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25 B AL 2N 2 J7 s (R phid R 1D 45
MR ROt s 1 RMPIBYaRE, 2) S fAE S
SOV R TS S HOK B 2RI, AR h Y 0 2
R IEh . ERIPUBTREZ SRR ) =%
T ) - 4685 5 3% A 5 L AR e AR ) o 2 R R 102,

FI AT 22 00 78 R R e of 7y £ 52 3 T A1 I 465 B2
SR 77 BL S K Bl T SRR 234 45 B2 (K A A
XA b AL AL BN, T X AN [ 9 B 45 B ) 7 b
TRRFAIE Sz HoK Bl 3 2R AR AR AL FUER B F T3 A 0
I BX T 87K 152 S 405 1R i B DR P 5 950 28
SRV . BRI, AR SCE S H Ay AT AN R 45 Bz 5 R )
ST YDA, A Hs 25 5 5 5 AR AL RIAN ] B 2% AR 19
TK SR AL SE B o3 M & BN S TR Ak R S i RN, ik —
o W BT K ) A Z BN A AR AL, E B AL IA
B PR RN (KR 55, LA HER A RO TR i+
AR h B A E AR

1 RS

1.1 il

RG] 3 N E 1, REFE 0~10 cm. 1#
+. By FEL B LKA TREMR. E
VUSRS . JRmVA . RELTT, SRFFHWAF EE I 1.1~
1.4 glom3z [a)1 . - 35 ok 20 R 55 2R SOOI A
M, BT sE. GRS R, PR
BRALII T H TR I R I A MR R 1 R .
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Fz 1 AIGHIEIBUIERR
Tablel Physicochemical index of tested soil

SR ZH 1S BB T BRI
+i Particle composition/% 25 U S
A " Mi
HaY W Cation o e ICroa-taggr
; kL Si ZA rganic ~ egae
Sail Sand  PHLSIt RKiClay exchange mgttelr content

type (0.05~ (0.002~  (>0.002 capacity/1 content/ (<
. e 0.25
2 mm) <0.05mm) mm)  (cmol-kg™) % )%
iﬁi. 4.45 85.25 10.29 14.52 0.2998 56.8
Lou soil
4
gL . 3273 62.16 5.09 12.59 0.0001 27.3
L oess soil
=
“‘:iﬁ J‘. 8.02 79.16 12.89 9.86 0.7275 40.1
Heilu soil
L
Huangshan  5.08 83.98 10.92 10.32 1.7478 69.7
soil

1.2 R RILiE
1.2.1 M@z Estss i 3h e

ARG AE PH AL R AR K 22K AR R S S AL T A
SEIG AT, WK = WA TR, KM
N T % T 2 8 O R BB KRR 7K - R FE I S BT A a1 1 T
iR FERIHL, Wk Fulljet GW R4Sk, e mE Xy
Am, HRAFERERZN 3mx3m, “FH4 KBS 1.8 mm,
R TN Zh g e R ARBE T BhREY) 75%, [N 145]FE ATk 80%,
A S R K AR B S g 2 S B R SR R R T, T R P
Y 55 75 ¥4 [ 4 20~ 160 mmvh,

RGN 2 Eh T 6—9 A, HZ KRINRMIHE
R W3R 60 mmvh ARAUK R 2544, 90 mmvh ARADL &
A, 120 mm/h B RV R SR FN 250, A SR
60. 90. 120 mm/h BERNGRAEE R, 40Hr 4 FptIge sl e ad s
I 5% 19 5 P AR AR

