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THE EFFECTS OF PROTECTIVE ENCLOSURE ON VEGETATION
DIVERSITY, AND PRODUCTIVITY OF DEGRADED ALPINE
KOBRESIA MEADOW (QINGHAI-TIBETAN PLATEAU)

ABSTRACT: Grassland degradation due to
anthropogenic and natural factors and their in-
teractions is one of the worldwide ecological and
economic problems because it reduces grassland
productivity and diversity and leads to desertifica-
tion. The objective of this study was to assess the
influence of protective enclosure on vegetation
composition and diversity and plant biomass of
an alpine degraded meadow. The experiment was
conducted at center of Qinghai-Tibetan Plateau
with two degraded (caused by overgrazing) alpine
meadows: the lightly and severely degraded ones
(LD and SD) and their enclosed areas with iron net
(LDE and SDE, respectively). The areas 200 m x
150 m for each of four degraded alpine meadow
treatments at average altitude 3,960 m a.s.1. were set
for research. The lightly degraded plots were domi-
nated by Scirpus distigmaticus (Kukenth.) Tang et
Wang, Elymus nutans Griseb. and Oxytropis ochro-
cephala Bunge. The dominating plants in severely
degraded plots were: Artemisia sieversiana Ehrhart
ex Willd, Ajania tenuifolia (Jacq.) Tzvel, Lonicera
minuta Batal. The results showed: (1) the vegeta-
tion cover of two degraded plots (LD and SD) has
increased after taking the enclosure measures and
the forbs dominated both plots. (2) Species richness
has also increased in two enclosed degraded plots,
respectively. There no significant differences in
evenness and diversity between LD and LDE, and
SD and SDE, respectively. (3) Enclosure may pro-
mote aboveground biomass, particularly grass and
forb biomass in LD, and forb biomass in SD plots.

KEY WORDS: alpine steppe meadow, land
degradation, enclosure, species diversity, produc-
tivity

1. INTRODUCTION

The general problem of the dry grassland
damage in lowland and highland regions was
due to overgrazing, land management, water
shortage, and climate change (Liniger and
Thomas 1998, Muller et al. 1998, Zhou et
al. 2005, Bilotta et al. 2007). The main ef-
fects are: plant cover decrease, biological pro-
ductivity drop, soil nutrients and water con-
servation capacity loss and desertification.

The Qinghai-Tibetan Plateau occupies
2.5 million km? in the southwest of the Peo-
ple’s Republic of China, approximately 25%
of the country’s area with an average eleva-
tion >4000 m. An estimated 70% contains
high altitude grassland and pastoralism is the
primary land use (Miller 1995). The alpine
meadow, steppe meadow, and alpine steppe
are three main vegetation types distributed in
the Qinghai-Tibetan Plateau.

The alpine grasslands of the Qinghai-
Tibetan Plateau have supported pastoralism
of domesticated yaks (Bos grunniens L.) and
Tibetan sheep (Ovis aries L.) for approxi-
mately 2200 years (Miller 1995). In recent
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decades, numbers of livestock have increased
rapidly (Jing et al. 1991, Dong et al. 2004)
and grassland degradation characterized by
reduced above-ground plant biomass, loss
of the hard turf layer leading to exposure of
subsoil and an increase in the prevalence of
toxic plants have become a major problem
on the plateau (Lang et al. 1997, Zhou et
al. 2005). Overgrazing has resulted in serious
degradation of the grassland, with an annu-
al rate of degradation of 6.6-34.5% (Wang
and Chen 2001). Besides overgrazing, in-
creasing rodent population (Li et al. 1999,
Liu et al. 1999), cryoturbation, and climate
change have also accelerated the deteriora-
tion of plateau grassland (Ma 1999). There
is about 42.51 million ha of degraded grass-
land, which constitutes 33% of the avail-
able grassland area in the Qinghai-Tibetan
Plateau. Severely degraded grassland area
of approximately 7.03 million ha, accounts
for 16.5% of the degraded grassland (Wang
1997, Ma 1999).

