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ZRE, EaEAK60% ~70%, WM, 7E 1 BERZ 0 —F R T R, W
FR AL SRR R ETRE MR E R HOK MBS RIS R T BE R I3
PR RN, AT AW Eh B K SCEE N RO G, A 4t B Ko 308 T 7 R 160 5 M A 4
N, 2R /NTEEEURE R B VD XRIET T A 4k e BEHRORN HE BB i x40 A ) AR
TRHIRER , & PR 2h B BEHAE o T R AR TR AOTE B, SR Bl R 2 [ A7 AR BE VR A
FITR—ICOE R X A SEE TS+ e e X OIS R B, AR 2s B RERE N I i As i e, 52
TSR R B VD R VD Fe AR WA B IR AT R SE B I e B, AN [RIZR A AE )
S5 W AR TR W R 22 SR AR . X SERF ST 2 BN FE A W 5 B T AR i i, I
A DN 25 Mg X6l 305 T 7= AR ) e T R A T2 R, LA MAHLER AR A 2
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1.1 AARERER

T2 U6 7 B 7 48 A B DLV 4 75 38 7 /N 3 3 (38°46'~38°51' N, 110°21'~110°23' E) ik
5o ZNIEVE /N8 T 8 s S ) T S R U | AR D e MY R R Y
M, B T IR R A B b P 5 DX ) s P ) S0 22 8 Jtash 362 1R 7K ik Ul 22
REAEE R ROK R O A X e, MR ) SR R IX, IS
Rt (EPRA2EED, 8Tk T 250, FHRK R 4085 mm, Hrif6—9
H BRI S 241 80.9%, HZNZEMP, JEMAIR Kk XUk g5 A= 481X, Bk AR E
WO EBEMIN, LA TAE B AR PR s s A o 32, EE R
(Medicago sativa Linn) . %5 f£413F (Stipa breviflora Griseb) . 1= # (Stipa bungeana
Trin) . 2Kk (Artemisia sacrorum Ledeb) 55, IZiiidRBHE -1 1) 2 G AR
IR, CSCNIZ X AR S R G h B E ARG 4
1.2 #R/Xigit

T-20054F 4 B 3 MR /N X, B 8°, MHIFS mx3 m (£Kx58), T 200548 H
XFHA 2T/ (45 D FIE) RAN TR SIS EE K, 14X
(45 C) REFP; 730 T 20134 4 N7 A AEAEES B2 {5 57/ INXGE 55 45 18— B Hi/ s
X (45N BFIA), /NX Y TSRS Z5 14544 5 2005 4F 4 H B HE/INX —3), 2005 4F
24, EWTE/NXNBRE, dEPEMai R E . BEREET, A/NXRImR, &A%
B, AERRRHIANSE B/NXRETEN TR T RAFIIR GBS K, MR amsi b, C
NXERTIE R TR B REFIITRESEL R, MENREMSES AT, N THFM R DFIE /N
X2 8 alll LT , RIMEEL,FNELS R E RAF, Hr, D/NX&ESS HFIESS e 4%
B R, ENRGE A E/NXEELS T, WD, MERGELE AT, 25/
DX 25 J R LR 1
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Table 1 Characteristics of biocrusts in different plots

i B Fem it JREEImm PSRRI RS S I% RIREE R AR (g - g7)
A i — — — — 10.56+0.86 —

B RAOBELE Y WK 0.88x0.08 100 0 5.51+0.38 9.85+0.63

C TR HEL R WK 1.78+0.15 100 0 6.08+0.43 12.89+1.08

D RG4S (FEFEAER) TR FIRESE 2.97+0.39 55 41 7.25+0.43 —

E BELY W4 11.10+0.47 23 73 8.01+039 —

TE: B EEY LU b PSR a i S FOR

FOKIRERF 201349 H 2 10 HWIif47. {50 5 Mb B #iib Ramsss . e
WLER . IREE K (ROIEEGE R +EELE R ) | #4572, T 20134FE5 H M5 mx3 m (fKx
F8) INXHREHE 445 mx0.4 m (Kx5E) MMIXAER4NER, fIX 2 2RI,
HAMX Z B 25 em ZE 47 0BG o BB IsH A X s b A sk, HLAEAS/INX ) 44
RIS TRE . /NXF TR B A

