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Abstract—Wild varieties of plants have stronger stress resistances than their cultivated relatives, and rhizo-
sphere bacteria play an important role in improving the environmental adaptabilities of plants. However, the
responses and adaptations of bacterial communities to wild soybean (Glycine soja Sieb. et Zucc) and culti-
vated soybean (Glycine max L.) have rarely been studied. Thus, the aim of this study was to investigate the dif-
ferences in the rhizosphere bacterial communities of wild and cultivated soybeans under field and potted con-
ditions using metagenomic analysis. The results showed that the rhizosphere bacterial diversity was higher in
wild soybean than that in cultivated soybean in field samples, indicating that domestication leads to a decrease
in the rhizosphere bacterial diversity of cultivated soybean. In addition, the higher RAs of beneficial and plant
growth-promoting bacteria such as Acidobacteria, Gemmatimonadetes, Bradyrhizobium and Bacillus were in
the wild soybean rhizosphere, illustrating that wild soybean has a stronger environmental resistance and adap-
tation than cultivated soybean. Meanwhile, soil pH, soil organic carbon, total nitrogen, total phosphorus,
available phosphorus, and available potassium were significantly correlated with rhizosphere bacteria. Col-
lectively, the rhizosphere bacteria of wild and cultivated soybean were different, wild soybeans increase the
numbers of beneficial microbes in the rhizosphere to improve their environmental adaptability, and the uti-

lization of wild resources might be an effective way to improve crop stress resistance.
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Soybean, one of the most important oilseed crops
in the world (Fan et al., 2015), provides high-quality
proteins and edible oil to humans (Wang et al., 2006),
and occupies an important position in agricultural
production and rural incomes (Sulieman et al., 2015).
However, with increasing populations and changing
climate, soybean production is not only threatened by
biotic and abiotic stresses (Manavalan et al., 2009),
but also cannot meet the demands of the growing pop-
ulation. Understanding how to improve the stress
resistance and yield of soybean is important to the
countries and scientists.

Wild varieties of plants, which survive in natural
conditions without any human intervention such as
irrigation, pesticide spraying and fertilizer application,
inevitably have stronger stress resistance and environ-
mental suitability than their cultivated relatives (Trip-
athy et al., 2018; Wu et al., 2018). The genetic diversity
of wild species is an important resource for the
improvement of crops, and the reasonable protection
and sustainable use of wild varieties are highly signifi-
cant for global food security (Mammadov et al., 2018).

Currently, a good way to improve the quality of culti-
vated crops is by breeding with wild resources world-
wide (Jitendra et al., 2016; Chandrasekhar et al., 2017,
Dwivedi et al., 2017). It is well known that present
widely cultivated soybean (Glycine max L.) was
domesticated from wild soybean (Glycine soja Sieb.
et Zucc) to meet human needs such as higher yield
thousands of years ago (Li et al., 2008). However,
studies have found that many good traits of wild soy-
bean have been lost over the evolution of wild species
to cultivated species (Chang et al., 2018). To clarify the
causes of these changes is an important issue that
needs to be addressed.

Soil microbes play a key role in the domestication
process. Microbial community is an essential part of
the plant rhizosphere and participates in the function-
ing of plants (Yu et al., 2013; Zhang et al., 2018). Bac-
teria account for the majority of the microbial com-
munity and play critical roles in nutrient exchange and
metabolism in the soil ecosystem. Different genotypes
of plants have different rhizosphere bacterial commu-
nities, and rhizosphere bacteria have significant influ-
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ence on host growth and metabolism. Thus, rhizo-
sphere bacteria should be an important part of the
domestication process. Some studies have noted that
the long-term domestication process often leads to a
decrease in the diversity of rhizosphere bacterial com-
munities in cultivated crops, and the rhizosphere
diversities of wild wheat (Germida and Siciliano,
2001) and beet (Zachow et al., 2014) were significantly
higher than their cultivated relatives were reported.
However, the effects of different genotype crops on
bacterial community structure and the correlations
between bacterial community and soil chemical prop-
erties have rarely been studied.

To better understand how rhizosphere bacteria are
affected by genotypes, the rhizosphere bacterial com-
munities of wild and cultivated soybeans in field and
potted conditions were conducted using metagenom-
ics analysis. Thus, in this study, we aimed to: (1) eval-
uate the differences in soil bacterial communities in
wild and cultivated soybean rhizosphere under field
and potted condition, (2) investigate the relationship
between bacterial communities and soil properties,
and (3) gain deeper insight into utilization of wild
resources.