Alpine meadow degradation not only
leads to changes of plants composition, dra-
matic drop in plant production and loss
of diversity, but also in soil C and N loss
(Wang et al. 2005). Enclosure is a counter-
measure for regeneration of the natural veg-
etation through protection of the areas from
human and animal interference. In this re-
gard, the practice of establishing the enclo-
sures has emerged as a prevalent practice
for natural regeneration of the native plants
in degraded grassland in Qinghai-Tibetan
Plateau (Ma et al. 2002, Zhou et al. 2003).
The seedling measures for the severely de-
graded alpine meadow rehabilitation were
reported (Wang et al. 2006). However, not
much research work has been done in the
typical area of the plateau to investigate the
effects of enclosure from an ecological per-
spective.

The aim of the present study was to exam-
ine the influence of enclosures on the com-
munity structure and vegetation productivity
in the lightly and severely degraded alpine
meadow and to provide more scientific infor-
mation for the rehabilitation of the degraded
grasslands, on the example of Qinghai-Tibet-
an Plateau.
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2. MATERIAL AND METHODS

The study was carried out at Geduo pas-
ture area in Magqin county of Qinghai prov-
ince, China. The study site located at latitude
34°21’-34°30°N, longitude 100°26’-100°30’E
(elevation 3,950-3,970 m). The annual pre-
cipitation changed from 420 to 560 mm,
which was concentrated from May to Sep-
tember. Mean monthly temperature is -2.6°C,
and the annual cumulated temperature, be-
yond 0°C is 9143.3°C, the sunlight time, is
2576.0 h (Wang et al. 2004). The vegetation
type is alpine Kobresia meadow, and principal
soil types are Mat Cryic Cambisols and Mol
Cryic Cambisols (CSTC 1995).

About 10 ha areas of the lightly and se-
verely degraded land were selected based on
the difference of the vegetation cover, domi-
nance species composition and forage qual-
ity and enclosed with iron net in March 2002,
respectively. The plant cover of the lightly de-
graded plot amounted to 82%, and was domi-
nated by Scirpus distigmaticus (Kukenth.)
Tang et Wang, Elymus nutans Griseb. and
Oxytropis ochrocephala Bunge. The plant
cover of the severely degraded plot amounted
to 65%, and was dominated by Artemisia siev-
ersiana Ehrhart ex Willd, Ajania tenuifolia
(Jacq.) Tzvel, Lonicera minuta Batal.

Four treatments, each of size 200 m
x 150 m, representing the lightly degraded
land with enclosure (LDE) and the adjacent
open land (LD), and the severely degraded
land with enclosure (SDE) and the adjacent
open land (SD), were set for research in 2004.
All treatment areas were grazed in winter.
Grazing intensity was approximately 4.13
heads of Tibet sheep per ha.

For each treatment three plots (50 m x50 m)
were established for measurements. All of the
plant and root samples were collected in Au-
gust 2004. Plant community characteristics
were determined from two transects (50 cm
x 500 cm) containing ten continuous quad-
rates (50 cm x 50 cm) in each plot. Plant spe-
cies were identified and recorded, and total
ground cover, species cover, and height were
determined from 0.25 m? quadrates. The
number of plant species was assessed for each
plot. In each plot, five 0.25 m* quadrates were
selected randomly and above-ground plant
materials were clipped at the ground. The
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harvested plants were separated into grasses,
sedges and forbs. Root biomass was sampled
in ten soil cores (diameter 5 cm) per plot at
0-30 cm depths. The soil cores were crum-
bled by hand to pass through a 4-mm diam-
eter sieve to separate large segments from the
soil. Large root fragments and the associated
soil were then washed over a 0.25 mm sieve
to retrieve fine roots. All vegetation materials
were oven-dried (48 h, 70°C), and weighed.
Importance Values (IV) (Wang et al.
2006) for individual species were calculated
as averages of their relative abundance in
terms of relative canopy cover, relative height,
and relative frequency and expressed in %:

