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1 | INTRODUCTION

Grazing, which has been widely considered as the main anthro-
pogenic driver of vegetation degradation and environment eco-
system deterioration (Akiyama & Kawamura, 2007; Hobbs &
Huenneke, 1992; Nedessa, Ali, & Nyborg, 2005), is one of the
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Abstract

Grazing is one of the major anthropogenic driving factors influencing community
structure and ecological function of grasslands. Fencing has been proved to be one
of the main measures for rehabilitating degraded grasslands in northwestern China.
However, data from combined empirical studies on the effects of different manage-
ment regimes in desert grasslands are lacking. So we selected long-term fencing
(fenced since 1991), mid-term fencing and seasonal fencing (fenced since 2002), and
adjacent free-grazing grasslands to investigate vegetation and soil properties on
southwest Mu Us desert. Our results showed that fencing increased plant cover,
height, aboveground biomass (AGB) of different plant life-form groups, Shannon-
Wiener diversity index, Evenness index, Simpson index, total soil nitrogen, total soil
phosphorus, and soil organic matter, but decreased plant density, species richness,
Richness index, soil bulk density, water content, and pH. However, 22-24 years of
long-term complete fencing might cause redegradation of vegetation and soil nutri-
ents, characterized by the reduction of some vegetation properties, biodiversity,
total AGB, and some soil properties. Seasonal fencing with 11-13 year was more ben-
eficial to vegetation restoration than that with completely fencing measures. Our
study suggests that appropriate artificial disturbances, such as seasonal fencing (win-
ter grazing and summer fencing), should be used after long-term fencing in order to
maintain grassland productivity and biodiversity. These findings will help to provide
theoretical support for vegetation restoration and sustainable management in grass-

land under grazing prohibition at Mu Us desert.
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most direct and essential factors for promoting community suc-
cession, changing community structure and ecological function in
arid and semiarid areas (Akiyama & Kawamura, 2007; Wu, Du, Liu,
& Thirgood, 2009). The climate in these areas is generally charac-
terized by strong sunlight, high temperature, high evapotranspi-
ration, and little precipitation (Ren, Jia, Wan, Han, & Chen, 2011),
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inducing a fragile ecological ecosystem that is sensitive to human
activities and climate change (Zuo et al., 2014). Moderate grazing
can maintain community diversity according to the “intermedi-
ate disturbance hypothesis” (Catford et al., 2012; Connell, 1979).
However, overgrazing leads to the excess output of energy and
nutrient from plant-soil ecosystems to herbivores which results
in degradation of grasslands (Chartier, Rostagno, & Pazos, 2011).
Overgrazing pattern aimed to get higher economic income may
not only reduce vegetation cover, aboveground productivity, spe-
cies diversity, and change the distribution of community spaces,
but also exacerbate soil erosion and induce soil degradation, or
even enhance desertification (Connell, 1979; Mekuria & Aynekulu,
2013; Nedessa et al., 2005; Wu et al., 2009). Presently, most of
grasslands in northwest China show different degrees of degra-
dation due to overuse (Wu & Loucks, 1992). How to restore de-
graded grasslands has become an urgent problem to be solved in
recent decades.

