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Abstract: Enclosure is commonly used in the restoration of degraded grasslands. However, the effects of enclo-
sure on grassland plant and soil restoration remain controversial, particularly in deserts. To assess the effects of 
enclosure on desert plants and soil properties, using high throughput sequencing, the differences between plants 
and soil were systematically analyzed before and after enclosure construction. The soil organic carbon, total nitro-
gen and total phosphorus contents of the three desert flora increased and decreased, but the difference was not 
significant; enclosure increased plant height, coverage, aboveground biomass, and species richness by 58.99%, 
59.35%, 33.29%, and 51.21%, respectively, in a Seriphidium transiliense formation; by 15.49%, 33.52%, 20.85%, 
and 5.13%, respectively, in a Haloxylon persicum formation; and by 83.80%, 31.51%, 76.66% and 33.33%, re-
spectively, in an Anabasis salsa formation. For soil bacteria, enclosure significantly increased the average number 
of operational taxonomic units and Shannon-Wiener index by 12.74% and 2.92%, respectively, under S. transili-
ense formation and by 17.08% and 3.17%, respectively, under H. persicum formation. However, enclosure had no 
significant effect on the average number of operational taxonomic units or Shannon-Wiener index under A. salsa 
formation. Enclosure significantly increased desert plants, soil bacterial diversity, and desert plant community 
productivity; however, the increase in soil nutrient content was not significant. These results demonstrate that en-
closure is effective for restoring desert ecosystems but may have little effect on the soil nutrient content. 

Key words: diversity; plant community; soil bacteria; soil nutrient; Junggar Desert 

1  Introduction 
Deserts are important terrestrial ecosystems (Liang et al., 
2019) and are dry with low precipitation levels; therefore, 
vegetation is sparse, and the structure and nutrition levels 
are simple. Consequently, the desert ecosystems are ex-
tremely fragile; once destroyed, recovery of desert ecosys-
tems is difficult. Desert ecosystems are key areas for biodi-
versity conservation and are sensitive to climate change 
(Zhang, 2019). Therefore, maintaining their stability is im-
portant. 

Xinjiang Uygur Autonomous Region with the largest de-
sert grassland distribution area in China, accounting for  
46.9% of the total grassland area in the Autonomous Region 

(Xu, 1993). It is an important grazing land in spring, autumn, 
and winter, giving it an important ecological, economic, and 
social status (Xun, 2017; Wei et al., 2020). However, in re-
cent years, because of fluctuations in climate and population 
growth and a lack of scientific knowledge, deserts are sub-
jected to overgrazing and other detrimental activities, alter-
ing the growth and development of desert vegetation. The 
production and ecological functions of desert grasslands 
have been weakened, the community stability and recovery 
ability have been reduced, and the system balance has been 
disrupted, seriously affecting the health and sustainable de-
velopment of desert grasslands (Gao, 2007; Li, 2016). 
Therefore, the restoration and management of degraded de-
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sert vegetation are required. 
Enclosure plays an important role in the restoration and 

management of degraded desert grasslands in Xinjiang 
(Zhang, 2010; Yang et al., 2015). The purpose of enclosure 
is to ensure the self-repair and renewal of grassland plants 
by regulating the relationship between herbivores and plants 
in the ecosystem. Enclosure promotes the succession of 
grassland plants and results in the gradual recovery of de-
graded grasslands. To date, studies of the restoration of de-
sert grasslands using enclosure have mainly focused on 
grassland productivity, plant diversity, community coverage, 
and soil nutrient changes after enclosure construction 
(Taddese et al., 2002; Guo et al., 2016; Yang, 2017). Only a 
few studies have focused on soil microbial changes after 
enclosure construction (Yu et al., 2010); therefore, further 
research is required.  

In this study, three typical plant formations of the Junggar 
Desert (Seriphidium transiliense formation from the south-
ern margin, Haloxylon persicum formation from the heart-
land, and Anabasis salsa formation from the northern mar-
gin) were studied. The objectives of the study were to de-
termine the: 1) Changes in soil nutrients under different 
desert plant formations after enclosure construction; 2) 
Ef-fects of enclosure on the community characteristics of 

desert plants, and 3) Effects of enclosure on bacterial diver-
sity and community structure in desert soil.  

2  Materials and methods 
2.1  Study area 

The study area is in the Junggar Basin (43°57′–47°01′N, 
85°52′–88°12′E, elevation 350–1215 m). The area has a 
typical moderate temperate desert climate, climate change is 
strong, the day length differs substantially throughout the 
year, the average annual temperature is 5–9 ℃, the average 
annual precipitation is 50–100 mm, and the foothills gener-
ally do not exceed 200 mm. The zonal soil types are calcar-
eous soil, brown calcareous soil, gray desert soil, and 
gray–brown desert soil. The zonal vegetation is mainly 
composed of small trees and shrubs, and the middle section 
of the basin is a quaternary alluvial wind desert. 

