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Effects of the distribution of biological soil crust on the hydrodynamic characteristics of sur—
face runoff. JI Jingyi'®, ZHAO Yun-ge®” , YANG Kai'?, ZHANG Wan-ao™*, GAO Li-gian®,
MING Jiao®, WANG Shan-shan® ( lCollege of Natural Resources and Environment, Northwest A&F
University , Yangling 712100, Shaanxi, China; *State Key Laboratory of Soil Erosion and Dryland
Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, Shaanxi, China;
*State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateaw, Institute of Soil
and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resource, Yangling
712100, Shaanxi, China; *College of Forestry, Northwest A&F University, Yangling 712100,
Shaanxi, China) .

Abstract: The distribution pattern of biological soil crusts ( biocrusts) is one of the main factors
affecting runoff and sediment yield. The relationship between runoff and sediment yield and bio—
crusts’ distribution pattern is not clear, which hinders understanding the mechanism underlying the
effects of biocrusts on runoff and sediment from slopes. To fill the knowledge gap, we investigated
the relationship between the landscape indices of three biocrusts’ distribution patterns, i.e. zona—
tion, chessboard and random, and the hydraulic parameters, using of simulated rainfall experiments
and landscape ecology methods. The results showed that biocrust significantly affected the erosion
force of slopes and that its distribution pattern could affect slope erosion dynamics. Compared to bare
soil, the presence of biocrusts significantly reduced the runoff velocity ( 54.6%) and Froude number
(67.0%) , increased the runoff depth ( 86.2%) and Darcy-Weisbach resistance coefficient ( 10.68
times) , but did not affect the Reynolds number and runoff power. Expect for the runoff depth, there

ASCH 2R H AP SR T R H (41830758) Frb [ BLA2 e P4 A 2 0™ 22 SR BA—TE 1 SE 36 5 5 VR SE L T ( 2019 4F AiE) BE ) This work
was supported by the Key Project of the National Natural Science Foundation of China ( 41830758) and the Interdisciplinary Key Laboratory Cooperation
Research Project of “West Light” of the Chinese Academy of Sciences ( Funded in 2019) .

20201022 Received, 2020-1227 Accepted.

* W IH/EZE Corresponding author. E-mail: zyunge@ ms.iswe.ac.cn



1016 Moo 4

R 2%

[N

were significant differences in the hydraulic parameters of the three biocrusts’ distribution patterns,

with the random pattern having the strongest impacts on the dynamics of slope erosion. Based on fac—

tor analysis and cluster analysis, five indices of percentage of patch to landscape area, patch densi—

ty, landscape shape index, patch cohesion and splitting could be used as the indicators for the dis—

tribution characteristics of biocrust patches. The patch cohesion and splitting of biocrust patches

were the main distribution pattern indices of the hydrodynamics of surface runoff. As the patches

patch cohesion decreased, the splitting increased, which caused the surface runoff velocity

increase, the resistance decrease, and the slope erosion became more severe.

Key words: biological soil crust; surface runoff; landscape index; degree of fragmentation; con—

nectivity.
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Table 1 Characteristics of biocrust slope with different dis—
tribution patterns

KB WSS REE AR

BELN AT IR IR

Type Biocrusts Cyanobacteria Moss crust Roughness of
coverage crust coverage coverage soil surface
(%) (%) (%) (%)
| - - - 0.5+0.1
I 56.6+3.4 23.1+4.5 33.5+3.3 2.2+0.0
I 57.7+1.0 2.9+1.1 54.8+1.3 3.1+0.3
v 58.8+3.7 30.5+1.7 28.3x2.1 4.3x0.4

T: #+ Bare soil; II: 4R Zonation; IM: #t#% Chessboard; IV: B
#1 Random. A [A] =527 Ab B[] 2% 55 8. 35 ( P<0.05) Different letters

meant significant difference at 0.05 level. T[] The same below.
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Fig.1 Average runoff velocity and depth under different bio—
crusts’ distribution patterns.

1: #+ Bare soil; II: ##fk Zonation; IM: A% Chessboard; IV: B
#l Random. | [f] The same below. A [f] 7% 1) 32 7~ b B[R] 22 5 B 2 ( P

<0.05) Different letters meant significant difference at 0.05 level.
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Fig.2 Dynamics of runoff velocity and depth under different

biocrusts” distribution patterns.
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WAy AR>S BR S S S BEAL, £ 31 Re (A 1Y
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Table 2 Characteristics of hydraulic parameters on slopes
with different biocrusts’ distribution patterns

el Gz IHIF R (EWIES [EXRIES
Type Re Fr f 3]

I 44.56x1.07b  1.18+0.07a 1.53+0.16c  0.15+0.00a
I 48.77£1.26a  0.48+0.07b  10.06+2.39bc  0.15+0.0la
I 38.52+0.71¢ ~ 0.40+0.02bc 13.48+1.48b  0.14+0.00a
1Y 34.22+0.74d  0.29+0.03¢  25.48+4.87a  0.10+0.00b

FEABE LS 7 B 1 2 85055 2 R S 6.57
8.81F116.65f% . BEMLAK =) i) 12 it T R B A% Tt
AR AR SRy PR 3518, E IR R4S SR 5 AR 1
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SMAGKE(TE) (%% % (ED) | SUIE R I8 %L
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Table 3 Characteristics of biocrust landscape index ( n=9)