Improving grazing management regimes is considered a main
strategy to reestablish degraded grasslands (Lal, 2004; Mekuria &
Aynekulu, 2013). Although a variety of biological and engineering
practices have been carried out to restore the degraded grassland
and protect undegraded grassland, exclosure is one of the most use-
ful measures for restoring vegetation due to its low investment, ex-
tensiveness, simple implementation, and quick response (He, Zhao,
Liu, Zhao, & Li, 2008; Liu, Zhang, Wang, & Yang, 2015). The effects
of excluding livestock grazing on plant communities in arid and semi-
arid regions mainly depend on the duration of exclosure (Angassa &
Oba, 2010) and some environmental factors, especially precipitation
(Huxman et al., 2004; Miao, Guo, Xue, Wang, & Shen, 2015). Previous
studies had indicated that fencing could significantly change species
composition, improve soil physicochemical properties, and promote
ecosystems resilience (Li, Cao, et al., 2017; Li, Zhang, et al., 2017;
Schmiede, Donath, & Otte, 2009; Shang et al., 2013; Wu et al., 2009)
through direct or indirect approaches (Socher, Prati, Boch, Miller, &
Fischer, 2012) to restore degraded grassland ecosystem in a short
time (Rooyen, Roux, Geldenhuys, Rooyen, & Merwe, 2014), and fi-
nally improve the growth and livelihood environment condition for
humans (Gao et al., 2009; Shang, Ma, Long, & Ding, 2010). Shang
et al. (2013) indicated 3 years of fencing could alter species compo-
sition and increase plant cover. Grassland with 6-8 years of fenc-
ing had higher aboveground vegetation productivity and cover, but
lower plant density and species diversity compared with adjacent
grazing grassland (Wu et al., 2009). Some studies showed that the
12 years of fencing significantly increased vegetation cover, height,
Richness index, above- and belowground biomass (Zhu, Deng,
Zhang, & Shangguan, 2016). However, because of lacking in human
interference, the fierce competition of plants, caused by limited re-
sources, may induce intense intra- and interspecific competition in
exclosure grasslands (Angassa & Oba, 2010; Catford et al., 2012;
Connell, 1979; Oba, Vetaas, & Stenseth, 2001). This may lead to a
loss of biodiversity and ultimately cause redegradation of ecosystem
after long-term fencing (Shang et al., 2010; Su, Liu, Xu, Wang, & Li,
2015).

Recent studies focused on the effects of grazing bans/exclosure
mostly concentrated on plant community characteristics (Deng,
Zhang, & Shangguan, 2014; Li, Zhang, et al., 2017; Li, Cao, et al.,
2017; Liu et al., 2015; Rooyen et al., 2014; Wal, Bardgett, Harrison,
& Stien, 2004; Wu et al., 2009) and soil properties (Li, Zhang, et al.,
2017; Li, Cao, et al., 2017; Mekuria & Aynekulu, 2013; Zhu et al.,
2016; Zou et al., 2016). Plenty studies have focused on the evalu-
ation of aboveground vegetation and soil based on different resto-
ration time or management types (Su et al., 2015; Zhu et al., 2016).
However, there is a lack of research on long-term exclosure desert
grasslands (e.g., >20 years).

Because of excessive grazing, local vegetation in Mu Us desert,
northwest China, has been seriously degraded in late 20th century.
A variety of restoration measures, including fencing, have been im-
plemented to restore the local environment in study area. In order
to (a) assess the effects of different grassland management regimes
on plant community and soil, and (b) reveal the relationship between
community composition, aboveground biomass (AGB), biodiversity,
and soil properties, four sites with different fencing time or manage-
ment regimes were selected in this research. The change observed
can be used as indicators of exclosure effectiveness and provide a
foundation for sustainable management and utilization of restoring
other grasslands in arid and semiarid areas.

2 | MATERIALS AND METHODS

2.1 | Study site

Field experiment was conducted at the Liuyangpu artificial en-
closed area, which is located in Yanchi County (37°04'N-38°10'N,
E106°30'N-107°41'N, 1,295m-1,951m a.s.l),

Autonomous Region, northwest China. The study area lies in the

Ningxia  Hui

southwest of Mu Us desert between arid and semiarid climatic
zones. The terrain of Yanchi County is mainly for denudation plain
and diminishes from south to north gradually. The climate is tem-
perate continental climate, dry and windy. The average annual
precipitation is about 285 mm (145.3 mm to 586.8 mm), but over
eighty percent of precipitation occurs in the growing season from
June to September (Figure 1). The mean annual air temperature is
8.1°C (-24.2°C to 34.9°C). The mean annual potential evaporation
is 2,024 mm. The average frost-free period is about 165 days. The
plant growing stage is mainly between the ends of April to the end
of October. The study area is dominated by shrub, subshrub, and tall
perennial herbs communities, such as Artemisia ordosica, Caragana
korshinskii, Heteropappus altaicus, Salix psammophila, and Artemisia
scoparia. The meteorological data for this study area were provided
by the meteorological station of Yanchi County.