MATERIALS AND METHODS

Experimental design. The materials used for this
experiment were four groups of black soil samples,
including three groups of field samples and one group
of potted samples. Each of these three groups of field
samples included wild soybean rhizosphere soil (FW),
cultivated soybean rhizosphere soil (FC) and bare soil
(FB) with four replications. The group of potted sam-
ples also included wild soybean rhizosphere soil (PW),
cultivated soybean rhizosphere soil (PC) and bare soil
(PB) with four replications, except for PB which had
with three replications.

Plant growth and sample collection. The cultivars of
wild soybean 01289 and cultivated soybean Zhonghuang
were selected for this experiment. The soils used for
planting were collected at the Changchun Agricultural
Experimental Station of Northeast Institute of Geogra-
phy and Agroecology, Chinese Academy of Sciences in
Jilin Province, China (43°59” N, 125°23" E), in April
2017. The main soil properties were as follows: 16.75 g kg™!
soil organic carbon (SOC), 1.02 g kg~! total nitrogen
(TN), 1.26 g kg~ total phosphorous (TP), 33.90 mg kg™
available phosphorous (AP), 102.68 mg kg~' available
potassium (AK) and pH 7. Soybean was planted in pots
in May 2017 with the method described by Shi et al.
(2018). The three groups of field samples were collected
in Fuyuan of Heilongjiang Province, China. The sam-
pling sites were A (47°91" N, 134°47" E), B (47°97 N,
134°30" E), and C (47°99’ N, 134°08’ E). Three contigu-
ous sampling areas (wild soybean, W; cultivated soybean,
C; and bare soil, B) were selected at each sampling site.
In general, the sites were characterized by an annual
No. 6
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mean air temperature of 2.2°C, a mean annual rainfall of
600 mm, and an annual accumulated temperature of
2200°C. In addition, the soybean samples cultivated
under field conditions were planted in May 2017 at the
same time as the potted samples.

After the soybean plants had grown under potted
and field conditions for approximately three months,
the rhizosphere soils were collected at a distance of 0—
1 cm from the plant roots. Potted plants were manually
uprooted, and roots were vigorously shaken to remove
loose soil. For each field sample, five sampling plots
(1 m? each) were randomly selected within an area of
approximately 100 m? in each of the three contiguous
areas (W, C and B). Both field and potted soil samples
were sealed in airtight plastic bags and placed on ice
for transport to the laboratory. Soil samples were sub-
sequently homogenized and subdivided for a variety of
analyses. The soil used for DNA extraction was kept at
—80°C, and the soil used for determination of chemi-
cal properties was air dried at room temperature.

Determination of soil chemical properties. Air-dried
subsamples were used to determine the pH, SOC, TN,
TP, AP and AK. Subsamples were passed through a
0.15 mm sieve to evaluate SOC, TN, TP and were
passed through a 1 mm sieve to evaluate AP and AK.
The soil pH was determined using a 1 : 5 soil-to-water
suspension after 3 min of shaking. SOC and TN were
analyzed by dichromate oxidation (Mebius, 1960) and
the Kjeldahl method (Bremner and Mulvaney, 1982),
respectively. The TP content was determined by diges-
tion with HC10,-H,SO, and measured using spectro-
photometry (UV2300, Shimadzu, Japan). The con-
tents of AP and AK were determined using the Bray-1
method and the ammonium acetate extraction
method, respectively (Lu et al., 1999).