The following three typical desert plant formations in the 
Junggar Basin were selected: Seriphidium transiliense for-
mation in the southern margin, Haloxylon persicum for-
mation in the heartland, and Anabasis salsa formation in the 
northern margin. An experimental site was established in 
each plant formation. The details of these three sites are 
presented in Table 1.  

 

Table 1  Details of experimental sites in the Junggar Basin 

Formation type Plot Dominant species Location MAT (℃) MAP (mm) Altitude (m) 

Seriphidium transiliense EN 
FG 

S. transiliense 
Petrosimonia sibirica 
Carex turkestanica 
Ceratocarpus arenarius 

46°58′N, 88°09′E 6.49 114.54 1015 

Haloxylon persicum EN 
FG 

H. persicum, C. arenarius 
Seriphidium terrae-albae 
Salsola collina 

44°23′N, 88°08′E 8.20 65.94 358 

Anabasis salsa EN 
FG 

Salsa C. arenarius 
S. terrae-albae, Salsola arbuscula 44°01′N, 86°09′E 4.94 166.88 667 

Note: MAT: Mean annual temperature; MAP: Mean annual precipitation; EN: Enclosure plot; FG: Free grazing plot. 
 

2.2  Experimental design 

Samples were collected at the beginning of September 2018, 
whi ch was close to the peak growing season of desert 
plants according to the Vegetation Map of the People’s Re-
public of China (1:1000000) (China Vegetation Map Com-
mittee of Chinese Academy of Sciences, 2007) and “Vegeta-
tion and Utilization in Xinjiang” (Xinjiang Comprehensive 
Investigation Team, The Chinese Academy of Sciences, 
1978). Two plots were established in each of the three plant 
formations; one was a national grassland fixed monitoring 
point (enclosure area) and the other was a free grazing area 
adjacent to the enclosed area. Hereinafter, these plots are 
referred to as enclosure (EN) plots and free grazing (FG) 
plots. Grazing was excluded from the EN plots at S. transil-
iense, H. persicum, and A. salsa formations using fencing in 
2015, 2011, and 2012, respectively. Therefore, the duration 
of enclosure at the time of sampling (2018) was 3, 7, and 6 
years, respectively. Species composition, structure, topog-

raphy, and geomorphology of grassland before and after 
fencing were similar. 

Five subplots were randomly established in each plot at 
least 50 m apart. Within each subplot, three quadrats (1 m × 
1 m) were used to sample typical plants. Additionally, five 
soil samples were collected from each quadrat to a depth of 
0–20 cm using a soil drill (diameter 2.5 cm). The 15 soil 
samples from each subplot (i.e., five samples from each of 
the three quadrats) were pooled into one composite sample, 
resulting in 30 soil samples [three sites (plant formations) × 
two plots (EN and FG) × five subplots]. Additionally, in H. 
persicum plots, a 10 m × 10 m survey area was established 
to examine small arbor.  

2.3  Field sampling and laboratory analysis 

2.3.1  Investigation of aboveground plant characteristics 
In each quadrat, the species composition, species number, 
height (plant cluster natural growth height), coverage (acu-
puncture method), density (plant cluster number of each 
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species per unit area), and aboveground biomass were rec-
orded. All plants in each quadrat were collected and stored 
in paper bags. 

In the 10 m ×10 m survey areas, species composition, 
density, crown width (north–south and east–west direction), 
height, and aboveground biomass (standard branch bio-
mass × number of branches) were recorded. Standard 
branches were collected and stored in paper bags.  

All plant samples were transported to the laboratory and 
dried at 105℃ for 30 min, followed by 80℃ for 24 h, and 
the dry weights were determined. 
2.3.2  Soil sample preparation 
Roots, stones, and other large objects were removed from 
soil samples, which were then passed through a 2-mm sieve. 
Mixed soil samples were divided into two parts: One was 
placed in an aseptic sealed bag and stored at –20℃ for mo-
lecular analyses, and the other was placed in a cloth bag and 
stored at room temperature for soil nutrient determination. 
2.3.3  Soil nutrient determination 
Soil organic carbon (SOC), total nitrogen (STN), and total 
phosphorus (STP) were measured as described by Bao (2000). 
2.3.4  Bacterial DNA extraction, amplification, and  

sequencing  
Soil DNA extraction was conducted as described by Zhou 
et al. (1996). DNA was extracted using a soil genome DNA 
extraction kit. Next, 0.8% low-melting-point agarose gel 
was used for DNA purification, and the DNA was quanti-
fied using an ultraviolet spectrophotometer (NanoDrop 
ND-1000; Thermo Fisher Scientific, Waltham, MA, USA). 

