in 2013), number of
effective pods (16.67-1242.33 in 2012, and 30.00-973.33 in 2013), number of invalid pods
(1.33-148.33 in 2012, and 0.67-115.33 in 2013), and number of nodes (29.33-657.33 in 2012
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and 15.67-428.00 in 2013). Overall, the samples showed significantly (p < 0.05) higher mean
values in 2012, compared to 2013, for seed weight per plant (24.51 and 20.41 g, respectively),
number of effective pods (414.86 and 293.11, respectively), number of invalid pods (22.76
and 22.05, respectively), number of nodes (185.09 and 152.69, respectively) and internodes
length (8.01 cm and 6.39 cm, respectively) (Table 4 and Supplementary Materials Table S2).

Table 4. Mean, range, coefficient variation, and diversity index of the agronomic traits evaluated in years 2012 and 2013.

) 2012 2013
Trait
Mean Range CV (%) H’ Mean Range CV (%) H
100-seed 25141912 0.83-12.23 76 1.65 230+ 1762 0.79-9.63 77 151
weight (g)
Seed;lﬁ“(ég PEr 5451419432 1.98-95.75 79 177 2041 +19.14° 0.38-88.53 94 17
Number of seeds 05 06 1+ 797002 12633-5963.67 72 1.74 1019.54 + 952.842  32.00-6204.00 93 1.67
per plant (n)
Number of 414.86 £210.862  16.67-1242.33 51 1.99 293.11 + 180.28 b 30.00-973.33 62 1.90
effective pods (n)
_ Number of 2276 +18.192 1.33-148.33 80 1.73 22054 17.74P 0.67-115.33 80 1.73
invalid pods (n)
Number of 518 +2.032 1.00-11.67 39 2.07 544 +1.882 1.67-11.67 34 1.95
branches (n)
Number of 185.00 £ 104.022  29.33-657.33 56 1.85 152.69 + 83.46 P 15.67-428.00 55 2.09
nodes (n)
llntem(’de 8.01+1.692 2.70-13.17 21 1.90 6.39 + 1.68" 1.93-12.97 26 1.64
ength (cm)
Mean 64 1.80 67 1.68

Means followed by the same letters in the same line are not significantly different (p > 0.05), while means followed by different letters in the
same row are significantly different (p < 0.05). CV, coefficient variation; H’, diversity index.

A total of five agronomic traits (i.e., 100-seed weight, seed weight per plant, number of
seeds per plant, number of effective pods, and number of invalid pods) were significantly
different between samples (p < 0.05) (Table 5). Samples in the southern site showed the
highest 100-seed weight (3.26 g), seeds weight per plant (30.03 g), and number of branches
(6.00 g). In contrast, the northern site was characterized by the lowest 100-seed weight per
plant (1.62 g), seed weight per plant (11.07 g), number of effective pods (219.75), number of
invalid pods (18.56), number of branches (4.72), number of nodes (133.91), and internodes
length (6.07 cm). The samples from western site and eastern site showed intermediate
values for 100-seed weight (1.67 and 2.75 g, respectively), seed weight per plant (16.57 and
27.38 g, respectively), and number of branches (5.42 and 5.97, respectively).

Table 5. Mean and range of the agronomic traits in four collecting sites, based on the means in the years of 2012 and 2013.

. Mean Range
Trait
Northern Western Eastern Southern . . . Southern
Site Site Site Site Northern Site Western Site Eastern Site Site
100-seed 162" 167" 2752 3262 0.92-4.36 0.79-5.08 0.98-7.05 0.87-9.63
weight (g)
Seed;l;ﬁl‘(ég Per 4y g7¢c 16.57 b 27.382 30.032 0.38-71.27 0.52-44.85 3.94-75.29 1.34-88.53
Number ofseeds g99 77¢ 1560262 1079.620  805.63" 57.33-2652.00  32.33-6204.00  121.61-3972.33  32.00-2989
per plant (n)
Number of 219.75b 304.072 354462 338412 30.00-731.67 32.33-800.33 83.67-97333  63.67-905.67
effective pods (n)
_ Number of 18.56 b 23.582 26.652 22252 0.67-115.33 2.00-101.00 7.00-107.67 2.67-57.67
invalid pods (n)
Number of 4720 5422 5972 6.002 1.67-11.67 2.67-11.67 3.00-11.00 3.33-11.67
branches (n)
I\rll‘ﬂeb:(rn‘;f 133912 158.642  175.832 156.452 15.67-428 34.33-380.33 67.00-425.33  43.33-391.33
llntem(’des 6.07° 6.42° 6.74° 6.54° 2.73-11.93 1.93-10.13 3.47-12.17 3.83-12.97
ength (cm)

