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Abstract: Due to the region’s social economy and historical culture, rough grazing has led to unre-
solved grassland-based ecological problems in Northern China. Soil microorganisms are essential
structural and functional components of underground ecosystems, and the effects of various graz-
ing intensities on the physicochemical properties and bacterial communities of soil are unclear. A
stocking density regulation experiment was carried out in the desert steppe of the Inner Mongolia
Autonomous Region. In the study area, four grazing intensities were set, namely, the enclosure
control group (CK), light grazing, moderate grazing, and heavy grazing. Field investigations and 16S
rRNA sequencing were used to compare and analyze the characteristics of soil bacterial community
structures and their correlations with soil nutrient factors under different grazing intensities. The
experiment showed the following results: (1) The Shannon, Simpson, and Pielou indices of the
light grazing group were significantly higher than those of the CK (p < 0.05), and the indices of
the moderate and heavy grazing groups were lower than those of the CK, but the difference was
not significant, and there were no significant differences in the Chao1 index between each group.
(2) Acidobacteria, Actinobacteria, Proteobacteria, and Chloroflexi were the main bacterial phyla.
(3) With the exception of soil organic matter and available potassium, which had significant negative
correlations with the Shannon index (p < 0.05), other soil factors had no significant correlation with
the soil bacterial diversity. (4) The contents of soil organic matter, total phosphorus, alkali-hydrolyzed
nitrogen, available phosphorus, and available potassium influenced the differences between soil
bacterial communities under different grazing intensities.

Keywords: graze; soil bacteria; desert steppe; soil properties

1. Introduction

Soil microorganisms commonly participate in natural energy flows and material cycles,
while their microbial diversity boosts the versatility of terrestrial ecosystems because
of these microorganisms’ large populations and wide distributions [1]. Soil microbes
have wide-ranging distributions and functions, meaning that their diversity maintenance
mechanisms and responses to environmental changes have been widely studied in the field
of ecological restoration [2,3]. Soil microbes are sensitive to both natural climate change
and anthropogenic land use change, with both processes having a great impact on their
community structure and diversity [4].

Grasslands play an irreplaceable ecological role in soil conservation, climate regulation,
and biodiversity maintenance in the construction and protection of ecological environ-
ments [5,6], and grassland environments account for more than 40% of the land area of
China [7]. Desert steppe, as one of the most important land types in Northwestern China,
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also supports local animal husbandry practices. However, due to the long-term high inten-
sity grazing and human exploitation of this environment, many of the desert steppes have
been significantly degraded [8]. The main manifestations of degradation are desertification,
soil fertility reduction, a decrease in biodiversity and a decline in soil health [9]. The safety
of the ecological environment and the sustainability of livestock husbandry are seriously
threatened in China. In order to reverse these trends, measures for ecologically managing
grassland, such as enclosure and the prohibition of grazing, thus returning farmland to
grassland, and transplanting and replanting trees, have been employed, and these mea-
sures have achieved obvious improvements in the health of ecosystems [10]. However,
most of these measures require years to deliver positive results, and the process of natural
recovery is relatively slow, which somewhat limits the productive capacity of grasslands.
Therefore, on the premise of achieving ecological governance objectives, many scholars
have considered how to sustainably develop animal husbandry and create scientific grazing
methods that maximize productive potential while ensuring ecological security.

The study of the influence of grazing on grassland ecosystems has mostly focused on
the physical and chemical properties of soil, and there are many indices of these properties
which can reflect soil conditions. Soil microorganisms are an important group to study
as they are highly sensitive to environmental changes. They can be used as characteristic
factors to evaluate and regulate the health of soil ecosystems [11]. It is generally believed
that grazing reduces the biomass and diversity of plants and has a negative impact on
the microbial community, but the input of manure can also introduce and stimulate some
microbial populations. Therefore, we hypothesized that (1) grazing reduced soil microbial
diversity compared to the level of diversity present in enclosed grassland, (2) the stocking
density had a significant effect on the soil microbial community, and (3) changes in the
soil microbial community were closely related to changes in the physical and chemical
properties of soil caused by grazing. In addition, the study of the multi-layer correlation
between the microbial community, the physical and chemical properties of soil, and the
stocking density can help researchers to understand the effects of grazing on soil ecosystems
with regard to material transfer, which could provide a scientific basis for guiding the
regulation of grazing and support research into the microbial measures of ecological
restoration and protection of grassland environments.

