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Abstract: [ Objective] This study aimed to investigate the effects of moss crusts on the spatial distribution

characteristics of soil erosion and deposition on slopes on the Loess Plateau. [ Methods] Simulated rainfall

experiments integrated with Structure-from-Motion (SfM) photogrammetry were conducted to analyze the spatial

distribution of soil erosion and deposition on slopes with varying moss crust coverage levels (bare soil, 20%,

40%, 60% and 80%). [Results] 1) Moss crusts significantly reduced soil erosion rates by 23.34%, 37.01%,

51.01% and 71.26% , respectively, compared to bare slopes. 2) The primary erosion zones on moss crust-covered

slopes were located in the bare patches of the upper and middle part of the slopes, while deposition predominantly
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occurred in moss crust-covered regions at the base of the slopes. 3) Compared to bare slopes, moss crusts
effectively reduced the area of slope erosion by 14.69%, 42.97%, 58.69% and 82.25%, respectively, and
reduced erosion depth by 4 mm. 4) Moss crusts caused localized deposition on the slopes, with depositional areas
accounting for 0.21%, 8.41%, 4.53% and 0.41% for the moss crust-covered slopes under respective coverage,
and the thickness of the deposition increased by 2 mm compared to bare slopes. 5) Moss crust significantly
influenced the spatial distribution characteristics of erosion-deposition on slopes through surface coverage and
sediment interception. [ Conclusion] The results can advance our understanding of the spatial distribution of soil
erosion on the biocrust-covered slopes on the Loess Plateau, and provide a scientific foundation for further analysis
of the mechanisms underlying the soil erosion process on the moss-covered slopes, as well as for formulating and
implementing effective soil and water conservation management measures.

Keywords: biocrusts; structure-from-motion; spatial distribution characteristics of erosion-deposition; surface

morphology; soil erosion
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3 it g

A AR TR T B X E A R
B KPR ik T i © 245 2 [ N Ah e H R
ZAEZMOATT . AP R B BBt R
F AR R e e, HLRRICRR I a4 7 55 8 2
TASE, 5E AR SR~ AU SIM
T S5 B 5 W) ok JAEL VR A 4 R ST AR ol R B 1 A
DX 38k K 394 17 4 45 ok VR B R T R RS 93 S A 45 B2 Bk
AT - AR b - TR Y 253 (] 43 A1 R AR o

AW 5T K B, YT A2 A= ik X e Y T BR B A EE 4G
Bz i BB B 2 N Rk A h AR R
DB, 2 PR A Y g g e 4 e L o I R R 3B T
% A A B AR U 5S o BE 5 B AEAE D 59 T
T SR b T R A N O A A B AR . TR
B 7 B 25 f 7 25 07 I T A R DX, TR X 4
14 43 15 18 b 52 B 5% w10 0 5 0 B T AR AL 1 K U
Ty S B 4 25 ) 45 B 75 P 0 3 n B 3 s S O
8] A% 3 %+ 0 4 B Re T B AR . i — B T R P
AN [F] 5 i A 45 g T R 2 AR ol Y DX AR L
o5 e 15 B 2L B A e M (R°=0.978, p=<<0.05) , i
HH & 45 7 A3 3 HR T e RN RT3 T A4 3 0T 3 1T A 3 Y
B9 R WIGESE K mT a1 B 0 A VR T S R TR R
T b Xk 5 1T - P A S B Aok AR R 5 e 3 1 4 0 4R
Tl R AR, SO B T - AR 2 [R] 43 A R AE

i 28 Hy i T A R DX T AR B TR L, 5

AN IR TE S5 R — 8., B  FREL, i R 1w/ i
A B BB FLOR S D 2 AR A DOIR HOIR Bl
BRAR L5404, X6) 1y e B b TR 7= 2 b 3 5 i, AT A 72
AT A28 T 0 420 2 39 T W ol B B 110 7 5 4G T g
T AR T B 7, B A3 AR i i B V0 B > AR e Ry
S T Kol R O AR R v/ A T SO 1 2
K Iz Ve VD 1 L BRREAIG , B 2 R i 2 55 mT LA b
S TR A I A AR AV I T2 K R iR A Ve v 1 B
WF5E 2 F B, A2 W 45 Bz vl LUSH 25 4 WOk i, B8 45 i 1
FET WK S R T R K, AT B A At A 2 i e 4
VORI F AR VD JEURE S AR A I8 VD R 4 R 3 Tl B T
L PRI, BE LS R REAS M 2 1 B AN s 3 v U
VAL L R T 52 3 TR A ST AR AR B T 4
BEUURRAS [8) 43 A FRAE