Means followed by the same letters in the same line are not significant at p > 0.05, while means followed by different letters in the same row
are significant at p < 0.05.
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3.3. The Principal Component, Cluster and the Correlation Analysis

The results of principal component analysis (PCA) based on all agronomic traits were
shown in Figure 3 and Table 6. The first principle component (PC1) explained 35.04% of the
total variation with the number of effective pods per plant, number of nodes, and number
of branches as the most important variables (PC1 of 0.795, 0.785 and 0.655, respectively) in
PC1, while 17.90% of the total variation was attributed to the second principle component
(PC2), with the samples showing difference in internode length (0.160) and number of
invalid pods (0.190). The third principle component (PC3) accounted for an additional
12% of the total variation attributed to number of seeds per plant for positive loadings
(0.380) and internode length for negative loadings (—0.230). In Figure 3, all samples were
clustered into two groups (Group I and Group II). There were 206 samples and 36 samples
in Group I and Group II, respectively.

0
o

R oR o

PC2 (17.90%)

-0.1 0.5
PC1 (35.04%)

Figure 3. Graph of principal components one and two of the 242 wild soybean samples based on
agronomic traits. Two groups are revealed, with 206 samples (blue dots) in Group I and 36 (yellow
dots) in Group II, respectively.

The 242 wild soybean samples were revealed in two groups (Group I and Group 1II),
based on eight agronomic traits, with 206 samples in Group I (85.12%) and 36 in Group
II (14.88%), respectively (Table 7 and Figure 3). The average of variation in Groups I and
IT was 50.92% and 41.30%, respectively. The values of number of effective pods per plant,
number of seeds per plant, and number of nodes in Group II were significantly higher than
those of Group I, respectively.

The correlation coefficients between all agronomic traits are listed in Table 8. No
significant correlation was observed between 100-seed weight and number of effective
pods per plant (r = 0.04) and between 100-seed weight and number of nodes (r = —0.55).
The 100-seed weight showed significantly negative correlation with number of seeds per
plant (r = —0.18). Most of other agronomic traits showed significantly positive correlations
with each other (p < 0.01), except for between number of branches and number of seeds
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per plant (r = 0.15, p < 0.05) and between number of seeds per plant and internodes length
(r=0.16, p < 0.16), indicating that a close linkage occurred between these agronomic traits.

Table 6. Factor loadings (principle component one (PC1), PC2, and PC3) of the principal component
analysis, based on the agronomic traits in 242 wild soybean samples, based on the mean data in the

years of 2012 and 2013.

Traits PC1 PC2 PC3

Number of branches 0.655 0.115 0.312
Number of effective pods per plant 0.795 —0.115 —0.100

100-seed weight 0.305 0.065 0.165

Number of seeds per plant 0.420 0.060 0.380
Number of nodes 0.785 0.075 —0.140
Internode length 0.455 0.160 —0.230

Number of invalid pods 0.465 0.190 0.065

Standard deviation 1.805 1.430 0.995

Proportion of variance 35.04 17.895 12.44

Cumulative proportion 35.04 52.935 63.37

Table 7. Cluster analysis in agronomic traits in 242 wild soybean samples based on the mean
data of the years of 2012 and 201). Data are presented as mean =+ standard deviation. CV,
coefficient variation.