2. Material and Methods
2.1. Study Site

The study site was located in Siziwang County (41◦46′43′′ N, 111◦54′52′′ E) in Ulan-
qab, Inner Mongolia Autonomous Region. The area is characterized by a mid-temperate
continental climate, the site’s altitude is 1459 m, the average annual temperature is 3–4 ◦C,
the average annual rainfall is 240–320 mm, and the average annual evaporation rate is
2900–3000 mm. The frost-free period lasts for about 108 days. The study area was located
in a desert steppe environment, where Stipa breviflora Griseb. was a group species and
Artemisia frigida Willd. and Cleistogenes songorica Roshev. were dominant species, and the
main soil type was sandy chestnut soil.

2.2. Sampling

Based on the grazing control experimental plots set up in 2002, the sampling areas for each
group were established, having stocking densities of 0, 0.80, 1.92, and 2.71 [sheep/(hm2·a)],
respectively. These groups were referred to as the fencing-in group (CK), light grazing
group (LG), medium grazing group (MG), and heavy grazing group (HG), respectively.
The grazing period took place from June to December per year. There were three repeated
plots of 4.40 hm2 for each treatment group, resulting in a total of 12 plots.

Sample collections were conducted in December 2022, which represented the end of
the grazing period. The soil samples were collected in 0–10 cm soil layers from each plot
following the removal of loose litter, herbs, and a humus layer. A random sampling method
was adopted to collect soil samples in each plot. Every three soil samples were mixed into
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one composite sample, and for each plot, three repeated composite samples were tested.
These samples were put into sealed bags and numbered. The 36 soil samples were kept in a
portable incubator at 4 ◦C for less than 8 h, before being stored at −80 ◦C. Each sample was
divided into two parts to allow us to analyze the soil’s chemical properties and bacterial
community structure.

2.3. Soil Chemical Properties Analysis

Roots and stone debris were removed from the air-dried soil samples. The presence
of soil organic matter (SOM) was determined via potassium dichromate oxidation [12];
the contents of total nitrogen (TN) and alkali-hydrolyzed nitrogen (AN) were determined
via the Kjeldahl nitrogen determination and alkali-hydrolytic diffusion methods, respec-
tively [13]; and the contents of soil total phosphorus (TP) and available phosphorus (AP)
were determined via molybdenum-antimony and scandium colorimetry, respectively [14].
The contents of oil total potassium (TK) and available potassium (AK) were determined via
the alkaline melting and ammonium acetate extraction methods [15], respectively.

2.4. Molecular Characterization of the Soil Bacteria

The composite soil samples were thoroughly mixed before DNA extraction took place.
Next, 2 g soil was used to extract DNA via a Powersoil DNA Isolation Kit (MoBio, Carlsbad,
CA, USA) [16]. The V3–V4 regions of the 16S rRNA gene were amplified using the primers
338F: ACTCCTACGGGAGGCAGCAG and 806R: GGACTACHVGGGTWTCTAAT. The
PCR products were mixed and tested via 2% agarose gel electrophoresis. The PCR products
were gelled and recovered using an AxyPrep DNA Gel Extraction Kit (AXYGEN, Corning,
NY, USA). The qualified PCR products were used to construct and sequence the Illumina
Miseq library, with this step being carried out by Allwegene Technology Inc., Beijing, China.