DNA extraction and high-throughput sequencing.
Bacterial DNA samples were extracted from 0.5 g wet
soil using the FastDNA™ SPIN Kit for soil (MP Bio-
medicals, CA, USA, code No. 116560200) according
to the manufacturer’s instructions. The quantity and
quality of extracted DNAs were measured using a
NanoDrop 2000 spectrophotometer (NanoDrop
Technologies, Inc., Wilmington, USA) and agarose
gel electrophoresis, respectively. The bacterial 16S
rRNA genes of the V3 and V4 regions were amplified
using the primer pair 338F (5'-ACTCCTACGG-
GAGGCAGCA-3') and the reverse primer 806R (5'-
GGACTACHVGGGTWTCTAAT-3"). Sample-spe-
cific 7-bp barcodes were incorporated into the primers
for multiplex sequencing. The PCR components con-
tained 5 UL of Q5 reaction buffer (5%), 5 uL of Q5
High-Fidelity GC buffer (5%), 0.25 uL of Q5 High-
Fidelity DNA Polymerase (5 U/uL), 2 uL (2.5 mM)
of dNTPs, 1 uL (10 uM) of each forward and reverse
primer, 2 UL of the DNA template, and 8.75 UL of
ddH,0. Thermal cycling consisted of an initial dena-
turation at 98°C for 2 min, followed by 25 cycles con-
sisting of denaturation at 98°C for 15 s, annealing at
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55°C for 30 s, and extension at 72°C for 30 s, with a
final extension of 5 min at 72°C. PCR amplicons were
purified with Agencourt AMPure Beads (Beckman
Coulter, Indianapolis, IN) and quantified using the
PicoGreen dsDNA Assay Kit (Invitrogen, Carlsbad,
CA, USA). After the individual quantification step,
amplicons were pooled in equal amounts, and paired-
end 2 X 300 bp sequencing was performed using the
Illumina MiSeq platform with the MiSeq Reagent Kit
v3 at Shanghai Personal Biotechnology Co., Ltd.
(Shanghai, China).

Bacterial sequence processing. As previously
described (Caporaso et al., 2010), the Quantitative
Insights Into Microbial Ecology (QIIME, v. 1.8.0)
pipeline was employed to process the sequencing data.
Briefly, raw sequencing reads with exact matches to
the barcodes were assigned to respective samples and
identified as wvalid sequences. The low-quality
sequences were removed using the following criteria
(Gill et al., 2006; Chen and Jiang, 2014): sequences
that were shorter than 150 bp, sequences that had aver-
age Phred scores lower than 20, sequences that con-
tained ambiguous bases, and sequences that contained
mononucleotide repeats more than 8 bp were
removed. Paired-end reads were assembled using
FLASH (Magoc and Salzberg, 2011). The remaining
high-quality sequences were clustered into operational
taxonomic units (OTUs) at 97% sequence identity by
UCLUST after chimaera detection (Edgar, 2010). A
representative sequence was selected from each OTU
using default parameters. OTU taxonomic classifica-
tion was conducted by a BLAST search of the repre-
sentative sequences set against the Greengenes Data-
base (DeSantis et al., 2006) using the best hit criteria
(Altschul et al., 1997). An OTU table was further gen-
erated to record the abundance of each OTU in each
sample and the taxonomy of the OTUs. OTUs con-
taining less than 0.001% of the total sequences across
all samples were discarded. To minimize sequencing
depth differences across samples, an averaged,
rounded rarefied OTU table was generated by averag-
ing 100 evenly resampled OTU subsets under 90% of
the minimum sequencing depth for further analysis.
The bacterial Illumina raw sequence data are available
at the National Center for Biotechnology Information
Sequence Read Archive (NCBI SRA) database
(http://www.ncbi.nlm.nih.gov/sra) under the acces-
sion number SRP158197.

Statistical analysis. The significance of the relative
abundances (RAs) of bacteria at different taxonomic
levels, bacterial alpha diversity and soil chemical
properties was analyzed using SPSS 22.0 with a signif-
icance threshold of p < 0.05. Nonmetric multidimen-
sional scaling (NMDS) and the unweighted pair-
group method with arithmetic means (UPGMA) hier-
archical clustering were performed (Ramette, 2007).
Redundancy analysis (RDA) was used to determine
the correlation between soil chemical properties and
bacterial communities with R (v. 3.5.0).
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RESULTS

Relative abundances of bacterial phyla and plant
growth-promoting bacteria. In total, we obtained
2,816,280 quality sequences from all samples, and
40,586 to 92,091 bacterial sequences were obtained
per sample (average = 59,921) (Table 1). The average
read length was 437 bp. The dominant bacterial phyla
(>5% of all the DNA sequences) across all soil sam-
ples were Proteobacteria, Acidobacteria, Gemmatimon-
adetes, Chloroflexi and Actinobacteria, with relative
abundances (RAs) ranging from 22.1 to 48.3%, 9.0 to
34.7%, 6.2 to 17.7%, 4.3 to 20.7%, and 5.1 to 13.3%,
respectively (Fig. 1).