RIG AR K 150 cm, B8 20 cm, V& 40 cm, 3
WA A, EREEETAE 10 om IR RRYD, R R
U (3 K o HH T A0 {58 FH 14D 3% W9 LA 20k oA R T ARA
3mx 3m, FiZX kKI5 M 20 cmx20 em KNG, A i
T, FATRERN, e & LA R, FRE
25 7 sR A A X 3 R A 160 cmx60 cm, A 1 i RN
T 485 R 5 FE AR — 2, HLF8 40 R A S8 B o X 3, e HL
Wk~ 1.5 m -4, V)2 EaE s o0 A fr s g, +
ZERE 25 em, FRFRSIHHEE, (RES TP, i
A E ] 1.3~1.35 g/em3 i) (. M RIE
Ent s, iR AR S5 . 1R R, it
T 9 A R 42 52 43 5911 9 6090 120 mimvh, B4 R I (7] 30 min,
BT SRR (1BR 12 h ) 25 17 5 B PR TR, 00 G 1 75
IKF,
1.2.2  # %3 E 200300 69 K5

B Hh, Ui oeBl, b 2008 T EAN R R
FE 45 R e B TR b = yb i BB, E 3 FPANIR] 45 e i
(RARELE By WP SEnm g 4 7 M s o B 46 ) o0 il kAT
AFIF5E (60, 90, 120 mmvh) AP T IR8 . H 1 5 i
FRUGZ R/, AT RS SRR ARG, DUR e 3 TH 75 7K
FARHAE. WI8RY, ERER 120h )5, i35k

RYEFFIE 20%~25% 7 47, HMIBLISFER T 45 5% . Rk,
FETIRERT 120 h B AT 45 T 2 R0, T 6 245 Bz 5 FE %o 42
i AR

TE O MW, ¥ vk ai #A B MY 3 FE 4 1 8 60, 90,
120 mmvh, &R TE] 30 min, LAJE AAS 6] 550 5 1) 25 46 45
B, o LA TR 20 A 7 5 TR eSS B R (CKO;s Bf
WA G, B E 120 h 2 )5, 3 &K R~
20%~25%/C 47, KGR A 10°, FFUARFINIREE, PR
SRIE 7 60, 90. 120 mmvh, FERT I 1 h. iR56 Tk
LA FRURVORE, FEREIIRE 3 min, S i h R AR e 28
e S AE, &ERE S min e 1 R mRGE, %N
e 20 ¥k, RIEE 3K,
1.3  MZELHSIT &R
1.3.1 #ERZBENT

KHANTHEL, REHNZEN 10 em. w2 em 0F
WL T A, (63 488 s 30 P ik 22 I RN 20 A 25 s 33 2.5 mm)
i H AR KT LA, LR ETEARXA

W=p-S-H (D

Kb W, g p NHFERE, glom® S NEEL
A, om?; HONBEERE, om.

WIS A: 60, 90, 120 mm/h, P& iR 30 min,
[ BN 0 5 AR A T T 75 2 8 T, 6 0[] — I SR T 2
£, FFHER 7 E 20 A8, BN ERAIE 12 h A
RN S CUBRAEERA R, M5 HP-2; Wil
K. 0.01kPa) s L34k prad iy, HAREERAE: Fahild
JEAE AL ER A NIiF e 2 AL Z, Sk, DHE
KAGANE i d et B 5t B At i 5 k. AR, #HE
HURE 30K, FBE T2 s o B 2 7K 3

BT 7R BB AR AN 5 SE B, T 0 b 45 R i 5
W, HORERIME . (R, 35 TR EDORE U 5 &5 R 5 5 1R Mk S
WIGRT, N T AR 50 5 (0 45 R 5 R 3R AE 3% 1 45
Fom BT SEE, EEGK. S8, i/l 40, 10, 20cm
(A e - RE AT 5 B A& K il e, HeE S 4
MEMZERAREE (P>0.05), X0 #5E i+
bR P SRAE 94 [T 245 B 7 P 2 T S 1)

1.3.2 5484
B BRI T RSO R, KR AT A R B

h=Q/(d-v) (2
A h KR, my Q NiiE, mP/s d A/KEEE, m;
o AIKIIE, mis.
Foster Z5'97E 1984 4E L T /KRB /7 o i+ 5 K
r=y-R-J (3
Ay AKIRAEE, — A 10000 N/m? ; R /K 112k47,
m, TSR TR I MR EE, FE v R E5%(H,
Bl J=sing@ .

