
Front. Biol. China 2007, 2(2): 210–217
DOI: 10.1007/s11515-007-0032-4

RESEARCH ARTICLE

Exclusion effects on vegetation characteristics and their 
correlation to soil factors in the semi-arid rangeland of 

Mu Us Sandland, China
YANG Xiaohui1,2, ZHANG Kebin3, HOU Ruiping3, CI Longjun ( )1,2

1  Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China
2  Key Laboratory of Tree Breeding and Cultivation, State Forestry Administration, Beijing 100091, China

3  College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

© Higher Education Press and Springer-Verlag 2007

Abstract Exclusion has been applied as a main measure 
for re-vegetation all over the world. This paper, by comparing 
the results of year-round exclusion, seasonal exclusion, and 
non-exclusion, quantified the vegetation variations under 
three different exclusion measures and their correlation to soil 
factors. The analysis results for community species compo-
nent and plant diversity using multi-response permutation 
procedures (MRPPs) showed that exclusion did change the 
species com ponent and increase plant diversity remarkably, 
while the period of exclusion had no significant influence on 
these two community features. The indicator species analysis 
and calculation of similarity indices indicated that commu-
nity for year-round exclusion were becoming xerophytization 
and unpalatability, and showed highly spatial heterogeneity 
of plant species distribution, whereas community for seasonal 
exclusion was under stable non-equilibrium condition. 
Detrended correspondence analysis (DCA) and detrend 
canonical correspondence analysis (DCCA) results of rela-
tionship between plant species and soil variables demonstrat-
ed that soil moisture was a controlling factor for plant species 
component, microbiotic soil crust cover, soil organic matter, 
and soil bulk density had significant effects on soil moisture, 
among which microbiotic soil crust was a leading factor 
owing to its limitation to rainfall infiltration on the one hand, 
and its constraints to entrance of herbaceous seeds into soil or 
to germination of soil seeds on the other hand. As a result of 
long-term removal of animal grazing, crust kept intact in 
year-round exclusion community, which was a main reason 
of community xerophytization. It was also obvious from 
ordination results that some important environmental factors, 
such as tempo-spatial change of rainfall and corresponding 

tempo-spatial change of soil moisture, were neglected during 
direct gradient analysis. In addition, biodiversity was close 
related to soil nutrients as well as to soil moisture condition 
(soil water content and crust cover), and it had positive 
relation to available N, and negative relation to available 
P. Higher soil N had advantage to non-leguminous plants 
growth on nutrition-poor sand land definitely. The impact 
of P to community component was unclear and should be 
studied from plant physiology. Further researches on non-
equilibrium theory in semi-arid rangeland will provide a sci-
entific and flexible animal development paradigm for being 
implementing livestock fen-raising and grazing-forbidden 
policies in China. 

Keywords exclusion treatments, vegetation variation, soil 
factors, biodiversity, multi-response permutation procedures, 
gradient analysis 

1 Introduction

Desertification is one of the most serious worldwide environ-
mental problems, of which rangeland degradation is a major 
type. According to new estimations from United Nations 
Environment Programme (UNEP), the global area of range-
land desertification is up to 3.333 billion hectares, accounting 
for 73% of the rangeland area in desertification-prone areas 
(arid, semi-arid. and dry sub-humid areas), or 92.8% of 
desertified area (Middleton and Thomas, 1998). To date, the 
rehabilitation of degraded rangeland productivity and its eco-
logical function have become one of the key tasks for com-
bating desertification. Exclusion has been applied globally as 
a main measure on rangeland restoration and rehabilitation 
(Smart et al., 1985; Noy-Meir et al., 1989; Pucheta et al., 
1998). Recently, non-equilibrium grazing models for arid 
rangeland, such as the state-and-transition model (Laycock, 
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1991), have challenged the prevailing equilibrium view of 
rangelands which was originally developed for mesic envi-
ronments. This has made the relationship between time and 
types of exclusion and rangeland ecosystem change (includ-
ing vegetation and the related environmental factors) in arid 
ecosystems, a new research forefront in rangeland ecology 
(Westoby et al., 1989; Oba et al., 2000).

