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Abstract

Effects of hydrogen concentrations on the diversity and changes of bacterial community structure,
soybean rhizosphere soil samples were investigated. The high-throughput sequencing technology of illumina
was adopted to determine the bacterial 16S rRNA V3+V4 region series. Data processing such as splicing,
filtering, removing chimeric sequences, and cluster analysis was then performed based on the raw data, and
the tax was annotated with OTU. When the air-treated soil samples were compared with the ones treated with
hydrogen at a concentration of 1100 ppm and 1300 ppm, the abundance of Proteobacteria increased and
Actinobacteria decreased for the later. In addition the Simpson index decreased and the Shannon index
increased significantly for both hydrogen-treated samples. However, for the soil sample treated with 1500
ppm of hydrogen, the above-mentioned two indexes didnot vary obviously compared with the air-treated
sample. The results demonstrated that the rhizosphere bacterial structure diversity of soybean was
significantly increased after hydrogen treatment at the concentration of 1100 and 1300 ppm.

Introduction

The symbiosis of legume and rhizobia has the effect of nitrogen fixation. Generally, the
soybean has a nitrogen fixation rate of 0 to 95% of the total nitrogen required by the plant under
natural conditions (Maimaiti et al. 2007). However, the cultivation of soybean mainly relies on
inorganic fertilizers to increase its yield. The rhizosphere of plant sustains a complex micro-
ecological system, which can be colonized by a large variety of bacteria (Orlando et al. 2007).
Rhizosphere bacteria play important roles in element cycling in soil ecosystems, and are of very
importance to plant health and soil fertility (Li et al. 2016). Changes in rhizosphere microbial
community structure have an important impact on the circulation of matter and energy in the soil,
the decomposition and synthesis of organic matter (Constant et al. 2010). Each plant species has a
significant effect on the rhizosphere bacterial community structure due to the differences in root
exudation, and it is thought that it may select own specific microbial populations in its rhizosphere
(Farina et al. 2012). Bacteria are the most abundant organisms that reside in rhizosphere.

Leguminous plants produce hydrogen gas as a by-product during the process of nitrogen
fixation (Osborne et al. 2010). However, for the other legumes, the uptake hydrogenase is absent
and no hydrogen gas can be detected (Zhang et al. 2009). This phenomenon has indicated that
hydrogen gas is absorbed by soil microbes called hydrogen-oxidizing bacteria (Irvine et al. 2004).
Recent research now suggests that soil fertilization by hydrogen (H,) gas may also be involved
in enhancing the growth of both the legume and subsequent crops (Dong et al. 2003). That
is, hydrogen may change the microbial population in the rhizosphere of plants (Irvine et al.
2004). Previous research has shown that H, affects microbe-microbe interactions in soil in
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addition to indirect effects on bacterial communities; and 958 bacterial ribotypes distributed
among various taxonomic groups was influenced by H, exposure (Uratsu et al. 1982). However,
reports on the effects of different hydrogen concentrations on the rhizosphere microbial structure
of legumes are not sufficient. Thus in the present study illumina high-throughput sequencing was
used to investigate the microbial communities of the raw and soybean rhizosphere soil treated with
three hydrogen concentrations on the basis of the PCR of the bacterial 16S rDNA gene.

Materials and Methods

The soil samples used in the experiment were collected in the soybean field of Xianyang City,
Shaanxi Province, and 5 sampling points were selected in the soybean field by S-type sampling
method. According to the shake-off method of Riley (Riley D et al. 1969), the soil on the soybean
rhizosphere was brushed with a sterile brush. The five soybean soils were combined into one
sample, and the sieve was evenly divided into two by a 2 mm sieve (George et al. 1995). These
samples were placed in a sample bag and stored in a refrigerator at -20°C for analysis. Three
samples were treated with the hydrogen treatment equipment according to the method described
by Dong and Layzell (2001). The instrumental indices of the dual integrated regulators that
regulate the gas cycle are 12, 18, and 24, respectively, to produce different concentrations of
hydrogen, which are mixed with the incoming air to form a hydrogen-containing mixture (Smit
et al. 2001). The conditions for setting the gas chromatograph are TG-BOND Msieve 5A GC
column temperature: 50°C, TCD detector temperature: 200°C, split ratio: 15:1. Under these
conditions, the hydrogen concentration produced by the gas circulation culture system is 1100
ppm (YA), 1300 ppm (YB) and 1500 ppm (YC), respectively. Three repetitions per sample were
maintained and CK was treated as a control group (Bloem et al. 1995).

Soil total DNA was extracted using a PowerSoil® DNA Isolation Kit (Mo Bio Laboratories
Inc., Carlsbad, CA, USA). After 1.8% agarose gel electrophoresis, the concentration was measured
by a nucleic acid quantitative spectrophotometer (nanodrop, USA) and stored in a refrigerator at -
20°C.

Using the extracted total DNA as a template, 336F (5-ACT CCT ACG GGA GGC AGC A-3))
and 806R (5'-GGA CTA CHVGGG TWT CTAAT-3') were used as primers to amplify the bacterial
16S rRNA V3. +V4 area (Zhang et al. 2015). The total PCR reaction system is 50 ul, containing
0.2 ul of Q5 high-fidelity DNA polymerase (New England BioLabs), 10 pl of the buffer, and 10 pl
of a high GC Enhancer (Constant et al. 2008). PCR amplification was conducted according to the
following protocols: initial denaturation at 95°C for 5 min, followed by 15 cycles. Each cycle
involved denaturation at 95°C for 1 min, annealing at 50°C for 1 min, and extension at 72°C for 1
min, with a final elongation step at 72°C for 7 min (Quail et al. 2012). The purified PCR products
were quantified with Nanodrop 2000 Illumina high-throughput sequencing conducted at
Biomarker Technologies (Beijing, China).