For the bacterial analysis, PCR was conducted to amplify 
a highly variable V4 region of the 16S rRNA gene with a 
length of approximately 250 bp. The specific primers used 
were 520F (5′-barcode AYTGGGYDTAAAGNG-3′) and 
802R (5′-TACNVGGTATATAATCC-3′).  

An Illumina TruSeq Nano DNA LT Library Prep Kit 
(San Diego, CA, USA) was used to prepare the sequencing 
library. Next, an Illumina MiSeq was used with MiSeq Re-
agent Kit V3 (600 cycles) to carry out 2 × 300 bp dou-
ble-terminal sequencing. Reads were processed using 
QIIME. This included filtering of tags, removal of chimeras, 
and validation of data. Sequences were then clustered at 
97% similarity into operational taxonomic units (OTUs) 
using the Silva database for species classification.  
2.3.5  Meteorological data acquisition 
The distribution of meteorological stations in the Junggar 
Basin is uneven. Therefore, the average annual temperature 
and annual precipitation data of each plot were obtained by 
ANUSPLINE interpolation using meteorological data from 
the Junggar Basin Meteorological Station (2014–2018) pro-
vided by the National Meteorological Science Data Center 
website. 

2.4  Data analysis 

2.4.1  Plant diversity parameters 
Plant α-diversity was characterized using the Patrick (R), 

Shannon-Wiener (H), Pielou (P), and Simpson (D) indices 
as follows: 

 R=S                     (1) 

             
1

– ln
S

i i
i

H P P
=

= ∑                (2) 

 P=H/ln S                 (3) 

              2

1

S

i
i

D P
=

= −∑                  (4) 

where, S is the number of species and Pi is the importance 
value of species i. 
2.4.2  Soil bacterial parameters 
Bacterial α-diversity was characterized using the Chao1 
richness, ACE, and Shannon-Wiener indices. The Chao1 
index is commonly used in ecology to estimate the total 
number of species, was determined using the following 
equation: 

 1 1

2

( 1)1
2( 1)obs
F FChao S

F
−

= +
+

            (5) 

where, Sobs is the actual number of OTUs observed, F1 is the 
number of OTUs containing only one sequence, and F2 is 
the number of OTUs containing only two sequences. The 
ACE index is used to estimate the index of the number of 
OTUs in a community. The formula for the ACE index is as 
follows: 
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where, Sabund is more than the OTU number of “abund” se-
quences, Srare is the number of OTUs containing “abund” 
sequences or fewer, Cace is the sample abundance coverage 
estimator, Fi is the frequency of singletons, and γ2

ace is the 
estimated coefficient of variation for rare OTUs, ni is the 
number of OTUs containing i sequences, Nrare refers to the 
total number of sequence.  
2.4.3  Statistical analyses 
Soil bacterial diversity was calculated using QIIME soft-
ware, including OTU number, Shannon-Wiener index, ACE 
index, and Chao1 index. SPSS22.0 software (SPSS, Inc., 
Chicago, IL, USA) was used to analyze environmental fac-
tors by single-factor and multi-factor analyses of variance, 
Duncan’s significance test, and Pearson correlation analysis. 
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Non-metric multidimensional scaling was conducted us-
ing R software (R Project for Statistical Computing, Vi-
enna, Austria). 

3  Results 
3.1  Effects of enclosure on SOC, STN, and STP  

under different desert plant formations 

The responses of the SOC, STN, and STP content to enclo-
sure in each of the three desert plant formations are shown 
in Table 2. In S. transiliense formation, the SOC content 
was 9.2% lower in the EN plot than in the FG plot, but the 
difference was not significant (P > 0.05). In H. persicum 
and A. salsa formations, the SOC content was 12.27% and 
0.5% higher in the EN plot than in the FG plot, respectively 
(P > 0.05). In S. transiliense and A. salsa formations, the 
STN content was 14.50% and 2.06% lower in the EN plot 
 
Table 2  Effects of enclosure on soil nutrients in three desert 
plant formations                            (Unit: g kg–1) 

Formation type SOC STN STP 

Seriphidium transiliense 
EN 16.65 ± 0.33a 1.12 ± 0.03a 0.49 ± 0.04a 
FG 18.34 ± 0.64a 1.31 ± 0.04a 0.48 ± 0.03a 

Haloxylon persicum 
EN 3.66 ± 0.10a 0.88 ± 0.02a 0.33 ± 0.02a 
FG 3.26 ± 0.09a 0.82 ± 0.02a 0.30 ± 0.01a 

Anabasis salsa 
EN 13.44 ± 0.54a 0.95 ± 0.02a 0.48 ± 0.03a 
FG 13.37 ± 0.62a 0.97 ± 0.03a 0.47 ± 0.05a 

Note: EN: Enclosure plot; FG: Free grazing plot; SOC: Soil organic carbon; 
STN: Soil total nitrogen; STP: Soil total phosphorus. The letter “a” indi-
cates no significant differences within plant formations between the EN and 
FG plots (P > 0.05). 

than in the FG plot, respectively (P > 0.05), whereas in H. 
persicum formation, the STN content was 7.32% higher in 
the EN plot than in the FG plot (P > 0.05). The STP content 
in S. transiliense, H. persicum, and A. salsa formations was 
2.08%, 10%, and 2.13% higher in the EN plot than in the 
FG plot, respectively. 