RC+RH+ RF)x100
3 (1)

IV=(

Where:
RC = canopy cover of individuals of a given
species in a quadrate (in % of total cover for
all species in a quadrate), RH = height of indi-
viduals of a given species in a quadrate (in %
of total height of individuals for all species in
a quadrate), and RF = frequency of individuals
of a given species in a quadrate (as % of total
frequencies for all species in a quadrate).
Plant species were classified into four
groups based on functional type: grass-
es, sedges, annual forbs, and perennial

forbs. Diversity [Shannon-Weiner index
S
H'=-> PilnPi
i=1

and evenness [Pielou index (7 = HYInS)]
were calculated (Poole 1974) using species-
important data. Species richness (S) was con-
sidered as the number of species identified in
each plot.

Calculations and statistical analyses were
performed with MS Excel and SAS 8.2. An in-
dependent ¢-test was used to check the effect
of enclosures on biomass of above-ground
vegetation and root biomass.

3. RESULTS

A total of 53 species were recorded in LD
treatment plot, of which 28 were recorded both
in LD and LDE plots while only one, Trollius
pumilua var. tanguticus Bruhl was recorded out-
side of the sample plots. Among the species en-

countered, 4 sedge and 4 grass species were found
both in LD and LDE plots. Similarly, a total of
41 species were found in two severely degraded
plots, of which 18 species representing both the
SD and SDE plots. Two shrub species were found
in the severely degraded meadow plot.

The total ground cover of LD plot was
equal to 77% and the species: Scirpus distig-
maticus (Kukenth.) Tang et Wang, Lagotis
brachystachy Maxim and Oxytropis ochro-
cephala Bunge were dominating. Their Im-
portant Values (IV) (formula 1) were 11.7, 8.2
and 7.6% respectively. LDE treatment resulted
in 96% of total ground cover and the plot was
dominated by Ajania tenuifolia (Jacq) Tzvel.,
Elymus nutans Griseb, Pleurospermum pulsz-
kyi Kanitz, Poa crymophila Keng and Leonto-
podium nanum (Hook.f. et Thoms.) Hand.-
Mazz. Their Important Values (formula 1)
were 8.4, 8.2, 5.7, 5.4 and 5.2%, respectively.
SD and SDE treatment resulted in 65 and 73%
total ground cover. The dominating species
in SD plot were Ajania tenuifolia (Jacq) Tz-
vel, Ligularia virgaurea(Maxim.) Mattf, and
Artemisia sieversiana Ehrhart ex Willd with
important values (formula 1) of 12.8, 11.7
and 9.3%, respectively. The species Artemisia
sieversiana Ehrhart ex Willd, Lonicera minuta
Batal and Ajuga lupulina Maxim were domi-
nating in SDE plot and their Important Values
were 14.8, 14.3 and 12.1%, respectively.

Importance Values (IV) for sedges in LDE
treatment were lower than that in the LD,
while IV for grasses and perennial forbs in
the lightly degraded plot increased largely
after established the enclosures (Table 1). Im-
portance values for sedges, grasses and peren-
nial forbs in SDE plot were lower than that in
SD, and enclosure measurements increased
the Importance Values for annual forbs in the
severely degraded land.

Richness, diversity, and evenness of
above-ground vegetation for different treat-
ments were showed in Table 2. Enclosure
measure could improve the species richness
both in thelightly and severely degraded plots,
while the diversity and evenness value of the
community inside the enclosures were lower
than in open areas. Some sedge and grass
species like: Kobresia pygmaea (C.B. Clarke)
C.B. Clarke, Scirpus distigmaticus (Kukenth.)
Tang et Wang, Deschampsia caespitosa (Linn.)
Beauv and Stipa purpurea Griseb typical for
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natural alpine meadow had disappeared from
the severely degraded meadow, and forb spe-
cies became dominating in this meadow.
Establishment of enclosures enhanced the
total aboveground biomass compared to the
plots not enclosed (P <0.05) (Figs 1 and 2).
Enclosure measurements increased the bio-
mass of grasses (P <0.05) and forbs (P <0.05)
significantly. No significant differences were
found for sedge biomass (P> 0.05) between
LD and LDE plots. Forb biomass was en-
hanced significantly in the severely degraded

