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Abstract: This study investigated the effects of different grazing systems on plant communities,
and examined the causes of Mongolian grassland desertification. The typical steppes near the
Chinese-Mongolian border were studied using quadrat sampling and remote sensing methods.
Aboveground biomass in the steppe areas differed significantly among the three grazing systems
(p < 0.05): Biomass in the grazing-prohibited areas (455.9 g) was greater than that in the
rotational-grazing areas (268.4 g) and the continuous grazing areas (122.2 g). Aboveground biomass
was well correlated with the Soil Adjusted Vegetation Index (SAVI; y = 5600x2 + 260x + 110; R2 = 0.67;
p < 0.05). The relative mean deviation between the aboveground biomass was calculated using this
regression and the measured biomass was 29.1%. The Soil Adjusted Vegetation Index (SAVI) values
for nomadic-grazing areas were greater than those for continuous-grazing areas in 1989, 2005, 2011,
and 2016, and were significantly greater in 2011 and 2016. The SAVI values for the continuous-grazing
areas were slightly, but not significantly greater, than those for the nomadic-grazing areas in 1993.
Plant species that dominated in moderately degraded areas were most dominant in nomadic-grazing
areas, followed by continuous-grazing areas and grazing-prohibited areas. Plant species that
dominated in lightly and heavily degraded areas were most dominant in continuous-grazing areas,
followed by nomadic-grazing areas and grazing-prohibited areas. Generally, continuous grazing
caused more serious grassland degradation than did nomadic grazing, and nomadic-grazing areas
tolerated more intense grazing than did continuous-grazing areas.

Keywords: Grazing system; typical steppe; species dominance; desertification; China-Mongolian
comparative study
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1. Introduction

The Mongolian Plateau, which has an area of approximately 2.6 million km2 [1], is located in the
mid-latitudes of the Northern hemisphere. This plateau is divided between Mongolia and the Inner
Mongolia Autonomous Region (China).

Most of the Mongolian grasslands are grazed, and the effects of this intensive grazing on
the grasslands plant community have become a focal point of local ecological research [2,3].
The combination of grazing and climate change has dramatically increased the degradation of the
Mongolian grasslands [4,5]. Indeed, the implementation of China’s Pasture Household Contract
Responsibility System policy has further accelerated degradation [6]. Landscape fragmentation
and frequent natural disasters, such as droughts and sand storms, have resulted in the rapid
reduction of aboveground grassland biomass and the degeneration of community plant succession [7,8].
These effects have been studied from the perspectives of climatology, hydrology, and ecology [9,10].

Due to the large area, transected by an international border, subject to communication
barriers, and harsh weather, many researchers have carried out controlled experiments in a small,
fixed area to analyze the effects of different grazing systems on vegetation environments in the
Mongolian grassland [11–13]. Up until now, very few researchers have carried out comparative
studies of cross-border regions in the Mongolian grassland. In particular, multi-scale studies
(quadrat-belt-transect-regional) and quantitative studies integrating remote sensing and field survey
have only rarely been reported [2].

Here, we aimed to compare the aboveground biomass and the dominant vegetation among
typical steppe areas subjected to different grazing systems. We observed vegetation dynamics in
rectangular zones, set in three lines perpendicular to the border and in seven lines parallel to the
border (approximately 1400 km2), from 1989 to 2016. Herein, we discuss the causes of Mongolian
grassland degradation; our results will help to provide a framework for the sustainable development
of the Mongolian grassland ecosystem.

2. Materials and Methods

2.1. Study Area

Most of the Mongolian Plateau is arid or semi-arid; as these areas receive little rain, the ecological
environment is extremely fragile [14]. Our study area is located in a flat area of the cross-border region,
between Naran Soum, Sukhbaatar Province, Mongolia, and Naren Soum, Abag Banner, Xilin Gol
League, Inner Mongolia, China (Figure 1). The soil is Calcic Chernozems (IUSS Working Group WRB
2006) with obvious chestnut humus and calcium carbonate deposits [15]. The depth of the humus
layer is 5–10 cm [11]. Annual mean precipitation is about 220.6 ± 65.2 mm [15]. More than 60%
of the annual precipitation falls from July to September; this is the peak period for forage growth.
The average temperature of the coldest month (January) is -21 ◦C, while that of the hottest month
(July) is 20 ◦C. The annual mean evaporation is 1505 ± 45.4 mm ([1]; Table 1). The constructive
(edificatory) species in the study area were Stipa grandis and Leymus chinensis, while the dominant plant
species included Carex duriuscula, Stipa krylovii, Artemisia frigida, Chenopodium acuminatum, Cleistogenes
squarrosa, and Allium polyrhizum. The climate, soil, terrain, vegetation type, production method (mainly
grazing), and stocking rate between Naran Soum and Naren Soum were similar.



