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Abstract 
 

Soil bacterial community plays an important role in soil nutrient cycling, and its diversity has become the key 

indicator for evaluating soil health, and understanding climate changes, ecosystem resistance, resilience, and functional 

redundancy. However, the effects of grazing exclusion, as the commonly used soil management strategy for degraded 

grassland restoration, on soil bacterial community often obtain inconsistent conclusions from different trials. In order to 

clarity the effects of grazing exclusion on soil bacterial community, we selected a 36 years grazing exclusion area (GE) and 

three free grazing areas (FGs) with different grazing intensities in Xilingol Grassland of Inner Mongolia, China, and 

examined the biomass, composition, and diversity of soil bacterial community, together with their corresponding vegetation 

and soil properties, to further understand the driving factors of soil bacterial community changes. Our results showed that 

grazing exclusion had no significant effect on the abundance and diversity of total soil bacterial community, but it did 

change the composition of soil bacteria, especially increasing the abundances of the phyla Diapherotrites and 

Gemmatimonadetes. In addition, grazing exclusion significantly increased vegetation aboveground biomass, litter mass, soil 

N stock and the availabilities of K and P, but reduced vegetation diversity. The correlation between soil bacterial 

communities and their environmental factors suggested that soil bacterial communities closely linked with soil available 

potassium (AK), and available phosphorus contents (AP), but not with vegetation characteristics. However, the soil 

properties were closely affected by vegetation characteristics. Therefore, our study suggested that soil bacterial communities 

mainly responded to the changes of soil properties directly, but also indirectly affected by the changes of vegetation diversity 

and biomass. Our results would provide new insights for the restoration evaluation of degraded grasslands. 
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Introduction 

 

Grasslands occupy approximately 20% of the 

terrestrial surface and play an important role in providing 

multiple ecosystem and cultural services, and supporting 

peoples’ livelihoods (Ebrahimi et al., 2016; Chai et al., 

2019). In recent decades, because of climate deterioration, 

overgrazing, and other unreasonable human activities, 

grasslands are severely deteriorating worldwide (Li et al., 

2015; Miao et al., 2015; Liu et al., 2017). Grazing 

exclusion is regarded as an effective way to restore 

degraded grasslands (Cheng et al., 2016), and its 

effectiveness on vegetation biomass and diversity, soil 

nutrient contents, and the abundance and diversity of soil 

microbial community have been proverbially approved 

(Jiang et al., 2009; Jing et al., 2014). 

Soil bacterial community plays key roles in ecosystems 

and mediate many ecological processes (Balser & Firestone, 

2005), and has become one of the important indicators to 

evaluate the degree of soil ecological health (Schloter et al., 

2018). Many studies have focused on the impact of grazing 

exclusion on soil bacterial community, but there has been no 

unified understanding (Liu et al., 2010; Sato et al., 2019). 

After all, soil bacterial communities are affected by various 

environmental factors. Zhang et al., (2019) reported that 

grazing exclusion could greatly improve soil microbial 

abundance and diversity, while other studies found that the 

grazing exclusion effects on soil microbial community had 

no clear pattern to follow (Aldezabal et al., 2015). Even if 

short-term grazing exclusion could increase the diversity of 

soil microbial community, long-term grazing exclusion 

would cause the decline in abundance and diversity of soil 

microbial community from a peak (Zhou et al., 2012). 

According to our previous understanding, spatial 

heterogeneity is always recognized as the most important 

factor causing the changes of soil bacterial community 

(Sayer et al., 2013). In addition, based on the theory of plant-

soil feedback (Zak et al., 2003; Faucon et al., 2017), soil 

bacterial community could also be affected by vegetation, 

and soil properties (Ogram et al., 2006; Png et al., 2018). 