INIX R TR FE b S E

1) AW EE B 5 E . SR 25 ST EE(25 cmx25 ecmBETY), 7E/MX R EHLAT 1% 10 4
FET A A s B R IE ook AE e . BE L AR . BRI BLRYIIR, THRORTEE
U W28 B W 5 B

2) VLR R . bR R R, RN Ak S T2, ffsk
RN ATy RS, BOFAE, B A s e ER 41K,

3) INXHIFRRERE . BESHE™, JFHUE . MAERKEWL, mm)EEAE THER, H
HOFKIE (Lo, mm) B4 B2 22 RS BE I3 s/, AR EE A5 1 BE B ek R AT 15
HRREEEE%L (C):

Cr=(-L,/L)x100 (1)
AWFFE R Lo 200 mm ., 4545 15440.91 mm ., #5751 1.12 mm 4R k4% .

4) B A YRR, DR e SRR a S ERs, BT fERE A
WA ZE Ky, (PR S 8 B, ISR s, L (2+0.01) g it e A L ZE 20 il
R TP 10 mL LT A(DMSO), & T 65 CIE IR R BOEAER L h, Z
Jo HUEAGE g, BT 665 #1750 nm AN EWOGE, RGNS 1 mol - L7 $higiz
£k, 10 min J5 & T K 665 F1 750 nm AL B G WG, SRR a G mIH AR N

ChIaDMSO =26.7-3 x[(Esss - E750) _(Aees - A750)] xVIM (2)
A Chlaowso & DMSO EME T4 F a it (ug + 97); Eoss Al Evso 7351124 DMSO 7 25 1L
TPRALRT T 665 1750 nm AL AW GCAR 5 Asss 11 Arso 73 511 DMSO 32 25 BUR BR 1L I T3
1665 #1750 nm AL SEAE ;s VONEEBGR AR (mL); M 4h B HFE T (9)

HRYEAF 5T X (A A 35 e 5 K, /NI AR S K 5 i 7 12%~14% 2 1],
FEASIIG TR A, A% /INDKROK ] B AR 4l S Bl LR EE O B 7K R 04 /0N DX 38 A B
Fr KRR/ N X WA T4 SIK , EOK T B E K R AR A —F0 . /NX 0~10 ecm
T2 IEAA YR SR oA 8.25 g - kg, /NX HIEFH RS A, RERRRL . KR
R FR S 453531 4 8.32% . 30.75%1160.92% (1338 Jt 3l 432 i FH I Bl ) o
1.3 WKiRIEIEE K iTTE

SN R S i = I 015 ) N - i a0 il = I < 9 P B O o S & E i
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e, o, el DRIE K A AT . DAZ KR IR e R R Sl .

TR R s FR A 2 A2 3 /0N DXOURI Rl 2 i T 45, ORI BB 2 Limin
(AH24T 60 mm/h FFRHR ) .

IR WP GARET, o SO K E ERTHIOK & O B3 64 H bR
HNE5%Z ), SRJG, FFARHOKIEITE, JESR/K I 2 K DRI s = st el . FF
WP, MR L min EEAR T, PA0US 20 min JTEAINE B AR T AUK R . R
JEFFELK 30 min 1Rk, ARSI B4R, ORIk R, M S IR BOK
FI5 1k 7= 90 22 [R] AR R [B) SR AR K Rt [R] o 38 A 3 0 45 L FBOK =2 mTIACE A 448 3 i AR K
B A/ NX R R E@), HASN:

a=R/P
A RABFEE (mL), PAREHUKEE (mL),

SRIFEFR B vk O P AR T R F R AR R A e (R i o FLARBRAE i /NI K
JEE 7 TR 3 1 0 i R AN AT (43910 0.5~1.7 m. 1.7~2.9 m), VA A9 02k
DLIE AR A i A PR B A ORI, 43 e b PRSI R AR, 5 3k, BEHL6
YR 7 ()P FELAE A B T T XA, 2 B 381 P 2 €00 k0 S 198 A28 D Ay 305 T A 343t
T, S SR L& IE 5K 0.67 VE K T I F- 2k ™, @ KR EREE A B HIbRAT
(HA2 mm, 7510 cm, FFKEAEHE L mm) P, 058 O e AR /INX A 3 7 1)
M EZETF05, 09, 1.3, 1.7, 21, 25, 29, 3.3 mkb, EFFEEEEE2K, HEL16
FE B E A /NXOK TR o IbAh, B /KU E 441040, SRR 0T E AR R
(h, m):

