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Effects of Biocrust Covering on Soil Water Repellency and Its Variations
along Precipitation Gradient on Chinese Loess Plateau
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(1. College of Land Science and Technology, China Agriculiural University, Beying 100193, China
2. Key Laboratory of Arable Land Conservation in North China, Ministry of Agriculture and Rural Affairs,
China Agricultural University, Beijing 100193, China)

Abstract: Soil water repellency (SWR) is an important indicator of soil physical property, and closely
correlated to the processes of soil erosion and hydropedological processes. It was conducted to understand
the effects of biocrusts on SWR and its variation characteristics, as well as its influencing factors in the
Loess Plateau of China. SWR was assessed by using water drop penetration time ( W,,,) and water
repellency index (R;) method. Along the 292 ~595 mm precipitation gradient, eight sampling sites were
selected and the restoration age were similar at each survey sites. The SWR of biocrusts and the adjacent
bare soil on each sampling site were measured by W,,, method and mini-disc infiltrometer, respectively.
In the meantime, biocrusts thickness, moss biomass, moss density, bulk density, soil mechanical
composition and soil organic matter were also measured to analyze its correlations with the SWR. The
results showed that W ,, and R, between biocrusts and bare soil were significant at each sampling sites
(P <0.05). The W,,, and R, of biocrusts was average increased by 54. 85 and 5. 80 times as compared
with the corresponding soils without biocrusts. Whether it was on the biocrusts or bare soil, the W,,, and
R, showed a similar trend, which was decreasing from south to north along the precipitation gradient in the

Loess Plateau of China. In addition, the spatial variability of biocrusts SWR was higher than that of bare
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soil. There was a positively relationship between the W, and R; of biocrusts and biocrusts thickness, silt
content, clay content, soil organic matter and annual average precipitation (P <0.032). In addition,
there was a negative correlation between the W,,, and R, of the biocrusts and the biomass and sand
content (P <0.030). No-linear regression demonstrated that the W,,, and R, of biocrusts could be
simulated by biocrusts thickness and biomass. The simulated coefficients of determination (R*), root
mean squared error ( RMSE) and the Nash — Sutcliffe efficiency ( NSE) of biocrusts W,,, was 0.97,
5.89 s and 0. 99, respectively. Correspondingly, the simulated result of biocrusts R, was better than that
of W,,, with the R* of 0. 97, RMSE of 1. 10 and NSE of 1. 00. In general, the W,,, and R, of biocrusts
was decreasing from south to north along the precipitation gradient on the Loess Plateau of China, and the
SWR of soil surface can be increased by the biocrusts. The W,,, and R, distribution of biocrusts was
satisfactorily simulated by biocrusts thickness and biomass. The annual average precipitation could
indirectly affect the biocrusts SWR by altering the crust thickness, biomass, and soil organic matter.

Key words: water drop penetration time; water repellency index; Loess Plateau; precipitation gradient;
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Tab.1 Basic information of each sampling site of transect
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Tab.2 General characteristics of soil samples
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1 " 0.01)¢% 1.05)" 1.00) " 0.12)% 2.46)*
. (10.00 = (281.40 + (47.96 = (1.42 (29.48 + (67.17 = (3.35 + (49.02 =
ﬁz%’”& AB D AB Aa Ea Ab Ab Aa
1.00) 101.98) 10.21) 0.03) 7.70) 7.23) 0.49) 2.32)
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[, A= W 45 Bz b 5 ) e 7 IR ) e 7K R Bk 5 45 5
SLRE OBPRL B BB i A P B AR B K
R FIEMAKIER (P<0.032) ;15 5 & A4 Yy i Al
R Er 5 2 DU G R (P<0..030) 5 1 5 4R 1
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Tab.3 Pearson correlation coefficient between W, ,. and R,

of biocrusts and biocrusts properties, soil physical and

chemical properties and climate

fobi JF 7K I 1] JFK R B
r P r P
45 B )R 0.951** <0.001 0.907 ** 0. 002
HEEA Y R -0.853" 0. 007 -0.865*  0.006
B 0.366 0.373 0.387 0.343
A -0.091 0. 831 0.012 0.977
R R TE -0.785" 0. 021 -0.757*  0.030
MR ESE 0.779F 0. 023 0.749 0. 032
FRLT R EC 0.836™ 0.010 0.852 " 0. 007
AP RELL  0.838" 0. 009 0.883 ** 0. 004
AEIRE K R 0. 880 ** 0. 004 0.852 " 0. 007
AEH 0. 148 0.726 0.078 0. 854
34k 0.277 0.507 0.325 0.431
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B - HE T K R[] Fif 25 26607 7 2 11 49 K S R R B R
(R> =0.68 ,RMSE }y 28.02 s) ; Bt % fz JEBE ki &
R RIAR 359 [ I B Y 38 49 5 35 R0 R B0 K (R =
0.79 ,RMSE /NF25F 24. 77 s) ; Wi 5 25 8% 4= ) & Fl
TPRL 5 (0 4 O, 0 ) 2 2 1 o B8R 95 50 ek B0/
(R*=0. 68 ,RMSE /N F4:F 28.04 5) .

AW 25 e 3 e K BB G 5 B AR ) R AR R
B 30 34 5 35 400K B0/ (R® = 0. 82, RMSE /)
TEET9.55,K4) s 5AW S, K A3 KN [ A [A]
AWk B 3 R OK R R A 45 B R MR A
BILJBE 5 0 B A 34 B K i 1) 385 o 18 52 4 550 e B0
(R*=0.76 ,RMSE /N F25F 10. 88,3 4) .

R4 EWMERIBERKHEMFARYEEZMEERXR
Tab.4 Relationship between W, and R, of biocrusts

and influencing factors

E{ER AN EVEpp R* RMSE NSE
Wopp =0. 126" 77 0.98 6.11s 0.99

Wpp = —0.21B +196. 90 0.68 28.04s 0.73

W =1070. 98¢ = O7Sand 0.75 25.0ls 0.78

K Wppp = % %5 0.79 24.77s 0.79
Wopr =15.48C,; % 0.68 28.02s 0.73

Woppr =7.818,,, —234.72 0.65 29.34s 0.70

Wopr =0. 19" 0.91 15.04s 0.92

R, =0.01¢"%7 0.96 7.75 0.90

R, =230.37e "2 0.82 9.55 0.84

R, =767.48¢ =" "and 0.82 9.49 0.85

JFKZEE R, =0.20e™ % 0.82 9.42 0.85
R, =4.83C> 0.78 10.44 0.81

R, =0. 17" *Son 0.76 10.88 0.80
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Fig.4 Comparison between measured and predicted W,,, and R, of biocrusts
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