3.2  Effects of enclosure on the quantitative charac-
teristics of different desert plant formations  

Figure 1 shows the responses of plant height, density, cov-
erage, and biomass of the three desert plant formations in 
the Junggar Basin to enclosure. In all three plant formations, 
plant height, coverage, and biomass were significantly 
higher in the EN plot than in the FG plot (P < 0.05). In S. 
transiliense and H. persicum formations, community density 
was significantly higher in the EN plot than in the FG plot 
(P < 0.05). In contrast, in A. salsa formation, community 
density was higher in the EN plot than in the FG plot, but 
the difference was not significant (P > 0.05). 

3.3  Effects of enclosure on plant community α  
diversity in different desert plant formations 

The results in Fig. 2 show that enclosure affected the 
α-diversity of the three desert plant formations. In S. tran-
siliense, H. persicum, and A. salsa formations, the Shan-
non-Wiener diversity index was 19.8%, 7.7%, and 21.3% 
lower in the FG plot than in the EN plot, respectively (P < 
0.05) (Fig. 2a). 

In S. transiliense and A. salsa formations, the Simpson 
index was significantly higher (P < 0.05) by 19.3% and 
15.8%, respectively, in the EN plot than in the FG plot; 
however, in H. persicum formation, the Simpson index was  

 

 
Fig. 1  Effects of enclosure on community characteristics of different desert plant formations. 
Note: EN: Enclosure plot; FG: Free grazing plot. S. transiliense: Seriphidium transiliense; H. persicum: Haloxylon persicum; A. salsa: Anabasis salsa.  
* indicates significant difference between plots at P < 0.05. 
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Fig. 2  Effects of enclosure on the α-diversity of different desert plant formations  
Note: EN: Enclosure plot; FG: Free grazing plot. S. transiliense: Seriphidium transiliense; H. persicum: Haloxylon persicum; A. salsa: Anabasis salsa.  
* indicates significant difference between plots at P < 0.05. 
 

only 2.8% higher in the EN plot than in the FG plot and the 
difference was not significant (P > 0.05) (Fig. 2b). 

The Pielou index, which describes community evenness, 
was 3.9%, 2.3%, and 1.1% higher in the EN plot than in the 
FG plot of S. transiliense, H. persicum, and A. salsa for-
mations, respectively, but the differences were not signifi-
cant (P > 0.05) (Fig. 2c). 

The Patrick index was 33.8% and 25% higher in the EN 
plot than the FG plots in S. transiliense and A. salsa for-
mations, respectively (P < 0.05). In contrast, in H. persicum 
formation, the Patrick index was only 4.8% higher in the EN 
plot than in the FG plot, and the difference was not signifi-
cant (P > 0.05) (Fig. 2d). 

3.4  Effects of enclosure on soil bacterial diversity 
under different plant formations 

For bacteria, the OTU number, Chao1 index, ACE index, 
and Shannon-Wiener index in each plant formation are 
shown in Table 3. In S. transiliense formation, the average 

OTU number, Chao1 index, ACE index, and Shannon- 
Wiener index were all higher in the EN plot than in the FG 
plot, among which the OTU number and Shannon-Wiener 
index were significantly higher by 12.74% and 2.92%, re-
spectively (P < 0.05). In H. persicum formation, the av-
erage OTU number, Chao1 index, ACE index, and Shan-
non-Wiener index were 17.08%, 16.70%, 23.86%, and 
3.17% higher in the EN plot than in the FG plot, respec-
tively (P < 0.05). In A. salsa formation, the average OTU 
number, Chao1 index, ACE index, and Shannon-Wiener 
index differed between the EN and FG plots, but not sig-
nificantly (P > 0.05). 

3.5  Effects of enclosure on soil bacterial β diversity 
under different desert plant formations  

Non-metric multidimensional scaling (NMDS) analysis 
based on UniFrac distance showed that for each site, the soil 
bacterial community structure was significantly different 
between the EN and FG plots (Fig. 3). 

