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Performance of Artificially Transplanted Biocrusted Soil-surfaces in
Rainwater Harvesting and Their Capability to Resist Erosion in the
Hilly Region of Chinese Loess Plateau
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Abstract: [ Objective | The purpose of the study was to explore the rainwater harvesting effect and erosion
damage resistance of different types of artificial biocrusted soil surfaces in the hilly region of Chinese Loess
Plateau.[ Methods | The biocrusted soil surfaces were taken as the research object, and the bare soil surfaces
as the control. The study conducted field simulated rainfall and erosion resistance experiments (slope
scouring, soil disintegration, and single raindrop splash erosion experiments) on them, respectively.
Differences in the erosion resistance among different types of soil surfaces were analyzed. [ Results ]
(1) Biocrusted soil surfaces significantly improved rainwater harvesting efficiency. At a rainfall intensity of

100 mm/h, the rainwater harvesting efficiency of the biocrusted soil surfaces was significantly increased by

33.3% compared to bare soil (F = 300.12, p < 0.001). (2) Biocrusted soil surfaces significantly reduced the
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sand production and increased the coefficient of erosion resistance. Compared with bare soil, the sand
production of cyano and moss biocrusted soil surfaces was reduced by 178.8% and 364.6%, respectively.
Compared to bare soil, moss and cyano biocrusts had 4.6 and 2.8 times, respectively, the maximum
coefficients of resistance to washout. (3) Biocrusts significantly reduced the soil disintegration rate and
maximum disintegration rate, and the differences were significant. Compared with bare soil (6.46 g/min),
the disintegration rates of cyano and moss biocrusts were reduced by 35.0% and 60.2% , respectively and the
maximum disintegration rate of biocrusts was reduced by 23.8%. (4) Biocrusts significantly increased the
raindrop kinetic energy and reduced soil spallation. The critical kinetic energy of moss and cyano biocrusts
was 3.9 and 21.9 times higher than that of bare soil (0.5 J), respectively. Meanwhile, the soil splash erosion
of the biocrusts was reduced by 75.3% on average compared to bare soil (0.156 g). [ Conclusion | Biocrusted
soil surfaces significantly improved the erosion resistance and rainwater harvesting effect, which is of great
significance in terms of sustainable utilization and soil and water conservation in dry areas.
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soil erosion

Received:2023-12-23 Revised: 2024-01-25 Accepted:2024-02-27 Online(www.cnki.net) : 2024-04-29

R B Ol AR R A AR B LR 4 T I Y
HEE Z — o SARZ R N 42 BROK SCHRFR L Al A

REPERY R E B RIAE . (D AW L LR E R E +
SEFL B 45 K FDRE AR 0 A1 T e AR K 70 A8 I 38 in b 3

K SC FAAEVE 22 M ORI, JE T A 5
MDY P e DA S 3 R AL Y T BRI T R
M DX [ R A 2D | 2 T S B K B R B = O PR
M X 22 E AR S R R GBI R . WL, A 20 i
LR BN R B T IR S AT I TR 35 AU it e ol 5
AL B B BT 1] 3= Byl PR AR Ho W
KW RGN T — 3 2 TR L =
ez DX B R AR O TR R

WK SR I 2 40 1 Kk 52 W I A K 3R 4 4L
FHorp, B W AR S 30 4 A U B0 EE B A LA AR A R
T 35 50 R 4 T RO AR K AR G AR . B R
FR J& R AL TR RE CUnR &E 1 | 99 ) i 85 | 1 338 [
AT A 27 BELIS 50 45 ) B o 3k 107 JH T 4 W T o 44 v
ELFC O A0 X sl B 95 e b S BRE S5 ), A,
FT T T TR A A1 T AR 0 I BE A LS AD AR
M A5 L N7 R I I 0 i K SO 2 R A T T Y
B R T 08 K T o AR A R A% R . DRI e o % 8 48 T 1 U 30
it 0[] BB b R L2 5 B R AR HELLAE . H
R o 0% 5 i T A R AR L Al H B I R AR W R E
PRI A S IEIFREAR L T MR . A 19 e
AR A BRI F BB S DA L B B DX e
AR N AW AE BT R o M OB
K600 ~T00 . AW EE B AR D b R R
R ST 2 AR AR R A
W22 Sy W5 S LIRS E S A&
W25 K DR LR B 1) 0 R R A 25 D RE X - 2 )

W s COME R A= W 4 e e S i 2R A8 T g HL Rk
A AR AR FH 4 v A A BL ST 5 6 O 185 I 141 2R A
o, DR T+ e v PR g 05 (3 AR
AR EY S A BUR R S iy RE ), I HaE Y
SR B 18 o 5 B 245 H i LR FE BT B SR B s (AR
Was i A B B 2 D) RE , H BB MK HE A FE 45 B Sk Fib
PE L, HEAT [ B R A 3 ) A 4R
AR, 25 A . 2R W4 B A 20 ) (9 B R T
BEMEL. HAT. A AW S B U R
WA 5E 8 22, KA 4 B 90 4 R Y R B, AR ) 45 Ke g
b 2 A2 3t I 9 2D 3T R L AEL G TE W T SR B3
I D s H Ry BR T B — A2 Wy 45 R P 24 o 34 TG AR U
A BEHUAR Bl PR A S