The RAs of bacterial phyla among the potted sam-
ples were similar, but very different from those of the
field samples (Fig. 1). The RAs of Proteobacteria, Ver-
rucomicrobia and Tenericutes in the field samples were
significantly less than those in the potted samples, but
the RAs of Acidobacteria and Chloroflexi in the field
samples were significantly higher than those in the
potted samples, except for the RAs of Chloroflexi in
cultivated soybean rhizosphere (Table S1). Under field
conditions, the RAs of Acidobacteria, Chloroflexi and
Gemmatimonadetes in the rhizosphere of wild soybean
and bare soil were significantly higher than those in
the rhizosphere of cultivated soybean; reversely, Bac-
teroidetes in cultivated soybean rhizosphere were sig-
nificantly higher than that in wild and bare soil. The
same trend was observed in the potted samples but not
significant (Fig. 2, Table S1).

Further analyses of Bradyrhizobium and Bacillus
were performed. The RAs of Bradyrhizobium and
Bacillus ranged from 0.17 to 3.91%, and 0.07 to 0.47%,
respectively (Fig. 3). In field conditions, the RAs of
Bradyrhizobium (Fig. 3a) and Bacillus (Fig. 3b) in the
wild soybean were significantly higher than those in
cultivated soybean. In potted conditions, these two
grown promoting bacteria had the same trend as the
field conditions in wild and cultivated soybean rhizo-
sphere, but the difference were not significant (Fig. 3).

Bacterial Community Diversity

To estimate bacterial diversity and richness of dif-
ferent samples, OTU numbers, Chao 1 and Shannon
indexes were calculated. The sequence analysis shows
the existence of 8589 OTUs for bacterial communities
at the 97% sequence identity. In field conditions, The
OTU numbers and Chaol index value of the wild soy-
bean rhizosphere bacteria were significantly higher
than those of the cultivated soybean and bare soil
except for site A, but there were no obvious differences
between the potted samples (Table 1). The Shannon’s
index results were not significantly different for the
wild and cultivated soybean samples. In addition, the
coverage of all samples was more than 95%, indicating
that the sequencing depth in this study was sufficient
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Table 1. Diversity indexes of the bacterial communities

723

Sample SEZE:?::S OTU numbers Chaol Shannon Coverage, %
AW 71870 + 3108 2888 * 145d 1865 + 240c 8.71 £ 0.49cd 95.46 + 0.90
AC 56589 £ 7248 2842 + 211de 1817 £ 204cd 8.56 £ 0.22d 97.50 £ 0.70
AB 69855 £ 9978 2933 = 108d 1814 £ 131cd 8.77 £ 0.06bcd 97.47 £ 0.38
BW 72637 = 9389 3090 £ 332cd 1868 * 85c¢ 9.03 £ 0.10b 98.00 £ 0.73
BC 69855 £ 17545 2383 £ 579ef 1521 £ 165de 8.98 + 0.13bc 98.64 £ 0.34
BB 53194 £ 1528 2138 £ 65 1446 £ 67¢ 8.19 £ 0.06e 97.78 £ 0.16
Cw 72243 £ 21470 4298 + 411a 2635+ 201a 9.74 £ 0.12a 97.26 £ 1.24
CcC 62381 £ 12423 3547 £+ 689bc 2347 £ 438b 9.88 £ 0.20a 96.80 *+ 1.63
CB 48176 + 5291 3254 + 262cd 2404 £+ 373b 9.76 = 0.08a 95.57£0.95
PW 46444 £ 1784 3992 £ 59ab 2574 £ 65ab 9.76 £ 0.06a 97.54 £0.08
PC 49365 = 791 4101 £ 16a 2705 + 62a 9.81 = 0.04a 97.61 = 0.05
PB 48359 £ 186 4025 + 49ab 2674 £ 39ab 9.77 £0.01a 97.65 £ 0.10

The first capital letters, A, B, C and P, indicate different sampling sites. The second capital letters, W, C and B, indicate wild soybean,
cultivated soybean and bare soil, respectively. Different lowercase letters within the same column indicate significant differences
between soil samples tested by one-way ANOVA (p < 0.05).
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Fig. 1. The relative abundances (RAs) of bacterial phyla. F and P indicate field samples and potted samples, respectively. W, C,
and B indicate wild soybean, cultivated soybean and bare soil, respectively.
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Fig. 2. The relative abundances (RAs) of distinct changes in bacterial phyla between wild soybean and cultivated soybean. F indi-
cates field samples, and P indicates potted samples. W, C and B indicate wild soybean, cultivated soybean and bare soil, respec-
tively. Designations: 1—Acidobacteria; 2—Gemmatimonadetes; 3— Chloroflexi; 4— Bacteroides.

to capture the diversity of the entire bacterial commu-
nity (Table 1).