meadow within enclosure, and no significant
differences were found for sedge and grass
biomass between SD and SDE plots (P> 0.05).
In the lightly degraded land, the propor-
tion of sedge, grass and forb biomass was
2.5:1:4 and after three years of enclosure it
was 1:2:5 and the total biomass was enhanced
significantly. Forbs were the dominants in
community for both enclosed and open area
of the severely degraded land, and measure-
ment of enclosure enhanced largely the forb
biomass in the severely degraded plot.

Table 1. Number of species and average Importance Values (IV) (formula 1) of different plant groups for
the lightly degraded alpine meadow (LD), the lightly degraded alpine meadow with enclosure measures
(LDE), the severely degraded alpine meadow (SD) and the severely degraded alpine meadow with en-
closure measures (SDE).

LD LDE SD SDE
No. ° £ Average IV No. N f Average IV No. N f Average IV No. 2 f Average IV
species species species species
Sedges 4 5.5 4 2.1 2 0.8 1 0.3
Grasses 5 4.2 5 3.8 3 33 3 1.4
Annual forbs 3 0.4 7 1.7 5 3.4 10 3.4
Perennial 27 2.1 26 1.8 23 3.1 13 3.9

forbs

Table 2. Richness (number of species), evenness (Pielou index) and diversity (Shannon-Wiener in-
dex) of the plant community for the lightly degraded alpine meadow (LD), the lightly degraded alpine
meadow with enclosure measures (LDE), the severely degraded alpine meadow (SD) and the severely

degraded alpine meadow with enclosure measures (SDE).

Richness Pielou index Shannon-Weiner index

LD 39 09 3.2
LDE 42 0.8 3.0
SD 27 0.8 3.0
SDE 33 0.8 2.8
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Fig. 1. Mean sedge, grass, forb, and total biomass of the lightly degraded alpine meadow (LD) and the
lightly degraded alpine meadow with enclosure measures (LDE). Each composite column marked with
different letters are differed significantly at P = 0.05.
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Fig. 2. Mean sedge, grass, forb, and total biomass of the severely degraded alpine meadow (SD) and the
severely degraded alpine meadow with enclosure measures (SDE). Each composite column marked
with different letters are differed significantly at P = 0.05.
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Fig. 3. Root biomass in different soil depth of the lightly degraded alpine meadow (LD) and the lightly
degraded alpine meadow with enclosure measures (LDE). Each composite column marked with differ-
ent letters are differed significantly at P = 0.05.
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Fig. 4. Root biomass in different soil depth of the severely degraded alpine meadow (SD) and the se-
verely degraded alpine meadow with enclosure measures (SDE). Each composite column marked with
different letters are differed significantly at P = 0.05 level.

journal 19.indb 499 2009-09-30 09:29:55



500 Shixiong Li et al.

The average root biomass (0-30cm) in
LD, LDE, SD and SDE plots was 2492.8 g m?,
2138.1 gm™, 1453.9 gm™ and 1041.1 gm™,
respectively (Figs 3 and 4). No differences
were found in the root biomass of all depths
between two degraded lands and their en-
closed treatments.