KR INH R IR— 58 = FE KR Bh I BT B 35 6E,
NI R A PR T REERYE, AR AR AR K
TR 77 1y B B R0,

W=TD 4
At o NKFRIIE, Wim?,
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SWAES i@ Ba g /AW bR BRI BARE S B KEIN Z R AR, (H %
¢ _89-R-J (5) 45 B DR TR B K AR PR R N, ELOK SR B Ah B
v 9 L ELR T /INR 9 A 45 B9

X g NE IR, glem®s AR

IR DI A3 BT A — P AR 41 AN [ 15 371 i 22 1 L AT A 0
PSR FNWT HAH IS 1 o BT i, IR () T LA T AS Bzt
O H O RIS o I ORI T RE A RO MG G 4 2
ST I K B A AR P2 BRSO R R
D #ESFI, i AYHEER T AT G E N
W, EBE A xe={Xo(K)} > k=1,2,-.n; LLELFE A xi={x
(K}, i=1,2,---m. 2) TR ICHR R BN KRELE .
rﬁﬂ@nMﬂb—&(Mhﬁﬁ?ﬁfﬂxﬂ@—&(ml

[Xo (K) = (K)]+& maxmex |y (k) —x; (K)
£e(01), AIH 0.5.

l n
f==-3 (k) e
N =

#4(K) =

2 RS0

2.1 FRREREREES IR KERATFE

Ree 9 2 52 R 45 KTV i) 223 IR R, B Ry B AN
DI 0t 3825 B nif B2 AR AR OK, -3 R R ) e 45 iz
WEH RN, A0 1 4 R IR 3 MhA
(7 e W 942 32 S ) 45 B e P58 A A R I S AE ST 35 7K AN [
I, 25 R SR EE AR R (B Do fE 3FIRBR T, 4h
SRR S KA RSN TG B, SRR L M MY RS
BIKFERT 30%INF, 3l R 5 B2 T 45 B0 R 2 S A K
BB L AEBOR BRI, 45 J 0 T 5 PR M9 R K &R
AFAh 3 R EIEIAHF 4 RIEEIKENT 3098,
G PR EARAC Ry A PR GRS EOK, S5 RR A
W o

[%TH5®R B Rainfall intensity/(mm- h™)

o 60 o 60 1A HiIZE Fitting curve for 60
. ?g == 90 gj;%ﬂ% Fitting curve for 90
- 120 720 #P44iii£: Fitting curve for 120
< 50 50
wg 40 ° m%m
i 2 301 § 2 2030
%g 20 : 2520
% 10 RN f‘s«‘?«g 10
O % O 9
10 20 30 40 50 10 20 30 40 50
+8EE 7K Soil water content/% - 4EE7KZ Soil water content/%
a, b. B+
a. Lou soil b. Heilu soil
« 30 « 50
% 25 40
=20 50
& o
%:ﬁ 10 %g 20
é 5 W § 10 :'
O 9 ome \¥0n O o >
10 20 30 40 50 10 20 30 40 50

+3E8 7k & Soil water content/% +3E8 7K 2 Soil water content/%
c. B L d. #HE+
c. Loess soil d. Huangshan soil

e B G I Z LL In(H 3 B K ER) A H AR, 45 R R N R A R R A
gk, P e iliZi R>0.85, P<0.05.

Note: Fitting curve is fitted with In(soil water content) as independent variable
and crust strength as response variable. For al the curves, R?>0.85, P<0.05.

