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Spatial characteristics of soil moisture and vegetation in desertification grassland

in eastern Ningxia sand-wind area, China

GUO Yanju, MA Xiaojing, XU Aiyun, SHI Jiamei, LIU Wanlong, XU Dongmei *
School of Agriculture Ningxia University, Yinchuan 750021, China

Abstract: Soil moisture is of crucial importance for hydrological, biological and biogeochemical processes, especially in
arid and semiarid regions where water is the main factor limiting vegetation survival and economic development. In order to
explore the spatial variability and their relationship with soil moisture, Margalef richness index and vegetation coverage of
the desertified grassland in eastern Ningxia sand-wind area, three 3.6 km parallel transects were laid out from the potential
desertified grassland to the severe desertified grassland with 500 m interval between the two adjacent transects. Along each
transect, quadrats were established at 200 m intervals for the vegetation investigation and soil sampling. Soil samples were
collected at the following depths; 0—10, 10—20, 20—30, 30—40, 40—50, 50—60, 60—70, 70—80, 80—90, and
90—100 cm. The soil moisture, Margalef richness index and vegetation coverage were measured and their spatial
distributions and interrelationships were analyzed by combining of the classical and geostatistical methods. The results
showed that the vegetation coverage, species richness and the contents of soil moisture at each soil layer from 0—100 c¢m
ranged from 41.00%—93.00% , 0.82—2.80, and 0.82%—28.22% , respectively, and the variation coefficient ranged from
0.20 to 0.48, all of which belonged to moderate variability. The optimal models of the soil moisture at 0—10 cm layer and

Margalef richness index were Spherical and Exponential models, respectively. The Gaussian models are applicable to the soil
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moisture of each layer at 10—100 c¢m depth. The determination coefficients ranged from 0.593 to 0.941. The nugget
coefficient for the soil moisture in each layer and Margalef richness index were 26.31%—41.86% , which means the spatial
heterogeneity caused by structural factors and random factors plays a major role in the soil moisture in each layer and
Margalef richness index. The nugget coefficients of vegetation coverage was 2.50%. The nugget coefficients of vegetation
coverage were low, which means the spatial heterogeneity caused by structural factors. The range of vegetation coverage, the
Margalef richness index, and the soil moisture content of each soil layer ranged from 1453 m to 8110 m, indicating that the
ecological process played a role on a large scale with good continuity. Kriging-interpolated maps showed that the soil
moisture in each soil layer and vegetation coverage of the study area appeared as stripe and patchy gradient changes. With
the aggravating of grassland desertification, the soil moisture of each soil layer, the Margalef richness index and the
vegetation coverage decreased gradually. The Margalef richness index presented an obvious patchy pattern, with high-value
areas appearing in the transitional area between the potential desertification grassland and the light desertification grassland,
the light desertification grassland and the moderate desertification grassland. The values of the soil moisture in each soil
layer in the west changed more gently than those in the east of the study plot. The vegetation coverage was significantly
related to the soil moisture contents in each layer at 0—40 cm soil depth, and was extremely significantly related to those at
the soil depth of 40—100 c¢m. There was a significantly positive correlation between soil moisture and Margalef richness
index in each soil layer at 0—350 c¢m depth. It was found that the soil moisture contents of each soil layer in the 0—100 cm
layer was relatively low in eastern Ningxia sand-wind area. Due to effects of structural factors and random factors, with the
degree of grassland desertification increased, the soil moisture contents manifested as a locally increased patch pattern in the
process of gradually decreasing gradient changes. Under the influence of soil moisture, the vegetation parameters showed
similar spatial distribution pattern to the soil water content. The results of this paper can provide a theoretical basis for the
quantitative measurement of the evolution process of grassland desertification and the ecological environment protection and

construction of grasslands in arid and sandy areas.

Key Words: desertification grassland; soil moisture ; vegetation coverage; Margalef richness index; spatial heterogeneity
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Fig.3 Distribution of soil moisture at 0—100 cm soil layer, vegetation coverage and Margalef richness index in sandy desertified grassland

in eastern Ningxia wind-sand area

*1 TEFRBRPXDUEMAELELEKkS EEEERYMESEEHENOMIEAESIT
Table 1 Descriptive statistics of soil moisture at 0—100 cm soil layer, vegetation coverage and Margalef richness index in sandy desertified

grassland in eastern Ningxia wind-sand area

i DR wmmc wmmo oM mkE b2 PR g K i

ltems Mean Median Minimum Maximum Kurtosis L. Skew Kurtosis K-S value
layer/cm of variation

THK G 0—10 3.26 33 0.82 6.95 1.38 0.42 0.31 0.23 0.200

Soil moisture/% 10—20 5.62 5.13 2.53 11.40 2.04 0.36 1.31 1.47 0.000
20—30 7.13 6.36 2.44 16.52 2.74 0.38 1.43 2.51 0.001
30—40 8.11 7.50 2.56 16.03 2.88 0.36 1.00 1.21 0.002
40—350 9.06 8.35 2.81 18.19 3.47 0.38 0.77 0.26 0.000
50—60 9.83 8.75 3.34 17.40 3.81 0.39 0.46 -0.65 0.002
60—70 10.68 10.12 2.56 19.04 4.18 0.39 0.36 -0.67 0.082
70—80 11.47 10.86 2.64 28.22 5.04 0.44 0.98 1.77 0.200
80—90 11.79 11.12 2.62 27.93 5.69 0.48 0.78 0.32 0.200

90—100 9.28 8.12 2.32 25.14 4.12 0.44 1.43 3.30 0.003

TR

Vegetation 61.37 61.00 41.00 93.00 12.10 0.20 0.45 -0.19 0.200

coverage/ %

P B R A

Margalef richness 1.81 1.81 0.82 2.80 0.47 0.26 0.13 -0.50 0.200

index

Table 2 Theoretical model of soil moisture at 0—100 cm soil layer, vegetation coverage and Margalef richness index semi-variation function

®2 TEFRBRORDHEM TS ERSERMHFEEERENFIESRYERERRBXSH

and relevant statistical parameters in sandy desertified grassland in eastern Ningxia wind-sand area

: = " Y AR N s 35
- B B am EB ppgy  WERNC AETIR
Soil Nugget . Range Coefficient of Residual sum
Ttems Best model Sill Cy/(Cy+C)/% o

layer/cm Cy Ay/m determination of squares

+37K 4> Soil moisture/% 0—10 Bk 0.178 0.430 7746 41.86 0.625 2.06x1072

10—20 = 0.075 0.285 3749 26.31 0.842 4.82x1073

20—30 i 0.082 0.218 2371 37.61 0.723 1.04x1072

30—40 (=2 0.067 0.184 1658 36.41 0.600 1.68x1072

40—350 w 0.086 0.246 1855 34.95 0.629 2.77x1072

50—60 (=2 0.105 0.266 2000 39.47 0.728 1.69x1072
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60—70 i 0.106 0.316 2092 33.54 0.798 1.85x1072
70—80 i 0.119 0.316 1670 37.65 0.636 4.14x1072
80—90 =i 0.130 0.437 1862 29.74 0.737 6.07x1072
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b 2 [
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2 e iE e R
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Fig.4 r(h)-h scatter diagram of semi-variation function of soil moisture at 0—100 cm soil layer, vegetation coverage and Margalef
richness index in sandy desertified grassland in eastern Ningxia wind-sand area
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Fig.6 Effects of vegetation coverage and Margalef richness index on soil moisture at 0—100 cm soil layer in sandy desertified grassland in
eastern Ningxia wind-sand area
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