4. DISCUSSION AND CONCLUSIONS

Degradation of alpine grassland is caused
by anthropogenic and natural factors and
their interactions (Du et al. 2004). Anthro-
pogenic factors include seasonal overgraz-
ing by domestic mammals, conversion of
grassland to cropland, and mining exploita-
tion (Wang and Fu 2004). Natural factors
include rodent and insect pests and wind
erosion (Wang and Zheng 1999). The prin-
cipal analysis shows that overgrazing initi-
ates alpine meadow degradation (Wang et
al. 2006), causing important changes in the
composition and structure of the plant com-
munity (Pierre 1998).Understanding of
these changes is essential because they have
become the focal points for monitoring grass-
land degradation and they provide the useful
information for vegetation restoration. The
results of this study confirm that in the early
phases of degradation dominanting plants
disappear and some native plants are lost, like
the results observed from alpine steppe (Li
et al. 2006) and from steppe dominated by
Stipa sp. in the Mongolia Plateau of China
(Mouat and Hutchinson 1995). This study
partly supports an emerging global pattern
that grassland is replaced by shrub land along
with the process of grassland degradation.
For example, in the arid regions of south-
western North America, Brown et al. (1997)
found shrubs such as Potentilla fruticasa L. in
severely degraded plant communities. In the
process of alpine meadow degradation, the
biomass proportion of sedges decreases and
the unpalaTable forb plants gradually invade.
The landscape denudation in grassland areas
become obvious due to low vegetation cover,
and further increase of wind erosion. At this
time, rodents frequently damage vegetation
by excessive excavating and gnawing (Zhou
et al. 2005).

Changes in plant biomass may be an im-
portant measure of alpine meadow degrada-
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tion, and have been used to monitor grass-
land degradation (Wang and Chen 2006).
Net primary productivity of alpine meadows
varies with plant community composition,
climate (temperature and precipitation), dis-
turbance (grazing), topography, and the in-
teraction of these factors (Wang 2001). One
of main feature of severely degraded land was
the loss of the originally dense sod layer in the
native Kobresia meadow and the establish-
ment of large amount of forbs. Establishment
of enclosure enhanced aboveground biomass,
particularly the grass biomass in the lightly
degraded meadow, and forb biomass in se-
verely degraded land.

The results from the present study clearly
demonstrated the importance of enclosures
in the restoration of degraded alpine lands.
The comparison made between the enclo-
sures and open grazing lands of two degraded
alpine meadows showed that the composi-
tion, diversity of vegetation were higher in
the enclosures suggesting rehabilitation of
degraded alpine lands in relatively short peri-
ods of time by avoiding or minimizing inter-
ference of people and domestic animals in the
degraded lands with establishing enclosure
measures. The same results have been report-
ed from studies made on the other areas of
the Qinghai-Tibetan Plateau (Li et al. 2006).

Sustainable conservation and utiliza-
tion of the alpine meadow vegetation re-
sources and the rehabilitation of degraded
grassland needs to provide economic, social
and ecological benefits. This requires tak-
ing different restoration measures for alpine
meadow based on the different state of de-
gradion. Establishment of enclosures is very
advantageous over other methods because it
is fast, cheap and lenient method for the re-
habilitation of degraded land (Mengistu et
al. 2005). This study also demonstrated the
importance of enclosures in the restoration
of the lightly degraded alpine meadow. It is
difficulty for the severely degraded alpine
Kobresia meadow with establishment of en-
closures to rehabilitate to the original native
vegetation prior to the loss of Kobresia plants.
The native alpine meadow is characterized
by the dominance of Kobresia plants that are
perennial geophyta rhizomatosa (Zhou and
Li 2001). Reproduction of sedge plants such
as K. pygmaea and K. humilis K.Y. Pan in an
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alpine environment takes place mainly by
cloning. Kobresia plants may produce mature
seeds, but the rate of germination of these
seeds was nearly zero in the field experiments
(Deng and Zhou 2001). Grassland degrada-
tion mainly caused by the overgrazing, and
forage absence is a conflict between degraded
grassland recovery and livestock husbandry
development. Therefore, cultivars of native
grasses with high germination rate such as
E. sibiricus, P. crymophila, and E. nutans are
seeded usually to rehabilitate severely de-
grade lands on the Tibetan Plateau (Wang
and Chen 2006).
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