2.2 | Experimental design and field survey

We used spatiotemporal approach to monitor the effects of fencing.
Four adjacent treatment sites: long-term completely fencing grass-
land (LG), mid-term completely fencing grassland (FG), mid-term
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TABLE 1 Basicinformation of site characteristics
Interference
Field Coordinate Altitude (m) Soil type Slope orientation Slope angle (°) conditions Community types
LG 37°50'46.1"N 1,396 Sierozem Southwest 1-3 No Salsola ruthenica, Artemisia
107°24'07.8"E scoparia
FG 37°50'45.6"N 1,396 Sierozem Southwest 1-3 No Artemisia ordosica,
107°23'58.4"E Heteropappus altaicus
SG 37°50'46.3"N 1,394 Sierozem Southwest 2-3 Grazing in Artemisia ordosica,
107°23'48.3"E autumn and Heteropappus altaicus,
winter Salsola ruthenica
CG 37°50'30.7"N 1,395 Sierozem Southwest 2-4 Continued Artemisia ordosica, Salsola
107°24'37.6"E grazing ruthenica

seasonal fencing grassland (SG), and continued free-grazing grass-
land (CG), were selected in this study according to different manage-
ment regime and fencing times. Each treatment site was about 20 ha
(500 m x 400 m), and less than 10 meters between each plot. LG and
FG sites were completely fenced since 1991 and 2002, respectively.
SG site was fenced in 2002, however, grazed at the end of growing
season (autumn and winter) with a medium livestock density of 0.75
Ovis aries per ha in this area (Liu, Xie, Dai, & Rao, 2008). CG site
was with unlimited access for free traditional grazing with a moder-
ate to severe grazing intensity of 1 sheep per ha (Liu et al., 2008).
The pore size of fences in the study area was greater than 15 cm
which could remove large livestock, while some small herbivores,
such as Lepus sinensis and Microtinae, were able to pass through the
fences and active in exclosure area. The main characteristics of each
site are shown in Table 1. The four sampling sites were in one com-
mon pasture under similar livestock grazing intensity before fenced,
which ensure a relatively homogeneous vegetation conditions. They
were also in the same continuous flat area and adjacent to each
other, ensuring a comparable edaphic conditions. This disturbance

and geographical conditions effectively reduced the potential for

environmental spatial heterogeneity and resulted in a relatively ho-
mogeneous soil conditions.

In each treatment site, five 30 m x 30 m plots were established
randomly with minimum distance of 50 m. Each plot was laid more
than 20 m inside the margin of fencing to avoid edge effects. In
these plots, three 2 m x 2 m subplots, treated as parallel set, were
randomly selected to represent the vegetation condition. In each
2 m x 2 m subplot, we performed a quantitative vegetation inven-
tory, including plant species, density, coverage, height, and AGB.
And the average plant indicators of the three sample subplots were
used to represent the plant indicators of the 30 m x 30 m plot. All
plants in each subplot were cut from the ground and then weighed
after oven-drying at 60°C for 48 hr to constant weight. All vege-
tation surveys were conducted in mid-August from 2013 to 2015,

when plant biomass reached its maximum height.

2.3 | Soil sampling

We sampled soil at the same time of the vegetation surveys. In each

30 m x 30 m plot, five randomly selected soil samples at the depth
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TABLE 2 Repeated measures ANOVA results for the effects of fencing regimes (FR), years (Y), and there interaction (FR x Y) on cover, height, density, Shannon-Wiener diversity index (H),
Evenness index (E), Simpson index (D), Richness index (R), aboveground biomass (AGB), species richness (SR), soil bulk density (BD), soil water content (SWC), total nitrogen (TN), total

