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Effects of grazing exclusion on the composition and structure of steppe

communities dominated by Caragana microphylla

ZHAO Tingting, ZHAO Nianxi, GAO Yubao "
College of Life Science, Nankai University, Tianjin 300071, China

Abstract; Grassland ecosystem is one of the most important terrestrial ecosystems in the world which may impose an impact
upon global environmental change. The dynamics of a grassland ecosystem can be affected by disturbance in terms of
promoting community succession and changing community structure. Among the disturbing factors, grazing is considered one
of the key factors which affect both above- and below-ground processes in the ecosystem. One of the most prominent
consequences of overgrazing is the transformation of grassland to shrub-land. In order to protect grassland ecosystem and
restore vegetation productivity, a number of measures have been put into practice, among which fencing an area to exclude
livestock is often considered to be a simple but effective way. The aim of the present study was to explore the response of the
Caragana microphylla-dominated community to fencing and to predict when the degraded community would restore to its
normal status after grazing exclusion. The study site was located in Xilingol degraded grassland of Inner Mongolia, China.
Long-time grazing resulted in the expansion of C. microphylla populations in this site, and we set different treatments since
2003. Animals were excluded by fencing in the plot of grazing exclusion (EG) , while the grazing intensity was controlled at
3 sheep/hm” in the plot of grazing ( G). The two plots were adjacent and had similar environment until 2003. We

investigated the growth and physiological traits of C. microphylla and the basic characteristics of the herbaceous
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communities, and compared the temporal changes in plot EG after 5—8 years of fencing and the spatial differences between
these two plots after eight years of different utilization regimes. We analyzed the response of the traits of C. microphylla and
the composition of herbaceous community to grazing and fencing, and also the relationship between the cover of C.
microphylla and the ‘ Importance Value’ of different functional groups. (1) The coverage of C. microphylla decreased in the
plot EG during the four years while the morphological traits showed no significant variation, indicating that C. microphylla
population declined after grazing exclusion. The decline of C. microphylla reflected a decrease of population coverage instead
of the growth status of individual modules. Moreover, leaf nitrogen and phosphorus content, especially the latter, decreased
after grazing exclusion, which might be associated with the decline of C. microphylla population. (2) Herbaceous
community composition showed significant change after eight years of grazing exclusion. Annuals disappeared from the
community, while the Important Value of perennial bunch grasses increased significantly in the plot EG both in temporal and
spatial comparison. The change of community structure indicated that grazing exclusion had a positive effect on the
restoration of C. microphylla-dominated grassland. (3) The coverage of C. microphylla decreased with the increasing
Importance Value of perennial bunch grasses, indicating that there existed a competition between C. microphylla and the
perennial bunch grasses. The decline of C. microphylla population might be caused by the expansion of well-grown perennial
bunch grasses. It is suggested that grazing exclusion impose an effect on the restoration of C. microphylla-dominated
community, but re-establishment of the typical steppe with climax community needs at least eight years; in other words, the

restoration of C. microphylla-dominated grassland to its original status is a long-term process.

Key Words; Caragana microphylla; community composition ; grazing exclusion; perennial bunch grass; restoration
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Table 1 Morphological traits of first-year shoots of Caragana microphylla ( Means+SE)

BERE X plot grazing exclusion (EG) TICHORE X

PR Trait Plot grazing (G)
2008 2009 2010 2011 2011

A BT Dry weight per shoot/g 1.48+0.09b 0.38+0.08¢c 1.94+0.10a 0.45+0.04¢ 0.46+0.02
BRI Leaf dry weight per shoot/g 0.99+0.07a 0.25+0.05b 1.14+0.06a 0.32+0.02b 0.31+0.02
MAER K Shoot length/cm 27.60+0.82b 8.00+1.08d 34.05+0.97a 12.82+0.41¢ 13.95+0.48
S A T
ﬂ:ﬁi HH 25.75+1.28a 13.63+1.40b 26.01+1.21a 15.44+0.67b 18.44£0.70
Compound leaves number per shoot
M 1E FL Compound leaf area/cm? 7.92+0.71a 3.54+0.37c 7.02+0.37a 4.90+0.32b 4.52+0.19