The original sequences were double-ended sequence data. We filtered the sequences
with read tail mass values of less than 20. We set a window of 50 bp: if the average mass
value in the window was lower than 20, the back-end bases were cut off from the window,
and the reads below 50 bp were filtered following a quality control procedure. Then, we
used the overlap of PE sequencing to merge pairs of sequences into a single sequence.
After this step, the raw tag data were obtained upon removing the barcode and primer and
performing splicing, and the high-quality sequence clean tags were obtained after further
removing the chimeric and short sequences. To minimize the sample variation-related
error and maximize sample coverage, the data sizes of all samples were homogenized to
16,104 sequences. The remaining sequences were classified as an operational classification
unit (OTU) using Uclust (Version 1.2.22, http://www.drive5.com/uclust/downloads1_2
_22q.html, accessed on 15th December 2022), with all sequences having more than 97%
similarity [17].

2.5. Bioinformation Analysis and Statistical Analysis

The Chao1, Simpson, Shannon, and Pielou indices were used to characterize the
diversity and evenness of the soil bacterial community, and they were computed using the
vegan package in R (version 3.4.3) [18–21]. We used the nonparametric Kruskal–Wallis test
to test three or more sets of data, with differential OTUs (p < 0.05), that originated from
multiple larger sets of data generated in multiple biological replicates. The similarities and
differences between bacterial communities were obtained via nonmetric multidimensional
scaling analysis (NMDS) and analysis of similarities (ANOSIMs). The correlation between
soil bacterial community and soil chemical properties was expressed on the NMDS map
via envfit. The Mantel test was calculated using the Euclidian distances between the soil
bacterial communities and the Bayesian distances between the soil properties of different
stocking density groups. Redundancy analysis (RDA) of the correlation between soil
bacteria and soil properties was performed using Canoco 5.0 for Windows. The diversity
indices, the Kruskal–Wallis test and the above similarity and heterogeneity test were
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performed and the OTU clustering heatmap was generated via R. Other histograms were
created via Origin 2022 (OriginLab Corporation, Northampton, MA, USA).

Differences in the soil properties (SOM, TN, AN, TP, AP, TK, AK) and bacterial diversity
indices of the various stocking density groups were compared by performing one-way
ANOVAs and post hoc Tukey tests (p < 0.05). The correlation between the soil bacterial
diversity and the soil properties was tested via Pearson’s correlation coefficient. All the
above-mentioned mathematical statistical analyses were conducted via SPSS 26.0 (IBM,
Chicago, IL, USA).

3. Results
3.1. Soil Properties under Different Stocking Density Groups

Soil properties were affected by stocking density, but there was no significant difference
between these effects (Table 1). The TN, TP, and AP contents of the grazing groups were
lower than those of the fencing-in group. The contents of other soil properties were highest
in the heavy grazing group and lowest in the medium grazing group.

Table 1. Effects of different grazing intensities on chemical properties of soil.

SOM (g/kg) TN (g/kg) TP (g/kg) TK (g/kg) AN (mg/kg) AP (mg/kg) AK (mg/kg)

CK 24.62 ± 1.43a 1.61 ± 0.12a 0.46 ± 0.02a 28.93 ± 2.11a 70.98 ± 6.28a 4.82 ± 0.59a 169.22 ± 16.66a
LG 24.70 ± 0.91a 1.60 ± 0.06a 0.44 ± 0.01a 29.21 ± 3.86a 77.31 ± 19.54a 3.88 ± 0.93a 157.33 ± 12.88a
MG 24.49 ± 4.35a 1.52 ± 0.18a 0.44 ± 0.02a 27.46 ± 0.76a 70.84 ± 14.37a 3.63 ± 0.58a 151.97 ± 45.02a
HG 25.70 ± 0.43a 1.61 ± 0.06a 0.43 ± 0.00a 30.09 ± 1.04a 95.42 ± 13.79a 4.44 ± 1.28a 196.72 ± 8.44a

Note: The same letter being present in the same column means that no significant difference was noted.
CK—fencing-in group; LG—light grazing group; MG—medium grazing group; HG—heavy grazing group;
SOM—soil organic matter; TN—soil total nitrogen; A—soil alkali-hydrolyzed nitrogen; TP—soil total phosphorus;
AP—soil-available phosphorus; TK—soil total potassium; AK—soil-available potassium.

