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Soil Water Research in Karst Mountain Areas of Southwest China
CHEN Hong-song'?, WANG Ke-lin'?
(1. Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha, Hunan 410125, China;

2. Huanjiang Observation and Research Station for Karst Eco-systems, Huanjiang, Guangxi 547100, China)
Abstract; The karst regions of southwest China are fragile geology-controlled eco-environment, and have the basic
characteristics of the shortage of surface water and soil resources and low vegetation coverage. Soil water movement is
very complicated due to the complexity of hydrological geological structure and the diversity of small habitats in karst
mountainous regions, which has many different characteristics compared with other regions. Based on the introduction of
the eco-environmental characteristics of soil water and its research status, some advances on measurement methods,
availability, infiltration, and spatial variability of soil water were briefly summarized in karst regions of southwest
China. In order to utilize soil and water resources harmoniously and restore vegetation successfully in this region, rock,
soil, and vegetation should be considered as a united system, and the intersection of various subjects and the application
of new technology and methods should be paid attention to. The further study on soil water should be focused on
investigating the mutual relationships of environmental factors and their effects on ecological processes, and

understanding the response of vegetation to heterogeneous environment and their adaptable control.

Key words: karst region in southwest China; soil water; vegetation restoration

TR CAR O X B R F B SKBZ—,
HABFRREE R M4 R s ag b3, RERE MR
FEEEFRAR A, AR WER, HAmREL 34437
km?, EEE S MR IR, T ALY 55 77 km? B, FURIPE
R R RIR = KRR i X (B b i i 28
EZRES P E AR ) P E SRR L A AR K HLX
et Wl P R ERA A N EE 2
T - $ ARG M 2 B, % X AT A AR R, K
SR HTRRE AL MK R IER MR SUZ 25 RS54, m
LIERARARNEHN A, SRR EWR, KT
WARAWOIRE , 7= T LA AL A ERIE A - iRk, IRBE A
T A HES—3 I AR, AL VSR T & AR M S i
FE S S X, W R ERERIT SR T i X A
BRBOKFIK B AR S L4,

FEREFR IR P R MR IR LR, M TR I RSN
WA, L REE HERRD KRR RS R B

PESRF IR, LK 0 7 SRR RAEBUK R Bl 2R
B F o BRI, I AT R B B i SR BUK VRS
PR A2t X RS IA BT BRI R A 558 . Pamg g AL
KPR R R 24 /VEIRRRI L AL, B R A S
Z e SR, SEOZM X KB BAR Y B S PP
BR, BAHZ SHELRK AR MRS SY, B, A
DT BT T H BT R0 e A AR PR AR AL
FEBEC-O, SR T WE SR 1L X 3K 43 B B AL | A) S5
PR KRB R e -9 (HR, SRS, FERE R AL X
THOK BT AL THRRB B . A SCREE T PRI T
X 3K S AR A AR BEARE B R b, R T R PR AR L X
FHORMTFR IR SR, DU R 20 X A B ok & F R A
E%ﬂ”%ﬁ%&:&ﬂ

1 BRI LR T 5k 5 4 S IRE AL
PRI STRE L1 X K S AN TR B Y S 24,

E&WE P ERER R TERIT B (KZCX2-XB2-08) ; E R A ARBIEE 20 H (40501034 ) ; P HBFE B TR 206 AA BFHIHRITE .
YEF B BREAA(1973-) 3 BiLE A B BIRRSE LIRSS 18] L3 B S K - {R4E,

% B 38 - 2008-08-10; #£ 8] B H8 : 2008-09-10



o

WREERA S . FU R R TR LD X 4 BK S BT 5 735

58 L THHIE R ISR RE /DA B B K, WA
UK AR R EORGKANH AR, “EESO
MR ERE MMAERT RS L ERE BA
(>2mm) & B BRI KRS T E AR ER™. A
AR XA TR R BEAR R R IO, R R AR B e
X SR, BE A H UK XEHARE;
T RAR TR B REEA RN T ERMALE T, A0
BREEGE, L EREEEBR B WmRAYS, %= E R R
HRK, BRAREL A AT A0k £, AL YE B 5 T 4
WL, IOV ES WM A RERTRMR AR AR
7, B R B ROK S & BRI, ALK SRS
ZEFHE, REZSEE S NEFEEHKETREK
B TR R A AR A NS, Bl s IX + R
— B R BARMEIR R -