In China, there is 186.038 thousand ha of rangeland in 
desertification-prone areas, of which 105.237 million ha 
of rangeland has more or less suffered from degradation, 
accounting for 56.6% of rangeland area and 40.14% of 
desertified area (262.2 million ha) in this bioclimatic region 
(CCICCD, 1997). The commonly accepted conclusion in the 
literature is that exclusion could indeed increase the pro-
ductivity of degraded rangeland in arid regions of China 
(Li, 1995; Bao et al., 1996; Wang et al., 1997; Wang et al., 
2001). Exclusion ensures self-restoration and re-vegetation of 
degraded rangeland through partial or total manual removal 
of herbivores or livestock from the rangeland. The interlinked 
relationship between vegetation and environmental factors, 
especially soil variables, remains unclear. 

Hence, in this study, we selected three exclusion treat-
ments (year-round, seasonal, and non-exclusion) in semi-arid 
sandy rangeland to compare their effects on vegetation com-
position, diversity, and the correlation between vegetation 
features and soil variables. We expected that the results would 
be helpful to better understand the vegetation–soil feedback 
mechanism for improving scientific decision making in the 
restoration of degraded rangeland.

2 Methods

2.1 Study site

Yanchi county is located in the eastern part of the Ningxia Hui 
Autonomous Region (37°04p–38°10p  N, 106°30p–107°41p  E) 
with a total territory of 6 758.56  km2. Two geo-morphological 
units are divided from north to south into a loess hilly area 
and the Ordos gently hilly area (the southwestern edge of 
the Mu Us Sandland). The annual precipitation is only 
250–350  mm, of which over 60% occurs between Jul. and 
Sept., so the natural vegetation types are semi-arid temperate 
grassland and steppe, and the main soil types are Heilu soil 
and sierozem in the south and aeolian soil and sierozem in the 
north (CCYC, 2002).

2.2 Sampling and laboratory methods

The research was conducted in the gently hilly area of Ordos 
Plateau, namely Liulinbao township of the southwestern edge 
of the Mu Us Sandland, 20  km distance north from Yanchi 
City. Three treatments were implemented over adjacent 10  ha 
areas for similar natural conditions since 1991. In the year-
round exclusion, herbivores were totally prohibited from 
grazing using a wire fence; in the seasonal exclusion, they 
were grazed in autumn and winter and excluded in spring and 

summer, and in the non-exclusion they were grazed following 
the natural local grazing system. Vegetation investigation and 
soil sampling were completed in August, 2002, when 32 
quadrants (1  m2) in the core area of each treatment were 
investigated randomly in order to eliminate the edge effect, 
and nomenclature from Ma & Liu (1986, 1988) was used. The 
microbiotic crust coverage was visually estimated, and 
0–20  cm soil was cored for soil water content and soil nutrient 
analysis, and soil bulk density was measured with stainless 
steel cutter edge cylinders 50  mm high and 60  mm in 
diameter (141.37  cm3 inner volume). Soil water content was 
measured by the oven-drying method and soil nutrient con-
tents including total N, total P, total K, available N, available 
P, available K, and soil organic matter, and pH values were 
measured in the Soil Lab of the Research Institute of Forestry, 
Chinese Academy of Forestry in accordance with national 
standard methods for soil analysis (Liu et al., 1996).

2.3 Data analysis

Dufrene and Legendre’s method (1997) was applied to indi-
cator species analysis among treatments, and the Monte Carlo 
method was employed to evaluate the statistical significance 
for a given species in a given treatment with the default setup 
of the PC-ORD 3.0 software (McCune and Mefford, 1997). 
Three plant diversity indices, Shannon index (H), Simpson 
index (D) and evenness index (E), and three similarity indi-
ces, Jaccard index, Sorenson index and Morisita–Horn index 
were calculated (Greig-Smith, 1983), and floristic composi-
tion and diversity indices were compared using multi-
response permutation procedures (MRPP) with Euclidean 
distance measures (McCune and Mefford, 1997). Ordination 
for floristic composition was conducted with DCA, and 
DCCA was selected to depict the relationship between spe-
cies and soil variables because the gradient length for the first 
DCA axis was greater than 4 SD-units (Jongman et al., 1995). 
The relationship between diversity indices and soil variables 
was also analyzed using the Spearman rank correlation 
executed in SPSS software (SPSS Inc., 1999). 