There have been many literatures about the positive or 

negative effects of grazing exclusion on vegetation biomass 

and diversity, soil nutrient contents, and soil physical 

properties (Fernández-Lugo et al., 2013; Miao et al., 2015; 

Zhou et al., 2017), and the vegetation characteristics and soil 

physicochemical properties of the grassland ecosystem under 

grazing exclusion have been synergistically changing 

(Marschner et al., 2001; Loranger-Merciris et al., 2006). 

Therefore, it was more complicated to explain the grazing 

exclusion effect on soil bacterial community, which might 

also be one of the reasons why previous studies had not 

obtained consistent response patterns of soil bacterial 

community to grazing exclusion. 

In this study, we selected one 36 years continuous 

grazing exclusion area (GE) and three free grazing areas 

(FGs) of the typical steppe in Xilingol Grassland of Inner 

Mongolia, China to investigate soil bacterial abundance, 

diversity, composition, vegetation biomass and diversity, 

mailto:laddiya@hotmail.com
mailto:soonkwan@kangwon.ac.kr


QING-RONG HUANG ET AL., 2322 

and soil physical and chemical properties and across for GE 

and FGs. We aimed to comprehensively understand the 

response pattern of soil bacterial community to grazing 

exclusion, and its associations between vegetation and soil 

properties. This work would contribute to our 

understanding of the combined effects of long-term grazing 

exclusion on vegetation, soil properties, and soil bacterial 

community, and the driving forces of soil bacterial 

community variations, would help us build new insights for 

the restoration evaluation of degraded grasslands. 
 

Materials and Methods 
 

Study area: This study was conducted at the Leymus 
chinensis steppe (43°35’N, 116°44-45’E, 1168-1211 m 
above sea level) within Xilin Gol grassland of Inner 
Mongolia, China. This steppe belongs to the temperate and 
semi-arid continental climate (Chen, 1988). The annual mean 
temperature is 0.18°C, the annual mean precipitation is 349.6 
mm with 70% falling during the growing season from June 
to August (Baoyin et al., 2003). The soil of this steppe is 
chestnut calcareous soil (Chen, 1988). The dominant plant 
species in this steppe are originally Leymus chinensis and 
Stipa grandis. However, due to high intensity of utilization, 
some areas in this steppe have seriously degraded (Bai, 
1991), and then the dominant plant species of degraded areas 
have gradually changed to Artemisia frigida and 
Cleistogenes squarrosa (Wang et al., 1996). For preserving 
and recovering plant diversity and productivity, this seriously 
degraded areas have been fenced to be excluded from 
grazing and any human activities since 1983 (Wang et al., 
1996). Grazing intensity restriction strategy has been 
implemented outside the fenced steppe by the government. 
In this study, GE was the area enclosed from 1983, and FGs 
were selected outside the fence to ensure that the 
precipitation, temperature, or other environmental factors, 
e.g. soil type and nutrient status were not too different. Based 
on the grazing intensity restriction strategy implemented 
outside the fenced steppe by the government, the grazing 
intensity in FG1 exhibiting slight degradation (Li, 1997) was 
1 sheep per hectare, that in FG2 exhibiting moderate 
degradation (Li, 1997) was 5 sheep per hectare, and that in 
FG3 exhibiting severe degradation (Li, 1997) was 10 sheep 
per hectare. Considering the possible interference of spatial 
heterogeneity, we delineated three big enough sampling site 
(600×400 m

2
) in each study area, and divided it into three 

small areas (400×200 m
2
) on average, and set up 15 

sampling points in each small area. The soil samples used for 
determination of soil physicochemical properties and soil 
bacterial communities were made by mixing soil samples 
from 5 sampling points. The vegetation characteristics were 
analyzed according to the statistical results of three quadrats 
(1×1 m

2
) in each small area. 

 

Soil sampling: Sampling took place in GE, and FGs in 

June 2019. The sampling days were selected on sunny 

days, and lasted five days. Before soil sampling, there had 

been no rain for more than one week. Soil was sampled 

by drilling a 7 cm diameter soil core into 0-10 cm, 10-20 

cm, and 20-30 cm soil layer in each quadrat, respectively. 