. Group I Group II
Traits
Mean + SD CV (%) Mean £+ SD CV (%)

Number of branches 5.24 +1.552 29.69 5.74 £1.932 33.58
Number of effective 329.99 + 140.48° 42,57 49129 + 165.11 2 33.61

pods per plant
100-seed weight 254+1.852 72.87 1.65 + 1.34P 81.46
Seed weight per plant 2191 +17.882 81.61 26.28 +13.69 2 52.09
Number of seeds per plant ~ 847.74 +431.63 P 50.92 2263.54+ 647.56 2 28.61
Number of nodes 157.77 +£65.97 b 41.82 23253 £92.152 39.63
Internode length 7.15+1.44° 20.20 750+ 1.12¢2 14.99
Number of invalid pods 21.72 +14.702 67.69 26.36 +12.232 46.40
Average 50.92 41.30

Means followed by the same letters in the same line are not significant different (p > 0.05), while means followed
by different letters in the same row are significant different (p < 0.05).

Table 8. The correlation coefficients among the agronomic traits in 242 wild soybean samples based on mean data in the

years of 2012 and 2013.
. Number of Nun}ber of 100-Seed .Seed Number of Number Internodes
Trait Branches Effective Pods Weight Weight per Seeds per of Nodes Leneth
per Plant & Plant Plant &
Number of effective
0.40 **
pods per plant
100-seed weight 0.48 ** 0.04
Seed weight per plant 0.60 ** 0.55 ** 0.43 **
Seeds per plant 0.15* 0.43 ** —0.18 ** 0.19 **
Nodes 0.38 ** 0.69 ** —0.55 0.40 ** 0.51 **
Internodes length 0.22 ** 0.29 ** 0.24 ** 0.41 ** 0.16 * 0.34 **
Invalid pods 0.33 ** 0.36 ** 0.17 ** 0.37 ** 0.19 ** 0.43 ** 0.27 **

Notes: * and ** indicate significant difference set at p < 0.05 and p < 0.01, respectively.
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3.4. Mining and Screening of Specific Germplasms

A total of 27 specific germplasms were screened, based on eight agronomic traits
(Table 9), including eight samples showing high 100-seed weight (012, 020, 022, 025, 35,
242,243, and 246); three samples showing more number of branches (003, 093, and 198);
two with low 100-seed weight (104 and 187), less number of branches (065 and 083), high
number of seeds per plant (097 and 263), high number of nodes (263 and 267), more invalid
pods (190 and 238), and high internode length (061 and 197), respectively; and one with
low internode lenght (141), less number of nodes (175), less number of seeds per plant
(070), and less invalid pods (141), respectively.

Table 9. Screening of specific samples based on standard values of eight agronomic traits in 242 wild soybean samples in

this study.
Traits Standard No. of Samples Standard No. of Samples
Number of branches >9.00 HAAS003/093/198 <2.00 HAAS065/083
Number of effective pods >700.00 HAAS137/198/263 <57.00 HAAS174/175
100-seed weight >6.44 HAAS012/020/022/025/35/242/243 /246 <1.06 HAAS104/187
Seeds weight per plant >68.76 HAAS003 <1.38 HAAS174/175
Number of seeds per plant >2809.00 HAAS097 /263 <112.00 HAAS070
Number of nodes >399.00 HAAS263/267 <51.00 HAAS175
Internodes length >9.83 HAAS061/197 <3.83 HAAS141
Number of invalid pods >60.00 HAAS190/238 <4.00

4. Discussion

The study of genetic diversity is important and necessary for understanding gene
flow, evolutionary history, and time of domestication of crop plants [13]. In this study,
our objective was to identify important phenotypic characteristics of wild soybeans from
Heilongjiang Province for breeding of soybeans. Genetic diversity provides useful infor-
mation about the diversity of plant species and greatly helps us systematically study crop
breeding and understand evolutionary relationships [14]. Furthermore, understanding
of the genetic diversity of wild germplasms can reveal the genetic structure, evolution,
and geographical distribution of crops, and identify social factors that guide the breeding
of cultivated crops. Moreover, wild germplasms with high genetic variations ultimately
provide excellent genetic resources to improve the beneficial characteristics of cultivated
soybeans [15]. Generally, the wild soybean is considered to be the direct progenitor of
cultivated soybeans, suggesting the importance of wild soybeans in breeding programs of
soybean improvement [16].