phosphorus (TP), soil organic matter (SOM), and pH

SR BD SWC TN TP SOM pH

AGB

R

Density

Height

Cover

8.25

2.788
0.121
144.163

5.437
<0.05

1,174.01

0.435

172.5

7.932
<0.05
166.59

2.571

224.5

3.136
0.099

9.105
<0.01
21.572
<0.001
1.951

1.26

0.334
0.543
0.656

2.844
0.117

2.552
60.928
<0.001

35.15

64.2

0.011
108.265

0.662
261.56

<0.001
732.117

0.094

<0.001
113.536
<0.001

0.096

<0.001
50.286
<0.001

<0.001
11.624
<0.001

p
E

6.686
<0.05

6.311
<0.01

39.285
<0.001
3.653

<0.05

FR

<0.001 <0.001 <0.001 0.001
29.87 22.31 108.265

<0.001

<0.001
11.19

p

7.623
<0.001

4.495
<0.01

0.678

2.519
<0.05

0.477

1.011

3.367
<0.01

2.676
0.073

0.242
0.785

F

FRxY
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0.001

<0.001

<0.001

<0.001

0.509

0.099 0.842

0.433

p

of 0-30 cm were taken by bucket auger (7.5-cm inner diameter).
These samples then air-dried and mixed into a single sample. In each
site, five samples were collected. All samples were passed through
a 0.15-mm sieve for remove root, and the following nutrients were
measured (Ma, Ding, & Li, 2016; Wu et al., 2009). Soil organic mat-
ter (SOM, g/kg) was analyzed by dichromate oxidation (Nelson &
Sommers, 1982), total nitrogen (TN, g/kg) was used by Kjeldahl
method (Bremner, 1996), and total phosphorus (TP, g/kg) was de-
termined after digestion of soil with HCIO,-H,SO, (Parkinson &
Allen, 1975). Soil bulk density (BD, g/cm3) was measured by the
volumetric ring method (Wu, Liu, Zhang, Chen, & Hu, 2010). Soil
water content (SWC, %) was measured by the oven-dried method
(Li, Zhang, et al., 2017; Li, Cao, et al., 2017). Soil pH was measured
in a soil: water ratio aqueous extract of 1:5 (PHS-3C pH acidometer,
China). Each soil sample was measured with three replicates to en-

sure data accuracy.

2.4 | Diversity index calculation

Plant species richness index (R), Shannon-Wiener diversity index (H),
Simpson dominance index (D), and Evenness index (E) were used to
illustrate biodiversity in this study. These indices were calculated as
the following formulas (Ulanowicz, 2001):

Richness index (R):

R=(S-1)/InN (1)

Shannon-Wiener index (H):

S
H==)(P;InP) (2)
i=1

Simpson dominance index (D):

p=1/3" (PInP) @)

Evenness index (E):

E=H/InS (4)
where S is the total species number found in each quadrat, N is the
summation of plant importance values in limited area, P, is the rela-

tive important value represented by ith species.

2.5 | Data analysis

Plant community and soil indicators were analyzed to evaluate the
effects of various management regimes on desert steppe in all sur-
vey years. Repeated measures analysis of variance (RANOVA) mod-
els were used to examine the effects of fencing regimes (FR), years
(Y), and (FR x Y) on plant and soil properties, in which FR and SY
were fixed factors. The Pearson correlation texts were conducted
to analyze the relationship between community properties and soil
physicochemical properties. Significant differences were evalu-
ated at the level of p < 0.05 in the following sections. All statistical
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TABLE 5 Changes in soil bulk density (BD), soil water content (SWC), total nitrogen (TN), total phosphorus (TP), soil organic matter

(SOM), and pH

Time Sites BD (g/cm°®) SWC (%) TN (mg/kg) TP (mg/kg) SOM (g/kg) pH

2013 LG 1.89 £ 0.05%a 108.58 + 0.64f 190.27 + 0.85e 4.54 +0.1c 8.01 £ 0.05ab 8.01 £ 0.05ab
FG 2.73 £0.068c 102.47 + 0.87de 226 +1.73h 5.17 + 0.08ef 791 £0.04a 791 +0.04a
SG 3.36 £0.036e 99.13 £ 0.95cd 204.14 + 1.85f 4.83 +0.09d 8.26 £ 0.07c 8.26 £ 0.07c
CG 3.64 +0.092f 89.19 £ 0.61b 146.58 + 5.16¢ 4.29 +0.12c 8.51 + 0.06d 8.51 + 0.06d

