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1.1 WHREH#NR

T 2018 4F 8 H 7ERR VY A M AR T 2 L B
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VB RE, RIRW L T R AR R, 24
TN 8.7 C, ZAETHIMIKE 316.9 mm, FHEK
2490 mm, HEJE T L RN R AR X, LD
BRSO IR 3 B A A S AT
(Lespedeza daurica) « F-#K (Poa annua) « HHEF
(Thymus mongolicus) « Wk (Artemisia capillaris) -
HEL (Leymus secalinus) « KT2H. (Stipa bungeana) %% .
FEHLAE 2 7 I 55 79.2%, EELFRBELE 7 | FEah K
TAHREMR. b, BESE R AR F D T S A
(Didymodon tectorum) T A% 15 %E (Didym odon vinealis)
JARMEEE (Bryum argenteum) %5
1.2 gt

FEHI I B S /N X AbBE s 30 B RS 25 e e i VR 4
N RFE I E 90T R, MBI LR 1.

R MR

Table 1 Overview of experiment plot

AbEE Treatment
HH Item - f&%ﬁfi‘i% e LAY
. 554 554
Bare soil Low coverage High coverage

biocrust biocrust
HE W4 75 Biocrust coverage/% 0 43.60 79.20
HUREE Roughness/cm 0.98 1.46 1.41
A HUF Organic matter/(gkg™) 8.22 9.45 8.05
Hiki# & Clay content/% 15.19 12.95 13.52
KR F & Silt content/% 15.72 14.22 14.36
#5Ri#5 & Sand content/% 69.09 72.83 72.12

FEHLTIARZ) Y 80 mx20 m, 3 159747 . AR
FEZFEHBIE 22 10 mx2.1 m iGN X, AT LR/ X

W SEYEZ . RIEEYE RS EEERRE 2
T ACER, B TC T B A 46 R 3 T A e v R AR Ak e 2
CPIFRE 79.2%) , T REBR— 805 25 B o 25 Be 3
/R ARG B E M ES I L G R 43.6%) , R LARY
PGS PR LR o I, RS EE R 3 AN E
52, i 9 MER/DX .

B PR R e s R A AR =k s XN AL
A4 (EL-RS3/5, Jbui bR LSRR A IR 5t
EAT]D o BFWNIREEEN 90 mm/h, PRI 1 h.

1.3 REPTE

BRI T AA T e R 9, (IR AR R3S S0 St 2.
FEMFA6 S5, Sy AR a6 =0, HoH K E R 2
AR S T8N SR R = S T8 B B — ANV IRAE
SRR 3 min WAER RO . PRI FE R A S L R
BB 1 m BB TR], TR, Yyl
K HHET
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KL FEE Y 25000 o5 7 B v 22 2 R P2 NI /N X 4
N 7 S AT TS5 e A AN T TS v 2R ) ) KL A
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LSD ZH . MR, P, PSS
B i B RS RE HEAT Pearson XURAH KA 737 -

2 HZRES

2.1 AEACER RS I EHI5A 7R A (8] B9 320

Bl 1990 mm/h FERT &M T 3 /N Ab BRI T 7= I & 1)
WAl BhAS . & AP 4 i o5 FE R, WIUa P IR R 4
hn, SEIIAGE AR TR B KB MK O ERT 7.0 min, fI%
WSS 4.4 min, EEG LS 2.3 min, 3 Fid
2 FZEFEE (P<0.05) o #RE3HYIUE 7 A A A4
WNEh LI 1.59~3.04 £ WIUG =L ) 5 A P Bz
75 FE 8] /) Pearson XUEA IS HTFR I, WIMEF= 18] 54
WnGh B 56 JE 2 MAFAE B E I ARG R (R=-0.925,
P<0.01)

H: ARPNEFREFORZEREZE (P<0.05) , FH.
Note: Different small letters mean significant difference (P<0.05), the same
below.

