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Abstract ; Soil water is the key factor for plant growth and vegetation restoration on the steeper slopes of the Loess Plateau.
Soil hydraulic properties govern the transport of water and nutrients in soils. Spatial heterogeneity of the soil saturated
hydraulic conductivities ( Ks) determines water infiltration and redistribution in the soil profile. In order to accurately
simulate soil water movement in the soil profiles occurring in a particular area or region, an accurate understanding of the

spatial heterogenic distribution patterns of Ks is needed. Classical statistics and geo-statistical methods were used to study
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spatial heterogeneity and distribution patterns of Ks of disturbed soil samples taken from 180 soil profiles (0—200 cm) , at
20 c¢m depth increments, on a slope covering an area of 40 m X 350 m in the Wind-Water Erosion Crisscross Region on the
Loess Plateau, using a grid sampling method with a grid unit of 10 m x10 m. Results showed that the mean value of Ks
(5.36x107* em/s) for the 0—20 cm soil layer was greater than the mean values for layers between 20 and 200 em, and that
the values for each soil layer below 20 em ranged from 4.32x107 to 4. 76 x10 em/s. The variation coefficients for each
soil layer below 20 c¢m were similar, ranging from 0.48 to 0.57, which implies that they were all moderately variable. The
distribution patterns of kriged Ks values were also similar for the various layers. Therefore, the value of Ks determined for
the 20—40 cm soil layer alone could be used to predict soil water movement instead of determining and using those of the
deeper layers in order to simulate water movement in the whole soil profile. The semi-variation function of the distribution
patterns for Ks at 0—20 c¢m and at 140—160 cm could be fitted by a spherical and a Gaussian model, respectively, while
those at other layers could all be fitted by exponential models. The range value of the semi-variation function at 0—20 c¢m
was 45.9 m, while for each soil layer below 20 ¢m the range value varied from 13.8 to 22. 8 m. This implies that, in order
to effectively show the spatial variability of Ks using the least number of samples to accurately characterize the spatial
variability of Ks in the soil profile, we could increase the separation distance and decrease the sampling density by taking
samples from the 0—20 cm soil layer. However, the separation distance should be decreased and the sample density
increased for representative soil layers below 20 cm depth. The semi-variation function model parameter value of C+C; at
0—20 cm was 0. 154, and these ranged from 0.202 to 0.276 below the 20 c¢m soil depth. The C/(C+C,) ratio was 55%
for the 0—20 cm soil layer, implying moderate spatial autocorrelation. In contrast, the values of C/(C+C,) ratio were
between 82% and 95% for soil layers below 20 cm depth, which showed a high degree of spatial autocorrelation. The
distribution patterns of the values of C +C, and C/(C+C,) ratio both indicate spatial variability characteristics of the Ks
values in the soil profiles in the Wind-Water Erosion Crisscross Region on the Loess Plateau. The spatial heterogeneity of
the 20—200 cm soil layer was greater than that of the 0—20 cm soil layer. Our research suggests a more efficient way to
sample and determine the spatial variability of Ks on slopes, which would also provide a means to derive accurate

information about soil water distribution within soil profiles and across local landscapes.

Key Words: the Loess Plateau; wind-water erosion crisscross region; geo-statistics; spatial autocorrelation; heterogeneity
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Table 1 Statistical parameters of soil saturated hydraulic conductivity in different layers

LR Ko/ (A0 e ) S BERE WERE K
Soil depth/em HifH SN FoIMA THH e bz Skewness Kurtosis Locfﬁ?lcnt of

Mean Maximum Minimum Median Range Std. Variance
0—20 5.36a 11.30 1.71 5.02 9.59 2.08 0.74 0.26 0.39
20—40 4.56b 13.48 1.03 3.89 12.45 2.49 1.34 1.77 0.55
40—60 4.58b 14.68 1.25 3.87 13.43 2.50 1.55 3.03 0.55
60—380 4.47b 15.95 1.04 3.72 14.92 2.53 1.59 3.07 0.57
80—100 4.33b 13.64 1.55 3.83 12.09 2.18 1.57 3.09 0.50
100—120 4.32b 11.87 1.14 4.10 10.73 2.08 0.92 0.98 0.48
120—140 4.64b 14.90 1.59 4.05 13.31 2.42 1.54 2.84 0.52
140—160 4.71b 14.51 1.48 4.10 13.03 2.70 1.48 2.07 0.57
160—180 4.38b 14.95 1.28 3.61 13.67 2.34 1.61 3.01 0.53
180—200 4.76b 16.29 1.35 3.88 14.93 2.60 1.63 3.43 0.55

SFIME (em/s) JG 7 BE D 22 LRSS IR T Z ()5 — DRI A, RR 25 R B3 (P<0.05)

2.2 ST R T K R A (] S pR R T

K SPSS13. 0 HV Y BRARE AR ] R 5B 9 -4 K 45 K ( One-sample Kolomogorov-Semirnov , KS ) X ] 1 4% +
2 AR KR TR, 25 R ,0—200 em % )2 Ks FEAREYIAFF & IES A0, 0 Bt )5 45 1 )2

Ks FEAE Y R IES M (P<5% ) , LT HGE T3 B Je ik T 0 e 5 1 Ks 28l

FHHLGET DA A 73 510 IR i 2% )2 Ks TG 152045 )220 57 sR At 22 (181 3) Lo Y
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Table 2 Semivariogram model and parameters of soil saturated hydraulic conductivity in different layers

= WOEOUR AR e A .y . ‘
Soil depth/cm plimum Effective C C+C, C/C+C, R RSS
model range/m

0—20 ERIR 45.90 0.069 0.154 0.55 0.933 2.685x107*
20—40 B4 56.70 0.012 0.248 0.95 0.732 7.741x107*
40—60 B4 45.90 0.016 0.242 0.93 0.454 1.006x1073
60—80 R 41.40 0.019 0.259 0.93 0.310 1.491x1073
80—100 EiR 1 52.20 0.016 0.202 0.92 0.681 4.77x10™
100—120 i 60.30 0.015 0.235 0.94 0.547 2.204x107°
120—140 TR 68.40 0.022 0.223 0.90 0. 666 1.531x1073
140—160 [ 27.61 0.051 0.276 0.82 0.599 2.893x107
160—180 R 48.60 0.029 0.233 0.88 0.478 1.015x1073
180—200 (3 63.90 0.031 0.252 0.88 0.511 2.884x107

2.3 R HEHHE RS K RS ]
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