(3)

h=g/U=Q/(U-B-t) (4)

Kb g RS [mY(m - min)]; Q J tB RPN AR I L (M) s t AR S IBURE Bisf [ (] R
(min); U Wi SE 233 (m/min) ;- B y3st 7K Wi 56 2 (m)
1.4 BHED

¥ JH Excel 2003 i1 SPSS 18.0 4i i/ #r

A AT R AL BN GE o0 BT o X AS [ 4b

PRAZ I /N DX B9 33 T 77 A R TR) L A28 0 I T

TR AR B A2 3 e i XoF 1 P 00 2R 1 7 2 )

R ZEH A LSD L& i, BEMEKF

WE Na=0.05, FH Excel AL HIA R A2

INX AR AR A R

2 45

T B R B A, OERIR GRS, R’
GINRGE K, SEERELE R, T, BEES AR ER
KB (45412 min) WEARGG T, P ARG
TRET I REELSL R ] 5 AN FNE SRR A )4l i 28
[H] 25 57 18 % (P<0.05), Tl

FIL ASTR) AR ) 4R 7 i st )
Fig. 1 Time of runoff initiation under different soil surface
treatments

2.1 AEIZEE A4k f 3t 7= iR i 9 S0
P 1A TR b B3 T U = e (], Ap
UL, MR IR AN X T IR 2 K DA 42
TE, /NS4 RS 34.5 min, W@
PRLE R . TROTRES K TR A 45 B /NX 3
FHBF 43500 3.8, 1.3 1 1.4 min, AR H1/N



64 O G RN[RIZEAIAE YA, R0 R AR Y R ) 1017

X3 HE 2 T 89.0% . 96.2% 1 96.0% ., A
[FZERI I LE s ek, TREBELS K  IRE
K. OSSR NX T E 2%, 6E4
B/ TRV 4K B[] 45 min Y IR 42 3k
Tt/ (VNX SRR 1 4.07£0.24 m),

WS B /INIK (BESS Je AN BRAN ) 358
PRGN T TR KRR ] (E2), AN
[Fi) 2 Ak JHE A 3R JK R 25 I ) A7 7R HOR 22
S RO RNR A 45 B/ N X IR KRR
SN IETRE = o S NS 71| B 7 8 A N R
2.28 F12.131%; (a4 iy 03B /K R4 st fa] F2 A A IR K szt fa]
ﬁﬁiﬂﬁ%ﬁ‘ﬁﬁ% : R ﬁ?’éﬁ!ﬂi%éﬁﬂz E/‘J Fig. 2 Time of runofi;z:::cssitc;:)\a(::qr;t]itzn under different soil
IRVK LR R 22 S B R, VR4S K FIiR
B 45 K /INIX R K RS R] 43 512 TR €
iR 1.85 MILT24%, 2HFWE ., GELE L
AN TR, A IRIKRREE ]

2.2 RNEIRBEY L FE N ERMIEFRIRR
pp)

WNE 3T, AN[EZEBIAE Y4, B /Ny
UL /N TR /N X, R
B FIEE 28 K /IS DX A28 T S 25 AR e, 53 i 9
T 29.1%H167.3%, ZEFBE, AFZEH

A ES B /N, B TR A 45 /N X, B3 A[R)HIFA B A% 7
F@%ﬁi%gﬁﬁ E"JZQ%? s ﬁi%ﬁf&ﬂ‘fﬂd‘ X Fig. 3 Runoff velocity under different soil surface treatments
AR TR L IZ W R IR . B AS B A0 JiE i 25 I T H A A= 48 B /N X