B 1 AR Ak & A hs = AR 1)

Fig.1 Initial runoff time under different treatments

2.2 YEFERERE R A T (T 2

A [) Ak B A5 T 1) Mok B 7 Y7 e o I R B AR A A
Bl 2 Fise w] AR -3 A i e e i 1) s T AN R 25 R AR
WIgh By, PRGN . e AR A R
I T = TR R 25 P AR 4 B I TR, PRV 15 min
JE TR RS A AR AR AT =2
8], FER 45 min 5 T2,

B2 REVA IR E A E M a0 A

Fig.2 Variation of runoff with time under different treatments

B A PRI AN R B RN 3 I B SR a3 s %

ACFRS T PR IR 15 min B P20 2R/ m SRR O = a5
FEAMIZE K 0.20 mm/miny #£+ 0.13 mm/min. X355 4
YIZE R 0.10 mm/min, & 55 fEAEPIES B B AR B
TR EAEMLE R (P<0.05) o [&R IS 30 min B 5405
WP REZERALE (P>0.05) MW 45 min K
BRI e B T R e A R (P<0.05) o 5T
JiF 60 min ISP EI TR ZRIA B RO, 4 0.56 mm/min,
B E T na S AEYEE B (0.28 mm/min) o AEWEE
35 T 55 R 35 TR T AN [ 6 T T B 1 P I B I R R I
IR PIIS 15 min B, 585 FE AR M Sh K 3 TR v
0 75.42% 4800 4 PIET 2 60 min B, 65 B AEY)
g e W AR IR L BRI 52.42%.

B3 AR ERAN S G RE
Fig.3 Runoffrate in different rainfall time under different
treatments

NIRRT R PN FRISEE XS 154 304 45, 60 min I
M= 5SS B w B A SRS FE 34T | Pearson
WREAR T (£ 2) o G5RKY, 15, 30 min AL
FREIE . A EE N D4 B i FE RS T AR DR OG 25 T B A e
RIS T 00, 45 min PRSI 3 BUHEFR 22 C,
60 min [E R SHELEMK, SHBERE. LWLk
FEMR S AH R o HH 5% 2R B 4 0 A1 I A 2 T 10 I 4 34 i
AR

%2 FRKMARERES H0EERERN
Table 2 Correlation between runoff rate and influencing factors in
different rainfall time

Fek i P S HELRE HE ER/ )&
Rainfall time/min Roughness Bulk density  Biocrust coverage
15 0.329 -0.214 0.498
30 -0.592 0.516 -0.421
45 -0.797* 0.797* -0.770*
60 -0.866** 0.773* -0.862%*

e AFER R RIFRIRTE 0.05 KRN 0.01 KT CRUID 1 RZFEAR.
Note: * and ** indicated significant correlation at P< 0.05 and P<0.01 (two-tail),
respectively.

2.3 BRRARABBNESEZEREMET R AT LEFHE

Bl 4 AN [EAb 3L THTAZ 9 22 250 P4 9 ) PR A8 4kt
T o 25K BRI T AE P2 AT AR I IR I 2R 3t R B/ MK IR
e A EE B 0.08, B 0.07, (K 35 AEMSE 17 0.04.
A5 Rz 3 THT AR I 3R 5 4 W T B ) 7 A R 34 35 R S 3
, m&ETRE. BEEmARRECEEHR RIS
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Jelghn, FERERT IR 60 min WA RGBS ma R
W B 3B IIAR R 22 B A N DI AR A P A /N AR
FRIAZIAL 2% AL I I I e D g sk 3K, 6 S5 S 10
B R L AR PP AR 2 T 45 BRI ;IR ESS RS T AR A 4K
NTFAEFHZ I,

B4 RIS E R R ST A B e R AL
Fig.4 Variation of runoff coefficient with time under different
treatments

Bl 5 NS AL RS R BE N DI NGB R . #R
LT NIB I ZEAERT 30 min I 5 2E W45 F SR 2 AN B
#. 45 min B NBHE R K BAMK R & 55 5 AP 45
2 1.18 mm/min. K55 EADLEE 1.13 mm/min, #+
0.98 mm/min, =6 8 A YIS R 3 T ON 1B R R 2 KT
LI (P<0.05) o BRI ABHEELE 60 min B FEAK
£ 0.89 mm/min, & FH K T & aE AW 4R m
(1.17 mm/min, P<0.05) .