The genetic diversity of the wild soybeans has been studied based on morphological
traits [17-19]. In this study, we investigated the genetic diversity of 242 wild soybean
samples from four geographic sites in Heilongjiang Province, based on both qualitative
and agronomic traits, in order to advance our understanding of wild soybean germplasms
and their conservation strategies. All wild habitats of soybeans were considered in the
unique collecting sties. Previous studies have explored the genetic diversity of wild
soybeans, based on limited samples in Heilongjiang Province, based on ecological charac-
teristics [18,20]. These results showed rich genetic diversity in wild soybeans, which could
be used to improve the characteristics of cultivated soybeans. Similarly, other studies have
analyzed the genetic diversity of the wild soybean from Heilongjiang Province, but based
on limited populations and lacking sufficient experimental replicates [21,22]. In our study,
we investigated the genetic diversity of wild soybeans based on a comprehensive dataset
of a total of 242 samples collected in four agricultural sites from Heilongjiang province,
using six qualitative traits and eight quantitative traits, for two consecutive years (2012 and
2013) at the Academy of Agricultural Sciences National Agricultural Demonstration Zone
of Heilongjiang Province. The results of clustering based on PCA showed that all samples
were divided into two groups, suggesting that some samples were clustered together,
but more mixed samples were also clustered together (Figure 3). These results may be
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attributed to the fact that the agronomic variations were regulated by gene, environment,
and gene-environment interactions. Furthermore, the size of samples and the collecting
locations can also lead to the differentiation of the wild soybean populations.

The complicated geographic environment is formed in Heilongjiang Province, stretch-
ing across 10 longitudes and 14 latitudes, locally harboring a variety of ecotypes of wild
soybeans, due to its unique ecological conditions in this region [23]. Studies have shown
that the high genetic diversity of wild soybeans derived from long-term selection has gen-
erated the adaptation of wild soybeans in various types of ecological habitats [24]. In the
present study, results showed that higher values of several agronomic traits (i.e., 100-seed
weight, seed weight per plant, number of seeds per plant, number of effective pods, num-
ber of invalid pods, number of nodes, and internode length) were observed in 2012 than
those in 2013. These results may be attributed to the low temperature and wet weather in
2013, which negatively affected the growth of wild soybeans during growing seasons [25].
In this study, the morphological traits of wild soybean samples were compared among
the samples collected from four geographical distribution of agriculture on wild soybean
(Agricultural Division Office of Heilongjiang Province, 1985). Results showed that most
of samples contained needle leaf, small seed, no evident main stem, low 100-seed weight,
and the high diversity index, while these traits are generally considered as typical wild
characteristics. These results are consistent with those reported previously [26]. The low
genetic diversity of qualitative traits in 242 soybean samples was suggested by the diversity
index H' of 0.62 (Table 2), which is lower than that reported previous [27], while significant
difference was revealed in qualitative traits among four agricultural sites, suggesting that
strong association between the geographic distribution and genetic clustering (Table 3).
Specifically, the northern site of Heilongjiang Province is located in the Da Xing An Ling
and Xiao Xing An Ling regions, where the mountains are round and vast, while the climate
is cold and the natural environments are scarcely populated. Compared with other sites,
the northern site is characterized as having a shorter growing season for crops, due to
limited terrain, climate conditions, and human factors [28]. It is expected that the northern
site may contain rich wild soybean resources. This expectation is supported by our results,
showing rich wild soybean resources in the northern site. Therefore, it is recommended that
the wild soybean resources in the northern site should be protected in situ. Previous studies
have shown that Southern China might be the major center of diversity of the annual wild
soybeans, simply due to frequent artificial partitions in wild soybeans among the southern
provinces, in addition to natural selection [29]. Furthermore, the wild soybeans in other
three collecting sites showed ellipse and oval leaves with big seeds, white flowers, and a
main stem, which may be attributed to the rapid agricultural development and human
intervention accelerating the evolution of these wild soybeans, as reported previously [26].