3 Results

3.1 Floristic composition and plant diversity

Results of the indicator species analysis showed that the 
indicator species for year-round exclusion were Leymus 
secalinus, Heteropappus altaicus, Salsola sinkiangensis, 
Scor zonera divaricata, Bassia dasyphylla, Suaeda prostrata, 
and Polygala tenuifolia. Those for seasonal exclusion 
were Setaria viridis, Oxytropis psammocharis, Thermopsis 
shischkinii, Chloris virgata, Psammochloa villosa, 
Gueldenstaedtia stenophylla, and Lespedeza davurica, and 
those for non-exclusion were Artemisia capillaries, Sophora 
alopecuroides, Euphorbia humifusa, Eragrostis poaeoides, 
and Cynanchum komarovii (Table 1). 
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The MRPPs for species composition showed a significant 
difference among the three treatments (P = 0.008 8, A = 
0.041  0), between year-round exclusion and non-exclusion 
(P = 0.004  3, A = 0.046  8) and between seasonal exclusion 
and non-exclusion (P = 0.004  8, A = 0.058  5), whereas no 
significant difference was found between year-round exclu-
sion and seasonal exclusion (P = 0.605  2, A = −0.005  9). 
The MRPPs for three plant diversity indices indicated no 
significant difference in the evenness index (P = 0.327  8, 
A = 0.011  6) among the three treatments, while the results for 
the Shannon diversity index and the Simpson diversity index 
were coincident with the results for species composition, i.e., 
there was significant difference among the three treatments 
(H: P = 0.014  4, A = 0.155  0; D: P = 0.075  6, A = 0.085  4), 
between year-round exclusion and non-exclusion (H: 
P = 0.007  8, A = 0.223  2; D: P = 0.085  3, A = 0.091  3) and 
between seasonal exclusion and non-exclusion (H: P =  
0.009  1, A = 0.176  5; D: P = 0.034  9, A = 0.128  1). Mean-
while, no significant difference was found between year-
round exclusion and seasonal exclusion (H: P = 0.774  8, 
A = −0.037  5; D: P = 0.751  7, A = −0.0361).

The similarity index results showed that all the three indi-
ces within treatment were higher than those between treat-
ments for seasonal exclusion and non-exclusion, and only 
Jaccard index within treatment was higher than that between 
treatments for year-round exclusion. Among three treatments, 

Table 1 List of species and results of indicator species analysis

Species Species name abbreviation Year-round exclusion Seasonal exclusion Non-exclusion

Echinops gmelini EchiGmel 13  
Heteropappus altaicus HeteAlta 51* 12 
Ixeris chinensis IxerChin 5 14 7
Jurinea mongolica JuriMong 13  
Olgaea leucophylla OlgaLeuc 13  
Artemisia capillaries ArteCapi 9 17 72*
Scorzonera divaricata ScorDiva 25*  
Bassia dasyphylla BassDasy 25*  
Corispermum declinatum CoriDecl  13 
Corispermum mongolicum CoriMong 17 20 0
Corispermum heptapotamicum CoriHept  13 
Salsola sinkiangensis SalsSink 40*  
Suaeda prostrata SuaePros 25*  
Astragalus melilotoides AstrMeli 17 18 2
Gueldenstaedtia stenophylla GuelSten  25* 
Lespedeza davurica LespDavu 15 25* 
Oxytropis psammocharis OxytPsam 4 32* 
Sophora alopecuroides SophAlop 8 8 60*
Thermopsis shischkinii TherShis  29* 6
Chloris virgata ChloVirg 10 27* 
Eragrostis poaeoides EragPoae 2  32*
Leymus secalinus LeymSeca 63*  
Psammochloa villosa PsamVill  25* 
Ptilagrostis pelliotii PtilPell 16 12 9
Setaria viridis SetaViri 29 46* 3
Euphorbia esula EuphEsul  9 3
Euphorbia humifusa EuphHumi   38*
Cynanchum komarovii CynaKoma 7 17 24*
Polygala tenuifolia PolyTenu 25* 4 