B S RRIM/A N &L R AL F T
Fig.5 Variation of infiltration rate in different rainfall time under
different treatments

2.4 FWERIRS RS HERE AT B T4

ANTR] A B W 3k AR PP A (RIS WL 6. Horh
PRI T 70E A 0.23 mis, ST H 4 RS
T (P<0.05) , [ I ] 35 0 2 3 RR K& A, 18
FEm AR (50 min J5) A FREEH. S s
YT P YR AR, N 0.05 my/s, WA B L
o KSR FE AL YT N 0.06 m/s, B KT i ms e
AWt R T, T B R AR IR I S R B R

A (Fr B AN BHE T S E A,

SEAAKFIRS K EESH . SR Y FrE>1 1, K
TABR, Frd<t i, KCVER. @& eb wT L, 3
g A BR SRS AR AR S AT Bh. ARSI Fr
(525 v TR B, e KEIR R T 5.09, THME
N 341, RG] 6.8~7.6 1. RHIEYE
FEIIH b 078 o A8 1 B RN IR R T AR IR A A

B 6 RIS E Rk MRS T a0y A AE
Fig.6  Variation of runoff velocity and Froude number with time
under different treatments
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Characteristics of runoff on biological soil crust slope in
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Abstract: The Loess Plateau in China is one of the most severely eroded regions of the world. Since the implementation of
“Grain for Green” ecological restoration project, biological soil crusts (biocrusts) were widely distributed in this region, which
significantly affected surface runoff. Numerous studies have explored the effect of biocrusts on runoff. However, the
conclusions were still widely different. In the Loess Plateau region, rainfall is mostly concentrated in June to September, and
the rainfall duration is not fixed, which may affect the runoff characteristics of biocrust slopes. This study investigated
characteristics of runoff from biocrust slope in different rainfall durations in the Loess Plateau region by using artificial
simulated rainfall experiment. The experiment was conducted in the revegetated grassland of northern Shaanxi Provence,
China. The experiment site was about 80 mx20 m, and the slope gradient was approximately 15°. The biocrust types were
mainly moss crust and moss cyanobacteria mixed crust in this site and their average coverage was 79.2%. The dimensions of
the experimental plots were 10 mx2.1 m (lengthxwidth).Canopy of higher plants in the plots was removed with scissors.
According to the range of local biocrust coverage, two treatments were set: 1) slopes with undisturbed biocrust as a high
coverage biocrust (the average biocrust coverage were 79.2%); 2) the slopes with removal of a part of the biocrusts by shovels,
which simulated the low biocrust cover situation (the average biocrust coverage were 43.6%). Meanwhile, ploughing plots
were set as the control group. The rainfall intensity was set as 90mm/h and the duration wasl hour. The results showed that the
initial runoff time of biocrust slope was significantly reduced compared to the bare soil slope. The initial runoff yield time of
bare soil was 1.59-3.04 times that of the biocrust slopes. There was a significant negative correlation between biocrust
coverage and initial runoff generation time; Conclusion of the influence of biocrusts on runoff yield was contradictory during
the first 15 min and 60 min. For 90 mm/h rainfall intensity, runoff from biocrust slope increased by 75.42% compared to bare
soil when the rainfall duration was the 15 min. While, runoff from biocrust slope was decreased by 52.42% compared to the
bare soil when the rainfall lasted to 60 min; the infiltration rate of soil moisture was affected by biocrusts. The infiltration rate
of bare soil slope with 60 min rainfall was 34.30% lower than that with 15 min. The infiltration rate of high coverage biocrust
slope with 60 min rainfall was only 6.38% lower than that with 15 min, which may cause the difference of runoff yield
between bare soil slope and biocrust slope; the effect of biocrust on slope infiltration and runoff is closely related to rainfall
duration. Different periods of rainfall are likely to lead to inconsistent conclusions. Therefore, the duration of rainfall
experiment considering the factors of biocrust should be no less than 45 min. The study provides scientific evidences for
explaining the differences in the effect of biocrusts on infiltration and runoff, and further clarifies the hydrological effect of
biocrusts in arid and semi-arid areas.

Keywords: runoff;, hydrodynamics; biological soil crust; initial runoff time; runoff coefficient