Five drills with different soil depths were mixed into a 

soil sample of different soil depths. Each soil sample was 

divided into two sets. One set was preserved in -80°C 

liquid nitrogen for DNA extract. The other set was air-

dried, ground, and sieved for 1 mm to measure the 

belowground biomass, physical, chemical, and enzymatic 

properties of soil samples. 

 

DNA extraction and PCR amplification: The genomic 

DNA of each soil sample was extracted using the 

FastDNA
TM

 SPIN Kit for Soil DNA Extraction (MP 

Biomedicals, LLC, OH, USA) according to the 

manufacturer’s instructions. The DNA quality was 

evaluated by detection with agarose gel electrophoresis 

(MultiDoc-It Digital imaging system, UVP, Cambridge, 

UK), concentration assay (NanoDrop2000, Thermo Fisher 

Scientifi, USA), and OD260/OD280 ratio (NanoDrop2000, 

Thermo Fisher Scientifi, USA). The DNAs with 

satisfactory concentrations and good quality were used for 

subsequent high-throughput 16S rRNA PCR amplification 

(Genesky Biotechnologies Inc., Shanghai 201315, China). 

Bacterial V4V5 region was the objective fragment, and 

the universal primers of V4V5 region were used for PCR 

amplification. The library was sequenced by Illumina 

2×250 bp double terminal sequencing strategy, and then 

bioinformatics analysis was carried out. RDP (Ribosomal 

Database Project) bioinformatics database was used for 

the sequencing identification. 

 

Measurements: The aboveground biomass (AB, g m
-2

) of 

different types of species was reported by the weight of 

aboveground parts of corresponding species in each 

quadrat. The species richness (SR) of different types of 

species was reported by the number of corresponding 

species in each quadrat. The vegetation belowground 

biomass (BB, g m
-3

) was calculated by the weight of total 

vegetation roots in each layer soil taken by a cylindrical 

soil block with a diameter of 7 cm. The soil bulk density 

(SBD) was calculated by dividing the weight of a 

cylindrical soil block with a diameter of 5 cm and 5 cm in 

height by its volume. And then, the cylindrical soil block 

(fresh weight, FW) was oven dried weighted at 105°C for 

24 h, and weighted again to get the dry weight (DW). The 

soil water content (SWC) was calculated as (FW-

DW)·100%/DW. The pH value of the soil (PH) was 

determined with the potentiometry method. Seven soil 

nutrient parameters were measured in this study: total 

nitrogen, alkali-hydrolyzable nitrogen, total phosphorus, 

available phosphorus, total potassium, available potassium, 

and organic matter. The total nitrogen content (TN) was 

determined using the Kjeldahl nitrogen determination 

method (NY/T53-1987); the alkali-hydrolyzable nitrogen 

content (AHN) was determined using the alkaline 

hydrolysis diffusion method; the total phosphorus content 

(TP) was determined using the alkali fusion-Mo-Sb 

colorimetric method (NY/T88-1988); available phosphorus 

content (AP) was determined using the sodium bicarbonate 

leaching-Mo-Sb colorimetric method (LY/T1233-1999); 

the total potassium content (TK) was determined using HF-

HClO4 heating digestion method (Jackson, 1958); the 

available potassium content (AK) was determined using 

ammonium acetate extraction method (Jones, 1973); and 

the soil organic matter content (SOM) was determined with 

K2Cr2O7 oxidation volumetric method (Li, 1983). 
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Data analysis: The Shannon-Wiener diversity (H) and the 
Pielou evenness (E) of vegetation species were calculated 
according to the methods of West (1993). The two-way 
analysis of variance (ANOVA) based on Duncan’s 
multiple-range test in SPSS 20.0 for Windows (SPSS Inc., 
Chicago, IL, USA) was used to examine differences 
among different study sites, and correlations between soil 
bacterial community and environmental factors. The high 
throughput absolute and relative quantitative Illumina 
MiSeq sequencing results have been uploaded and 
published in Sequence Read Archive (SRA) data of NCBI 
servers (https://www.ncbi.nlm.nih.gov/sra), with the 
accession number of PRJNA646998. 
 