*: Statistically significant for the maximum indicator values for a given species in particular group using Monte Carlo test (P<0.05)

Jaccard index was higher for seasonal exclusion, and 
Sorenson index and Morisita–Horn index were higher for 
year-round exclusion and seasonal exclusion (Table 2), which 
reflected that greater heterogeneity of plant spatial distribu-
tion exists owing to the absence of grazing disturbance. 

3.2 Relationship between plant species and soil variables 

DCA for plant characteristics showed different correlations 
between various plant characteristics and DCA axes (Fig. 1), 
in which hydro-ecological characteristics had a close relation 
to the first DCA axis (Fig. 1a), which reflected the soil water 
conditions. Palatable and life-form characteristics had a close 
relation with the second DCA axis (Fig. 1b and 1c), which 
reflected grazing pressure. Strong correlations between 
perennial herbaceous plants and low-palatable plants and 
between annuals and normal-palatable plants could also be 
read out from the diagrams.

The canonical coefficients of soil variables in the first four 
DCCA axes indicated that the crust coverage and available K 
had a greater contribution to species composition in the first 
DCCA axes. As the two values were both negative, the con-
tributions were also negative. Similarly, soil organic matter 
(SOM) (negative) and total K (negative) in the second DCCA 
axis, pH value (positive), and available K (negative) in the 
third DCCA axis and total N (negative) in the fourth DCCA 



213
Table 2 Similarity indices of quadrats for different exclusion measures (meanPSE)

Similarity index Treatment Year-round exclusion Seasonal exclusion Non-exclusion

Jaccard Year-round exclusion 0.282 5P0.022 0 0.256 4P0.010 7 0.199 1P0.012 6
 Seasonal exclusion 0.256 4P0.010 7 0.295 7P0.022 2 0.262 7P0.015 9
 Non-exclusion 0.199 1P0.012 6 0.262 7P0.015 9 0.380 4P0.025 2
Sorenson Year-round exclusion 0.148 2P0.024 3 0.197 0P0.017 3 0.103 6P0.010 6
 Seasonal exclusion 0.197 0P0.017 3 0.243 2P0.024 2 0.164 8P0.013 8
 Non-exclusion 0.103 6P0.010 6 0.164 8P0.013 8 0.312 1P0.038 9
Morisita–Horn Year-round exclusion 0.212 1P0.044 1 0.259 7P0.029 4 0.123 3P0.018 0
 Seasonal exclusion 0.259 7P0.029 4 0.309 6P0.041 7 0.193 8P0.022 7
 Non-exclusion 0.123 3P0.018 0 0.193 8P0.022 7 0.481 1P0.054 3

(a) Hydro-ecological characteristic; (b) Palatable characteristic; (c) Plant life-form characteristic
Fig. 1 First three DCA ordination axes based on floristic composition of all sampling quadrats (for complete species name, see Table 1)

axis, had higher contributions to species composition. From 
the intra-set correlations of the soil variables with the first 
four DCCA axes shown in Table 3, it could be inferred that 
the first axis was correlated to crust coverage, SOM and soil 

bulk density, the second axis to SOM, total P and soil 
moisture, the third axis to pH value, and the fourth axis to 
soil moisture, total P and available N. The correlation of soil 
variables with the first two axes was clearly demonstrated in 
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the ordination diagrams (Fig. 2), in which crust coverage had 
a negative correlation to the first axis with a correlation 
coefficient of 0.660 9 and SOM had a significantly negative 
correlation to the second axis with a correlation coefficient of 
0.574 2. 