WAL R SRR R IR R R A, RET
ZBR i 25 (6 SR AT FIHL SR AT 7 5 38 NIRRT AR 2 2y 51 43 A
BENLIM G, B A0 T O SRS ALK A B, FERT R IR A
ALK A R BG - HE BT B GRS R IR, B+
RBER S BT R R BN R . TR R
A5 A0 A% A8 00 A8 R REHSTERE /N
AR, B L O S E AT LU S e T S 6 K
VMR TR A SBRS SRR S BES TR, T
BRI X SR Y B R ATRRME A L S A
AR, % R & B R SR AR A — 7K S0 H 34 A R s
INESTH A B EE SRR, RIF A 5B e A S &
SGRA IR DIREFE E RS E R AR S 55
PER S, AT AR X S 45 A S R G R A S K R 2
FEME S P RIS R I HAH & Sk B S BT,
BV S R ARSI T AR A A& 2RI R
FHIR), MR 6 A S PP B AR B URARTR] o BRATB ST H A5 Ak
B RRUKIE L IhRER 22, AT RE L TR BRI X 2B R B A
/A B 260, AP s B R A AR I B AN AR
R BHHEIWERTREFERNZ 2,

FHY RS 2 PR M B A IS SR TR R SR ]
AOREE R BORIUR N R SIR Z g4 Jr=UR Mt T 3
K, L RRENER LK YRR AR FHE AR
WBK RIS RE S MR KD R R TR R
HBRE R B R R IEH, FERBAIRE R,
Bk 5 H A3 RE R R ¥ B9 IE 1) R R A AR 9 2 A - R
A A (AR R ) — A RE (i VLR s A 3%
i, YRS ROREFTKSEE) > BB
(RELREENTR, 290K FoAkHUE)-ERNY
A (LIUEE, LR, HIRE B e S
R ) > ARAFEYI R R (R BRI R, + R SRk Sy RE 18
B MIRARE Bl AEIER )™, LU B K
BN , BOA B IR PR R R G T R B b A TR B —
W TR — SRR S — A S R AR B U Ak
PG LA B T R R A S R B, fERRE
BB RY T R BN S R L E R R ER S
THREA R RS AV — BN — 4 B T

R R ZBENES
2 FHERRATER IR TR SRR

K 53 SR B LI RN SR A TR FRIE BRI R S R R
hEE, RHRESRGEAT R AR ERER . HE
W R X LA AL Sy E R AR A IR EAL H 257,
E 43R A X BT R B R T W B AR, MR R
HHb B E SRR DK SURHE IR F AR B A
AR R 5K G UL GE R R A SEREAR
SIS, BeA EHA AR (UNESCO ) F E Br b F vt
iR (IGCP) W8 B B W 3 e o R AR S ISR BP0, A o
B VAR K SCRUA B B BL(1990-1994)7 A TS 18 B Fag
FAFR(1995-1999)" B “ 3R AW 4: 45 R HEXT K (2000-2004)”
“ETE KR 5K IR 2 BRAF ST (20052009 )" L R BE T X —
B, ARE (ERTRAMEMERLZRAHE)
(2006-2020) 1 +— A" MBINE P, LG EBELE B
BXBAESERURENRERR T EFEEZ—. FlL
el , HHOK 5 T LB BE R & REH HIREME
Mo IEZEARBETE RH] I 10 FRAMXRMHARITE =
BA CRMNASKER K OEAS R R B ROKERH X
PERFFE” (B B, 1999-2001 )5 “ % B4 1t X+ S8 fhad B e
T HKE APLEESE” (K L 2003-2005 ) ; “ T E PH R IE M
MXAESABEHNERZEBKOIEHRE" (F LW,
2006-2008); “TURE A IF I X + - A3 -+ 9K 45 % KA
BB 5T (RIS , 2006-2008 ) ; 3% P A I H K A4 75
VK 32 25 FR (K SCmal R SLAR B 5T ( TS 4, 2006-2008 ) “ TR H
TR AT &K BEAHLEISE” (R 58.,2007-2009); “&F
e RO 2R e 307 e LU b SR R Ak 4 B B SR IS B R (8
i ,2009-2011); & VA 8 AT H oth DX () S TR R 98 7 (22
#,2009-2011); “BEFRTFRRMERE S8R EERTE
EYR AR EE KBRS (B EE,2009-2011), T4
SIS — AR ERE A AR AR
THRI“ TH R R L A AL A B M A R SR (R
38 ,2006-2011) 5, 37 A9 3+ HEK 4 AR “ 9% i b
KGR 8 J7 i 8 F H K SUE SN " (R, 2006-2011)
X LB H HSENE , TR A HES) T W i kb X -+ 38K 5B
RIHEXHERE,