In the past decade, the selection and conservation of wild soybeans have attracted
increasing attention worldwide, particularly because they are highly adaptive to various
harsh environments compared to cultivated soybeans [27]. It is well-known that wild
soybeans contain the sufficient genetic variations to adapt to many geographic, abiotic,
and biotic environmental conditions [29]. Therefore, the wild soybean germplasms are
generally considered as a potential genetic bank for cultivated soybeans, to improve their
coping with climate change in the future. Our results showed that several agronomic traits
were positively correlated with each, such as number of effective pods per plant and seed
weight per plant, number of seeds per plant and number of effective pods per plant, and
100-seed weight and seed weight per plant, indicating the strong association between these
agronomically beneficial traits; that is, these traits are linked to high yield of soybeans [30].
Thus, it is recommended that these traits be selected for future soybean-yield-enhancement
breeding program.

The genetic variations have been established in the course of evolution, in response
to adaptation to the environmental changes, generating some typical phenotypic traits,
which are, in turn, used as fundamental standards for investigation of genetic diversity
and screening of desired soybean resources [31]. For example, significant phenotypic



Agronomy 2021, 11, 586

11 0of 13

variations in wild soybeans have been identified in several southern provinces, including
Jiangsu, Henan, Shanxi, and Anhui [32-34]. indicating the existence of the rich pool of
wild soybean resources in China. In our study, continuous variations in the phenotypic
traits were identified in the same agricultural site, showing different degrees of variation
with the average variation was of 59% and 94% in the years of 2012 and 2013, respectively,
while the variation coefficients ranged from 21% (internode length) to 94% (seeds weight
per plant). These values are much higher than those reported previously, based on a
total of 210 wild soybean samples from Jiangsu Province, with the average variation of
26.68% and the variation coefficients ranging from 10.00% to 49.54% [32]. Our results
showed that the average diversity index was 1.83 and 1.77 in the years of 2012 and 2013,
respectively, with the individual of diversity index ranging from 1.73 (number of invalid
pods) to 2.09 (number of effective pods). These values are much higher than those reported
previously, based on 305 wild soybeans from Henan Province, with the individual diversity
index ranging from 0.1187 to 1.0903 [33]. These results indicate that the wild soybeans in
Heilongjiang Province contain high genetic diversity. Furthermore, results of agronomic
traits showed that the high values were identified in 100-seed weight, seed weight per plant,
number of effective pods, and number of branches among the wild soybeans in eastern,
western, and southern sites, indicating that wild soybeans from multiple agricultural sites
of Heilongjiang Province contain rich genetic diversity and suggesting their potential
utilization in genetic improvement of soybean breeding. Based on these traits, a total of
27 wild soybean samples were screened and would be used as soybean breeding resources
for gene identification and soybean improvement.

Results of clustering analysis based on PCA showed that all wild soybean samples
were divided into two groups (Groups I and II), with each containing samples from all
four collection sites, suggesting that some mixed samples were clustered together. These
results may be attributed to the fact that the agronomic variations were regulated by various
factors, including genotype, environment, and gene-environment interaction. Furthermore,
the size of samples and the collecting locations can also lead to the differentiation of wild
soybean populations. Group II was characterized mainly by having higher values of
number of effective pods per plant, number of seeds per plant, and number of nodes,
while Group I was characterized by 100-seed weight. These results indicate that there
is no significant correlation between the wild soybean samples and collection sites, not
consistent with and following the patterns of agricultural and ecological characteristics of
Heilongjiang Province. The results also suggested that the geographical distance is not the
most important factor causing the genetic differentiation of wild soybeans or frequent gene
flow occurred in the same agricultural site of Heilongjiang Province. Therefore, these wild
soybean resources should be locally conserved in situ.

5. Conclusions

In this study, a total of 242 wild soybean samples were evaluated based on 14 traits,
showing a large amount of variation occurred in these evaluated traits. It was demonstrated
that the wild soybeans from different sites of Heilongjiang Province contained rich genetic
diversity, with significant potential utilization in genetic improvement and breakthrough
for soybean breeding. Therefore, it is recommended that these wild soybean resources
should be conserved in situ.

Supplementary Materials: The following are available online, at https:/ /www.mdpi.com/2073-439
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