The DCA results in Fig. 1 showed that the first axis 
reflected soil water gradient, while the first DCCA axis was 
related to crust coverage. SOM and bulk density had no direct 
correlation with soil moisture which was measured during 
the vegetation and soil survey. The main reason is likely to 
be that one episodic measurement for soil moisture cannot 
reflect seasonal and annual soil water dynamics, and the crust 

coverage, SOM and bulk density tended to indirectly influ-
ence soil moisture. The second DCCA axis correlated to 
SOM, total P and soil moisture, and a grazing pressure gradi-
ent was reflected to an extent. Compared with the species 
distribution based on hydro-ecological function characteris-
tics in the DCA diagram (Fig. 1a), there was a strong similar-
ity in species distribution between the first and second DCCA 
axes despite the additional influence of soil variables, and a 
species distribution gradient from xerophytic to merophytic 
was clearly demonstrated. 

In the ordination diagram for quadrats and soil variables 
(Fig. 2), the difference among three treatments was reflected, 

Table 3 Canonical coefficients and the intra-set correlations of soil variables with the first four axes of DCCA

Soil variable Canonical coefficients Intra-set correlations 

 Axis 1 Axis 2 Axis 3 Axis 4 Axis 1 Axis 2 Axis 3 Axis 4

Total N 0.146 9 0.316 2 0.224 0 −0.813 5* 0.280 6 −0.280 8 0.075 0 0.238 5
Total P 0.648 1 0.617 2 −0.243 1 0.546 1 0.226 0 −0.519 8 0.068 0 0.485 1
Total K 0.056 9 −0.313 7* −0.213 4 0.014 5 −0.332 5 −0.057 8 −0.188 3 0.009 6
Available N 0.170 4 0.740 6 0.073 4 0.793 6 −0.054 6 −0.433 2 0.191 1 0.433 9
Available P 0.196 2 0.253 0 0.100 1 −0.03 0 −0.002 1 0.173 0 −0.163 8 −0.227 5
Available K −0.323 2* −0.229 7 −0.405 9* −0.112 8 0.146 3 −0.354 4 −0.291 4 −0.211 4
SOM −0.872 6 −2.052 7* 1.132 9 −0.425 6 0.479 3 −0.574 2 0.051 5 0.368 5
pH −0.064 5 −0.045 6 0.343 4* 0.124 4 −0.100 9 0.170 5 0.399 7 0.212 4
Soil moisture −0.154 0 0.136 9 0.596 6 0.293 9 −0.256 9 0.474 0 −0.093 0 −0.508 2
Crust cover −0.463 0* 0.023 4 −0.090 1 0.030 4 −0.660 9 −0.088 4 −0.043 7 0.374 4
Bulk density 0.137 0 −0.174 5 −0.085 1 0.021 2 0.381 7 −0.136 1 0.024 1 −0.067 9

*: t-value more than 2.1 in absolute value means that this variable is greatly contributed to the fit of the species data

 (a) (b)

(a) Plant species and soil variables; (b) Quadrats and soil variables (AN-available N, TN-total N, AP-available P, TP-total P, 
AK-available K, TK-total K, SOM-soil organic matter, BK-bulk density, crust-microbiotic crust, moist-soil moisture, pH-soil pH, for 
complete species name, see Table 1) 
Fig. 2 DCCA ordination diagram of the first two axes showing quadrats, plant species and soil variables among different treatments
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in which quadrats for year-round exclusion aggregated in the 
lower left corner and had significant correlation with crust 
coverage, available N and total K. Quadrats for seasonal 
exclusion distributed on the upper portion and had significant 
correlations with soil moisture, available P and pH. However, 
quadrats for non-exclusion concentrated in the lower right 
corner and had significant correlations with soil bulk density 
and total N. A few quadrats from year-round and seasonal 
exclusion, however, were distributed in a more random 
pattern, which might result from the small-scale differences 
of grazing pressure and micro-topology.