2014 LG 2.02 £ 0.054ab 97.46 +0.89c 186.38 £ 0.78de 4.42 +0.09c 8.09 £ 0.06b 8.09 £ 0.06b
FG 2.93 +0.059d 112.73+1.17g 230.33 + 1.35hi 5.37 £ 0.11fg 7.96 + 0.05ab 7.96 + 0.05ab
SG 3.68 £ 0.084f 103.88 £ 0.73e 209.2 +0.96 fg 4.94 +0.08de 8.29 £ 0.05c 8.29 £ 0.05c
CG 4.13 £ 0.071g 81.72 £0.72a 126.14 £ 2.47b 3.86 £0.13b 8.64 £ 0.04e 8.64 + 0.04e

2015 LG 2.17 £0.026b 96.35 +173c 183.04 +2.83d 4.33+£0.08c 8.1 +0.04b 8.1 +0.04b
FG 3.31 £ 0.04e 115.92 £ 2.59¢g 234.28 + 1.9i 5.48 £ 0.04g 8.04 +0.03ab 8.04 + 0.03ab
SG 4.01 £0.028¢g 106 + 2.06ef 21443 £ 2.56g 5.01 £ 0.05de 8.33£0.04c 8.33£0.04c
CG 4.48 +0.024h 78.13 +£1.05a 11141 +1.22a 3.48 + 0.04a 8.73 £0.03e 8.73+0.03e

Note. Values (+SE) are means of five samples in one site. Different management regimes, LG: long-term completely fencing; FG: mid-term completely
fencing; SG: mid-term seasonal fencing; CG: free-grazing grassland. Significant difference within the same column is indicated by different small

letters.

analyses were performed using EXCEL 2013 and SPSS 20.0 software
(SPSS for Windows, Chicago, USA). All figures were accomplished by
OriginPro 2015 (OriginLab Corporation 2015).

3 | RESULTS

3.1 | Community properties

ANOVAs indicated that fencing regimes had significant effects
(p < 0.01) on community properties apart from H (Table 2). Our
results showed that different patterns of fencing (LG, FG, and SG)
significantly increased (p < 0.05) plant cover and height among
3 years, however, decreased (p < 0.05) plant density in 2013 and
2015 (Table 3). The plant cover in all survey years comply with the
order of FG > SG > LG > CG, while plant density was in order of
CG > SG > FG > LG. The plant cover in LG, FG, and SG sites increased
by 1.60, 2.30, and 1.66 times at 2013, increased by 1.26, 1.42, and
1.40 times at 2014, while increased by 1.37, 1.95, and 1.66 times at
2015 compared with CG site, respectively. Plant height increased by
3.64,3.67,and 3.42 times at 2013, increased by 1.62, 1.34, and 1.20
times at 2014, while increased by 1.41, 1.83, and 1.78 times at 2015
compared with CG site, respectively. Plant density yet decreased by
52.5,47.7,and 36.6 percent at 2013, decreased by 19.2,11.4,and 5.7
percent at 2014, while decreased by 54.3, 31.4, and 24.9 percent at
2015 compared with CG site, respectively. Plant cover in four survey
sites and height in LG and CG sites at rainy years (2014 and 2015)
were higher than normal precipitation year (2013) (Table 3).
Different fencing regime sites (LG, FG, and SG) had significant
higher (p < 0.05) Shannon-Weiner index, and higher Evenness index
compared to CG site among 3 survey years. 11-13 years of seasonal
fencing grasslands (FG and SG) had higher Shannon-Weiner index
(average increase by 13.4% in FG site and 20.8% in SG site), Evenness

index (average increase by 11.8% in FG site and 17.9% in SG site), and
Simpson index (average increase by 33.5% in FG site and 40.1% in
SG site), but lower Richness index (average decrease by 15.9% in FG
site and 29.2% in SG site) compared with free-grazing grassland (CG).
SG site had highest Shannon-Weiner, Evenness, and Simpson index,
while lowest Richness index in all survey years. LG and CG sites had
significantly lower (p < 0.05) Simpson index with a decreasing am-
plitude range from 16.6% to 46.5%, however significantly higher
(p < 0.05) Richness index, with an increasing amplitude range from
5.4% to 47%, than FG and SG sites. LG site had higher Evenness index
(19.7% and 15.2%), Simpson index (12.5% and 23.6%), and Richness
index (1.0% and 10.5%), while lower Shannon-Weiner index (17.2%
and 8.6%) in 2013 than in 2014 and 2015 (Table 3).