Results 
 

Effect of grazing exclusion on soil bacterial community: 
Based on the high throughput 16S rRNA absolute 
quantitative sequencing results, there were higher 
abundance of soil bacterial community in FG1 than those in 
other areas (Fig. 1). Among the OTUs of the soil bacterial 
communities, most were common, but some were unique 
for each area (Fig. 2A). Because of the different effects of 
grazing exclusion and grazing intensity on soil bacterial 
community, the four study areas were separated from each 
other according to the PLS-DA result (Fig. 2B). In 
particular, the phylum Gemmatimonadetes showed 
significantly different abundance among four study areas, 
having the highest relative abundance in FG3 (P=0.002), 
and the phylum Diapherotrites showed significant different 
relative abundance (P=0.022) and absolute abundance 
(P=0.015) among four study areas (Fig. 2C). 

Effect of grazing exclusion on vegetation biomass and 

diversity: Grazing exclusion significantly increased 

vegetation aboveground biomass, especially expressing 

on the increases in forbs and shrubs (Fig. 3A). There was 

no significant variation in gramineous biomass across for 

grazing exclusion and free grazing areas (Fig. 3A). 

However, due to the increase in total aboveground 

biomass, the ratios of gramineous biomass in GE were 

lower than those in FGs (Fig. 3B). In FGs, the annual and 

biennial species were widely existed, but because most 

species such as Salsola collina, Lepidium apetalum, have 

low plant heights and thin stems, their biomass 

accumulation was much lower than those of other types. 

The belowground biomass in each soil layer 

decreased as the soil depth increasing (Fig. 3C). And the 

belowground biomass in 0-10 cm soil layer had the largest 

ones in each area, accounting for 49.23% (GE-3)-78.57% 

(FG2-2) of total belowground biomass in 0-30 cm soil 

layer (Fig. 3D). The belowground biomass in GE was 

significantly higher than that only in FG3, while it was 

higher than those in FG1 and FG2, but the differences 

were not significant. This indicated that long-term grazing 

exclusion promoted the accumulation of vegetation 

belowground biomass in this study. Considering the 

Pearson correlations between vegetation biomass 

indicators and grazing intensity, not only AB, LM, EAB, 

AAB, FAB, and SAB had significant correlations with 

grazing intensity, but GAB and BB also had significant 

correlations with grazing intensity (Table 1). 
 

 

  

 

 
 

 

 

 
 

Fig. 1. Relative abundance and absolute abundance of different study areas across for grazing exclusion and free grazing in the level of phylum. 
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Fig. 2. Venn map (A) and Partial Least Squares Discriminant Analysis (PLS-DA) (B), the bacterial species showing significant 

differences among different study areas (C). 

 
Based on the important values of each plant species 

appeared in each sampling plot, it suggested that grazing 
exclusion could affect the vegetation composition (Fig. 4). 
The important values of the gramineous species had a 
little decrease following grazing exclusion. The important 
values of the forb species were lower, especially in the 
FG3 than those in other areas, but those of the annual and 
biennial species were higher in this area than those in 
others. Following long-term grazing exclusion, the annual 
and biennia species were nearly gone (Fig. 3A, Fig. 4). In 
addition, except in the grazing exclusion areas, there were 
shrubs only in the FG3 area among the free grazing areas. 