After the sequencing was completed, the sequenced fragments were spliced by overlap using
FLASH v1.2.7 software, and the spliced sequence was obtained (Greening et al. 2014). Then, the
original data were filtered using Trimmomatic v0.33 software to obtain the filtered data. The
Uchime algorithm in the Mothur software was used to remove the chimeric sequence to obtain a
high-quality Tags sequence (Schloss et al. 2009, Edgar et al. 2011). The sequence was clustered by
97% similarity using UCLUST in the QIIME software to obtain the OUT classification data of the
sample (Wang et al. 2012). Evaluation of sample Alpha diversity index using Mothur (version
v.1.30) software The Bate diversity analysis was also performed using the QIIME software to
compare the differences in the diversity of species for various species. The alpha diversity index
was used to study the diversity of bacterial community structure.
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Results and Discussion

Alpha diversity reflects the richness and diversity of individual sample species. OTU
Coverage, the higher the value, the higher the probability that the species in the sample will be
measured. The coverage of each sample was greater than 99%, indicating that the information of
microbial species was fully reflected (Table 1). The larger the Shannon index value, the smaller
the Simpson index value, indicating the higher species diversity of the sample (Grice et al. 2009).
For the soybean rhizosphere soil samples, the Simpson index of the YA group was the smallest, the
Shannon index was the largest. But for the YC group, the Simpson index was the largest and the
Shannon index was the smallest. The results showed that the higher hydrogen concentration causes
the lower microbial diversity of soybean rhizosphere soil.

Table 1. Alpha diversity index statistics.

Sample ID  OTU Simpson Shannon Coverage
CK1 1490 0.0129 6.0656 0.9989
CK2 1483 0.0126 0.0352 0.999
CK3 1491 0.0128 6.0548 0.9992
YAl 1493 0.0043 6.3461 0.9989
YA2 1497 0.004 6.357 0.9986
YA3 1490 0.0049 6.3479 0.9991
YB1 1500 0.0043 6.3731 0.9992
YB2 1504 0.0047 6.3526 0.9996
YB3 1503 0.0053 6.3518 0.9991
YC1 1499 0.0163 6.0125 0.9994
YC2 1492 0.0156 6.0322 0.999
YC3 1490 0.0139 6.0606 0.9991

Species composition analysis reflects the community structure of the samples at different
taxonomic levels. Figure 1 shows the community structure and classification comparison results at
the gate level. The top ten bacteria were the species of Proteobacteria, Acidobacteria,
Actinobacteria, Bacteroidetes, Chloroflexi, Gemmatimonadetes, Planctomycetes,
Verrucomicrobia, Rokubacteria, and Nitrospirae. In the soil samples treated with different
hydrogen concentrations, the bacterial flora distribution was different. As the hydrogen
concentration increased, the abundance of Proteobacteria and Bacteroidetes decreased. They
decreased from 42 and 9.3% in the YA sample to 34 and 6.9% in the YC sample, respectively and
correspondingly. The abundance of Actinobacteria and Planctomycetes were increased. They
increased from 11 and 1.5% in YA samples to 23 and 1.9% in YC samples, respectively and
correspondingly.

Principal coordinates analysis (PCoA) (Mouradi et al. 2016) using variance decomposition,
the differences of multiple sets of data are reflected on the two-dimensional graph, and the
coordinate axes take two eigenvalues that can reflect the variance maximally. The closer the
distance between the two samples, the more similar the species composition of the two samples. In
the PCoA plot, the different generations represent different groups, and the horizontal and vertical
coordinates are the two eigenvalues that cause the largest difference between the samples. The
extent of the effect of the sample is expressed as a percentage.
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Fig. 1. Distribution of sample communities at phylum level.
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The PCoA results of this experiment are presented in Fig. 2. The duplicate group samples
were relatively clustered together with inapparent differences, which indicate its feasibility of the
repeat group setting. The effect of PC1 on sample differences was 40.23% and caused the samples
CK and YB to be grouped together. It promoted the YB group significantly but inhibited the CK
group. The effect of PC2 on sample differences was 18.94%. It has the obvious promoting effect
on the sample YC group, the obvious inhibitory effect on the sample CK, and no obvious effect on
the sample YA and YB. Therefore, the experiment results showed that as the hydrogen treatment
was gradually strengthened, the species composition varied greatly between samples. It indicates
that the hydrogen concentration had a significant effect on the bacterial species composition of the

soybean rhizosphere.
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Fig. 2. Principal coordinates analysis.
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The clone library showed that the division of Proteobacteria, Acidobacteria and
Actinobacteria dominated the rhizosphere samples of soybean. It was also found that these three
groups dominated the root samples treated with different hydrogen concentrations, accounting for
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more than 80% of the bacterial sequence. These results are consistent with previous studies
(Stursova et al. 2012, Piche-Choquette et al. 2016). When the hydrogen concentration was 1500
ppm, the community structure of soybean rhizosphere soil samples has no significant difference
from that of the non-hydrogen treated control group (CK). Compared with the treatment group
with a hydrogen concentration of 1100 ppm and 1300 ppm, the abundance of its Proteobacteria
decreased, while the abundance of its Actinobacteria increased. This observation is similar to
previous reports (Li et al. 2018). The probable cause is that 1500 ppm is higher than the threshold
for oxidizing hydrogen in the Proteobacteria, and Proteobacteria cannot use a hydrogen
concentration above the threshold to cause abundance reduction (Duan et al. 2013).

Thus, the hydrogen concentration of 1100 and 1300 ppm changed the bacterial diversity of the
soybean rhizosphere soil significantly whereas 1500 ppm hydrogen showed a little effect.
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