3.2 | Aboveground biomass and species richness of
different life-form groups

The grassland sites with different fencing (LG, FG, and SG) had signifi-
cant (p < 0.05) higher total AGB, while there was significant (p < 0.05)
lower total species richness than free-grazing grassland (CG) (Table 4).
The total species richness was in order of CG > LG > SG > FG, while
the total AGB was in order of FG > LG > SG > CG in all survey years
which decreased from 264.67 g/cm? in FG to 121.52 g/cm? in CG at
2013, decreased from 328.05 g/cm? in FG to 223.91 g/cm? in CG at
2014, and decreased from 302.61 g/cm? in FG to 141.49 g/cm? in CG
at 2015, respectively. The AGB of annual herbs and perennial herbs
in three years at three fencing sites (FG, SG, and CG) was significantly
(p < 0.05) greater than at CG site. The AGB of shrubs at SG site was
lowest in all survey years (47.36 g/cm? in 2013, 73.32 g/cm? in 2014,
and 49.54 g/cm? in 2015, respectively). The AGB of annual herbs, per-
ennial herbs, and total plants in all sample sites was highest at 2014,

however lowest at 2013. Mid-term fencing grasslands (FG, SG) had
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TABLE 6 Pearson's correlation

coefficients between community BD

properties and soil physicochemical AGB -0.822**

properties R 0.093
H -0.275
D -0.002
E -0.140
Cover -0.562
Height -0.684*
Density 0.745**
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SWC TN TP SOM pH
-0.607* 0.671* 0.673* 0.608* -0.804**
-0.325 -0.542 -0.579* -0.569 0.150
-0.009 0.502 0.546 0.489 -0.293
0.056 0.602* 0.620* 0.669* -0.357
-0.231 0.544 0.600* 0.557 -0.480
0.001 0.611* 0.585* 0.562 -0.368
-0.265 0.610* 0.620* 0.513 -0.518
0.643* -0.477 -0.530 -0.356 0.689*

Note. AGB: aboveground biomass; BD: soil bulk density; D: Simpson index; E: Evenness index; H:
Shannon-Wiener index; R: Richness index; SOM: soil organic matter; SWC: soil water content; TN:
total nitrogen; TP: total phosphorus.

Significant difference is indicated by symbols, *p < 0.05, "p <0.01.

significantly (p < 0.05) fewer annual herbs, perennial herbs, and total
number than long-term fencing (LG) and free-grazing (CG) grassland.
CG site had highest species richness of shrubs in all survey years. The
highest annual herbs richness of different sites occurred in 2013, dis-
played as 3.13in LG, 2.73in FG, 2.87 in SG, and 4.2 in CG, respectively,
while the lowest shrubs number occurred in 2013, displayed as 0.6 in
LG, 0.93in FG, 0.6in SG, and 1.13 in CG, respectively (Table 4).

3.3 | Soil physicochemical properties

Compared with grazing grassland (CG), the exclosure grasslands (LG,
FG, and SG) all significantly (p < 0.05) increased soil TN, TP, and SOM,
while significantly (p < 0.05) decreased soil BD, SWC, and pH in three
years (Table 5). The BD and pH in three years were all in order of
CG >SG > LG > FG. SWC in LG, FG, and SG sites decreased by 48%,
51%, and 51.4% in 2013, 24.9%, 28.9%, and 26% in 2014, and 7.8%,
10.9%, and 10.4% in 2015 than CG site, respectively. Soil TN in three
years was all in order of FG > SG > LG > CG, and ranging from 89.2 mg/
kg in CG to 108.6 mg/kg in FG at 2013, ranging from 81.7 mg/kg in
CG to 112.7 mg/kg in FG at 2014, and ranging from 78.1 mg/kg in CG
to 115.9 mg/kg in FG at 2015, respectively. Soil TP and SOM showed
similar trend as TN. SWC, TN, TP, and SOM had significant difference
(p < 0.05) among all sites in all survey years. However, soil BD between
LG and FG sites in 2014, and pH between LG and FG sites in all years
had no significant difference (p > 0.05) (Table 5).