3.2. The Composition and Structure of the Soil Bacterial Community under Different
Grazing Intensities

The soil bacterial diversity indices determined under different grazing intensities in
the desert steppe environment are shown in Figure 1. The Shannon and Simpson indices
of the light grazing group were significantly higher than those of the medium and heavy
grazing groups (p < 0.05). The Pielou index of the fencing-in group was significantly lower
than that of the light grazing group (p < 0.05), but there was no significant difference
between the first group and the other two groups (p > 0.05). The Pielou index of the
medium grazing group was significantly lower than those of the light and heavy grazing
groups (p < 0.05). The values of the Chao1 index differed between the four groups, albeit
not to a significant extent (p > 0.05).

A total of 4746 OTUs were collected, and they were further identified as 36 phyla,
95 classes, 116 orders, 206 families, and 277 genera. The main bacterial groups (relative
abundance ≥ 1%) are shown in Figure 2. Chloroflexi, Acidobacteria, Proteobacteria, and
Chloroflexi were the dominant groups. These groups had average relative abundances of
36.64% ± 2.65%, 24.89% ± 4.44%, 12.25% ± 1.48%, and 11.46% ± 1.30%, respectively. The
relative abundance of Acidobacteria and Proteobacteria decreased in correlation with the
increase in the stocking density, while Actinobacteria showed the opposite pattern; the
relative abundance of Chloromycetes initially increased, before decreasing in correlation
with the stocking density. Moreover, at the class level, the populations with the three great-
est relative abundances were Blastocatellia, Subgroup_6 (belongs to Acidobacteria) and
Alphaproteobacteria, while at the order level, they were Blastocatellales, Rubrobacterales,
and Rhizobiales. At the family level, the populations with the three greatest relative abun-
dances were Blastocatellaceae-Subgroup-4, Rubrobacteriaceae, and Gemmatimonadaceae,
while at the genus level, they were RB41, Rubrobacter, and Krasilnikovia.
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Figure 2. Soil bacterial community composition under different stocking densities (phylum level).
Note: only the bacterial phyla for which the relative abundance was greater than 1% are listed here,
and those with lower values were counted as other elements. CK—fencing-in group; LG—light
grazing group; MG—medium grazing group; HG—heavy grazing group.

The NMDS analyses of soil bacterial communities under different grazing intensities
are shown in Figure 3. As shown in Figure 3A, all the sample plots with the same color
showed a state of aggregation except for the medium grazing group, although there
was no obvious boundary between them. The dispersion of the medium grazing group
indicated that the soil bacterial communities in this group greatly varied. The close distance
between the heavy grazing group and the fencing-in group indicated that their soil bacterial
compositions were more similar to one another than to those of other groups.
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Figure 3. Analysis of nonmetric multidimensional scaling in soil bacterial communities under
different grazing intensities, considering the overall OTUs and differential OTUs. Note: Figure
(A) was generated based on overall OTUs, while Figure (B) was generated based on differential OTUs.

We used the Kruskal–Wallis test to obtain the differences in OTU levels between
multiple sets of data with several biological replicates: Figure 3B shows the results of the
NMDS analyses of the differential OTUs in each group determined via the Kruskal–Wallis
test. Each group was separated from the others, indicating that their differential OTUs
had great heterogeneity. The distance between the plots in the medium grazing group
was still large, indicating that the variation in the OTUs between the plots in the same
group was great; this result was consistent with the rule outlined in Figure 3A, given the
overall situation. In the fencing-in group, the plots had stronger cohesion, indicating that
the differential OTUs in this group did not undergo significant change.

3.3. Correlations between Soil Bacteria and Soil Properties under Different Grazing Intensities

In Table 2, the Shannon index has the strongest and most significant negative corre-
lation with soil organic matter and available potassium content (p < 0.05). The Simpson,
Pielou, and Chao1 indices were not correlated with the soil properties.

Table 2. Pearson’s correlation coefficients for soil bacterial diversity and soil properties under different
grazing intensities.