Bacterial community structure and its correlation
with soil properties. The relationship among all soil
bacterial community compositions was illustrated by
NMDS analysis (Fig. 4). The NMDS plot shows that
the four replicates from each treatment clustered
closely, underscoring the reproducibility of these bac-
terial community profiles (Fig. 4). The plot also shows
that the bacterial communities sampled from field
sites A, B, C were entirely different from those sam-
pled from pots. In addition, the wild soybean, culti-
vated soybean and bare soil rhizosphere bacteria sepa-
rated from each other (Fig. 4). These findings indicate
that although location is the main factor affecting
microbial compositions, the soil bacterial community
is also influenced by genotypes.

Soil chemical properties influence the distribution
of microorganisms, so we measured the chemical
properties of the soil in each sample (Table S2), and
Redundancy analysis (RDA) was performed in order
to determine the relationship between soil chemical
properties and bacterial community (Fig. 5). The
results showed that the two axes explained 15.36 and
12.35% of the variance in the bacterial communities,
respectively. The rhizosphere bacteria were signifi-
cantly correlation with SOC (p < 0.01), pH (p <
0.001), TN (p<0.001), TP (» <0.001), AP (p <0.001),
and AK (p < 0.001) (Fig. 5).

DISCUSSION

Effect of wild and cultivated soybeans on soil bacte-
rial abundances. In recent years, the comparative study
of different genotypes has drawn increasing attention
from researchers. Karamac et al. (2018) researched the

phenolic contents and antioxidant capacities of wild
and cultivated white lupin seeds. Roleda et al. (2018)
investigated the iodine content in the bulk biomass of
wild-harvested and cultivated edible seaweed. Several
studies have suggested that many bacterial groups are
highly correlated with plant genotypes. Khan et al.
(2017) compared the differences of rhizospheric
microbial communities associated with wild and culti-
vated Boswellia sacra tree and reported a significantly
higher abundance of Ascomycota and Actinobacteria in
the wild population than in the cultivated population,
while Basidiomycota, Acidobacteria and Proteobacteria
were highly abundant in cultivated trees.

In this study, we compared the differences of bac-
teria in wild soybean rhizosphere, cultivated soybean
rhizosphere and bare soil. The results showed that the
RAs of Acidobacteria and Gemmatimonadetes in wild
samples were significantly higher than those in culti-
vated samples under field conditions (Fig. 2).
Researchers found that Acidobacteria has extensive
metabolic diversity and significantly effect on nutrient
cycling in soils (Hugenholtz et al., 1998; Eichorst
et al., 2007). The wild soybean samples had a higher
Acidobacteria content than the cultivated samples
under field conditions, which illustrates that wild soy-
bean have a positive influence on nutrient cycling in
soil environments. DeBruyn et al. (2011) found that
Gemmatimonadetes can adapt to dry soils, and in our
study, the RA of Gemmatimonadetes in wild soybean
was significantly higher than that in cultivated soybean
under field conditions, explaining why wild soybean
has a stronger drought resistance than cultivated soy-
bean. The phylum Bacteroidetes is a sensitive biologi-
cal indicator of agricultural soil usage (Woliniska et al.,
2017), and the relative abundance of Bacteroidetes in
the cultivated soybean was significantly higher than
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Fig. 3. The relative abundances (RAs) of Bradyrhizobium (a)
and Bacillus (b). F indicates field samples, and P indicates
potted samples. W, C, and B indicate wild soybean, cultivated
soybean and bare soil, respectively.

that in the wild soybean under field conditions
(Fig. 2), which verified that the changes caused by
human activities increased the content of Bacteroidetes
in the soil. Studies have shown that, Bradyrhizobium
and Bacillus are potential plant growth promoting rhi-
zobacteria inhabiting soybean rhizospheres (Sugiyama
et al., 2014). Under field conditions, these two pro-
moting bacteria in wild soybean were significantly
higher than these in cultivated soybean (Fig. 3), indi-
cated that wild soybean can promote its growth by
recruiting more beneficial bacteria in its rhizosphere.
These results all explain why wild soybean could grow
well without any human intervention under field con-
ditions. Research have found that the rhizosphere
community is selected based on functional cores,
which are related to benefits to the plant (Mendes
et al., 2014), and root exudates have a certain effect on
the number of rhizosphere bacteria in soil (Liang
et al., 2014). The differences of rhizosphere bacteria
may be caused by the different rhizosphere secretions
produced by different genotypes of crops.