 

Table 3  Response of bacterial diversity to enclosures in three desert plant formations 

Formation type Plot Number of OTUs Chao 1 index ACE index Shannon-Wiener index 

Seriphidium transiliense 
EN 3309.40 ± 267.07a 3586.51 ± 526.54a 3770.91 ± 669.77a 10.56 ± 0.11a 

FG 2935.40 ± 166.31b 3214.72 ± 463.41a 3284.09 ± 478.19a 10.26 ± 0.15b 

Haloxylon persicum 
EN 3341.60 ± 172.30a 3884.64 ± 242.39a 4229.17 ± 297.79a 10.41 ± 0.08a 

FG 2854.20 ± 182.94b 3328.67 ± 543.53b 3414.22 ± 558.59b 10.09 ± 0.14b 

Anabasissalsa 
EN 3127.80 ± 229.31a 3692.70 ± 355.15a 3997.36 ± 424.69a 10.19 ± 0.29a 

FG 2917.00 ± 250.42a 3400.84 ± 554.56a 3534.98 ± 555.67a 10.26 ± 0.16a 

Note: EN: Enclosure plot; FG: Free grazing plot. Letters indicate significant differences within plant formations between the EN and FG plots at P < 0.05. 
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Fig. 3  Effects of enclosure on bacterial β-diversity under different desert plant formations  
Note: (a) MN: Seriphidium transiliense formation; (b) FK: Haloxylon persicum formation; (c) FH: Anabasis salsa formation. EN: Enclosure plot; FG: Free 
grazing plot. 
 

3.6  Effects of enclosure on soil bacterial community 
structure under different desert plant formations 

The relative abundances of several dominant bacterial taxa 
in the three plant formations differed between the EN and 
FG plots (Fig. 4). Actinobacteria, Proteobacteria, and Ac-
idobacteria were the dominant taxa in S. transiliense for-
mation (>10%). In this formation, the relative abundances of 
Actinobacteria and Acidobacteria were 9.73% and 10.61% 
higher in the EN plot than in the FG plot, respectively. In 
contrast, the relative abundances of Proteobacteria, Chlor-
oflexi, and Gemmatimonadetes were 6.42%, 17.01%, and 
25.29% lower in the EN plot than in the FG plot, respec-
tively. The dominant taxa in H. persicum formation were 
Actinobacteria, Proteobacteria, and Chloroflexi (>10%). In 
this formation, the relative abundance of Actinobacteria was 
14.19% higher in the EN plot than in the FG plot, whereas 
the relative abundances of Proteobacteria and Chloroflexi 
were lower in the EN plot than in the FG plot. In A. salsa 
formation, the dominant taxa were Actinobacteria, Proteo-
bacteria, and Chloroflexi (>10%). In this formation, the rel-
ative abundances of Actinobacteria and Chloroflexi were 
11.11% and 15.13% lower in the EN plot than in the FG plot,  
 

 
 

Fig. 4  Effects of enclosure on soil bacterial community 
structure in different desert plant communities  
Note: EN: Enclosure plot; FG: Free grazing plot. S. transiliense: Seriphid-
ium transiliense; H. persicum: Haloxylon persicum; A. salsa: Anabasis 
salsa. 

respectively, whereas the relative abundances of Proteobac-
teria, Acidobacteria, and Bacteroidetes were higher in the 
EN plot than in the FG plot. Particularly, the relative abun-
dance of Proteobacteria was 33.61% higher in the EN plot 
than in the FG plot. 

4  Discussion 
4.1  Effects of enclosure on soil nutrients 

Enclosure construction is an important management practice 
for grassland restoration, and it can result in the restoration 
of soil carbon and ability of grassland soil to fix nitrogen. It 
can also result in the restoration of the multi-functionality of 
grassland ecosystems (Dong et al., 2018). Several studies 
have shown that enclosure significantly reduces the SOC 
and STN content. For example, Shi et al. (2013) reported 
that the SOC content in the Qinghai–Tibet Plateau de-
creased significantly (P < 0.05), resulting in an increase in 
plant aboveground biomass and surface litter. This resulted 
in a slower nutrient cycle and flow from aboveground to 
belowground. In contrast, grazing led to the return of live-
stock manure to the soil, resulting in a significant decrease 
in the SOC and STN content. However, other studies 
showed that grazing exclusion has little effect on the SOC 
and STN content (Sigcha et al., 2018). In the present study, 
in S. transiliense formation, enclosure decreased the SOC 
and STN content but slightly increased the STP content. In 
contrast, in H. persicum and A. salsa formations, enclosure 
increased the content of SOC, STN, and STP to different 
degrees. The reasons for these differences can be as at-
tributed to the following: 1) Plant nutrient uptake from soil 
and litter decomposition are basically equal, resulting in a 
balanced input and output of soil nutrients; 2) The sites dif-
fered in terms of the number of years of enclosure, climate, 
soil texture, and vegetation type. 