AN [R) 5 B 45 R Wi T S5 R AR I R B A A A
Bz i B B R B R SR AR S B R . B
PRI 5,40 %0 F1 6026 5 J3E 8 25 K I 1A A% 238 43 X
B e R AR P TR B M i 10 mm, T 20 %6 F1 80 % 35
1% B 2 J2 39 1R Dl R B R BB 3 10 mm. AT AR P
B 28 F7 PR B 08 S Ao AR I e TRT A R AR I o R UK 5
TR S XoF Y THT - 9 1) 43 5 RN B (R B 2 R R Tl
f14) 2 7K 35 0 ke T3 1) SR K R HE g JR) 3 AR A ik
SR AT 18 58 R A I X B Ar B i ), B B
B 28 Ry BE LT B ) B 4R Tl AT R R . R T 35
J & 45 i Wl 1 AR T AR A AR Ak b B 2 S R AR

http. // stbexb.alljournal.com.cn



4 3]

Wik SR A5 - 2 T STMUIIT 5t SR 52 0 Bt 5 AR A 88 235 g 0 THT 4 SR oy 2= (1) 4 A 45 AT 329

Ha #2000 F180 %0 o JBE A4 & 45 B Wi T 90 AR AR 1A
A1 BRI BTARTE o 20 % 6 BE B 245 F i T AR
YRR /N S Fh T 88 45 R 2 2 AR, oo 39 T 42 ok ) 1 B
e 7 RO e Vb B 9l B B T AT FR 5 M0 8000 i B BE £ B
DN 5 PR Sy A 208 REL 1 I3 I R 38 T A2 3 0 38 10 40 1
Wi IF R R Z e Th . ML Z R ,40% F160%
JIE 85 5 g 3¢ THT AT [ TR AR 394 T A28 9 23 8 - 38 % BEL 970 RE
IR T 8000 B W™ Az T 2 i e v, (H X g T A
Az e vb R 1 B W G T 2000 3 . TR, 4004
1606 o JE B 45 S T b a8 A% 4= 1ok R BE 10 mm
DA b B DX AT 4 8 Jy K AL 2R, 2 & v K i 42 ad %
DX I, 3y BE 55 F BE AR HL e A0 A8 RS O E R, A
T/ N 7K G0 e U0 B i RE ) A E DL RRE 7

B BESE B2 B AR RE S I 55 R T Sh AR, 3 R
Wy 39 THT 7K 215 J3 27 R AR, (08 3 T - M 4Rl ) 23 2 R
I8 2 B BRI AR T ek B T AR el RN T AR AL
52 W Wi T A S AR ok — PO AR S B o A R AR . AR AT
T JT T P B0 8% 45 K Ry A ) 45 B TR B e 4 B,
Uiz M BE I 8T & BRI A BEAE B o [ I, R SR
JEE Wi A5 I T R PR 2 X 3 Tt 4Rl 99 R
XA AR o PR, R R A T R — 2P R AN [
RE W B A W4 B K I TR R M TR X A 8 4 ok s ]
Oy AR BSE I o DL BT A5 SR D B A 6 4 i BT
b SR P AL PR R S B JEUK R R A B A i
FERE M AR A S A
4 % it

B 25 B 3 A S AR AN A ] el e (R
b 55 DURR A 23 [ S AR AIE o BE45 B3R A 1 4R ok 3=
BERAEARY R B DURR 32 B R A A SR B, S I R
L DO S b AR B T DX, Bl AR X
R S AR AR A BB T X SRR AR L, AN TR 55
() & 45 B Bl d= ph DX AR 3 e D 14.69 00~
82.250 , - HEAR I IR JBE AR O~4 mm, B¢ T R 28 1B IX
T BT B I T B G i) i 14.48 20 ~81.84 040 Al
0.2170~8.41 % J I UL AR 2 5 0~2 mm.

ARBEFEE RAT BT 1 i i DA ) 45 B B
(1 4 9 4= b — TIOR8 ) o3 A B, AT Ot — 2 A A
A= W4 R Wi T Y 9 A= el AL R R o R N S A AR Y
7K DR A B it £ (3L ) S A
5%k
(1] 430 S, H 34 B3 2 T 530 (7], B

Bl2g it #2000, 15(6) : 649-653.

YANG M Y, TIAN J L. Research progress in erosion

process on hillslope quantitatively [J]. Advance in Earth
Sciences, 2000,15(6) :649-653.