Effect of wild and cultivated soybeans on soil bacte-
rial diversity. Soil microbial diversity represents the
stability of the microbial community and reflects soil
No. 6
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Fig. 4. Nonmetric multidimensional scaling (NMDS) plot
of all soil bacterial communities. The first capital letters A,
B, C, and P indicate the different sampling sites. The sec-
ond capital letters, W, C and B, indicate wild soybean, cul-
tivated soybean and bare soil, respectively.

ecology mechanisms and the influence of soil stress on
the community (Wang et al., 2016). A large number of
studies have shown that different genotypes have dif-
ferent effects on soil microbial diversity (Khan et al.,
2017; Gregory et al., 2018). In this study, the OTU
numbers and Chao 1 index of wild populations were
significantly higher than those of cultivated popula-
tions and bare soils in field condition except for site A
which was higher but not significantly (Table 1). These
results indicate that the bacterial community diversity
of the wild soybean rhizosphere was higher than that of
the cultivated soybean rhizosphere and bare soil.
Thus, domestication results in a decrease in the rhizo-
sphere bacterial diversity of cultivated soybean. High
soil bacterial diversity and richness are beneficial to
the improvement and maintenance of the soil ecolog-
ical environment (Mendes et al., 2013); therefore,
compared with cultivated soybean, wild soybean is
more conducive to the improvement and maintenance
of the rhizosphere ecological environment. However,
in the potted samples, there was no significant differ-
ence in bacterial diversity, perhaps because a short
experimental period will not result in changes in the
bacterial diversity of small pots.

Effect of wild and cultivated soybeans on soil bacte-
rial community structure. Soil microbes are affected by
many factors (Luo et al., 2018; Robledo-Mahon et al.,
2018; Sun et al., 2018). In this study, we found that the
bacterial communities sampled at the same sites clus-
tered closely in the NMDS plot (Fig. 4), a result
caused by soil properties. Studies have noted that the
physical and chemical properties of soil are important
factors influencing the bacterial community composi-
tion (Berg and Smalla, 2009; Chang et al., 2018; Luo
et al., 2018). Through the RDA analysis, we found that
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soil, respectively.

the rhizosphere bacteria were significantly correlated
with SOC (p < 0.01), pH (p <0.001), TN (p <0.001),
TP (p <0.001), AP (p <0.001), and AK (p < 0.001).

Other scholars also found that different genotypes
of Silene vulgaris (Moench) Garcke influence the root
organic acid composition and rhizosphere bacterial
communities (Garcia-Gonzalo et al., 2017), and tree
genotypes have been shown to affect the microbe-
mediated soil ecosystem functions in a subtropical for-
est (Purahong et al., 2016). In this study, at each sam-
pling sites, the wild soybean, cultivated soybean and
bare soil samples were separate from each other
(Fig. 4), although sampling site had a greater effect on
the soil bacterial communities, these findings indicate
that genotypes are another important factor affecting
the bacterial community composition.

In the present study, Proteobacteria, Acidobacteria,
Gemmatimonadetes, Chloroflexi and Actinobacteria
were dominant bacterial phyla across all soil samples.
In field samples, the rhizosphere bacterial diversity
was higher in wild soybean than in cultivated soybean,
indicating that domestication leads to a decrease in the
rhizosphere bacterial diversity of cultivated soybean.
In addition, the higher RAs of beneficial and plant
growth promoting bacteria such as Acidobacteria,
Gemmatimonadetes, Bradyrhizobium and Bacillus in
the wild soybean rhizosphere illustrate that wild soy-
bean has a stronger environmental resistance and
adaptation than cultivated soybean. At the same time,
soil pH, soil organic carbon (SOC), total nitrogen
(TN), total phosphorus (TP), available phosphorus
(AP), and available potassium (AK) were significantly
correlated with rhizosphere bacteria. Collectively, the

Agroecology (2016ZKHT-05), 135 Project of Northeast
Institute of Geography and Agroecology (Y6H2043001),
and Jilin Provincial Natural Science Foundation
(20180520048JH and 20180519002JH).
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