Sustainability 2018, 10, 4753 3 of 14

Table 1. Details of the ecological parameters of the study area.

Ecological Factors Naran Soum Naren Soum

Annual mean temperature (◦C) 1.41a 1.03a
Annual accumulated precipitation (mm) 216.80a 187.07b

Altitude (m) 1356.21a 1346.39a
Average annual evaporation (mm) 1505.14a 1498.52a

Average stocking rate (sheep unit/km2) 42a 50a
Soil type Chestnut soil Chestnut soil

Soil volume water content 7.5%a 6.9%b

Note: Different lower-case letters appended to values within a row indicate a significant difference (p < 0.05).
The Xilin Gol League Meteorological Bureau and The National Agency for Meteorology and Environment
Monitoring of Mongolia provided meteorological data. Stocking rate: the total number of livestock animals in a
given quadrat/total area of pasture. Livestock data and pasture area were obtained from historical statistical data,
in situ survey, and local residents. According to China’s national sheep unit conversion standard, 1 camel = 7 sheep;
1 horse = 6 sheep; 1 cow = 5 sheep; and 1 goat = 1 sheep. Soil humidity (soil volume water content) was measured
with portable TDR6500 analyzer (©Hydrosense, Made in Australia) at a depth of 20 cm.

Sustainability 2018, 10, x FOR PEER REVIEW  3 of 14 

Table 1. Details of the ecological parameters of the study area. 

Ecological Factors Naran Soum Naren Soum 
Annual mean temperature (°C) 1.41a 1.03a 

Annual accumulated precipitation (mm) 216.80a 187.07b 
Altitude (m) 1356.21a 1346.39a 

Average annual evaporation (mm) 1505.14a 1498.52a 
Average stocking rate (sheep unit/km2) 42a 50a 

Soil type Chestnut soil Chestnut soil 
Soil volume water content 7.5%a 6.9%b 

Note: Different lower-case letters appended to values within a row indicate a significant difference (p 
< 0.05). The Xilin Gol League Meteorological Bureau and The National Agency for Meteorology and 
Environment Monitoring of Mongolia provided meteorological data. Stocking rate: the total number 
of livestock animals in a given quadrat/total area of pasture. Livestock data and pasture area were 
obtained from historical statistical data, in situ survey, and local residents. According to China’s 
national sheep unit conversion standard, 1 camel = 7 sheep; 1 horse = 6 sheep; 1 cow = 5 sheep; and 1 
goat = 1 sheep. Soil humidity (soil volume water content) was measured with portable TDR6500 
analyzer (©Hydrosense, Made in Australia) at a depth of 20 cm. 

 
Figure 1. Study area and design of the field sampling experiment. 

2.2. Evolution of Grazing Systems in Mongolia and Inner Mongolia 

For historical reasons, Mongolia and Inner Mongolia (China) were divided in early 19th century 
[6]. Subsequently, the two countries adopted different grazing systems for grassland management: 
Mongolia retained primarily nomadic grazing, while in Inner Mongolia, nomadic grazing was 
replaced with continuous grazing [7]. This continuous grazing system has become particularly 
prevalent after the Grassland Contracting System Policy was implemented in 1990; this policy 
requires herders to use fences to surround their own pastures and to implement continuous grazing 
([16]; Table 2). In Inner Mongolia, the Grassland Contracting System Policy adapts the pasture 
contracting system to local conditions. Contracted pasture areas are delineated based on the village 
as a unit, and contracted pasture areas are divided among households based on the size of the 
population, the number of livestock, pasture grade, and grazing habits. After discussion and 
approval by the village committee, collective pastures are typically leased to herder households for 
50 years [16]. In Mongolia, nomadic grazing (i.e., two, three, or four-season rotational grazing) is 
carried out by the herders according to the specifics of the pasture and seasonal changes [17]. 

Figure 1. Study area and design of the field sampling experiment.