4.2  Effects of enclosure on plant community   
characteristics and diversity in different   
desert plant formations 

The quantitative characteristics and diversity of plant com-
munities can reflect the health status of degraded grasslands 
after enclosure construction (Xiong et al., 2014), and the 
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responses of plant community structure and diversity to en-
closure in different environments and grassland types are 
different (Guo, 2007; Semmartin et al., 2008). We found 
that plant height, density, coverage, and biomass of the three 
desert plant formations in the Junggar Basin were not con-
sistent in their response to enclosure. Enclosure increased 
plant height, coverage, and biomass of all three desert plant 
formations. Enclosure significantly increased density in S. 
transiliense and A. salsa formations. It also increased den-
sity in H. persicum formation, but not significantly. These 
results are similar to those of Jing et al. (2014). Desert 
grasslands in Xinjiang are grazed in spring and autumn. 
Overgrazing inhibits the renewal of grassland and expansion 
of fine forage. When grazing is excluded, the previously 
inhibited forage can grow rapidly, resulting in an increase in 
biomass and coverage. Additionally, germination of the soil 
seed bank is promoted, accelerating the self-repair ability of 
grasslands. The effects of grazing on H. persicum formation 
may be different because H. persicum is small arbor, and the 
propagation of small trees is slower than that of herbaceous 
and semi-herbaceous shrubs. 

Several studies have shown that the diversity of grassland 
plants significantly increases after enclosure construction 
(Jeddi and Chaieb, 2010), whereas other studies showed no 
effect or even a negative effect on plant diversity (Shaltout 
et al, 1996). In this study, the Simpson and Shannon-Wiener 
indices of S. transiliense and A. salsa formations signifi-
cantly increased after enclosure construction; however, the 
response of the Simpson index to enclosure was not obvious 
in H. persicum formation. The Pielou index of the three de-
sert plant formations did not significantly respond to enclo-
sure (Fig. 2). This may be because the climate and soil con-
ditions of S. transiliense and A. salsa formations were rela-
tively good; after enclosure construction, the species rich-
ness, height, and biomass increased rapidly, which increased 
the Simpson and Shannon-Wiener indices. However, the 
climatic conditions of H. persicum formation were poor, and 
species recovery was relatively slow in the short-term after 
enclosure construction. The changes in community charac-
teristics, such as plant cover and biomass, were small; 
however, the Pielou index of the three desert plant for-
mations did not significantly respond to germination of the 
soil seed bank. 

4.3  Effects of enclosure on soil bacterial diversity 
and community structure under different desert 
plant formations 

Soil bacterial community structure and diversity are sensi-
tive indicators of soil remediation and soil biological activi-
ty (Wang, 2017). In this study, the soil bacterial richness 
under the desert plant formations increased after enclosure 
construction. This is likely because the plant diversity in-
creased, promoting the accumulation of litter, thus increas-
ing soil nutrients, stabilizing the soil environment, and pro-

moting soil bacterial richness. However, the responses of 
the number of OTUs, Chao1 index, ACE index, and Shan-
non-Wiener index were not consistent. Enclosure increased 
all indices in H. persicum formation. Additionally, enclo-
sure increased the number of bacterial OTUs and Shan-
non-Wiener index in S. transiliense formation; however, it 
had no effect on the other two indices. Moreover, enclosure 
had no effect on the number of OTUs, Chao1 index, ACE 
index, or Shannon-Wiener index in A. salsa formation. This is 
not consistent with the results of a previous study (Yin et al., 
2019). The main reasons for this difference may be related 
to the grassland type and number of years since enclosure 
construction. 

The dominant soil bacterial phyla across all sites in the 
Junggar Desert were Actinobacteria and Proteobacteria, 
among which the relative abundance of Actinobacteria was 
the highest (>45%). This is consistent with the finding of 
Wang (2015) and indicates that Actinobacteria have an ad-
vantage in the Junggar Desert. However, there were differ-
ences in the soil bacterial communities among the different 
plant formations, indicating that plant formations affect 
bacterial communities. According to non-metric multidi-
mensional scaling analysis, enclosure changed the soil bac-
terial community composition under the three plant for-
mations in the Junggar Desert. Enclosures increased the 
relative abundances of Actinobacteria and Proteobacteria in 
S. transiliense and H. persicum formations, whereas in A. 
salsa formation, the relative abundance of Actinobacteria 
decreased and that of Proteobacteria increased. The re-
sponses of other phyla to enclosure also differed under dif-
ferent plant formations, which may be related to soil type, 
climatic conditions, or other factors. 