AN R0 AR W48 Fe WA T TR A 5 T AN [ 4@) T 7, T UL AR 2485 F /N IX A28 35 TR 45 g M,
ZERARE , ANERBEYZE R, RO LRSS & TR O, B
VIR 00 TRES I FE UL 1 A ) b 2 A B R K R B9 20 A, BN K i, anf&l 4(b)
Fiirso M A)RT LA, AEWas Bz /N X8 K S GR FE /N T, ey (e e 45 i
BELE B2 /N KRR B IR TR, B> T 26.7%F133.3%., AS[RIZEAIAEW4h fe 2 [a]

K4 AFHFABERRRE (a) KIHKR 73 (b)

Fig. 4 Runoff depth (a) and water distribution on slope (b) under different soil surface treatments
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PR TR EBELS B, SR KRR RN . RO B IR A4S B> BEAT L
2.3 FEIEHEME R RIENZRFZ LI

FE /NP PR A ] 2 2 Ak BRI TR ) B P A 3 e A A R N IR S BT, Bt/ DX
Ja, HBERAR R AR E 4 minZe i Zn, REFPFRRROIE N SROBEs B is, HiBE
AR AE 8 min PRE I T2 600 mLZefy, BlJS PRIFHEE ; TR EEERAS BCFNTR A 45 KLY
P RSB, PRI 6 minZe A 2 E, AR PRI R, A R B AR
TR/ N T A,

KI5 IR[FI R IL AR B AR
Fig. 5 Variation of the runoff volume under different soil surface treatments
ANTF) Ml A PR/ IN AR R BN 6 B, T DR (e 2 B/ NX AR IR R AR T
PRHh . TROBELS AR G 45 AR R B TR, (R 2R AR AW B/NX
s VRS RN X AR T R A TR 6
BEAS BB EE B/NX, J3lE — A 1 2.44
FI1.68 10, HH @B AE R AR BEASE B
PRl A2 S 5 BEA B/ NX AR R KL
H0,
3 g
3.1 AW g B3 7 A B i) ) R
SBET I E] S R T P A RS, R

K6 [l Hb 2 A TR A2 T %L TRYS LR R AR AR, RIS Y
Fig. 6 Runoff coefficient under different soil surface treatments JER Igé-ﬂEETi%ﬂ(ﬁ' /\‘2’2[27] s 1§i%%%ﬁfﬂ
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AR AR, R T BE S5 W 35 18 A 7= T B . ASHIFTT B, PRI R . IR EABESS L
FINR A 25 B /N DR i/ N DX HT RE 1% {8 2 40 S0 e = st [R] IR A e i A o 102
IR R TR ChE B R %0M 10.5620.86) 7E ARl R AL BErP A, ACRBH K i
WS B AR T 7K AmB s E™?, [l i AR T R R iR B (R 1), R, ik
PP (B AL B /NI R A B AN BT PR, IR R, TR PR R AR,
B2, RIREEGE AR FEE T K BOMEAR , FWIEESE B REfg e TN AR, AR R AEIR
T 7= W RN o X 5 R0 /N X BE LG 7 () & B IRAESAE I, AR/ X BEZS i 1 R
11.10+0.47 mm, &SR F- 1475 5 n 15 8.03+1.8 mm, HbESENA:, Kk g
8.01+039, WK THMIHIMAEYLER RA S B/ NX i EELs f7 JEL R R 4.6241.33 mm),
K, BERE K AR AE S A, 38K o3 AR B 45 e S TRl B AT T), 38 LR TH K 43 1
ABH,

IR IK LT ] S e T4 IR UK G, R4S B Rk X S AR S i ok . = /X rh
/N DX IR KRR ) de/ N, BIA W45 B 199 % 1 R DASE A 3% TR /KRR ] o X 5
Hi /NP3 S 4078 (TR ATEK 1.9 em) TR B G5 AWas B /N, TR i 1 114)3R
IKFFLLT ) AR TR B 25 K, DRORTR A 45 Bz B 45 2 s o3 KRB g, AITIE G T
1Z/N X IR KRR ] 5 R et e /NX IR /K RS st 1] B 25 K TR e 2 e, mT RS2
BRERTEROK G, R EBEAE MR T K TR (LB e, RIS (8 235 B 3 A 2 Y
B A 4 B KPR AR ™, BOK UG, s s il s, @it CRIER
YN7E) BN ) A2
3.2 4WsE B R RRE R IR B R