2.2. Evolution of Grazing Systems in Mongolia and Inner Mongolia

For historical reasons, Mongolia and Inner Mongolia (China) were divided in early 19th century [6].
Subsequently, the two countries adopted different grazing systems for grassland management:
Mongolia retained primarily nomadic grazing, while in Inner Mongolia, nomadic grazing was replaced
with continuous grazing [7]. This continuous grazing system has become particularly prevalent after
the Grassland Contracting System Policy was implemented in 1990; this policy requires herders to use
fences to surround their own pastures and to implement continuous grazing ([16]; Table 2). In Inner
Mongolia, the Grassland Contracting System Policy adapts the pasture contracting system to local
conditions. Contracted pasture areas are delineated based on the village as a unit, and contracted
pasture areas are divided among households based on the size of the population, the number of
livestock, pasture grade, and grazing habits. After discussion and approval by the village committee,
collective pastures are typically leased to herder households for 50 years [16]. In Mongolia, nomadic
grazing (i.e., two, three, or four-season rotational grazing) is carried out by the herders according to
the specifics of the pasture and seasonal changes [17].
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Table 2. Evolution of grazing systems in Mongolia and Inner Mongolia, China.

Country Mongolia Inner Mongolia

Time Period 1958–1990 1990–Today 1978–1990 1990–Today

Livestock Ownership Common Private Private Private
Pasture Ownership Common Common Common Private

Grazing Method Nomadic Nomadic Nomadic Continuous

2.3. Sampling and Measurement

2.3.1. Field Sampling and Data Collection

Field sampling was performed from late July to mid-August 2016 in two cross-border, neighboring
soums (one on each side of the China-Mongolia border), with identical, natural, and typical steppe
conditions. Using belt transect and quadrat methods, and ensuring random uniform distribution
of the quadrats, Google Earth and GPS were used to set up three sample belts perpendicular to the
border (belt length: 40 km; passing through Mongolia and Inner Mongolia), and seven sample belts
parallel to the border (belt length: 20 km; four in Mongolia and three in Inner Mongolia). In Mongolia,
the sample belt nearest to the border was located within a sealed management area, 5 km from
the border. Grazing is prohibited in this area. Sampling points were set up in triplicate, at 150 m
intervals, at the intersections of the perpendicular and parallel sample belts. Our study site consisted of
61 quadrats, each with an area of 1 m × 1 m. In each quadrat, we measured several indices of grassland
health: quadrat aboveground biomass, mean height, plant density, coverage, and species abundance.
Quadrat aboveground biomass was measured by cutting plants at the ground surface, and measuring
the fresh weight on-site using an electronic balance with a precision of 0.01 g. Mean height was
determined by measuring the heights of all of the plant species three times with a measuring tape,
and then taking the average value. Plant density represented the number of individual plants in
the quadrat, counted manually. Coverage was defined as the proportion of the quadrat area that
was occupied by the vertically projected area of aboveground organs of the plants in the quadrat.
Three observers made independent visual measurements and these measurements were averaged.
Species abundance was calculated based on the number of distinct plant species in the quadrat.

2.3.2. Remote Sensing Data Processing

Remote sensing TM and ETM data for the study area were obtained for five cloudless days during
the study period: 3 August 1989, 15 September 1993, 14 July 2005, 31 July 2011, and 13 August 2016
(rows/samples: 126/29; http://earthexplorer.usgs.gov). The spatial resolution was 30 m, and the
bands used were primarily the red band (0.66 µm) and the near infrared band (0.84 µm). The dynamic
variations in vegetation at the sampling points were obtained after geometric correction, atmospheric
correction, radiometric calibration, Soil Adjusted Vegetation Index (SAVI) calculation, extraction by
mask, and statistical analysis.

To ensure that the SAVI values used were representative, for each of the 61 pixels representing
a sampling site, we calculated the SAVIs of the eight pixels surrounding each site. We then used the
mean SAVI of these nine pixels as the SAVI for the sampling site.

2.4. Analysis Methods

2.4.1. Calculation of Dominance of Major Species

In grassland studies, “important value” is always used to indicate species dominance [18].
Important value is calculated as

Important value(%) =
Relative coverage + Releative density + Relative frequency + Relative height

4 , (1)

http://earthexplorer.usgs.gov
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where
Relative coverage =

Coverage of a certain species
Sum of all coverages of all species

× 100, (2)

Relative density =
Number of individuals for a certain species

Number of individuals for all species
× 100, (3)

Relative frequency =
Frequency of a certain species

Sum of all frequencies for all species
× 100, (4)

Relative height =
Average height of a certain species

Sum of average heights of all species
× 100, (5)

2.4.2. Calculation of SAVI

SAVI, which minimizes the impact of soil reflectance on vegetation coverage, was calculated as:

SAVI =
(NIR − R)(1 + L)
(NIR + R + L)

, (6)

where NIR and R were the near infrared (0.84 µm) and red (0.66 µm) bands, respectively, of the Landsat
TM remote sensing images. It has been suggested that soil reflectance is more efficiently eliminated
when L is 0.5 [19].