SOM TN TP TK AN AP AK

Shannon −0.652 * −0.263 −0.053 0.231 −0.151 −0.308 −0.604 *
Simpson −0.433 −0.012 0.117 0.162 −0.222 −0.328 −0.495

Pielou −0.453 −0.120 −0.031 0.314 −0.031 −0.469 −0.467
Chao1 −0.141 0.010 0.297 −0.245 −0.186 0.454 −0.068

Note: the asterisk indicates a significant difference (p < 0.05). SOM—soil organic matter; TN—soil total nitrogen;
AN—soil alkali-hydrolyzed nitrogen; TP—soil total phosphorus; AP—soil-available phosphorus; TK—soil total
potassium; AK—soil-available potassium.

Among soil properties, only the soil organic matter content was significantly correlated
with the soil bacterial community composition (r = 0.4353, p < 0.05), as determined via the
Mantel test (Table 3). The other correlations were relatively weak and insignificant.
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Table 3. Correlations between the soil bacterial communities under different grazing intensities and
soil properties, as determined via the Mantel test.

SOM TN TP TK AN AP AK

r 0.4353 0.2983 −0.1221 0.2819 −0.0122 −0.0840 0.2790
p 0.019 0.085 0.675 0.052 0.514 0.671 0.076

Note: the bold font represents the significant difference (p < 0.05). SOM—soil organic matter; TN—soil total
nitrogen; AN—soil alkali-hydrolyzed nitrogen; TP—soil total phosphorus; AP—soil-available phosphorus;
TK—soil total potassium; AK—soil-available potassium.

At the OTU level, the soil properties could explain 70.96% of the rate of variation in
the soil bacterial community determined via the redundancy analysis (Figure 4). The total
contents of phosphorus, available phosphorus, available potassium, and soil organic matter
had greater effects on the soil bacterial community structure. The fencing-in group and
the grazing groups were horizontally distributed on both sides of the axis, showing the
differences in soil bacterial community structure caused by grazing. The fencing-in group
was strong correlated with the contents of total phosphorus and available phosphorus. The
heavy grazing group was strongly correlated with the contents of soil organic matter and
alkali-hydrolyzed nitrogen. At the bacterial phyla level, the contents of soil organic matter,
total nitrogen, available potassium, alkali-hydrolyzed nitrogen, and total phosphorus had
strong plasticizing effects on the distribution of the soil bacterial phyla. The contents of
soil total phosphorus and nitrogen showed a strong positive correlation with most bacteria,
such as Proteobacteria and Acidobacteria. In contrast, the contents of soil total potassium,
alkali-hydrolyzable nitrogen, and available phosphorus showed strong positive correlations
with Nitrospirae, Tectomicrobia, and Actinobacteria.
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Figure 4. Redundancy analysis (RDA) of the soil bacterial structure and the soil properties under
different grazing intensities, based on the full OTUs and the phylum level. Note 1: the left figure
was the result based on all OTUs, while the right figure was based on the bacterial phylum level.
Note 2: in the left figure, the red points represent CK, the blue points represent LG, the yellow points
represent MG, and the green points represent HG. SOM—soil organic matter; TN—soil total nitrogen;
AN—soil alkali-hydrolyzed nitrogen; TP—soil total phosphorus; AP—soil-available phosphorus;
TK—soil total potassium; AK—soil-available potassium.

4. Discussion
4.1. Effects of Stocking Density on Soil Nutrient Content

Although the contents of total and available nutrients were affected by the change
in the stocking density, there was no significant difference. There is no uniform rule in
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the research into the effects of stocking density on soil nutrient content. According to a
four-year grazing regulation experiment conducted in the farming–grazing transitional
zone of Shanxi Province, there was no significant difference in the contents of soil organic
carbon and nitrogen between different grazing intensities in a single month [22]. The
influence of grazing on grassland soil nutrients was generally considered to be caused by
animals’ nibbling on above-ground plants and litter, as well as the change in the physical
properties of soil, such as porosity reduction or the mechanical destruction of the soil’s
structure caused by trampling by animals, and the addition of animal excrement; all these
factors impacted soil nutrient storage and cycling [23,24]. The contents of organic matter,
total potassium, and alkali-hydrolyzed nitrogen in the light grazing group were increased
compared to the fencing-in group. Many previous studies have verified this observation,
and moderate trampling disturbance could improve grassland productivity and carbon
sequestration [25]. In our study, almost all soil properties had the lowest results in the
medium grazing groups. The overcompensated growth of plants in the medium grazing
group may be the reason for the decrease in the soil organic matter and nutrients [26].
However, the increase in nutrients in the heavy grazing group may be due to a large
cumulative amount of animal excreta, as the nutrient elements in excreta exceeded the
dynamic balance of the nutrient cycle in the ecosystem but were not transported outwards,
meaning that they were stored in the surface soil. It is also believed that the comprehensive
influence of animals in the heavy grazing group would lead to an increase in the plant
root–shoot ratio, which stimulated the accumulation of root biomass and, thus, increased
the nutrient elements released by root litter into the soil [27].