W AR SR A EE ZE K B 2R IS, AR Was BN IX
AR e it SRR IR BE R/ N TR /N DX, D DR A58 A R /K R DR A2 6 7™ U s 20 min JF
GIAE, SRR /INX I AN O RH™ AE 407, 12N X AR T T K i )
B S N AR B0, AR B/ NX I TeAnE 7= iR A 25 /MK
MR A FZE R A S e i K, RPRCARIRAE sl ft b, W EE4h iz, i
Xof MY AR AETR (e 2 Je 2T, FBOLAR T PR, B 45 B 42 78 7L RN /K I VR TE 2 9
i /N i)y, R AR PSR, ROABEAE R . TR RS KRR G4 K/ N X R T ]
ULBH B R K, AR SS Ry e K 2 R B AN, X R RE R ARG B AR Y R RS
JEXE R . T REEPANR M RRLET R, 45 G BPAMRIR S5, B K/ INKR I HOK BRI
45 min, FEASHOK SRR EELE B /NKOR PRI, 1%/ IR I A B AR I UK R IR S
LA A 3EIND 7 G BTN 2T P 22, MG 5 LAl A 3EUIN DX ERER A3 BT SR 5 BLSIEG L
FErEMR2E, (HAE—E R EE R T2/ N X ) B S L
33 EVMEREMFEREERERAMAIFMm

P RS2 MW . IR IR AR R AR, FEOK R R RO
A—BIAMT, AR SRS R =il B2 5 B R E . WFoeds
8 7 AN (] Ach B () 35 TR 0 B A8 9 o ) AR A R 25 SRR R . BRHB/INIX = 4 min A 2
FE R R ORI M ARG, SRR AR P S AN B 3 B - R s AR T 4
o ANFEIZRBIAE YL, Bz /INK R BRI A2 3t st A ORI s (R 8l 22 S, Bk 1T ey 42
T (AR B 5 A W 45 R 8T G . TR e K BRI it s 76 7= i e iR, B
PRFFREE, PTREJE M R v (o e &5 i e HAth A W 245 B b PR /K P KRB, HLR T HL A
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W, RPN, OSSR PR AR A FR i shie K, JRRONTERUKTIF RS, IR
BRI LR, 2/ INKARR =, BliJE , BEE A4S K i, R KRR AR
N, ABHGIN, BERRFEIEEAE N, AB—BEREE, HABREEARN, B
T MR AE R TR A ES B2 /N DX BRI A28 00 et B S /K D B 38 sl %) S R R BB SR, 32/ N X e
FEELS B BEML AR, ARG AE 7= 00 SH 3 T R 0 R ) B 235 Ky T AR AE OB i e 4 B %
T B, T AR AR g Fe s B n B, 38 B 30 T R 7K e 228 4 1) ] T P e 8 1
RIEY . 5, Rk mHRK A, WIE I 7K A%, LB R R a
W, M/NX R EERIE S, #EES R R K AB BB WAL, N BRI AR
S hn . 25 gt B oK G 2ok i, B RIAN L 2 2 A AE AR O 22
S, IR RIAL PR 5 2 6] BRI AR A A B 25 AR, (EATS B S Ik 1 AR [ b 3
[ (A e A28 9 e AR Al o R

B ABUE— 2R A MRS I RRAE . AT IS /K E A R AR A AR 5, J& f ik
FETROCI BB S bR, MRS BN, RO | RO AR A4S BN R
REK T, AR/ NX R IES, MRS E R TAEWE BN, A4
AbFRA PR RS B AR R B TR g i, XTI RE SR i 4 1 R K L
TREFRZE L RPY, H AR A5 KOCIE A G BEE5 N/ NXAR M AR AN 0, & TaEss
RS, KR, MAERE I 2 Limin (7K R E M AE T, K i Z K
T, BELS I RES R K R T AR BE RO/ X AR