LA f/MA EONé] FHE b ERRE
Landscape Minimum  Maximum Mean SD Ccv
index

PLA 49.80 66.00 57.69 4.56 0.08
NP 8.00 12.00 10.11 1.05 0.10
PD 4.00 6.00 5.06 0.53 0.10
LPI 6.18 58.30 27.38 21.72 0.79
TE 183.73 823.49 374.13 268.94 0.72
ED 91.86 411.75 187.06 134.48 0.72
LSI 5.32 18.84 9.19 5.68 0.62
CLU 0.95 0.99 0.98 0.02 0.02
PLA 98.39 99.52 99.19 0.47 0.00
COH 99.77 99.99 99.87 0.09 0.00
DIV 0.53 0.97 0.81 0.21 0.26
MES 6.43 93.48 38.78 41.02 1.06
SPL 2.14 31.09 14.51 11.76 0.81
Al 98.47 99.61 99.28 0.47 0.00

PLA: BEH b SRR HL )] Percentage of patch to landscape area; NP:
PEBEE Number of patch; PD: BEHLZ5 [ Patch density; LPL: fx Kk
PEBRHE U Largest patch index; TE: B 2% K J¥ Total edge length;
ED: 1% % i Edge density; LSI: WL IR $8 %L Landscape shape
index; CLU: MEJE Clumpiness; PLA: AHBLIE 4R 45 Proportion of
like adjacency; COH: BEBRZELEE Patch COH; DIV: Solil43r 244841
Landscape DIV index; MES: &KL T A Effective MES size; SPL:
SYESFE Splting; Al: RAEJF Aggregation index. [ The same below.
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Table 4 Factor analysis results of biocrust landscape index

TitH THERE Ji f PR 28 4 P
Item Factor loading matrix after rotation
F1 F2
FFEAR Eigenvalue 10.700 1.961
1k Contribution rate ( %) 76.4 13.9
Zit 5Tk R Accumulative 76.4 90.4
contribution rate ( %)
PLA 0.257 0.647
NP -0.466 0.849
PD -0.466 0.849
LPI 0.969 0.083
TE 0.979 0.074
ED 0.979 0.074
LSI 0.978 0.092
CLU -0.982 -0.088
PLA -0.975 -0.094
COH 0.944 0.042
DIV -0.990 0.070
MES 0.990 -0.070
SPL -0.819 -0.168
Al -0.976 -0.093

BRI, 14 D FOWFEET 73 5 26 4
1257 PLA, S BREESR Y 55 B 55 2 284 LPILMES,
COH, [ B e 11 % 38 325 4F% 3 2544 TE \ED . LSI, &
SR BE S IR A S 26 4 25 NP A PD, J
WpEER () #5455 2645 PLA AT, CLU,DIV,SPL,
FE R BER AR (8] 3) o SRR R
X, EHL PLA \PD LSI .COH F11 SPL 3R 3k i A= ¥y 4%
B BER P AR 3R 5) o

iy
R
TE
i |
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PD
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PLA )]_
Al I
DIV

SPL

0

2 4
RARFEFrina BB

Rescaled distance cluster combine

3 WS sOUAE BOCR ISR

Fig.3 Cluster dendrogram of biocrust landscape indices.

PLA: BB 7 5600 i FH 1L f9] Percentage of patch to landscape area;
LPL: f K BFH 8 54 Largest patch index; COH: PBE ki 4% Patch
COH; MES: Gk B Y Effective MES size; TE: 112k Total
edge length; ED: jH%% B Edge density; LSI: 5t JEARFEEL Land-
scape shape index; NP: BEHRZ(H Number of patch; PD: B B2 Ji&F
Patch density; CLU: M JE Clumpiness; PLA: AHIIT4R H45) Propor—
tion of like adjacency; Al: BRAEFF Aggregation index; DIV: H:Mr%L
8% Landscape DIV index; SPL: /3 &5 Splting. T [A] The same

below.

x5 AREBEYEREEHSWIEBIEY
Table 5 Landscape pattern index of different biocrusts’
distribution patterns

it PLA PD LSI COH SPL
Type

I 56.60+3.40a 5.00+0.00a  5.83+0.15b 99.79+0.00c 28.92+1.98a
| 57.68+0.98a 5.50+0.58a  5.36+-0.05b 99.85:0.01b 12.46+1.45b
v 58.79+3.75a  4.67+0.50a 16.39+3.51a 99.99+0.00a  2.15+0.00c
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ARG W S RERIE S R B E AR, 505
JEE 5 0 IEAR DG OC R B A I S5 TEA AR T ) R
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Fig.4
hydraulic parameters.

+: [EAHE Positive correlation; —: 145 Negative correlation. |5 P&
/MU RAHFFLEE The size of the circle represented the degree of correla—

tion.

Correlation analysis of biocrust landscape index and

xR 6 WEHKNZSHEEMERSVNEHWERSE
Table 6 Regression equations of hydraulic parameters and
biocrust landscape index

IKIIESHL AT MRRE BEHKF
Hydraulic Fitting equation Correlation  Significance
parameter coefficient level
Wi vV Y, =8.123-0.081COH 0.663 0.01
FIEEL Re Y. =40.503+6.491SPL 0.961 0.01
957 AL Fr Yy, =0.389-0.079COH 0.586 0.05
(EVIES /08 Y,=16.338+6.879COH 0.649 0.01
BRMIE o Y, =0.129-0.020COH 0.789 0.01
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