3.4 | Relationship between community
properties and soil physicochemical properties

As shown in Table 6, the AGB was significantly positive related to
TN (p =0.017), TP (p = 0.016), and SOM (p = 0.036), while negative
related with BD (p = 0.001), SWC (p = 0.036), and pH (p = 0.002).
Plant cover and height were significantly correlated with soil TN and
TP (p < 0.05). Simpson index was significantly related (p < 0.05) with
TN, TP, and SOM. There had no significant (p > 0.05) relationships
between SWC and plant cover, and height, while had significant
(p < 0.05) relationship between SWC and plant density (Table 6).

4 | DISCUSSION

The restoration of degraded grasslands ecosystem after fencing is a
complex and long-term ecological process (Zhu et al., 2016). Previous
studies have shown that removing grazing could reduce nutrient and
energy cycling from soil-vegetation ecosystem to livestock, and
this has significant remarkable impact on vegetation index, diver-
sity index, aboveground biomass, and soil nutrients (Harris, Moretto,
Distel, Boutton, & Roberto, 2007; Liu et al., 2015; Wu et al., 2009;
Zeng, Liu, Xiao, & Huang, 2017; Zhu et al., 2016). Our results indi-
cated that 11-13 years (moderate time) of fencing would allow veg-
etation and soil nutrients to recover, while 22-24 years of exclosure
might cause a redegradation trend of some community and soil prop-
erties. This is consistent with studies in other grasslands (Angassa &
Oba, 2010; Liu & Zhang, 2018; Shang et al., 2010; Su et al., 2015; Yan
& Tang, 2007). The 11-13 years of seasonal fencing grassland had
greater plant density, species richness, biodiversity, and soil physical
properties than contemporaneous fencing grassland.

Because there is a lack of disturbance from human and livestock,
such as grazing, mowing, and farming (Medinaroldan, Paz-Ferreiro,
& Bardgett, 2012), fencing could improve ecological environment of
the vegetation for a short time (Catford et al., 2012; Rooyen et al.,
2014; Shang et al., 2013). In the early days of exclosure, empty com-
munity niches, due to livestock consumption, are gradually taken
up by restoring vegetation (Zeng et al., 2017; Zou et al., 2016). The
proportion of some palatable perennial grasses increased due to
abundant nutrients and water resources (Batoyun, Shinoda, Cheng,
& Purevdorj, 2016), but annual herbs trended to decrease (Wu et
al., 2009; Zheng, Cao, & Wang, 2005). The colonization capacity
of different plants influences the effects of vegetation restoration
(Shang et al., 2013). The changing of community composition may
induce a further impact on ecosystem (Deng et al., 2014; Mekuria &
Aynekulu, 2013). Our results indicated that 11-13 years of exclosure
had a positive effect on plant cover, height, total AGB, Shannon-
Weiner index, and Evenness index, while a negative effect on plant
density, total species richness, and Richness index. The restoration

of vegetation also effectively prevents erosion by rainfall and
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improves nutrients retention (Zhang, Yang, & Zepp, 2004). There is
also an increase in litter input which improves soil nutrient content
(Li, Zhang, et al., 2017; Li, Cao, et al., 2017; Medinaroldan et al., 2012;
Mekuria & Aynekulu, 2013). The improvement of soil structure and
the environment, in turn, promote the growth and development of
vegetation (Deng et al., 2014; Wu et al., 2010; Zhu et al., 2016).