Eigenvalues and species-environment correlations of the 
first four axes of the DCA and DCCA were compared in 
Table 4. It was obvious that species-environment correlation 
coefficients for DCCA axes were greater than those for DCA 
axes. The first four DCA axes explained 61.2% of the total 
variation in the species data, while the first four DCCA axes 
could only explain 29.1% of the total variation in the species 
data. Eigenvalues for DCCA axes were somewhat lower than 
those for DCA axes, indicating that some important explana-
tory environmental variables were not measured in this study. 
More environmental factors should be measured for better 
reflecting their impacts on community structure.

Table 4 Comparison of ordination results from DCA and DCCA

 Ordination Axis 1 Axis 2 Axis 3 Axis 4
 method

Eigenvalues DCA 0.736 0.432 0.218 0.116
 DCCA 0.607 0.297 0.179 0.092
Species-environment DCA 0.826 0.899 0.848 0.737
correlations DCCA 0.960 0.898 0.851 0.870

3.3 Correlation between biodiversity and soil factors

The results of Spearman rank correlation between plant diver-
sity indices and soil variables demonstrated that the Shannon 
index had a positive correlation with available N (r = 0.733) 
and soil moisture (r = 0.665), and a negative correlation 
with crust coverage (r = 0.796) and available P (r = 0.699). 
Similarly, the Simpson index had positive correlation with 
available N (r = 0.725) and soil moisture (r = 0.713), and 
a negative correlation with crust coverage (r = 0.744) and 
available P (r = 0.732) matched to an extent with the analysis 
for species-soil correlations (Table 5).

4 Discussion 

4.1 Effects of grazing pressure on vegetation features

It had previously been shown that grazing at moderate inten-
sity in Mediterranean, sub-Saharan and other sub-tropical 
rangelands does promote plant diversity (Hiernaux, 1998; 
Perevolotsky and Seligman, 1998), and a hump-back response 
model had been suggested by Grime (1973). MRPP analysis 

results for floristic composition and plant diversity indices in 
this study show that exclusion does change the community 
components and increase plant diversity, but a significant 
difference exists between year-round exclusion and non-
exclusion as well as between seasonal exclusion and 
non-exclusion, but not between year-round exclusion and 
seasonal exclusion. In addition, the results of Jaccard’s 
coefficient do not totally match with Grime’s model. For the 
seven indicator species within year-round exclusion, six plant 
species have low palatability except Leymus secalinus which 
has high palatability, and three xerophytic species and one 
extremely xerophytic species (Scorzonera divaricata) are 
included. For the seven indicator species within seasonal 
exclusion, six plant species have normal or high palatability 
except Oxytropis psammocharis which has low palatability, 
and two mesophytic species and two meso-xerophytic species 
appeared. For the five indicator species within non-exclusion, 
two species have high palatability and three have low 
palatability, and there were two mesophytic species, two 
meso-xerophytic species and one xerophyte, Cynanchum 
komarovii (Fig. 1). It can be deduced that long-term exclusion 
reduces the grazing value of the community, as some palat-
able or browse-tolerant plant species disappeared as in other 
long-term exclusion studies (Belsky, 1986; McNaughton 
et al., 1988). Xerification of the plant community develops 
following the increase in plant diversity in this semi-arid 
sandy rangeland.

4.2 Crust and other soil variables’ role in floristic 
composition and structure

The results from ordination diagrams of DCA and DCCA and 
the correlation between species diversity and soil variables 
indicate that soil water dynamics is the most dominant 
factor for community composition in semi-arid rangeland, 
while crust coverage, SOM, and bulk density influence water 
dynamics directly or indirectly. Microbiotic crust is the most 
important soil water controlling factor and is considered to be 
an effective indicator for landscape health in arid ecosystems 
(Eldridge, 1997). The existence of crust constrains the 
infiltration rate and reduces soil water content (Eldridge and 

Table 5 Spearman rank correlation (r) between biodiversity indices 
and selected soil variables

Soil factors Shannon diversity index (H) Simpson diversity index (D)