B 1 AFFER L3RR MR E T 4 KGR EMARETA
Fig.1 Crust strength changing with water content in 4 types of
soils under different rainfall intensities

2.2 AEPERELRE TEEZRED S

K IR BN 3R A 45 7 5 B 5 4 B 1 3 5 7K 3 1 [
9 45 (R?=0.87~0.98, P<0.05), LLszPr H[E] 4 7K % 20%
B PRy B A Do 25 Bz i P AT S FE b, A BT (R 45 R 5
T RIS R I AE o WRYE 2.1 FrAS 45 TN, 45 H R R
o6 T 528 PRI OIS 0, AR SCKs 60 mmivh i RS T J )
G R RR OISR 45 B (11.68~12.80 kPa), 90 mmvh [
TE R Sy b 5 s 45 . (15.02~18.40 kPa), 120 mm/h
W2 TR /2 5140 S v 0 B2 45 2 (19.59~20.62 kPa) .« K] 2 &1,
TEAH R B N SR E T, STH] P 5 B A 45 B o P 3G AN I
Wb . 75 60 mmih BERYES, 0T Jogh ey, FEW—E
R, YRR S B bl R AR VA AR T, B BTN T
W0, VAR RS, SRR e Sk R AE,
Rk, M r=vb & 20 s FREE R, /£ 30~40 min
R E M B, & TR N AR R R RN
ToHA S A AR A 90 mmvh P& T, A sm R 45 R bk
FEYbELE 30 min 247 B TR TA, T i R A 4 R X
— LI B 50 min 25, FEbE RN BT
AR B . R S5 5 R 45 e 3 T 7E 30 min 76 47 45
FERGATRE, AHVAAR R A TR 9 B 4k R T B I ] A
50 min ZJ&, S5RamEERR, YT &5 B Ak PR M AT 9T K
A Y AR Tk (RO ISF TG, 7 1 h BRI B A B PR VbR
N o AR FE 4 B AN TC 25 B S TR Y 3R I R 3 F B
120 mmvh [FERSR, FREESRE 45 B 3 TH P2 Vb 7E 25 min H
LT, T 5 A R 1K — TS R EIAE 40 min
FoAi, WHEPERSREEIGIN, &5 R R AR AnVA R kst TR 4
B WG (DL 60 mmvh RI9R o) ASfLaa2 RN
TERF VIR RGERG Ik fa e, HiXx—fRERre: 7%
ANBENIERE, EA RS AR EE R AR,

—»— R 4L High strength crust —a—fIGGREESSZ Low strength crust
—o— HR&R BFLE i7 Moderate strength crust —s— JG45 K No crust

40 50
= = 40
s 30 ° q

o 252l
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Do st p
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A 18] Time/min
b. 90 mm-h~! BEFHE A 1R
b. Process of sediment yield at
rainfall of 90 mm-h™!
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a. Process of sediment yield at
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c. 120 mm-h™! BEFIE =10 72
c. Process of sediment yield at
rainfall of 120 mm-h™*

B2 TR SRELE IR E R AR
Fig.2 Processes of runoff and sediment yield under
different crust strength

d. 60 mm-h! BETRI AT &
d. Runoff under rainfall
of 60 mm-h!
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MEL 3 FTCASH, 45 R i s A &K T o4
Wk, HZEREZE (P<0.05), (BAN[E R S5 &3 =i
HEFALE, WL EREEN RRNEHARE., M=
g AR AE R A /D S e Vb B, O g R R v
R R YR 1.24~8.72 1% . MFIFERIRE T,
gE R R ROR, HPEyb e/, 60 mmvh PR SRE R, T8
g R T PR Vb R oy B AR R 4 B . SRR A R
o &5 7 () 3.43. 5.35 1 10.23 f%; 90 mmv/h [T 9R)E T,
9 1.24. 2.41 F1 6.36 f%; 120 mm/h &R SR T, N 2.22,
3.82 Fl1 8.73 1%, PRI TRLRL/NGT, Y THI 45 K2 A By B 4T,
REBK IR IZ A B TR/, ST =y b . R,
o6 9 568 JEE /N 5 5 7 TR Ko e 2850 7 B 54

Ee ARFRER R E. . RSRBESE AN TCES IR 2 5+ 2% (0=0.05),
ENGE

Note: Different letters mean significant difference among high, moderate, low
strength crust and no crust soil surface (¢=0.05), same as below.