{EAFE e, R BRI X T AR T P & A /D Vb A, HoAtb A W25 Kz
NI TRV A, RIS R T R i v B s BeAl, A RREW SRR R AR
W B T 7 A B L 0 P A 5 DR B RS 45 S S 4 0 — B i BT
4 755

1) HEWISh Kz 2 W I A A 7 I B R R KA S R] S AR S 2k e R
Ko SHHAALL, WOBES A RO B RS S5 R 53 w6 7= i it [ s/ 3 10
%, (HEEZE K 3 B 50N TR UR = R i) o V60 e 5 i R A 465 B2 /N DX A R S 5 T JiE
K TR FREER ], TR EaL H S5 R AR /K RS2 s [R] 22 5 R i 3%

2) AW K R B AR I MR IR, AL S5 B R Ok, IR BEL,
Rz FIEE 4 Fy Ao 4 o G 25 M JE R AR R U, LR 45 B A A T o I IR T At A W 4 iz ik
B OSSR AR IR B IR S Y, BRI M 0,

3) HWAh B ol AR T S AR I R A R AR I R AL, AR A W gk B AR R R AR I R
R ABEBKRESR ., /RN, #HAE R R, sl /Ny
B EAE I 8 min Z£ 4 Ja a Fhae , RO IS, AR & 45 /N X R i A8 fb i
FRBE= P T B SR s R LR Sh K AR R AU 3 = TR IR (L pp2h By, IR e sh
e R A4S B AR R B b 22 S AN B 5, B4 /NIRRT o
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Impact of Different Types of Biological Soil Crusts
on Slope Runoff Generation

LI Lin', ZHAO Yun-ge®™, WANG Yi-he™?, WANG Yuan'
(1. a.College of Resources and Environment, b. State Key Laboratory of Soil Erosion and Dry-land Farming on
the Loess Plateau, Institute of Soil and Water Conservation, Northwest A & F University, Yangling 712100,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Biological soil crusts (biocrusts) are non- ignorable influence factors of soil and
water loss in the Loess Plateau region of China, however the impact of biocrusts on slope runoff
generating is poorly understood so far. In Liudaogou small catchment that locates in Shenmu
County, north of Shaanxi Province, the impact of four types of biocrusts and bare soil (no
biocrusts) on runoff generating were studied in the runoff plots through simulated overland flow
experiment. The four types of biocrusts were light cyanobacterial crust, dark cyanobacterial
crust, cyanobacterial with moss crust (mixed crust hereafter) and moss dominated crust, which
represent four different succession stages of biocrusts in the region. The results showed that: 1)
compared with bare land, both light, dark cyanobacterial crusts and mixed crusts significantly
reduced the time of runoff initiation by 89.0%), 96.2% and 96.0%; While the moss dominated
crust markedly increased the time of runoff initiation. 2) The duration of runoff recession on
light cyanobacterial crust and mixed crust were respectively 2.28 and 2.13 times higher than
that on bare land; while that on dark cyanobacterial crust had no significant difference with that
on bare land plot. 3) The runoff velocity was reduced by 29.1% by the dark cyanobacterial crust
and 67.3% by the moss dominated crust compared with that on bare land; The runoff velocity
on moss dominated crust was markedly slower than that on the other biocrust land. The runoff
depth in biocrust plots did not show significant difference with that in bare land plot; The runoff
depth on light cyanobacterial crust was significantly deeper than that on dark cyanobacterial
crust. 4) The process and the amount of runoff in plots with different types of biocrusts showed
obvious differences with that in bare land plots; The runoff coefficient in light cyanobacterial
crust plot was significantly higher than that in bare land plots, while the runoff coefficient in
dark cyanobacterial crust plots and mixed crust plots had no significant difference with thatin
bare land plot. The runoff coefficient in light cyanobacterial crust plot was 2.44 times higher
than that in dark cyanobacterial crust plots; No runoff generated on moss dominated crust
during the runoff period. The results suggested that biocrusts are important influence factors on
runoff generation, and the extend of influence was related to the succession stages and the
composition of the biocrusts.

Key words: biological soil crust; runoff characteristics; runoff velocity; runoff depth; runoff
coefficient