5  Conclusions 
In general, enclosure had different effects on plant commu-
nities and soil microbial communities. Enclosure increased 
the plant height, coverage, aboveground biomass, and di-
versity of different desert plant formations in the Junggar 
Desert; however, it did not significantly affect the SOC, 
STN, or STP content. For soil bacteria, enclosure increased 
the number of OTUs, Chao1 index, ACE index, and Shan-
non-Wiener index under the three plant formations. The 
bacterial community structure was also significantly affect-
ed by enclosure. These findings suggest that enclosure con-
struction is an effective method for restoring desert produc-
tivity and biodiversity but has no obvious effect on soil nu-
trient content. Therefore, we suggest that desert ecosystem 
restoration should be carried out in combination with other 
methods, such as moderate grazing and fertilization. 

References 

Bao S D. 2000. Soil and agricultural chemistry analysis (3rd edition). Bei-
jing, China: China Agriculture Press. (in Chinese) 

China Vegetation Map Committee of Chinese Academy of Sciences. 2007. 
 

Downloaded From: https://bioone.org/journals/Journal-of-Resources-and-Ecology on 19 May 2024
Terms of Use: https://bioone.org/terms-of-use



WEI Peng, et al.: Effects of Enclosure on Plant and Soil Restoration in the Junggar Desert  847 
 

1/1000000 Vegetation map of the People’s Republic of China. Beijing, 
China: Geological Publishing House. (in Chinese) 

Dong Y Q, Sun Z J, An S Z, et al. 2018. Effect of short-term grazing exclu-
sion on community characteristics and stability in Artemisia desert on 
the northern slopes of the Tianshan Mountains. Pratacultural Science, 
35(5): 996–1003. (in Chinese) 

Gao Y H. 2007. Study on carbon and nitrogen distribution pattern and 
cyeling proeessinan alpine meadow ecosystem under different grazing 
intensity. Diss., Chengdu, China: University of Chinese Academy of 
Sciences. (in Chinese). 

Guo Q F. 2007. The diversity-biomass-productivity relationships in grass-
land management and restoration. Basic and Applied Ecology, 8(3): 
199–208. 

Guo Y J, Du Q F, Li G D, et al. 2016. Soil phosphorus fractions and 
arbuscular mycorrhizal fungi diversity following long-term grazing 
exclusion on semi-arid steppes in Inner Mongolia. Geoderma, 269: 
79–90. 

Jeddi K, Chaieb M. 2010. Changes in soil properties and vegetation fol-
lowing livestock grazing exclusion in degraded arid environments of 
South Tunisia. Flora—Morphology, Distribution, Functional Ecology 
of Plants, 205(3): 184–189. 

Jing Z B, Cheng J M, Su J S, et al. 2014. Changes in plant community 
composition and soil properties under 3-decade grazing exclusion in 
semi-arid grassland. Ecological Engineering, 64(3): 171–178. 

Li W. 2016. Effects of grazing management regime on vegetation charac-
ters, soil dynamics, carbon and nitrogen storage in alpine meadow of 
Qinghai-Tibetan Plateau. Diss., Lanzhou, China: Gansu Agricultural 
University. (in Chinese).  

Liang M W, Chen J Q, Smith N G, et al. 2019. Changes and regulations of 
net ecosystem CO2 exchange across temporal scales in the Alxa Desert. 
Journal of Arid Environments, 164(5): 78–84. 

Semmartin M, Garibaldi L A, Chaneton E J. 2008. Grazing history effects 
on above- and below-ground litter decomposition and nutrient cycling 
in two co-occurring grasses. Plant and Soil, 303(1–2): 177–189. 

Shaltout K H, El-Halawany E F, El-Kady H F. 1996. Consequences of 
protection from grazing on diversity and abundance of the coastal low-
land vegetation in eastern Saudi Arabia. Biodiversity and Conservation, 
5(1): 27–36. 

Shi X M, Li X G, Li C T, et al. 2013. Grazing exclusion decreases soil 
organic C storage at an alpine grassland of the Qinghai-Tibetan Plateau. 
Ecological Engineering, 57(3): 183–187. 

Sigcha F, Pallavicini Y, Camino M J, et al. 2018. Effects of short-term grazing 
exclusion on vegetation and soil in early succession of a subhumid Mediter-
ranean reclaimed coal mine. Plant and Soil, 426(1–2): 197–209. 

Taddese G, Saleem M, Abyie A. 2002. Impact of grazing on plant species 
richness, plant biomass, plant attribute, and soil physical and hydrological  

 

properties of vertisol in East African highlands. Environmental Man-
agement, 29(2): 279–289. 