2.4.3. Correlation between Aboveground Biomass and SAVI

We randomly selected 45 of the 61 sample plots in the study area, and measured the aboveground
biomass in these plots. Of the 45 selected plots, 20 were in Mongolia, 20 were in Inner Mongolia,
and 5 samples were in the grazing prohibited areas of the cross-border region. We then determined the
optimal regression, modeling the relationship between the measured aboveground biomass and the
corresponding SAVI value.

To evaluate the accuracy of the model, the relative mean deviations between the measured and
simulated aboveground biomass values for the remaining 16 sample plots were calculated as:

Relative mean deviation =
∑n

i=1
∣∣Bg − Bm

∣∣
∑n

i=1 Bg
× 100%, (7)

where Bg was the measured aboveground biomass, Bm was the model-simulated aboveground biomass,
and n was the total number of quadrats.

2.5. Statistical Analysis

Excel 2013 (©Microsoft Corporation, Washington, USA) was used to tabulate plant community,
meteorological, and livestock data. ENVI 5.0 (©Harris, Boulder, USA) and ArcGIS 10.0 (©ESRI,
RedLands, USA) were used to process the remote sensing data and to calculate SAVI. We performed
randomization significance tests [20] for SAVI and quadrat data in Inner Mongolia (China), Mongolia,
and the cross-border grazing prohibited area, as well as the meteorological and livestock data for China
and Mongolia in R (https://www.r-project.org/). We considered p < 0.05 as statistically significant.

3. Results

3.1. Aboveground Biomass of Different Grazing Sites

The mean aboveground plant biomass in plots where grazing was prohibited (455.9 ± 219 g)
was significantly greater than the mean aboveground plant biomass in plots subjected to nomadic
grazing (268.4 ± 130 g; p < 0.05); the mean aboveground plant biomass in each of these types of plots

https://www.r-project.org/
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was significantly greater than the mean aboveground plant biomass in plots subjected to continuous
grazing (122.2 ± 54 g; p < 0.05; Figure 2).
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3.2. Dominant Plant Species at Different Grazing Sites

Dominance can indicate the relative importance of plant species within a community, as well as
the most suitable habitat for a given plant [18].

Here, we analyzed species with a community dominance greater than 3%. C. duriuscula,
L. chinensis, S. krylovii, C. acuminatum, C. squarrosa, A. frigida, A. polyrhizum, Salsola collina, S. grandis,
and Allium tenuissimum dominated the grassland communities, irrespective of grazing systems; these
plants comprised 72.46% of the entire plant community (Table 3).

Table 3. Plant species with an average dominance of more than 3% in the study area.

Species Dominance (%) Order LD Life form Family

Carex duriuscula 16.1 ± 10.56 1 MD Perennial weeds Cyperaceae
Leymus chinensis 10.99 ± 9.94 2 ND Perennial grass Gramineae

Stipa krylovii 8.11 ± 9.40 3 LD Perennial grass Gramineae
Chenopodium acuminatum 7.36 ± 6.41 4 HD Annual grass Chenopodiaceae

Cleistogenes squarrosa 6.62 ± 5.63 5 HD Perennial grass Gramineae
Artemisia frigida 6.32 ± 5.30 6 MD Perennial weeds Compositae

Allium polyrhizum 5.47 ± 6.26 7 MD Perennial weeds Liliaceae
Salsola collina 4.66 ± 4.03 8 HD Annual grass Chenopodiaceae
Stipa grandis 3.66 ± 8.34 9 ND Perennial grass Gramineae

Allium tenuissimum 3.16 ± 2.90 10 MD Perennial weeds Liliaceae
72.46%

Note: LD, different levels of grassland degradation; ND, non-degraded; LD, lightly degraded; MD, moderately
degraded; and HD, heavily degraded.