B3 AFRISRELAGIREBEZ AT
Fig.3 Total runoff and sediment amount on slope under different
crust strength

2.3 A EERELRIEEKNNFESH

Uit (RS &5 FEFWISE B AN TE 45 R S K
MBI R B (P<0.05), o4 B3 K i B 1
KF45 I rKmE Y 71 (P<0.05) (K 4). XFFAH
g e s e, HoKmeiv) =R AR (P>0.05), H
— BB A, B, KRB T AN 2 Bl 25 B i B R [ T
ST R A S AR

B4 TFRELE RN T EKDF 54
Fig.4 Hydraulics parameters under different crust strengths
and rainfall intensities

B 4 B3R, Togh B R RH ) RO T4 B i
RIBH A 2 8, AEAR R R 260, B AR Mt o 4 B o
S SR AW B 45 B IR A A BEAT 2t B AR 3 i B
T &K, G B aR RO, S B A Mo, XA
TR B R e, JLRTIOCHT . oSk B KR
KT 45 B KR P&, Al RE2 T A& 8 U170
KFJEH . XTEE R, 248 B om sy, KA
FIEAWIIG ORI, 25 B o FBOR, ST i R, PR
NIV SR SV N
2.4 FRIREKINFSHSRE IV EBIRE RN

RGO RIS B8 HR AR 7™ 10 B [ 5 25
RIRERIR, R BT RIR R E E2 P m .
R 2 W, Jogh B3 AR B 45 B KR R
PR BRI R T R B S P B ORIRE, B
IR AE AR P RE ke 2R . DRIk, AETE4E K
A 58 B 45 B AE IR ol R b 2 BRI b & (=
X e R 45 BRI R A SR P25 B2 I KRR S
BRI N TR/ R B R ARIREE, B R
FEHAZ P RE A S 4 Sk, Wi b R . R RS
SEATAE AL T R kB 77 (AR 283, 3 1T 5 M 5 4
T 2 Pl R o

F2 WHEADEREXRKDTER
Table2 Result of grey correlation analysis of sediment yield on dope

4k KIS Correlation degree

Crust strength I BH 71 &R EL
Stream power Resi stance coefficient
w9 High strength 0.68 1.23
HHEE58 % Moderate strength 0.73 0.78
K58 Low strength 0.76 0.63
Jogk K No crust 0.88 0.48

Wt 5 T 45 B iR L A 3G 58, KR Z NS 1D R IR
Wi 5O 55 ELBH 3 2R O P YD O S M BN 1 0t g —
JTTHD,  FH ST 45 B 5 L 5, AR T A B K

WIRE, FrvbER> . Breh, I L aes T S
Pl /D 3 TR Tt
3 1 i

-GS B 5 PR S e SRR R A — A E B AT
B HRGUE A SRR MR OIS, i
OB SR SR S LA R ) A A O e e 4
AT N AR R R 00 8 A AR — e i, R4
Beom S PR B RE N AR LR R 2R, &5 B o I o W o
S DIITTPLER:

PR RE SO KRS [ T 32 B i B A 1
AKFBIVIFT, ARG BY V) SR s K, 51 Rk
FE B A R 246 H T - Neave Z51275@ 5 7 ARG 15 HE 45
BAFAEAG AT L HER ARG OCIT, AT BRI i A i i
a, EMAERKRR A BRI, el s 2
hiE, HIFARXFES B RR R IR pU R EAT M
ABEFCA,  Toss BT KPS U 75K T 45 B K i B
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VI BEREE (P<0.05), Jogh BT =& K T4
S IR i a2 Y L) 2 T TE= P WAV SR 7 P P s
SN P b B BRI, b S 8T U /IR G,
E/RIR BT YT I AEAN R 45 B i B i 22 e AN 2 . EIESE
(P2 @t WA A3, KR ThH G L R bk A R
RS, RTINS b b . (HAEA L
T RIS B SR EES R, S b RS KR R
FASGHEIEAN IR, X2 BT I BT i M A1 2 5 M 48 T 42 o
() B FE K 3 . Zhuod i ARG A9 5 5 I A7 (E R 14
ISR, R R B, TR 3 D
o Jodh B B AR R 45 B i B A 0 1.9~
8.7 fif, (Hf bR INMN 1.2~10.2 5, X—HH
5 R EPPHI LR B Bk A, BRI R
A SRR BN 7. S A IR h kb 2 A AR 25