AT, PO L X 4 0K 43 B 4 3K S 5
Fik KA AN LK AB SR
ARFAF R EARAEE) KRS BER  HHKSH
AR EEFEVRAEE KM A B %
FHEFEAT THOIA R S T — e FE SR, T4
k, B TERERNERERAR, BOFRERET THY
K FIFARCREBOK A IR, 20T TRk L8k #h ok 5
R (BBRIK ) T K A B B 36 R 5L e, {8
B2, BT I A FK SO RS MM B 4 £ U REBH A
SR BB, TR AR E R RN, L%
KAHREFEMERFR ERFAGFERE , BEUBR
UGB R e i IO N 05 0= = N =R o0 0 NS ok
K ATE R BRI



736 b AR5

800 %

3 HEENS LR kS HRERE

© 3.1 EEEISUERTEKkSRESE

7 AR e L X, RER A B - B A X R
(60-100cra) LSRR, +HE/K 53 T E AR X fRT 20, A LASR
M TDR HHHH EME LSS BB BT
BEMME, YTHKo5EHMKE, ExX TR (M
TRIME-T3) R4 RE 5 18] 5 R R S 3O B 25 R T gk
HEARmE, TH, % L98a&RELn, 1k TDR
R RET B AR E A BE LR E B LI E ISR B, 750
eI D3k, + 2 (10-30em ) BAESE, + 5Kk —i
HEERBUR Tk (868 e BHA BT E R A TN
T AL S M KRR, FELUR KA 4375 £ RE ke
X, BAR/NMEBERRZH: Al AN A% AESSLE
AN B R RS KA A RS, HESK
BT LR A4 TDR(HN TRIME-EZ) 8t T . 7ELLE
wEMH A ENEITE LR REERESEE, 2K
R E R AR HERE . 413 TDR 4 HAE L TR A S
T, B N R A LR . A EE
% PRRKERORCERZERN 10em) T 458 AGE e, R
RESR TSI £ M 7 Rl E T &k &

T RA N K v R IR R, BT RAAEK 5
WESRPEERCHEROE SR PEAERT R,
2 FR 28 EAROL R G 43 B e B R DA IR (R 1),
Aid, KESSTIFE A R RRA (2-75mm) &8, KX AT LA
Mo R =2/ (2-5mm)  F1(5-20mm) HH(20-75mm ), 7E3T
BWGHERTRN, — B IR SRR T Lk
(point—count and/or line—intersect methods VkHE, el LF
HS SR Ml R T B E™ Y, 8L+
AR AR, MRS EEL BRENT 20mm, 7T LE
K 200.300cm’ TR L5 HEK Bk (REE B A AR
KHE . WREA S REE BRAEXTS R 20-75mm, FiF
SRASH (K FE 30-50cm, 55 10-20cm ) K RE 45 Mk (5]
BV ) BONE L HTEBDRMHEK R E . WREAREK
F 75mm, I THREEME, B RANT SRS 8 R ME
PR AT L, 2 BB s (8 B4, PT LAYE 10m x 10m AYTE
FIRREE 5 AEE, BN MH AT AR A,

F1 ZEERVEHERSRIRAD

ST RARTE

AR 2R
SRR R (mm)

FIERIK 2-75 A (pebbles)

ST B 75-250 #8517 (cobbles)

ik 250-600 A3k (stones)
=600 KAk (boulders)
2-150 1K (channers)

EEET K 150-380 Fi4 (flagstones)

380-600 a3k (stones)

=600 KA (boulders)