FET I, DA BB XN TR AR B A W 45 e 4R T
T A AF SR 52, DARR A %F BR, 3 3ok B A0 35 597 L= o A
PGV i R 05 5 S BN [R) 45 e S Y (R 486 Bz e 2%
B ) 4 T 2808 R A Tl o 463 e 7 1 A8 A B R Y T
BLT  32F— 2 BB 26 P 25 B A hy 41 T 1 3 A0t 1
FRNVERT s LAY R T 5 R0 2 T 5 b DX ST A 48 e AR
T At AL 3 0 Rl R 5l S
1 #MRERE
1.1 HRXHEFR

HF 5 XAV F B 7 44 i A T 7S 38 A 3t 48K (38° 46" —
38°51" N, 110°21'—110°23" E), 4k~ 1 094.0 ~
1273.9 m, W B R A 6.89 km?, HiJE b HL R AY 25

http: // stbexb.alljournal.com.cn



CHER:]

W 1 458 - B0 e e 8 XN TR AL A ) 205 1 5 T TR ) 92 T 2500 2 R R AR ol B 43R RE

31

VD HE A P e MU L J T KU — K el S i R i 55 A A X
S B R T R AR AL A RR 9~14 CL W
TR 69 H AR YK & R 78 Kk a4 ) Dl 454,
1337 mm, LK LM+ E, RERRAC
T LA HE B A Ry 3 0 AR g 2R B L AL 7 4% (Caragana
korsginskii) WP Ml (Salix psammophila)  H & (Medi-
cago sativa) FIMAS (Pinus tabulaeformis)Z§ ,
1.2 MR FE 5S4 E

I T 2022 4 5—9 H #EAT  AERF 98 X 0N L #%
C A W) HE N HLS ] — SR AR R . A M R R
20°FF B 3 Pl A L CHRE A VRS B L BESE KO L AR A
BOAEE LR 15 MEM/NX, FIHEEZ 0.1
em . FEBEZY 0.2 m 8k B2 AT A /N DX RE A /) IXC T
B 12201 m®, IEER N B IR L WS, Fr A7 429
45 M OREBIAE 2 500 m” 1Y~ 30 DSl i 47, LABR 1 A= 9
45 R FRRAE L 8 T kb, B R RN 1) A AR AR A, ST
4 0.5 m>0.5 m BFREER Sz MR 0—1 em F 4L
RU A W45 F , Pk 5 8 B2 55 vy 1) A W) 4 B R A R R A T
Yo SR A A TR O 80 % . A IRIUERS A 1 A= W)
55 K R AR H A IRE /N X AT S B i L IR S AR
60 K . I A e 7K I 3 4% 7 D)4 I 21U
1.3 EFEMIRE T

B I3 45 IR R B % OB R I K S R AT R T
PP T B R AL BT 20 1 m, 23 S AL 60,
100 mm/h TSR FEFH ORI 245 1 KR KK | 5537 B

PR eI A 30 min, BE 3 K., F R EFE 3~
5 K PIPRIIE 50 i 4 1 1

1.4 MBI

141 H@®db XS L 4 SR
IKIRE Te ASE KA XT3 b AN Ti) i 2 78 26 2 780 i 4 R 1o (R
o RS B RN EESE KO FEAT W R (B 1a) R/
WA 4 L/min, WRIEF A 15 min, # R X 38 /A 2k
R A 1.2 m X< 0.1 m, £ KR B 2 K
W TR, T45 1,2,3.6.9,12,15 min B U K
(= SO P e 1l B S M W | 3 I L U = 10 7 9 E
1.4.2 E3EAMRE 1 om S IEILESEN
KERER L EEYE L LERASNTEE TSR
WA L, 280 oK H 3 o8 iR % R, R, RS
flfg HP—5 B i h St G 5 N, 40 B8 0.001
NDIC 58 A i 2 (L 1h) K K B E] A 30 ming 753K
50 B[R] PN 56 42 8 i DU sk B[]

1.4.3 B33 @ F ok kR B SRR IR U ook ) 3 0
PR RN R AR A R AR O X AR AL (B 1) B
RS ET E E  1.2 m, T HEE N 0 m/s.,
WA 10 /s, T ELAR 8 9 mm, fif FH EL AR A
FAT BN 9.2 em BB SRR A - 3ERESL . B HREHE
il RN e R U e R R L A R TR T
TF iy o 0 B BRI R A 2% Y 20 (L) A 2R A 0 4
B B9 220 BE (mL) 030 45 o5, WS8R BB AT b A ik ol
KT LT PR,

(a) %Fﬁﬁ‘ﬁ’ﬁﬂ sy (b) ii;ﬁﬁﬂ P~
= (c) HFTH T rikR b
ok 0.400
[ —
@k a—
e /\
sk \ [ L
sy
SRR
— e N
B1 TEREMRABREETS
Fig. 1  Schematic diagram of the soil erosion resistance experiment
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