The 10 species with dominance greater than 3% across the entire study site were affected by
different degree of degradation (Table 4). With refer to the previous study [21–23], these 10 species
can be grouped as either dominant under no degradation (two species), dominant under light
degradation (one species), dominant under medium degradation (four species), and dominant under
high degradation (three species).
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Table 4. Dominance of major species under different grazing systems.

LD Species NG (%) DLD (%) FG (%) DLD (%) CG (%) DLD (%)

ND
Leymus chinensis 11.15 ± 13.23a 15.91 ± 6.44a 9.56 ± 5.91a

Stipa grandis 3.27 ± 6.93b 14.42 12.8 ± 13.68a 28.71 1.68 ± 6.53b 11.24

LD Stipa krylovii 3.46 ± 5.08b 3.46 2.84 ± 5.07b 2.84 14.13 ± 10.23a 14.13

MD

Carex duriuscula 22.27 ± 10.24a 10.67 ± 10.66b 11.37 ± 7.45b
Artemisia frigida 6.68 ± 6.34a 5.61 ± 5.37a 6.15 ± 4.2a

Allium polyrhizum 5.34 ± 7.99a 5.01 ± 3.84a 5.71 ± 4.81a
Allium tenuissimum 1.99 ± 2.33b 36.28 3.59 ± 2.5ab 24.88 4.23 ± 3.15a 27.46

HD
Chenopodium acuminatum 6.34 ± 5.65a 6.58 ± 7.77a 8.57 ± 6.8a

Cleistogenes squarrosa 5.52 ± 4.18b 3.57 ± 2.5b 8.51 ± 6.85a
Salsola collina 4.15 ± 3.71a 16.01 2.44 ± 3.1a 12.59 5.75 ± 4.32a 22.83

Note: Different lower-case letters appended to values within a row indicate a significant difference (p < 0.05). NG,
nomadic grazing; PG, grazing prohibited; CG, continuous grazing; LD, different levels of grassland degradation;
ND, non-degraded; LD, lightly degraded; MD, moderately degraded; HD, heavily degraded; and DLD, Dominance
of different levels grassland degradation.

3.2.1. Dominant Species in Non-Degraded Areas

Two species, L. chinensis and S. grandis, were dominant in non-degraded areas, comprising 28.71%
of the plants in the grazing-prohibited areas, 14.42% of the plants in the nomadic-grazing areas,
and 11.24% of the plants in the continuous-grazing areas. The dominance of these species did not
vary significantly among grazing systems (p > 0.05). S. grandis was significantly more dominant in
non-grazing areas than in nomadic and continuous-grazing areas (p < 0.05); there was no significant
difference in S. grandis dominance between nomadic- and continuous-grazing areas (p > 0.05).

3.2.2. Dominant Species in Lightly Degraded Areas

One species, S. krylovii, was dominant in lightly degraded areas, comprising 14.13% of the plants
in the continuous-grazing areas, 3.46% of the plants in the nomadic-grazing areas, and 2.46% of the
plants in the grazing-prohibited areas. S. krylovii was significantly more dominant in areas with
continuous grazing than in those with nomadic-grazing or where grazing was prohibited (p < 0.05);
there was no significant difference in S. krylovii dominance between nomadic-grazing areas and areas
where grazing was prohibited (p > 0.05).

3.2.3. Dominant Species in Moderately Degraded Areas

Four species, C. duriuscula, A. frigida, A. polyrhizum, and A. tenuissimum, were dominant in
moderately degraded areas, comprising 36.28% of the plants in the nomadic-grazing areas, 27.46%
of the plants in the continuous-grazing areas, and 24.88% of the plants in the grazing-prohibited
areas. C. duriuscula was significantly more dominant in the nomadic-grazing areas than in the
grazing-prohibited or continuous-grazing areas (p < 0.05); there was no significant difference in C.
duriuscula dominance between grazing-prohibited and continuous-grazing areas (p > 0.05). There were
no significant differences in the dominance of either A. frigida or A. polyrhizum among the three grazing
systems (p > 0.05). A. tenuissimum was significantly more dominant in continuous-grazing areas
than in nomadic-grazing areas (p < 0.05), but there were no significant differences in A. tenuissimum
dominance between continuous-grazing and grazing-prohibited areas, or between grazing-prohibited
and nomadic-grazing areas (p > 0.05).