In view of vegetation diversity, grazing exclusion 
slightly decreased the Shannon-Wiener diversity index 
and Pielou evenness index (Fig. 5A). However, the 
species richness in GE and FG3 reached a relatively 
higher level than those in the other both free grazing areas 

(Fig. 5B), suggested that the level of species richness was 
closely related to the presence or absence of shrubs. 
Although only SR significantly responded to grazing 
exclusion, it did not have obvious correlation with grazing 
intensity. In addition, H, GSR, and ASR were also 
significantly correlated with grazing intensity (Table 1). 
 
Effect of grazing exclusion on soil properties: Grazing 
exclusion significantly affected SWC, AHN, AP, AK, and 
TN, but had no significant effects on other soil properties 
in different study areas (Table 2). However, SBD, SOM, 
TP, and TK had no significant difference among the four 
study areas, but they had significant correlation with 
grazing intensity (Table 2). Although grazing exclusion 
could have a great impact on SWC, especially the SWC 
of the 0-10 cm soil layer, there was no obvious correlation 
between SWC and grazing intensity. 

B 

C 
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Fig. 3. Absolute (A) and relative species biomass (B) of different types and litter mass, and absolute (C) and relative belowground 

biomass in different soil layers (D). 

0

50

100

150

200

250

300

350

400

450

GE-1 GE-2 GE-3 FG1-1 FG1-2 FG1-3 FG2-1 FG2-2 FG2-3 FG3-1 FG3-2 FG3-3

A
b

o
v
e
g

r
o

u
n

d
 b

io
m

a
ss

 (
g

 m
-2

) 

Study areas 

Gramineous biomass Annual and biennial biomass Forb biomass Shrub biomass Litter massA 

0%

20%

40%

60%

80%

100%

120%

GE-1 GE-2 GE-3 FG1-1 FG1-2 FG1-3 FG2-1 FG2-2 FG2-3 FG3-1 FG3-2 FG3-3

P
e
r
c
e
n

ta
g

e
s 

o
f 

a
b

o
v
e
g

r
o

u
n

d
 b

io
m

a
ss

 

Stuey areas 

Gramineous biomass Annual and biennial biomass Forb biomass Shrub biomass Litter mass
B 

0

5

10

15

20

25

30

35

40

45

50

GE-1 GE-2 GE-3 FG1-1 FG1-2 FG1-3 FG2-1 FG2-2 FG2-3 FG3-1 FG3-2 FG3-3

B
el

o
w

g
ro

u
n

d
 b

io
m

a
ss

 (
g

 m
-3

) 

Study areas 

0-10 cm soil layer 10-20 cm soil layer 20-30 cm soil layerC 

0%

20%

40%

60%

80%

100%

120%

GE-1 GE-2 GE-3 FG1-1 FG1-2 FG1-3 FG2-1 FG2-2 FG2-3 FG3-1 FG3-2 FG3-3

P
e
r
c
e
n

ta
g

e
s 

o
f 

b
e
lo

w
g

r
o
u

n
d

 b
io

m
a

ss
 

Study areas 

0-10 cm soil layer 10-20 cm soil layer 20-30 cm soil layer
D 



QING-RONG HUANG ET AL., 2326 

Table 1. Pearson correlations between vegetation characteristics and grazing intensity. 

Pearson correlations SR ESR H E GSR ASR FSR SSR 

r 0.093 -0.093 0.585* 0.515 0.784** 0.577* -0.472 -0.488 

P 0.773 0.774 0.046 0.086 0.003 0.050 0.122 0.108 

Pearson correlations AB EAB LM BB GAB AAB FAB SAB 

r -0.781** -0.845** -0.784** -0.682* -0.848** 0.709** -0.637* -0.667* 

P 0.003 0.001 0.003 0.015 NT 0.010 0.026 0.018 
SR: species richness; ESR: effective species richness; H: Shannon-Wiener diversity index; E: Pielou evenness index; GSR: gramineous species richness; ASR: 

annual and biennial species richness; FSR: forbs species richness; SSR: shrub species richness; AB: aboveground biomass; EAB: effective aboveground 