3.2 EWMEHFLRIRASARNY

Bk 7 A RS K 53 RE S BT TR OR]
HOXESH R, RO T R RIZE RS+ A BT AR, RHTRRILX
3 R B (<0.002mm) S BEE  HAK S KE—

SEARR BR . HRYE B O HLINE AT P8 K IAVLE i e A
H 1 2 (0-15em) T /KA FFAE B£8R, BT LAt (iR
BOE T HBIHK TS, B EBRKER BERRS
KRE JAESKE, FRNMR 5514 0.03.0.1,1.5MPa, BT
W BT B O P SRR , AN IR R R O = B K
B EENUSKE AESKBERRKNER, BEBEK
BHAUKERERB/N, HHITE39%M 107% K (K
2), ST ATE L AR, BAR A AR T R R RIREK
BEHE, BRAESKEHANER. Fit, EifT AR A
T R AHOKSPRBLITA T, B8 R AR R £ RS K RRR
RHIWT, MR, BT 2R, I YR R B R s
AU BKBIDIRE, BT LA IR TE AR A REFE AP EAN S B
HrEMERE M ME— AR
£2 TERFIEHENEETFIELEHHTEFR A
BTk SEIN
THA R MR BEEE RAES BRUK BRUK ARK

i SROKE% FKE%) KRR SE%FTE%) S’%)
WHEM 516 368 330 259 3.8 7.1 109

BEEM 383 299 26.1 19.3 3.8 68 106
Yk 341 263 226 159 3.7 67 104
M EK 284 248 20.7 137 4.1 69 110

B AR B R A A
TEPTRPEIIAR L X, BRI 3 2 505 TR T A )

FIAF R EIABOK SRR/, (B HRHERKEN T
BOKR AR R A 5i—, BRI SR h R A% EHa
QLR . F5 LA FH E) K B B A +EK R F1 8 0.01MPa, 251
EAE B R TR A VS LK BT 45 R R W, AR 4 Al
AR ERATOK G BBATER K 10%-20%, FEZHHN
R . >0.25mm KFaPEAI R KBS & BN, KPS
R A 6 S BRI L X BB ST 45 SRR 0, B R )
BT EAZOKE RN, BRAR S RBTIL SN ES  HE
KESBRALHK 2.0% LG, SHERREL T FEHRTNG
BPIRLLEAR L, RFB A K A oK & EHTHRIE, B S
2T 8.
3.3 FHEREHTeSLLX 3k N iR
AR T RS HEMNETIFLR, A ABR
PR, R A B RMRAE (—K 0.3-0.6, 84535 08 LI ),
FERI B R TEKIR RS S MBI A KT, IR
TOKIRIR SR MK A0 AR W R W TR L) X
WABRE, KBS £ BB T + R 2
RIRE S TERBR BT — B S — &0 T 3%
Drxt £ K VR B A A IR BN, Rt E B GREBR
BE R b, -+ 3K 23 1T RE 4 IR A A R A TR K AT 4R T
BB BIS ., B XA R
AT, A e AL BRUE RUK S E R T f A
BB K A8, BRE, T PBENFEETRER M
WATREI > AR X SEEAFE P E R RS RNE
o, + R A, — AL AER 1L LR SR A
A B SRE A + P, SR B R NE R, SBAB
WA TGN, A R A R A B R R T —
AN FE, L8 A KTl ST, A R R A B KR
K53 B RSB MWD TR, i, 56 TR S a8k 3 A



~

FEo

RULAASE : PO RS TR L X - UK S BT 5T 737

BRI, M A S H S £ EE M R 0, T E
A B AR S M AR P (B FHRE B, U AT
FETRFLIX,

AP EREE TR E R REWM B R (BA
FERUH=AENE), ARFMALT R (IR >1000
m?) PR TRA S R RABEN A B RS E 09 L kM A
AR REER AR S, 458, W A FA A 7 R
FRAXERERE FEEWEECE R TR EREY
ik, EFRAX LIRS ABNER, SEATE BE.
T ABRRLSEHA LR FRERRERS R a kR &
(10% .20% ,30% ) B¢ K12 (5-10mm , 10-20mm ,20-30mm ) X}
THABBRRNOEN, NFARARAER, BE A EH
EEB 10%ENE 30% , + Kk ABH N B/NHX"
R, MEEA S BARER, B aRAEN LK ABRE
WECRE R (BRRBARAEREABNER. A&A
BACHGE + - G LK AB RS R RS, XHH
B R A R S B ATk 20%-50%, +HIERRE A
BENIA 0.70-2.10mm/min, HS5WAAREBEEBEANE
BEBER, B, + - AAAaKEREABER TFHE L
e AR #(0.33-1.13mm/min ¥, RERERA SRS+
WABLRAWKREZ, H75-20mm BE SBRABEALE
HEBENTMEXR, TN REN, i s 2
T HGE KRR S B AR, A R 4 R B B T N
B HRAREE—TRE LSk A,

