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Abstract: Biological soil crusts ( biocrusts) which are widely distributed in the revegetated grasslands and forms various
distribution patterns due to the disturbance are a major influence factor on runoff and sediment yield in the Hilly Loess
Plateau Region China. In order to clarify the effect of biocrusts distribution patterns on the runoff and sediment yield from
the slope surface the runoff and sediments yield from three distribution patterns of biocrusts ( zonation chessboard and

random) were investigated by using the simulated rainfall experiments. In addition the pattern index of the biocrusts patch
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was calculated by means the landscape ecology method. The association between the biocrusts distribution pattern and runoff
and sediment yield on the slope was analyzed. The results showed that ( 1) biocrusts distribution pattern significantly
affected the initial runoff time runoff rate and soil erosion rate from the slope. Under the same coverage conditions the
random distribution of biocrusts significantly reduced the runoff and sediment yield of the slope compared to the zonal and
checkerboard pattern. The runoff rate and soil erosion rate of random distribution pattern was 71.7% and 12.9% of the
zonation pattern 89.6% and 31.8% of the chessboard pattern. (2) The runoff rate on the slope surface was extremely
significantly negatively correlated with the Largest Patch Index ( LPI) and Patch Cohesion Index ( COHESION) of biocrusts
patch. It was exiremely significantly positively correlated to the Splitting Index ( SPLIT) and significantly positively
correlated with the Landscape Division Index ( DIVISION) . ( 3) soil erosion rate was negatively correlated with the LPI and
COHESION of biocrusts patch. It was positively correlated with the DIVISION and SPLIT. ( 4) The relationship between
runoff rate (¥,) and soil erosion rate ( Y,) and SPLIT was: ¥, =1.116+0.017SPLIT R*: 0.967; Y, =22.767+17.936
SPLIT R*: 0.801. (5) The results of the study showed that the distribution pattern mainly affected the separation of
biocrusts on the slope surface and then affected the runoff and sediment yield. The biocrusts patch fragmentation degree and
the runoff and sediment yield increased along with the increase of the biocrusts patch SPLIT. This study analyzes the effects
of biocrusts on runoff and sediment yield from the perspective of the distribution pattern quantifies the relationship between
runoff rate and erosion rate and pattern index of biocrusts slopes which provides a scientific basis for quantifying the

function of biocrusts on soil and water conservation.

Key Words: biological soil crust; landscape index; runoff rate; soil erosion rate; degree of fragmentation
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Table 1 Chemical and physical properties of test soil
. Soil particles c sition /%
Organic matter/ Total nitrogen/ Total pH O pariees TomposTon’ 2
(g/kg) (g/kg) phosphorus/ <0.002 0-002= 0005 0.02—= > 0.05
(g/kg) Shemm 0.005 mm 0.02 mm 0.05 mm -
3.51 0.49 0.45 8.96 9.7 3.3 15.4 37.6 34.0
1.2
=12:8 cm) ( N 20 cm) .
60% (1) . 90 mm/h
1

Fig.1 Distribution pattern of biocrusts
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Table 2 Characteristics of biocrusts in different patterns
Patern covomgel % ——— Moss coserage/ 5 vl et
Bare soil — — — 0.5+0.1
Zonation 56.6+£3.4 23.1+4.5 33.5+£3.3 2.2+0.0
Chessboard 57.7+1.0 2.9+1.1 54.8+1.3 3.1£0.3
Random 58.8+3.7 30.5+1.7 28.3+2.1 4.3+0.4
1.3
1)
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+ =100%) . 3
2) : 7 ( 2.
3) o
4)
3 min 1 o
105 C 24 h ®
R=res ' et (1)
E=mes "'t (2)
R ( mm/min) ; E (gm™“min");r t (L);m
! (g S (m’) ;¢ ('min) .
5)
2m o ArcGIS 10.2
o Fragstats 4.2 ( N
3) ( PD Patch Density) . ( LPI
Landscape Patch Index) . ( LSI Landscape Shape Index) . ( COHESION Patch Cohesion
Index) . ( DIVISION Landscape Division Index) ( SPLIT Splitting Index) .
1.4
SPSS 18.0 N N
ANOVA \1SD («=0.05) R .
Pearson (@=0.05.0.01) . o Origin 8.1
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3

Table 3 Landscape index description

Landscape type pattern index Calculation formula Formula description and Ecological significance
N N A o
PD = —
PD A PD
Max(a, - a,)
LPI LPI = 1 100 .
LSI=1 E
E
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PD: Patch Density; LPI: Landscape Patch Index; LSI: Landscape Shape Index; COHESION: Patch Cohesion Index; DIVISION: Landscape Division
Index; SPLIT: Splitting Index
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Table 4 Pattern index of biocrusts in different patterns
Pattern PD LPI LSI COHESION DIVISION SPLIT
Zonation 5.00+0.00a 6.32+0.08¢ 5.83+0.09b 99.78+0.00¢ 0.97+0.00a 28.92+1.14a
Chessboard 5.50+0.29a 20.88+1.41b 5.36+0.03b 99.85+0.00b 0.92+0.01b 12.46+0.84b
Random 4.67+0.33a 58.26+0.07a 16.39+2.02a 99.99+0.00a 0.53+0.00¢ 2.15+0.00¢
(P <0.05)
5 N
Table 5 Pattern index of cyanobacteria and moss crusts in different patterns
Pattern Crust type PD LPI LSI COHESION DIVISION SPLIT
Zonation 28.76+6.06AB  4.53+0.81B 13.89+1.51B  99.58+0.08C 0.99+0.00A 10.08+2.15A
27.67+5.45a 2.98+0.73b 9.59+0.70a 99.16+0.16b 1.00+£0.00a 20.89+4.82a
Chessboard 8.33+1.09B 0.26+0.08B 5.64+0.35C  97.99+0.16B 1.00+0.00A 14.55+1.41A
7.67+0.60b 18.73+1.53a 6.31+0.09b 99.84+0.01a 0.93+0.01b 11.32+0.18a
Random 45.33+14.89A  47.13+5.65A 22.50+1.66A  99.95+0.01A 0.77+0.05B 2.19+0.27B
25.67+7.37ab 5.27+2.31b 10.46+1.06a 99.27+0.29ab  0.99+0.00a 22.07+10.9a
(P <0.05); (P <0.05)
2.2
29
2, 2
2.46 1.78 &
1.38 1.55
° 2
23 ~ Fig.2 Effect biocrusts distribution patterns on the initial runoff
time
(P <0.05)
3. o
N 21.0% 30.0% ( P<0.05)
1.25 1.39
.12 &
3 37.7%74.8%
92.0% - N 2.47 7.76
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2.4 N
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N ( 4) o Fig.3 Effects of different biocrusts distribution patterns on slope
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e=+/1 -R* =0.2073 e= /1 - R* =0.4461.
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4 N
Fig.4 Correlation analysis of pattern index of biocrusts patch types with runoff rate and soil erosion rate
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