biomass; LM: litter mass; BB: belowground biomass; GAB: gramineous aboveground biomass; AAB: annual and biennial aboveground biomass; FAB: forbs 
aboveground biomass; SAB: shrub aboveground biomass. r indicated the corresponding Pearson correlations between the corresponding vegetation characteristic 

and grazing intensity. P stood for P value, indicating the significance of Pearson correlations. * and ** indicated the significant difference in the level of p<0.05 

and p<0.01, respectively 
 

Table 3. Pearson correlations of soil bacterial abundance and diversity with vegetation biomass, diversity, and soil property indices. 

Pearson correlations  SR ESR H E GSR ASR FSR SSR   

Soil bacterial abundance 
r -0.205 -0.209 -0.051 0.064 -0.035 -0.020 -0.155 -0.159   

P 0.522 0.514 0.876 0.844 0.914 0.951 0.632 0.622   

Soil bacterial diversity 
r 0.024 -0.220 0.360 0.362 0.421 0.495 -0.416 -0.221   

P 0.940 0.491 0.250 0.248 0.173 0.101 0.179 0.490   

Pearson correlations  AB EAB LM BB GAB AAB FAB SAB   

Soil bacterial abundance 
r -0.105 -0.092 -0.110 0.559 0.008 -0.040 -0.067 -0.141   

P 0.744 0.776 0.733 0.059 0.979 0.901 0.836 0.663   

Soil bacterial diversity 
r -0.361 -0.405 -0.365 0.260 -0.291 0.479 -0.511 -0.316   

P 0.249 0.191 0.243 0.415 0.358 0.115 0.089 0.317   

Pearson correlations  SBD SWC PH SOM AHN AP AK TN TP TK 

Soil bacterial abundance 
r -0.199 -0.286 -0.513 0.273 0.231 0.793** 0.600* 0.18 0.178 0.104 

P 0.535 0.367 0.088 0.391 0.469 0.002 0.039 0.575 0.581 0.748 

Soil bacterial diversity 
r 0.142 -0.275 -0.326 0.172 -0.118 0.348 0.241 -0.018 0.173 0.292 

P 0.660 0.387 0.301 0.594 0.714 0.268 0.450 0.955 0.590 0.357 
SR: species richness; ESR: effective species richness; H: Shannon-Wiener diversity index; E: Pielou evenness index; GSR: gramineous species 

richness; ASR: annual and biennial species richness; FSR: forbs species richness; SSR: shrub species richness; AB: aboveground biomass; EAB: 
effective aboveground biomass; LM: litter mass; BB: belowground biomass; GAB: gramineous aboveground biomass; AAB: annual and biennial 

aboveground biomass; FAB: forbs aboveground biomass; SAB: shrub aboveground biomass; SBD: soil bulk density; SWC: soil water content; PH: 

soil pH value; SOM: soil organic matter content; AHN: alkali-hydrolyzable nitrogen content; AP: available phosphorus content; AK: available 
potassium content; TN: total nitrogen content; TP: total phosphorus content; TK: total potassium content. The ones in bold indicated the correlations 

were statistically significant at the p<0.05 level. * and ** indicated the significant difference in the level of p<0.05 and p<0.01, respectively 

 

