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Changes in the plant community and soil physical properties during grassland

desertification of steppes

TANG Zhuangsheng' AN Hui’® DENG Lei' SHANGGUAN Zhouping'
1 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau; Northwest A & F University, Yangling 712100 China
2 Key Laboratory of Restoration and Reconstruction of Degraded Ecosystem in North-western China of Ministry of Education United Center for Ecology

Research and Bioresource Exploitation in Western China Ningxia University Yinchuan 750021 China

Abstract: Characteristics and soil physical properties of plant communities undergoing desertification in steppes located in
north central Ningxia China were studied. The investigation was carried out to probe the responses of plant communities and
changes in soil physical properties that occur during desertification of steppes. It was found that the dominant species in
steppes with potential for desertification were Lespedeza potaninii  Artemisia scoparia Walds and Pennisetum centrasiaticum.
In steppes subjected to only light desertification Pennisetum centrasiaticum and Sophora alopecuroides were dominant. The
species Utricularia australis and Corispermum hyssopifolium were dominant in steppes experiencing moderate desertification.
In steppes subjected to severe desertification Agriophyllum squarrosum  Aneurolepidium dasystachys and Utricularia
australis were dominant and in steppes with extremely severe desertification Agriophyllum squarrosum was dominant. When
such grasslands experienced intensifying desertification their biomass Shannon-Wiener index richness index and ground
cover tended to decline. The biomass of grasslands suffering light desertification was 23% higher than that of grasslands with
potential for desertification. As desertification proceeded the soil bulk density and coarse sand content of grasslands
increased but their soil moisture and clay-silt content tended to decrease most significantly. The desertification of grasslands

caused the soil to form a coarse texture and thus increase its bulk weight with the consequence that soil moisture and silt
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content tended to decrease. As desertification intensified these changes made the soil more susceptible to erosion so that

directly or indirectly the productivity of such grasslands inevitably must decrease. Therefore the desertification of steppes

involves progressively less retention of moisture and fine soil particles leading to desiccation and erosion of the soil

changes in plant species and inevitable loss of productivity.

Key Words: desert grassland; desertification; soil moisture; soil mechanical composition; biomass
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Table 1 The grading index of grassland desertification
1% /%
Desertified stage Landscape characteristics Vegetation cover Surface crust
CK 5 >70
LD 5—20 60—75 20%
MD 20—50 45—60 30%—60%
SD 50 10—45 30%
VSD 0—10
CK LD ; MD . SD ; VSD
1.3
1.3.1
2013 8 50 mx50 m 30
I mx1 m N N
o 10
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105 C 30 min 65 C
9 em 0-40 cm
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R=S
S n; i N P, i
1.3.2
9 cm 0—10 ¢m~10—20 cm~20—30 c¢m 30—40 cm
5 o
14
SPSS( 17.0) o One-Way ANOVA
R LSD
Pearson o
2.1

) Shannon-Wiener 1.55 0.18 0.50 0.26,
( ) 23 13 77%;
13 2 o
2
Table 2 Community characteristics of grasslands in different desertified stage
Desertified stage CK LD MD SD VSD
.55+0.67: .08+0.07: .50+0.45: .29+0.33; .18+0.
Shannon-Wiener index 1.55£0.67a 1.08+0.07a 1.50+£0.45a 1.29+0.33a 0.18+0.18b
. . 23.0+£0.71a 12.0+3.54b 13.0+0.71b 9.0+1.41c¢ 2.0+£0.01d
Richness index
. 0.50+0.22ab 0.45+0.03ab 0.59+0.16a 0.59+0.19a 0.26+0.26b
Evenness index
Coverage /% 74.02+4.50a 71.75+2.90a 57.26+7.54b 43.74+4.99¢ 6.63+1.64d
sped inii Agriophyll
( Lespedeza pomnl.n‘u) ( Pennisetum ( Unricularia ( Agriophyllum
( Artemisia squarrosum)

Dominant species

scoparia Walds)
( Pennisetum

centrasiaticum)

centrasiaticum)
( Sophora
alopecuroides)

australis)
( Corispermum

hyssopifolium)

( Aneurolepidium
dasystachys)
( Setaria viridis)

( Agriophyllum
squarrosum)

0.05

74.02% 6.63%

o

( Lespedeza potaninii) . ( Artemisia scoparia Walds) ( Pennisetum centrasiaticum)

( Sophora alopecuroides)