KRR W4 R RN, ERMERE, FEE S
S K IR NS K, BE ) R B AE T Rt AN W 4
TN, T AL Eh A AT P R R /N B PN 2 R o
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RENE A ROt Al - S R v, 25 R amEEBOR, HAR
5 -
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S 5 FE B 7K R A B g, E 2 RIS KRR T
30%H, 3 FRRTSE T4 s LA E S . R
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2 i 928 T 8 P 1 KT 3 5, k0 U T A R R R 45
AP ENE S

PR R, SRSV B AR TOAE R LR 2 R
2% (P<0.05), 45 EeAE st D32 o, 76 [
—GE R RE A, FEWNREER, Wt RS
HAFIBE R SR R, 25 s, bR,
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Effect of soil crust strength on erosion under different rainfall intensity

Lu Pei’, Wang Linhua®, Wu Faqi®*

(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China;
2. College of Resources and Environment Sciences, Northwest A&F University, Yangling 712100, China)

Abstract: Soil crust plays an important role in rainfall, runoff and erosion process. When it comes to the present situation,
most studies analyze the impact mechanism of soil erosion on the existence of soil surface crust, through comparison analysis
of sediment yield, runoff producing and characteristic of hydrodynamic under the crust and no crust slope. However, limited
studies report on the characteristic of soil sediment yield, runoff produced and the rule of feature variation for hydrodynamic,
also, no quantitative evaluation about the hydraulics parameter's influence on sediment yield. Therefore, in our research,
according to crust strength variation and hydrodynamic characteristic under different crust strength, we conducted quantitative
analysis on the impact of crust on slope erosion, and through comparison analysis for characteristic of slope sediment yield,
under different crust intensities. We further analyzed the change features of hydraulics parameter under slope erosion, and
described strength of effect quantitatively under influence factor, for providing important material to predicate accurately and
effectively slope soil erosion. In this paper, the impact mechanism of soil crust on slope erosion was reported using
quantitative analysis method. The strength of soil crust change of 4 soil types (Lou soil, Loess soil, Heilu soils and Huangshan
soil) under 3 rainfall intensities (60, 90, 120 mm/h) was analyzed. Our results showed that the relationship between the crust
strength and rainfall intensity was complex when soil water content was more than 30%. However, when soil water content
was less than 30%, crust strength increased with the increase of rainfall intensity. Taking the 10° dope of Lou soil as an
example, sediment yield, shear stress, resistance coefficient and flow velocity of different crust strength under artificia rainfall
experiments were determined and analyzed. The existence of crust could reduce slope sediment yield effectively, and the
sediment yield of no crust slope was 1.24-8.72 times more than crust slope's. The crust on slope effectively reduced the erosion
and sediment yield. The greater the crust strength was, the stronger the reduction was. The flow shear stress, stream power,
resistance coefficient of no crust slope were all larger than the crust slope, but for crust slope, flow shear stress of various crust
strength was not significant different (P>0.05). Stream power and flow shear stress were enhanced with increase of crust
strength. The larger crust strength was, the smoother surface was, the larger flow velocity was, the smaller resistance was,
which improved the stream power. The stream power of high strength crust was larger than low strength crust, but with the
smaller sediment yield, its resistance of slope was large. Therefore, the formation of soil erosion was synthetic result of erosion
dynamic, slope resistance and soil anti-erodibility. The grey correlation analysis showed that with the increase of the soil crust
strength, the influence of the stream power on the erosion of the soil was decreased, and the effect of the resistance coefficient
was increased. Therefore, there was a positive effect of water flow on sediment reduction, and the soil erosion resistance of the
soil was enhanced with the increase of crust strength, so the erosion amount of soil would decrease greatly.

Keywords:. flow rate; erosion; soils; crust strength; stream power; resistance coefficient; flow velocity