4.2. Responses of Soil Bacterial Diversity and Community Structure to Stocking Density

The α-diversity indices of the light grazing group were higher than those of the fencing-
in group, but the difference between them was not significant. Compared to the fencing-in
group, the excrement produced via moderate grazing and plant residue, as well as litters
chewed and trampled by animals, were more easily decomposed, providing rich carbon
sources for the growth of soil bacteria, thus improving the bacterial diversity [28]. The
Shannon and Simpson indices of the medium and heavy grazing groups were significantly
lower than those of the light grazing group. Intensive grazing would lead to the degradation
of above-ground vegetation and a reduction in soil fertility, thus inhibiting the growth
of some bacteria. A significant decrease in soil bacterial diversity was found in a 64-year
intensive grazing experiment [29]. In the grazing gradient (control, light, medium, heavy
and overgrazing) tests in Inner Mongolia, the soil bacterial α-diversity index increased and
then decreased, which was similar to the changing trend of the results of our study [30].
Scholars also found that heavy grazing and control groups had no significant effects on the
α-diversity indices [31]. There were several reasons for this differentiation between results,
including the differences in environmental conditions, vegetation status, grazing animals,
and grazing experiment designs in different study areas [32,33].

Acidobacteria, Actinomycetes, and Proteobacteria were the most common soil bacte-
rial phyla, and their relative abundances in soil varied depending on the climatic conditions,
soil types, vegetation types, and land use patterns [34]. Previous studies showed that graz-
ing decreased the relative abundances of dominant bacteria compared to the control group,
but the difference was not significant [35]. Acidobacteria and Proteobacteria showed such
changes in our study. However, this rule was not consistent, as the dominant bacteria
in different grasslands showed various trends in correlation with the increase in grazing
intensity [36]. In the NMDS analysis of the overall bacterial community structure, the
sample sites of different groups had a certain degree of cohesion, but the boundary with
other groups was not obvious, indicating that the soil bacterial community of each group
had a certain degree of overlap. However, the NMDS analysis results of different OTUs
indicated that the bacteria that were significantly affected by stocking density belonged to
nondominant species, which accounted for a small proportion of the soil bacterial commu-
nity. Blastocatellia (belongs to Acidobacteria), Thermomicrobia (belongs to Chloroflexi),
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and Subgroup_6 (belongs to Acidobacteria) class were the three OTUs with the largest
abundances of different OTUs. The response of the bacterial community structure to graz-
ing was affected by the species of animal and the grazing time, as well as other factors.
In the grassland environment, with Leymus chinensis being the dominant species in Jilin
Province, the soil bacterial community structures had significant differences, which were
caused by the grazing intensity [37].