Discussion 
 
Soil bacterial community directly responses to soil 
properties but not vegetation: Soil bacterial community 
was found to be largely influenced by grazing exclusion, 
along with vegetation and soil properties (Olivera et al., 
2016). According to the previous understanding, whether 
the heterogeneity of grassland types, topography, climate, 
or human management strategies, the growth of soil 
bacteria finally seems to be directly affected by vegetation 
and soil properties (Chen et al., 2018). Thus, in order to 
clarify the grazing exclusion effects on soil bacterial 
community, we usually need to clarify the effects on 
vegetation and soil properties, and the relationships 
between these effects and variations in soil bacterial 
community. Cheng et al., (2016) have confirmed that 
grazing exclusion could improve the diversity and 
abundance of soil bacteria. And this similar response to 
grazing exclusion was also supported by a short-term trail 
in the typical steppe of Inner Mongolia, China (Zhou et 
al., 2012). However, only moderate grazing or short-term 
grazing exclusion showed improved effects on soil 
bacterial abundance and diversity (Zhou et al., 2012; 
Beneduzi et al., 2019), and long-term grazing exclusion 
would cause a negative effect (Zou et al., 2014; Cheng et 
al., 2016). In the present study, we found 36 years long-
term grazing exclusion did not increase the abundance 
and diversity of soil bacterial community, but slight 
grazing (FG1 having high vegetation aboveground 
biomass) could promote them (Fig. 1). 

By analyzing the correlations of soil bacterial 
community with vegetation and soil, we found vegetation 
biomass and diversity had no significant correlations with 
soil bacterial community (r=-0.10059, P=0.7447, Fig. 6A), 
and despite soil properties also showed no significant 
correlations with soil bacterial community (r=0.20232, 
P=0.1319, Fig. 6B) as a whole, among all soil indices, AK 
and AP were significantly correlated with soil bacterial 
community alone (r=0.600, P=0.039, and r=0.793, 
P=0.002, respectively) (Table 3, Fig. 6). This has also been 
verified previously that AK and AP have interaction with 
the relative abundances of some dominant groups along 
with SOC and TN (Cheng et al., 2016). In contrast to no 
significant correlations between soil bacterial community 
and vegetation in our study and some previous studies 
(Zak et al., 2003), some other studies demonstrated that 
plant diversity could significantly influence the activity 
and community composition of soil microbes (Loranger-
Merciris et al., 2006). Soil bacterial community did not 
significantly respond to vegetation, but AK and AP were 
largely affected by vegetation diversity and biomass in our 
study (Table S1). This suggested that vegetation diversity 
was the primary driving force of soil bacterial variations 
directly regulated by AK and AP. Considering soil 
bacterial community might depend on both vegetation and 
soil status, which were able to be indefinitely affected by 
grazing exclusion due to multi-factors, the response of soil 
bacterial community to grazing exclusion needed to be 
further clarified in more grassland trials with different 
vegetation and soil status. 
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Fig. 5. Vegetation diversity indices (A) and species richness of different types (B). 

 

Soil properties are improved by grazing exclusion directly 

affecting plant characteristics: Grazing exclusion is 

considered to be a critical restoration strategy for degraded 

grasslands. However, there has been no consistent effect on 

vegetation and soil (Cheng et al., 2016). Some studies 

reported that grazing exclusion did not significantly alter 

vegetation diversity and soil nutrient contents (Wu et al., 

2014; Lu et al., 2015), while some studies showed grazing 

exclusion could significantly affect vegetation diversity and 

soil organic carbon (SOC) content (Fernández-Lugo et al., 

2013; Ebrahimi et al., 2016). Recently, numerous studies 

found the effects on vegetation diversity and species 

composition were not invariable during grazing exclusion: in 

the beginning of grazing exclusion, vegetation diversity 

increased, and after a period of grazing exclusion, it reached a 

peak and then began to decline (Yuan et al., 2016; Yu et al., 

2019). However, how long it took for vegetation diversity to 

reach the peak was equivocal due to various actual situations 

of different study sites. That was why the effects of grazing 

exclusion on plant diversity in the same study site even 

showed different results (Wang et al., 2019). That also was 

why the same grazing exclusion duration produced different 

effects on vegetation and soil in different geographical 

environments (Lu et al., 2015; Ebrahimi et al., 2016). Our 

study showed long-term grazing exclusion (36 years) 

increased vegetation aboveground biomass, litter mass, soil 

water content, soil organic matter, and nitrogen stocks, which 

were widely consistent with many existing results (Deng et 

al., 2014; Chai et al., 2019). However, the vegetation 

diversity was lower in the long-term grazing exclusion areas 

than the free grazing exclusion areas in our study (Fig. 5), 

which was, though, in line with the result of Chai et al., 

(2019), but contrary to the increased vegetation diversity 

result of Xiong et al., (2016). These diverse responses 

depended on the exclusion duration (Chai et al., 2019), and 

the actual status of each study site in the exclusion initiation, 

including vegetation composition, soil properties, and so on. 