However, as fencing time increases, the competition (intra- and
interspecific) increased because of the limited natural resources
such as light, water, and nutrient (Huston, 1994; Oba et al., 2001;
Wal et al., 2004). Some research notes that the restoration process
of degraded ecosystem is accompanied with community succession
(Deng et al., 2014; Shang et al., 2010; Wu et al., 2009). In restoring
grasslands, some tall and strong germinating plants with stronger
water and nutrient use, especially Kobresia groups in the study area
(Liu & Zhang, 2018), are gradually demonstrating their competitive
advantage in the process of community succession after long-term
fencing, which inhibit the growth of annual groups in herbaceous
layer (Deng et al., 2014). After enclosed for a certain time, the litter
accumulation combines with the formation and development of soil
crust impedes infiltration of precipitation (Aubert et al., 2011), which
deteriorates soil moisture (Oba et al., 2001; Read, Duncan, Vesk, &
Elith, 2011; Yang, Chu, Chen, Wang, & Bai, 2014). The decrease in
soil moisture directly affects the activity of the soil microbial com-
munities and limits their capacity to decompose certain compounds,
leading to the decrease in soil nutrients (Hueso, Garcia, & Hernandez,
2012). In addition, lower soil moisture restrains the growing devel-
opment of seedlings and the decomposition of litters and dead roots
(Catsky, 2001; Yan, Tang, Xin, & Wang, 2009), and reduces the circu-
lation velocity of energy in plant-soil ecosystem (Harris et al., 2007).
The increase of annual grasses after long-term fencing results in less
root which also has negative effects on the accumulation of soil nu-
trients (Catsky, 2001). As a consequence, after long-term fencing,
grasslands may experience have a degradation trend in plant and soil
physicochemical properties (Angassa & Oba, 2010; Su et al., 2015),
characterized by lower plant cover, density, total AGB, biodiversity,
soil TN, TP, and SOM in LG site than in FG site.

Grazing, as one of the major traction of vegetation succession
in northwest China, has some passive effects on germination,
growth, development, mortality, and propagation of plant spe-
cies, and in turn leads to shifts in community quantity character-
istics and diversities (Mekuria & Aynekulu, 2013; Wassie, Sterck,
Teketay, & Bongers, 2009). Studies have shown that different man-
agement regimes had dissimilar influences on grassland ecosystem
(Li, Zhang, et al., 2017; Li, Cao, et al., 2017; Mekuria & Aynekulu,
2013). The selective feeding and patchy defecation of livestock
increase soil nutrients by accelerating circulation flow of material
energy, which accelerates the restoration of degraded soil and
causes variation in community composition (Harris et al., 2007; Li,
Cao, et al., 2017; Sheppard, Hodge, Paynter, & Rees, 2002). On the
one hand, livestock are more likely to mistaken eat the seeds of pal-
atable perennial herbs when ingest leaves. And then, these seeds
excrete with feces which aggravates the distribution of perennial
herbs (Bertiller & Ares, 2011). Conversely, this behavior provides

a better living environment for seed germination, increases soil
fertility, and enhances environmental heterogeneity, which pro-
vides favorable conditions for the invasion of alien species (Keeley,
Lubin, & Fotheringham, 2003; Zuo et al., 2008). The activities of
livestock, such as grazing and trampling, not only directly impact
aboveground productivity of dominant species, weaken their com-
petitive advantage, and reduce the capacity to utilize resources,
but also reduce the barrier effect of surface crust on seeds and
promote the growth of lower perennial and annual herbs (Chartier
et al., 2011; Gémez et al., 2012; Inderjit, 2005; Miao et al., 2015).
These factors increase the invasiveness of community and lead to
increase in species richness and decrease in biodiversity (Brooker
et al., 2008; Chambers et al., 2014). Therefore, according to “inter-
mediate disturbance hypothesis,” appropriate human interference,
such as seasonal grazing, should be taken to maintain plant cover
and biodiversity on fencing grasslands after excluding the inter-
ference of human and herbivorous livestock for appropriate time.

5 | CONCLUSIONS

In this study, moderate time fencing (11-13 years) could improve some
plant properties and soil nutrients, while 22-24 years of long-term
fencing might cause a decreasing trend of those vegetation and soil
indexes which indicated the redegradation of grassland ecosystem.
Additionally, seasonal fencing grassland (11-13 years) was better to
maintain biodiversity. All these results indicated that different fencing
regimes are all effective to recover the degraded desert grasslands in
Mu Us desert. Our results lead us to recommend that winter grazing and
summer fencing could be used as a beneficial management strategy.
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