4.3. The Correlation between Stocking Density, Soil Nutrient Content, and Soil Bacteria

Influencing the soil organic carbon transfer was one of the most important ways that
grazing could change the soil’s bacterial community structure [38]. This measure showed
that the soil bacterial α-diversity was closely related to soil organic matter content (SOC)
and soil water content under different grazing intensities [30]. In our study, the Shannon
index was only negatively correlated with soil organic matter and available potassium
content among the soil properties (p < 0.05). The Mantel test showed a significant positive
correlation between the soil organic matter content and the bacterial community (p < 0.05).
The soil bacterial community structure was significantly positively correlated with the soil
contents of organic carbon and total nitrogen in alpine grassland ecosystems in northern
Tibet [39]. The variations in the above results may be caused by climatic and vegetation con-
ditions. In terms of the eutrophic hypothesis, eutrophic bacteria were positively correlated
with soil organic carbon, and the accumulation of soil organic carbon reduced the relative
abundance of oligotrophic bacteria [40]. In our results, there was no significant change
in soil organic carbon content between the grazing groups (p > 0.05), and it varied in the
following manner: HG > LG > CK > MG. However, from the analysis of the overall range of
numerical change, the results related to Acidobacteria, which is one of the representatives
of oligotrophic bacteria, were consistent with this viewpoint. Meanwhile, the negative
correlation between Acidobacteria and soil organic carbon was also explained by some
scholars based on the principle of soil carbon mineralization [41]. Proteobacteria are defined
as eutrophic bacteria with a high carbon utilization rate, and the high soil contents of carbon
and nitrogen are conducive to their growth [42]. However, as one of the dominant phyla in
this study, Proteobacteria did not conform to this hypothesis. This may be caused by the
fact that our study was not a simple soil nutrient control experiment, instead overlaying
the influence of grazing factors. Some bacteria in Actinomycetes have a photosynthetic
autotrophic ability to fix CO2 [43], which made their relative abundances exhibit an increas-
ing trend, even when the grazing intensity increased and the above-ground vegetation
decreased. As determined via RDA analysis, the close positive correlation between the
heavy grazing group and soil organic matter may be due to the dominant position of
Actinomyces.

Compared to the accumulation of soil nutrients brought about via natural restoration
in the fencing-in group, the increase in soil nitrogen and phosphorus in the heavy grazing
group mainly occurred due to the input of animal feces [44]. Soil bacteria participate in
nitrogen fixation, nitrification, denitrification, and other processes in the ecosystem. The
content of soil-available nitrogen had a significant positive correlation with Nitrospirae,
while it had a negative correlation with Acidobacteria. These findings were contrary to
the results of previous studies that stated that there was a significant positive correlation
between Acidobacteria and nitrogen because of the significant use of ammonium nitrogen
and nitrate nitrogen as nitrogen sources [45]. Soil-available phosphorus had little correlation
with the various bacterial phyla. It has been shown that bacteria are far less sensitive to
soil phosphorus utilization than fungi, and there is no obvious correlation between the
available phosphorus and bacterial abundance [46]. The strong correlation between soil
phosphorus and the soil bacterial community structure, as determined via RDA analysis,
may be due to the indirect effect that phosphorus has on the above-ground plant and soil
fungal community, before acting on the bacterial community [47].

The correlation between soil nutrient content and soil bacteria under the influence of
grazing was complex and changeable. More experiments are needed, such as controlling
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fecal input and more combined regulation of the stocking density and time, to explore the
correlation between these factors and provide a more effective and accurate theoretical
basis for studying actual grazing activities.

5. Conclusions

The soil bacterial communities present in the desert steppe environment under dif-
ferent stocking densities were identified as 36 phyla, 95 classes, 116 orders, 206 families,
and 277 genera. Acidobacteria, Actinobacteria, Proteobacteria, and Chloroflexi were the
dominant phyla. Light grazing increased the bacterial α-diversity indices of the soil, while
medium and heavy grazing decreased these indices. There were some differences in soil
bacterial communities between the different grazing intensities, and the variability in the
soil bacterial communities was greater in the medium grazing group. In our study, soil
chemical properties did not significantly change in response to the stocking density. Only
soil organic matter and available potassium had significant negative correlations with the
soil bacterial Shannon index, while the contents of soil organic matter, total phosphorus,
alkali-hydrolyzed nitrogen, available phosphorus, and available potassium played strong
roles in shaping the bacterial community differences and taxa composition. It would be
unwise for governments to pursue desert steppe land restoration by completely banning
grazing for a long time, given its complex relationship with soil microbial characterization.
Nonetheless, we will continue to conduct multi-year observations and analyses to further
study the relationship between soil microbes and grazing.
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