In addition, the herbivore absence would gradually cause 

negative effects on vegetation diversity and community 

composition (Khishigbayar et al., 2015). Once vegetation 

diversity reduced, the natural stress resistance and grazing 

tolerance also decreased (Zou et al., 2014). Especially in the 

present study, the Pielou evenness index showed a downward 

trend after long-term grazing exclusion (Fig. 5), which 

suggested that the advantage of the dominant species would 

be more obvious, effectively controlling the reproduction and 

growth of the inferior species, and thus resulting in continual 

vegetation diversity loss. However, the improvement of soil 

properties in our present study was not achieved in a short 

time, it was the result of long-term soil management strategy. 

In particular, some important indicators, such as vegetation 

aboveground biomass, litter mass, belowground biomass, and 

the abundance and composition of soil bacterial communities, 

all directly affected soil properties (Liu et al., 2010). Our 

results also proved that vegetation biomass closely linked 

with SBD, SWC, SOM, AHN, AK, TN, TP, and TK, and 

vegetation diversity closely linked with AP, and AK (Table 

S1). The significantly increased N stock, and P and K 

availability (Table 2) following long-term grazing exclusion 

would in turn promote plant growth and development. 
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Fig. 6. Redundancy analysis (RDA) of soil bacterial communities with vegetation characteristic indicators (A) and soil property indicators (B). 
 

SR: species richness; ESR: effective species richness; H: Shannon-Wiener diversity index; E: Pielou evenness index; GSR: 

gramineous species richness; ASR: annual and biennial species richness; FSR: forbs species richness; SSR: shrub species richness; 

AB: aboveground biomass; EAB: effective aboveground biomass; LM: litter mass; BB: belowground biomass; GAB: gramineous 

aboveground biomass; AAB: annual and biennial aboveground biomass; FAB: forbs aboveground biomass; SAB: shrub aboveground 

biomass; SBD: soil bulk density; SWC: soil water content; PH: soil pH value; SOM: soil organic matter content; AHN: alkali-

hydrolyzable nitrogen content; AP: available phosphorus content; AK: available potassium content; TN: total nitrogen content; TP: 

total phosphorus content; TK: total potassium content. 
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Conclusions 

 

Long-term grazing exclusion significantly changed 

the abundance of some dominant bacterial species, and the 

structure of soil bacterial community. The variations in soil 

bacterial abundance significantly linked with soil AK and 

AP, but not directly with vegetation. However, the 

restoration and reproduction of vegetation community was 

often faster than the improvement of soil properties, and 

the variations in soil properties were closely related with 

vegetation biomass and diversity. Especially, AK and AP 

were affected not only by other soil properties, but also by 

various vegetation biomass and diversity indicators. Thus, 

the soil bacterial community changes were directly related 

to the variations in soil properties, they were actually 

affected by the variations in vegetation characteristics 

caused by grazing exclusion in an indirect way. We agreed 

with the view that long-term grazing exclusion had 

negative effects on grassland ecosystem, mainly 

expressing on decreased vegetation diversity, shrunken soil 

bacterial abundance and diversity in our present study. 

This indicates that the restoration management of degraded 

grasslands needs to be actively adjusted according to the 

actual situation to maintain biodiversity, resistance, 

resilience and function redundancy of ecosystems. The 

more reasonable restoration and utilization strategy should 

be carried out when the biodiversity tends to decline, such 

as mowing or light grazing. 
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