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

ARG T G KT T A e TR ) S B A
fif 23 3 SRR [T ] AR A5 2441, 2024, 35(3) : 739-748.
ZHAO Y G, JI1JY, ZHANG W T, et al. Characteristics
of spatial and temporal variability in the distribution of biologi-
cal soil crusts on the Loess Plateau, China[J].Chinese Jour-
nal of Applied Ecology, 2024 ,35(3) : 739-748.

WEBER B, BELNAP J, BUDEL B,

biocrust? A refined, contemporary definition for a broad-

et al. What is a

ening research community [ J]. Biological Reviews, 2022,
97(5):1768-1785.

[ SSE SRV I E SN S e R A= DU
FHU MR n 2w [T]. K AR A 4, 2023, 37(5) ¢
64-70.

ZHANG S Q, ZHANG K L, MA Q H. Effects of bio-
logical soil crusts development on soil anti-erodibility on
karst slope [J].Journal of Soil and Water Conservation,
2023,37(5):64-70.

S U SN AT R, A PR A DX B A U SR A
45 B 9K Sl A S I A B oy B R L (). K R
2023,37(3):87-94.

PING Y, TAN T H, L1Y C, et al. Soil properties change
and soil detachment response driven by biocrusts in typical
small watershed of Danjiangkou reservoir area [ J].Journal of
Soil and Water Conservation, 2023, 37(3) :87-94.

M, B, D4 e, 55 AEWE AR R X s 4
A PERER R [T]. K 2R Rl , 2024, 38(3) : 73-81.
TIAN J, WANG B, MA J L, et al. Effects of biological
soil crusts development on soil erosion resistance on
loessial soil[J].Journal of Soil and Water Conservation,
2024,38(3):73-81.

ZE T B g AR RS B 0 IR 20 B8 A e N A%
WA L] 0 A 25 2 4, 2011, 22(9) : 2259-2264.

QIN N Q, ZHAO Y G. Responses of biological soil crust
to and its relief effect on raindrop kinetic energy [J]. Chi-
nese Journal of Applied Ecology, 2011,22(9):2259-2264.
ZHAO Y G, QIN N Q, WEBER B, et al. Response of
biological soil crusts to raindrop erosivity and underlying
influences in the hilly Loess Plateau region, China[J].
Biodiversity and Conservation,2014,23(7) :1669-1686.
BULLARD JE, OCKELFORD A, STRONG C, et al.
Effects of cyanobacterial soil crusts on surface roughness
and splash erosion[J].Journal of Geophysical Research:
Biogeosciences, 2018,123(12):3697-3712.

o T A L B oA L 2R T, AR L TR X A A e
ALk sE e [T ], 0 A 2524, 2013, 24(1) :105-112.
GAO L Q, ZHAO Y G, QIN N Q, et al. Effects of bio-
logical soil crust on soil erodibility in hilly Loess Plateau
region of northwest China[J].Chinese Journal of Applied
Ecology,2013,24(1):105-112.

KRB HRT i, % I 3R W A T AR

http. // stbexb.alljournal.com.cn



330

PSRV R 3

%039 %

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Mg BT ] 225, 2016,41(6) : 80-83.

SONG Y J, HUANG Y H, YANG J, et al. Application
of close-range photogrammetry technology in soil erosion
monitoring[J].Science of Surveying and Mapping, 2016,
41(6):80-83.

A, s, B A A SIM BRI A 0 i
RS BEPEAT [T ] K 2 BRFEWFSE, 2020, 27C1) - 39-46.
SHIY Z, HUANG T T, LUOJY, et al. Evaluation on
the accuracy of structure from motion (SfM) photogram-
metry on gully surveying[J].Research of Soil and Water
Conservation, 2020,27(1) : 39-46.

W SCER 55 G 23 = 5 SFM T 58k 52 I 1 s = 4K BB
FED AL SR Al K2, 2016.

YANG W H. Research on point cloud acquisition of
close-range photogrammetry by combining space three
and SFM [D]. Xuzhou, Jiangsu:
Mining and Technology,2016.
R, K4S N AR A0 B W KT B AR AL e T 3 A T
A LT] K LARFFRFFE, 2004,11(4) 1 177-178.

ZHENG F L, ZHAO J. Brief introduction of artificial simu-

China University of

lated rainfall hall and simulated rainfall equipment [J].
Research of Soil and Water Conservation, 2004, 11 (4) .
177-178.

LINDER W. Digital photogrammetry: Theory and appli-
cations[ M ].Berlin: Springer, 2003.