Wang L J. 2017. Effects of enclosure on soil microbial diversity of different 
plant communities in desert steppe. Diss., Yinchuan, China: Ningxia 
University. (in Chinese) 

Wang X B. 2015. The spatial pattern of soil microbial communities and its 
driving mechanism in the grassland of Northern China. Diss., Beijing, 
China: Chinese Academy of Sciences. (in Chinese) 

Wei P, An S Z, Dong Y Q, et al. 2020. A high-throughput sequencing eval-
uation of bacterial diversity and community structure of desert soil in 
the Junggar Basin. Acta Prataculturae Sinica, 29: 182–90. (in Chinese) 

Xinjiang Comprehensive Investigation Team, The Chinese Academy of 
Sciences. 1978. Vegetation and utilization in Xinjiang. Beijing, China: 
Science Press. (in Chinese) 

Xiong D P, Shi P L, Sun Y L, et al. 2014. Effects of grazing exclusion on 
plant productivity and soil carbon, nitrogen storage in alpine meadows in 
northern Tibet, China. Chinese Geographical Science, 24(4): 488–498. 

Xu P. 1993. Grassland resources and their utilization in Xinjiang. Urumqi, 

China: Xinjiang Science and Technology and Health Publishing House, 

17–19. (in Chinese) 

Xun Q L. 2017. Above-ground biomass model estimation based on modis 
and meteorological data in Xinjiang grassland. Diss., Urumqi, China: 

Xinjiang Agricultural University. (in Chinese) 

Yang H L, Sun Z J, Chen Y P. 2015. Effects of enclosure years on the 

grassland community characteristics and pasture mass index of Ser-

iphidium Transiliense desert grassland. Acta Agrestia Sinica, 23(2): 

252–257. (in Chinese) 
Yang J. 2017. Effects of enclosure on characteristics of vegetation and soil 

organic carbon, nitrogen fractions in sandy desert grassland. Diss., 

Urumqi, China: Xinjiang Agricultural University. (in Chinese) 

Yin Y L, Wang Y Q, Li S X, et al. 2019. Effects of enclosing on soil micro-

bial community diversity and soil stoichiometric characteristics in a de-

graded alpine meadow. Chinese Journal of Applied Ecology, 30(1): 
127–136. (in Chinese) 

Yu Q, Chen Q S, Elser J J, et al. 2010. Linking stoichiometric homoeostasis 

with ecosystem structure, functioning and stability. Ecology Letters, 

13(11): 1390–1399. 

Zhang L. 2019. Mechanism of the effects of typical temperate desert plant 

diversity on ecosystem function. Diss., Urumqi, China: Xinjiang Uni-
versity. (in Chinese) 

Zhang Y J. 2010. Study on the change of artemisia grassland community 
and adaptability of Seriphidium transiliense under enclosure. Diss., 
Urumqi, China: Xinjiang Agricultural University. (in Chinese). 

Zhou J Z, Bruns M A, Tiedje J M. 1996. DNA recovery from soils of diverse 
composition. Applied and Environmental Microbiology, 62(2): 316–322. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Downloaded From: https://bioone.org/journals/Journal-of-Resources-and-Ecology on 19 May 2024
Terms of Use: https://bioone.org/terms-of-use



848 Journal of Resources and Ecology Vol.12 No.6, 2021 

 
 

围封对准噶尔荒漠植物和土壤恢复的影响 
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2. 新疆农业大学草业与环境科学学院，乌鲁木齐 830052 
 
 

摘  要：封育是恢复退化草地最常用的方法之一，然而封育在草地植物及土壤恢复中的作用尚存争议，尤其在荒漠中，为

了进一步评估封育对荒漠植物和土壤性质的影响，本研究以准噶尔荒漠 3 种典型的植物群系为研究对象，应用高通量测序技术，

系统分析了封育前后植物、土壤的差异。结果表明，3 种荒漠植物群系的土壤有机碳、全氮和全磷含量封育后有一定的增降变化，

但差异不显著；封育后伊犁绢蒿群系植物高度、盖度、地上生物量和物种丰富度分别提高了 58.99%、59.35%、33.29% 和 51.21%；

白梭梭群系分别提高了 15.49%、33.52%、20.85% 和 5.13%；盐生假木贼群系分别提高了 83.80%、31.51%、76.66% 和 33.33%。

封育后 3 种植物群系细菌多样性也存在差异，其中伊犁绢蒿群系平均 OTU 数量和 Shannon-Wiener 指数显著增加了 12.74%和

2.92%；白梭梭群系平均 OTU 数量和 Shannon-Wiener 指数均显著升高了 17.08% 和 3.17%；盐生假木贼群系平均 OTU 数量和

Shannon-Wiener 指数均封育后虽有高低变化，但差异不显著。封育显著增加了荒漠植物、土壤微生物多样性以及荒漠植物群系群

落生产力，但封育后荒漠土壤养分含量有一定的增加，但差异不显著。这些研究表明，封育是恢复荒漠生态的有效方法，但可能

对土壤养分的固存意义不大。 
 

关键词：多样性；植物群落；土壤细菌；土壤养分；准噶尔沙漠 
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