Total N 0.128 0.189
Total P 0.457 0.437
Total K 0.245 0.341
Available N 0.733 0.725
Available P −0.669 −0.732
Available K −0.296 −0.262
SOM 0.467 0.548
pH 0.242 0.360
Soil moisture 0.665 0.713
Crust cover −0.796 −0.744
Bulk density −0.413 −0.491
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Greene, 1994; Wang et al., 1994), so some seeds of herba-
ceous plants cannot enter the soil and some seeds in the soil 
cannot germinate normally (Eldridge et al., 1992; Huang and 
Gutterman, 1998). Moderate trampling from livestock can 
increase water infiltration and enhance seed germination. 
Owing to long-term removal of livestock trampling, there are 
good developments of microbiotic crust in year-round exclu-
sion, which is one reason for the community xerification 
under long-term exclusion. 

Plant species diversity has a close correlation not only to 
soil moisture-related variables, such as soil water content and 
soil crust coverage, but also to soil available N and available 
P. A high content of available N is favorable to germination 
and the growth of non-leguminous plant species on nutrient-
poor sandland, but it is unclear how soil available P influ-
ences plant diversity in a community. Higher concentrations 
of P in soil and plant tissues near waterpoints with higher 
grazing pressure compared to outlying areas with lower 
grazing pressure (Tolsma et al., 1987; Turner, 1998). Further 
research should be focused on the ecophysiological charac-
teristics for each species in community. 

4.3 Implications for degraded rangeland management in 
semi-arid China 

In recent years, grazing-forbidden policies have been enacted 
and implemented in arid and semi-arid areas for re-vegetation 
and rehabilitation of degraded rangeland, and year-round 
exclusion has become an alternative measure (SCNPC-PRC, 
2003). However, the goal of re-vegetation is restoration 
for better grazing function, and long-term exclusion cannot 
increase rangeland productivity or grazing function signifi-
cantly in semi-arid sandy rangeland, while seasonal exclusion 
can effectively maintain a non-equilibrium state between 
the rangeland community and livestock grazing and grazing 
values. Even for rangeland which has been degraded by the 
traditional grazing mode, the period for full exclusion cannot 
be too long. Once the rangeland restores its own resilience, 
seasonal grazing may be undertaken, and positive feedback 
between plant growth and livestock grazing will be gradually 
established. Further research on non-equilibrium theory in 
semi-arid rangeland will provide a scientific and flexible 
animal development paradigm for implementing livestock 
fen-raising and grazing-forbidden policies in China. 

Acknowledgements This research was funded in part by the National 
Tenth-five-year-plan Science & Technology Project (No. 2005BA517A04) 
and the National Natural Science Foundation of China (Grant Nos. 30571529, 
30671722).

References

Baoyin T G L, Chen M (1997). The study of changes of plant diversity 
on degenerated steppe in enclosed process. Acta Scientiarum 
Naturalium Universitatis NeiMongol, 28(1): 87–91 (in Chinese)

CCICCD (Chinese Committee for Implementing UN Convention to 
Combat Desertification) (1997). China Country Paper to Combat 
Desertification. Beijing: China Forestry Publishing House

CCYC (Compiling Committee of Yanchi Chronicle) (2002). Yanchi 
Chronicle. Yinchuan: Ningxia People’s Press (in Chinese)

Dufrene M, Legendre P (1997). Species assemblages and indicator 
species: the need for a flexible asymmetrical approach. Ecological 
Monographs, 67: 345–366

Eldridge D J, Greene R S B (1994). Microbiotic soil crusts: a review 
of their roles in soil and ecological processes in the rangelands of 
Australia. Australian Journal of Soil Research, 32: 389–415

Eldridge D J, Westoby M, Holbrook K M (1992). Soil surface character-
istics, microtopography and proximity to mature shrubs: Effects on 
survival of several cohorts of Atriplex vesicaria seedlings. Journal of 
Ecology, 78: 357–364

Eldridge D J, Koen T B (1997). Cover and floristics of microphytic soil 
crusts in relation to indices of landscape health. Plant Ecology, 137: 
101–114