YANG Y, SHI'Y Z, LIANG X Z, et al. Evaluation of
structure from motion (SfM) photogrammetry on the mea-
surement of rill and interrill erosion in a typical loess [J].
Geomorphology, 2021, 385:e107734.

BALAGUER-PUIG M, MARQUES-MATEU A,
LERMA J L, et al. Estimation of small-scale soil erosion
in laboratory experiments with structure from motion pho-
togrammetry| J ].Geomorphology, 2017, 295 : 285-296.

B ek, VR, E AL, A B b B DGR B M A W 2 e
AR AR [T B A= A5 %4, 2006, 17(8) : 1429-1434.
ZHAO Y G, XUM X, WANG QJ, et al. Physical and
chemical properties of soil bio-crust on rehabilitated grass-
land in hilly Loess Plateau of China[J].Chinese Journal
of Applied Ecology,2006,17(8):1429-1434.

FRERE R A, R, b R R X AR A R
ey oKk [T B0 AR 2574l , 2014, 25(3) 1 657-663.
ZHANG P P, ZHAO Y G, WANG Y, et al. Impact of
biological soil crusts on soil water repellence in the hilly
Loess Plateau region, China [J]. Chinese Journal of
Applied Ecology, 2014,25(3):657-663.

BELNAP J, WILCOX B P, SCOYOC VM W, et al.
Successional stage of biological soil crusts: An accurate
indicator of ecohydrological condition [J]. Ecohydrology,
2013,6(3):474-482.

Whide s, A0 0T, B/ % B AR PF N LR LTI X AR )

[22]

[23]

[24]

[26]

[27]

[28]

[29]

45 K DK U R BRI LT K b R R A 4, 2022,
36(6):95-100.

CHEN S T, ZHA X, HUANG S Y, et al. Soil erosion
process on slope with biological soil crusts under rain-
storm in typical red soil region [J]. Journal of Soil and
Water Conservation, 2022, 36(6) :95-100.

GUO Q, WANG Z L., SHEN N.

evaluate raindrop detachment capacity on moss-domi-

Plot-based study to

nated biocrusted slope under simulated rainfall with differ-
ent intensities[ J].Catena, 2023 ,226:e107084.

Bl 8 b T DX A ) % B 5 PR R T 3 TR 3 7 U B 30
FIHLHI D], BRVE 450 - PO AL AR AMA} HR A, 2022.
YANG K. Dynamic mechanism of biological crust cover-
age affecting runoff and sediment yield on slope in Loess
Hilly region [D]. Yangling, Shaanxi: Northwest A&F
University, 2022.

SR, AR e AR W 4 R A X
2 T A AT R B R [T ] 2R A4, 2024 ,44(19)
8447-8458.

ZHANG Y, XIAO B, WANG Y F, et al. Effects of bio-
crust cover on the vertical distribution pattern of soil
nematodes on the Loess Plateau [J]. Acta Ecologica
Sinica,2024,44(19) :8447-8458.

TG B P, A R X A A B T
U 5 A A AR TR R DGR [T, AR 3 AR 4R, 2021,

41(4):1381-1390.
JIJY, ZHAO Y G, YANG K, et al. Correlation between
runoff and sediment yield from biological soil crustal slope
and its distribution patterns in the hilly Loess Plateau region
[J].Acta Ecologica Sinica, 2021,41(4) : 1381-1390.
BOWKER M A, SOLIVERES S, MAESTRE F T.
Competition increases with abiotic stress and regulates
the diversity of biological soil crusts[J].Journal of Ecol-
ogy,2010,98(3):551-560.

PG RK L ORI M T]. K £ AR
41 ,2016,30(5):1-10.

SHI Z H, SONG C Q. Water erosion processes: A his-
torical review[ J].Journal of Soil and Water Conservation,
2016,30(5):1-10.

el A B SR, S LR WA R BT A ) [ D I Y
PRURRE[T]. Al TR ~# 41, 2019, 35(23) 1 135-141.
YANG K, ZHAO J, ZHAO Y G, et al.

of runoff on biological soil crust slope in different rainfall

Characteristics

durations[J]. Transactions of the Chinese Society of Agri-

cultural Engineering,2019,35(23):135-141.

YANG K, ZHAO Y G, GAO L Q. Biocrust succession

improves soil aggregate stability of subsurface after

"Grain for Green" Project in the hilly Loess Plateau, China

[J].Soil and Tillage Research,2022,217:e105290.
(T34 3417

http. // stbexb.alljournal.com.cn