3.2.4. Dominant Species in Heavily Degraded Areas

Three species, C. squarrosa, C. acuminatum, and S. collina, were dominant in heavily degraded
areas, comprising 22.83% of the plants in the continuous-grazing areas, 16.01% of the plants in
the nomadic-grazing areas, and 12.59% of the plants in the grazing-prohibited areas. C. squarrosa
was significantly more dominant in the continuous-grazing areas than in the nomadic-grazing or
grazing-prohibited areas (p < 0.05); there was no significant difference in C. squarrosa abundance
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between nomadic-grazing and grazing-prohibited areas (p > 0.05). There were no significant differences
in the dominance of either C. acuminatum or S. collina among the three systems (p > 0.05).

3.3. Changes in SAVI under Different Grazing Systems

SAVI values for continuous and nomadic-grazing areas did not change significantly among
1989, 1993, and 2005 (p > 0.05; Figure 3). However, the SAVI values for the nomadic-grazing areas
were significantly greater than those for the continuous-grazing areas in 2011 and 2016 (p < 0.05;
Figure 3). SAVI values for the grazing-prohibited areas were significantly greater than those for the
nomadic-grazing areas in 1989, 1993, and 2016 (p < 0.05; Figure 3); the SAVI values for these areas were
not significantly different in 2005 and 2011 (p > 0.05). The SAVI values for the grazing-prohibited areas
were significantly greater than those for the continuous-grazing in areas in 1989, 2005, 2011, and 2016
(p < 0.05; Figure 3). There was no significant difference in SAVI values between these two areas in 1993
(p > 0.05).
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3.4. Correlation between Total Aboveground Biomass and SAVI in Quadrats

Aboveground biomass was well correlated with SAVI (Figure 4); the regression between these
variables was y = 5600x2 + 260x + 110 (R2 = 0.67; p < 0.05). The relative mean deviation between the
model-simulated aboveground biomass and the measured aboveground biomass was 29.1%.
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4. Discussion

4.1. Effects of Different Grazing Systems on Total Aboveground Biomass in Plant Communities

Herbivores are ‘ecosystem engineers’ on grasslands, and their feeding behaviors directly affect
aboveground plant biomass and plant community biodiversity [18,24].

Here, aboveground biomass levels in the grazing-prohibited areas were significantly greater than
levels in nomadic or continuous-grazing areas (Figure 2), consistent with several previous studies [25].
It is likely that feeding, trampling, and other behaviors of grazing livestock lead to decreases in
plant leaf area, reducing photosynthetic capacity, and change forage structures, thereby affecting the
aboveground biomasses of plant communities [26]. However, some studies have shown that, after
grazing prohibitions eliminate livestock interference, dominant plant species monopolize resources;
indeed, the fierce competition among species and individuals may suppress or inhibit less competitive
species, which may cause overall aboveground biomass to decrease [27–29].

It was likely that aboveground biomass was greater in the nomadic-grazing areas than in the
continuous-grazing areas because nomadic grazing is based on how sensitive forage is to grazing at
different developmental stages [30]. This artificial control allows grasslands to be maintained above the
lowest physiological growth threshold for sustaining function and health. During the regrowth phase,
vegetation gradually returns to healthy, pre-grazing levels, and raises the upper limit for physiological
growth [31]. This ultimately increases both forage yield and grazing capacity per unit area [32,33].

4.2. Effects of Different Grazing Systems on the Community Dominance of Major Species

Climate change and long-term feeding behaviors have altered the dominant species in typical
steppe areas [34,35]. Our results suggested that, as S. grandis + L. chinensis grassland communities
are degraded, these plants are replaced by C. duriuscula, A. frigida, and C. squarrosa; as the grassland
community degrades further, C. duriuscula, C. squarrosa, A. polyrhizum, C. acuminatum, and S. collina
become dominant. Perennial Gramineae species, such as L. chinensis and S. grandis, which originally
dominated, were gradually replaced by perennial weeds (such as A. frigida, A. polyrhizum,
and A. tenuissimum) and annuals (such as C. acuminatum and S. collina). The community structure
becomes simpler, and native species are gradually replaced by xerophytes and halophytes [21,22].

S. krylovii, which dominated in lightly degraded areas, was most dominant in continuous-grazing
areas, followed by nomadic-grazing and grazing-prohibited areas. As grasslands are degraded,
S. krylovii replaces S. grandis. Continuous grazing in Inner Mongolia has led to the separation of larger
pastures into many small pastures, reducing accessibility. This decreases the numbers of horses and
camels that primarily feed on Stipa species (Figure 5).