(Rl — AT B WA Rl PR RR AR BR 22 5 B3, o+ RO AR REIX 8] 22 57 8.3 (P<0.05)
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Table 2 Leaf nitrogen and phosphorus contents and leaf mass area of Caragana microphylla ( Means+SE)

o ESFEIX. plot EG HOHREIX plot G

PR Trait
2009 2011 2011 2011

i LA/ (e
SRR R / (/) 29.33+0.85a 29.48+0.48a 26.4320.75b 25.56+0.96
Leaf nitrogen content per unit mass

N safl A 2
$1ME}/ PR/ (o/m ) 4.15+0.18a 3.39+0.08b 2.18+0.08¢ 1.97+0.10
Leaf nitrogen content per unit area

N - - Tk A o
AR BA R/ (ng/g) 1.72+0.04 1.650.07 1.62+0.05 1.820.04
Leaf phosphorus content per unit mas
PG A EU] K A~ EL 2
SR A (/) 0.24+0.007a 0.19+0.006b 0.13+0.005¢ 0.14+0.003

Leaf phosphorus content per unit area

FLIT T Leaf mass area (g/m?) 141.10+3.80a 114.96+2.17b 82.56+2.15¢ 76.62x1.82
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Table 3 The importance values of different main species and functional groups

Y Species

HHFEX plot EG

L X plot G

2008 2009 2010 2011 2011
gﬁ‘:ﬁﬂ‘ﬁéﬁiﬁl 0.108+0.028 0.180+0.028 0.163+0.025 0.189+0.032 0.197+0.026
Perennial rhizome grasses
S Leymus chinensis 0.108+0.028 0.180+0.028 0.163+0.025 0.189+0.032 0.197+0.026

AR R

Perennial bunch grasses
KEFF Stipa grandis
FLECERSFE Stipa krylovii
BERRT5E Cleistogenes squarosa
P Achnatherum sibiricum
SR

Perennial forbs

B H Carex korshinskii
AiAE Allium tenuissimum
BESS Phlomis umbrosa
1AEAAHY) Annuals

IKERFE Chenopodium glaucum
HEE Awyris amaranthoides
EZE Salsola collina

R Echinochloa crusgalli
T ® Setaria viridis

0.405+0.036b

0.139+0.018b
0.047+0.014
0.199+0.034¢
0.021+0.013

0.134+0.019b

0.087+0.020b
0.029+0.008
0.010£0.006bc
0.353+0.024a
0.044+0.009
0.048+0.012a
0.261+0.019a

HEARFIHEAK Shrubs and semi-shrubs —

B8 Artemisia frigida

AR F Lespedeza bicolor

0.535+0.032ab

0.204+0.042ab

0.517+0.028ab

0.248+0.021a

0.612+0.047a

0.215+0.023ab

0.321+0.049 "

0.011+0.008 *

— — — 0.119+0.036
0.315+0.046ab 0.262+0.026bc 0.383+0.030a 0.189+0.043 "
0.016+0.016 0.007+0.007 0.014+0.008 0.002+0.002
0.230+0.017a 0.174+0.016ab 0.198+0.020ab 0.311+0.040 "
0.204+0.026a 0.078+0.011b 0.133+0.017b 0.251+0.039 "
0.023+0.014 0.020+0.004 0.030+0.007 0.012+0.004 *
0.001£0.001¢ 0.058+0.013a 0.029+0.008ab 0.013+0.005
0.040£0.012¢ 0.144+0.017b 0.001+0.001¢ 0.171+0.020

— 0.074+0.015 — 0.006+0.003 *

— 0.010+0.004b — 0.020+0.004 *
0.040£0.012b 0.057+0.012b — 0.018+0.003 *

— — — 0.053+0.014 "

— — 0.001+0.001 0.050+0.012 "
0.014+0.014 0.001+0.001 — —
0.014+0.014 — — —

— 0.001+0.001 — —
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Fig.3 The response ratio of important value of different

functional groups in different years ( Means+SE).
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n=20 for years analysis and 10 for plots analysis, respectively
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