2.2
( P<0.05) .
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( 3, .
( P<0.05) 20.92%
51.29%  94.43% 62.55%.64.25%  98.39% 38.74%
39.98% 96.74%. \
23%
. 47% 56% 97%

3

Table 3 Change of plant community biomass of grasslands in different desertified stage

Biomass CK LD MD SD VSD
/( g/mz)
. 58.33+8.26b 79.41+8.78a 46.13+11.05¢ 28.41+1.37¢ 3.25+0.77d
Aboveground biomass
/( g/m?)
. 117.37+13.99b 155.58+69.11a 43.96+16.75¢ 41.96+22.27¢ 1.89+0.96d
Belowground biomass
/( g/m?)
. . 41.12+2.35h 45.04£3.95a 25.19+2.25¢ 24.68+0.86¢ 1.34+1.41d
Litter biomass
2
. /(g/m’) 216.82+19.90b 280.03+73.94a 115.28+30.04c¢ 95.05+22.78¢ 6.48+0.19d
Total biomass
0.05
2.3
0—40 cm ( 2), . .
0—40 cm 7.03% 25.27% 28.20% 28.21% .
. 0—40 em ( P>0.05) .
(P<0.05 2)
o 10—20.20—30
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0—10 cm 9.85% (P>
0.05) .
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Fig.2 Changes and vertical distribution of soil moisture in different desertified stage
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Fig.3 Changes and vertical distribution of soil bulk density in different desertified stage
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Table 4 Changes of soil particle size distribution in different desertified stage
Soil particle size/%
/em
Desertified stage Soil depth (2—0.1mm) (0.1—0.05mm) ( <0.05mm)
Coarse sand Fine sand Clay+silt

0—10 54.47+1.96Ec 41.14£2.19Aa 4.39+£0.25Aa
CK 10—20 60.35+£6.58Eb 36.83+5.81Ab 2.82+0.78Ab
20—30 64.69+2.61Ea 33.05+2.83Ac 2.26+0.22Ac
30—40 67.38+4.26Ea 30.52+4.07Ad 2.10+0.19Ac

0—40 61.72+5.64E 35.39+4.63A 2.89+1.04A

0—10 57.19+1.56Dc 39.73+1.10Aa 3.08+0.47Ba
LD 10—20 60.83+1.22Db 36.54+0.93Ab 2.62+0.31Bb
20—30 67.39+£1.72Da 30.68+1.56Ac¢ 1.93+0.16Bc

30—40 71.52+0.81Da 26.94+£0.92Ad 1.54+0.11Bc

0—40 64.23+6.44D 33.47+5.75A 2.29+0.69B
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Soil particle size/%

/em
Desertified stage Soil depth (2—0.1mm) (0.1—0.05mm) ( <0.05mm)

Coarse sand Fine sand Clay+silt
0—10 78.87+1.75Cc 20.40+1.44Ba 0.73+0.33Ca
MD 10—20 81.26+1.19Cb 18.28+1.34Bb 0.47+0.15Cb
20—30 81.97+0.65Ca 17.64+0.81Bc 0.39+0.16Cc
30—40 80.94+1.13Ca 18.54+0.87Bd 0.52+0.26Cc

0—40 80.76+1.33C 18.72+1.19B 0.57+0.14C
0—10 80.40+2.37Bc 19.16+2.16Ca 0.45+0.21Da
SD 10—20 83.44+2.54Bb 16.25+2.52Cb 0.31+0.03Db
20—30 85.46+1.51Ba 14.30+1.54Cc 0.23+0.04Dc
30—40 84.99+3.32Ba 14.75+£3.33Cd 0.26+0.00Dc

0—40 83.57+2.28B 16.12+2.19C 0.31+0.10D
0—10 86.29+0.05Ac¢ 13.52+0.15Da 0.19+0.04Ea
VSD 10—20 87.28+0.47Ab 12.59+0.47Db 0.13+0.01Eb
20—30 86.27+0.49Aa 13.59+0.47D¢ 0.14+0.01Ec
30—40 86.68+0.21Aa 13.18+0.21Dd 0.15+0.01Ec

0—40 86.63+0.47A 13.22+0.46D 0.15+0.03E

0.05 0.05
25
S N
N . ( P<0.01);
NN (P<0.01) .
3
5
14-15 ( )
13
16 17-23
16
Zhou
24-25 23%
26

27
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