In Mongolian nomadic grazing areas, the numbers of horses and camels remained stable over the
study period. In addition, in contrast to continuous grazing, livestock move freely under the nomadic
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grazing system, and different types of livestock use different pastures in different seasons. This allows
Stipa plants to be consumed before maturation, when their nutritional value is optimal.
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Figure 5. Changes in the number of grazing animals in 1980 and 2016 (converted to sheep). Data were
obtained from the government offices of Naran Soum and Naren Soum. According to China’s
national sheep unit conversion standard, 1 camel = 7 sheep, 1 horse = 6 sheep, 1 cow = 5 sheep,
and 1 goat = 1 sheep.

4.3. Effects of Different Grazing Systems on Community SAVI Changes

Across all of the time points, the SAVI values for the continuous-grazing areas were lower
than those of the nomadic grazing areas (Figure 3). This suggested that grassland degradation under
continuous grazing was greater than that under nomadic grazing. Nomadic grazing rotates pasture use
by season (i.e., at spring, summer, autumn, and winter camps). While no fences are used, the principles
of this grazing method are similar to those of rotational grazing.

Several studies have suggested that rotational grazing increases forage yield and grassland
utilization rate [36,37]. This is particularly relevant for the selection of a suitable grazing system for a
given geographical area, in order to prevent grassland degradation [38,39]. However, Bailey et al. (2010)
proposed that in arid and semi-arid shrub lands, timely adjustments to grazing animal numbers, in
conjunction with practices to improve grazing distribution at regional and landscape scales, were more
likely to effectively maintain or improve rangeland health than fencing and nomadic grazing [40,41].
In contrast, Angell et al. (2001) showed that, when grassland conditions were poor, rotational grazing
promoted the recovery of grassland vegetation, although this effect was less pronounced when the
grassland condition was good [42].

Precipitation strongly affected the evolution of the plant communities on the Mongolian
Plateau [15]. The annual precipitation in both soums decreased significantly between 1989 and 2016
(Figure 6) (p > 0.05). This decrease in precipitation might explain much of the observed degradation of
the plant communities across the study area. Indeed, annual precipitation decreased more sharply
in Naren Soum than in Naran Soum, consistent with the greater degree of degradation observed in
Naren Soum.

In 2011, annual precipitation in Naran Soum (217.56 mm) was greater than average (216.80 mm;
average precipitation 1971–2016), and the SAVI values for nomadic grazing areas were higher than
those for grazing-prohibited areas. These results were consistent with previous studies, which showed
that appropriate levels of grazing resulted in maximal plant and functional diversity, and thus might
lead to overall increases in plant species abundance and biomass [11,43].
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4.4. Correlation between Total Aboveground Biomass and SAVI in Quadrats

Vegetation biomass estimation based on remote sensing is important for remote sensing
applications [44]. Several studies have shown strong correlations between biomass and vegetation
indices [45]. In particular, typical steppe vegetation indices, calculated based on the TM red and
near-infrared bands, are strongly correlated with aboveground biomass [46,47].

At present, several vegetation indices are used to estimate aboveground biomass, including NDVI,
RVI, DVI, EVI, GNDVI, and SAVI [48]. As SAVI is very sensitive to soil background changes [19],
this index is suitable for monitoring grasslands with relatively sparse vegetation, such as the Mongolian
Plateau [48,49].

Here, we constructed a regression model based the relationship between aboveground biomass
and SAVI. The values predicted by this regression model were generally similar to the actual measured
values: The relative mean deviation between the model-simulated aboveground biomass and the
measured biomass was 29.1%. Thus, the use of a regression formula to predict the typical steppe
biomass was feasible and effective.

5. Conclusions

Under continuous grazing, the dominant plants were those that dominated in lightly and
heavily degraded areas; under nomadic grazing, the dominant plants were those that dominated in
moderately degraded areas; and without grazing, the dominant plants were those that dominated in
undegraded areas. Aboveground biomass was greatest in the grazing-prohibited areas, followed by
the nomadic-grazing areas and the continuous-grazing areas. There was a strong positive correlation
between aboveground biomass and SAVI. There were no significant differences in SAVI between
nomadic and continuous grazing at three time points before 2011, but there were significant differences
in SAVI between the two types of grazing at two time points after 2011. This indicated that grasslands
were more seriously degraded by continuous grazing than by nomadic grazing. In summary, in areas
with consistent ecological characteristics and grazing intensities, nomadic grazing has a less significant
impact than continuous grazing.
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