Greig-Smith P (1983). Quantitative Plant Ecology. 3rd ed. Oxford: 
Blackwell

Hiernaux P (1998). Effects of grazing on plant species composition and 
spatial distribution in rangelands of the Sahel. Plant Ecology, 138: 
191–202

Huang Z, Gutterman Y (1998). Artemisia monosperma achene germina-
tion in sand: effects of sand depth, sand/water content, cyanobacterial 
sand crust and temperature. Journal of Arid Environments, 38: 27–43

Jongman R H G, Ter Braak C J F, Van Tongeren O F R (1995). Data 
Analysis in Community and Landscape Ecology. London: Cambridge 
University Press

Krebs C J (1989). Ecological Methodology. New York: Harper and 
Row

Laycock W A (1991). Stable states and thresholds of range condition on 
North American rangelands: A viewpoint. Journal of Range Manage-
ment, 44: 427–433

Li Y H (1995). Restoration dynamics of degraded grasslands in the 
typical steppe zone of Inner Mongolia. Chinese Biodiversity, 3(3): 
125–130 (in Chinese)

Liu G S (1996). Soil Physical and Chemical Analysis & Description of 
Soil Profiles. Beijing: Chinese Criteria Press (in Chinese)

McCune B, Mefford M J (1999). PC-ORD. Multivariate Analysis of 
Ecological Data. Version 3.0 (1997). Gleneden Beach (OR): MJM 
Software Design

Middleton N J, Thomas D S G (1998). World Atlas of Desertification. 
2nd ed. London: Edward Amold

Noy-Meir I, Gutman M, Kaplan Y (1989). Responses of Mediterranean 
grassland plants to grazing and protection. Journal of Ecology, 77: 
290–310

Oba G, Stenseth N C, Lusigi W (2000). New perspectives on sustainable 
grazing management in arid zones of sub-Saharan Africa. Bioscience, 
50(1): 35–51

Perevolotsky A, Seligman N G (1998). Role of grazing in Mediterranean 
rangeland ecosystems. Bioscience, 48: 1007–1017

Pucheta E, Cabido M, Diaz M (1998). Floristic composition, biomass, 
and aboveground net plant production in grazed and protected sites in 
mountain grassland of central Argentina. Acta Oecol, 19: 97–105

SCNPC-PRC (Standing Committee of the National People’s Congress, 
the People’s Republic of China) (2003). Grassland Law of the 
People’s Republic of China. Beijing: Law Press (in Chinese)

Smart N O F, Hatton J C, Spence D H N (1985). The effect of long-term 
exclusion of large herbivores on vegetation in Murchison Palls Park, 
Uganda. Biological Conservation, 33: 229–245

SPSS Inc (1999). SPSS for Windows. Version 10.0 (1993) Chicago (IL): 
SPSS Inc.

Tolsma D J, Ernst W H O, Verwey R A (1987). Nutrients in soil and 
vegetation around two artificial waterpoints in eastern Botswana. 
Journal of Applied Ecology, 24: 991–1000

Turner M D (1998). Long-term effects of daily grazing orbits on nutrient 
availability in Sahelian West Africa: 1. Gradients in the chemical 
composition of rangeland soils and vegetation. Journal of Biogeogra-
phy, 25: 669–682



217
Wang M J, Li Q F, Qing X L (2001). The quantities of seed setting 

in fenced and freely grazed areas in Stipa Baicalensis steppe, Inner 
Mongolia. Grassland of China, 23(6): 21–26 (in Chinese)

Wang W, Liu Z L, Hao D Y (1997). Dynamic response of degraded 
steppe vegetation to grazing exclusion in the Inner Mongolia. 
Climatic and Environmental Research, 2(3): 236–240 (in Chinese)

Wang X Y, Hou J L, Qi J Z (1994). Mitigating effects of herding in the 
bush upon water distribution in the sandy area. Bulletin of Soil and 
Water Conservation, 14(7): 15–21 (in Chinese)

Westoby M, Walker B, Noy-Meir I (1989). Opportunistic management 
for rangeland not at equilibrium. Journal of Range Management, 42: 
266–274



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