3.4 EEETESLR S EkS TSRS

—RAR, RHOKA SRR RENEHNEEES R
B (RETR R BHAR 5155 ) T8 G 1 V3R . B3V K
) MRS HYLURS R 250 KL%,
BRI DL R 3T 3 /K BHAE, PR e Ll X+ Bk
Sy BB A R R RTR A M, R RS Z MK
B2 Z T HIE MR AR R/ ME B YIRS, A
Bl Xy R AR PR R R R LK i
PR Jo 3 A A AT RS 19 IR B PR 28 10 52 o s o]
SIS A BEHOIR 43 A1, 76 L B SR A X8, 3K
G BARUNY BT 25 B RR AR, 148K 5y 25 [l i ek
B LA A A K, K LR B K A3 A E AR D
FERE, Tk s R SRR 2 . Bk, R SE AN IR M B bR
3 B AR, T R HUR R SR B

FERTE (P& KE) R A0 g
IR A DL S RAF RS ke LU X+ K 5 1] 43
MEEFEA EERW, (RS WEAERD, HEH 1%
KA Z T AR | R P O 3 2 A B i 2 R B 1) B
873 7N T | R A L e e ok ) & | K i g i
FIE K ORI/, R T S K B SRR,
BTSRRI 2 S5 /N, ST ZR A L, HE R+ DK Y
B MBS EE SR, R SR, £k
R] AR S A5 B AR K . T FR 2 BE B0 1 UA sk /D, ek 4323 1]
SIRTET BT REAR, 3 h HIK - R B I B S k(8
FOAPAEE S IR T T RRR ) S A R A
KA RACYN SR EY, B T3 T A A S AR ) 47

AR B RREIE S, PRI DX 23K 5 R 25 [R5
HA—E MRS, BB R R KA KR
fiEU 12, B XIS 2 B RN ER AN, FEREN
FEi) B BRI BEH 2 & BRI SRAE RUBE

4 g

T P B B0 e X — R 32t TR S5 2 O B 55 AR AR R

B EAmFEKET +EREERNES MEEE RS

ARAFHE . 2 XS A5 1R L R AAH e, 2 B B

AEEEREEM A STRERNERREE, N THE

Bk EEENMER . ARG E A EIRRRIZHE

FIE I, T 8K E BSR4 BAFEMEEE

BRI AR R AR . H S RTER T X R T 8

RS, H B AT AR L FIRERM B, X LU A [F

AR AR X R R g R FLB LR BE DN R R K 4

BRI RN, S KRN AR -t —

FRE R Ge R xt B, 7E 4 BT b PR 2 A AR R A 4 Tl A i

BEMERL L ERA R MR 7 R FEE g2 K o

2 F LR, B AR R K SCH RS /MR K 4B R AT

BRI, B, 7R E i MY KU

BE¥EEER R E MM L InEE TR E R R R & B

FAE B A OC R BOHO AR A RS W 2R A 5T, B AR

T BV RITERL CAAE K 43 3 15 Bk Ay R R ) &

HIE PR UERAIRTSE , LSRR BR 1L KK £ 36 A B

VR AR E EEE

B3k

[1] LeGrand, H.E. Hydrological and ecological problems of karst regions
[J). Science, 1973, 179: 859-864.

[2] RS RETIR AR LA AR ). H AR Y
KB 1997, 19(5): 41-43.

(31 ZEFHE, RET, A DR A R ESRERE (1) 3R
B, 2002, 22(3): 365-370.

(4] #izHe. P EPEREATE A WL R I A R BRI HERE
J&, 1996, 11(6): 602-606.

[5]1 PEBEE . X TR AR X ARG AR RN
TR thBRBEIER, 2003, 18(4): 489-492.

(6] BRBLAR, 8 5, Erobk, & HPEA0 A L X 68 AR+ JEK
Iy EASBALRIIR]]. K L ARFF2ER , 2006, 20(4): 136-139.

(7 FWHE, THA, FHE. ARBERFTRTARESRENA
SRAFMR 22 R— US> MR TT R B[, #h3R 5345k, 2004, 32(1):
9-16.

[8] White W B. Karst hydrology: recent developments and open questions
[J]. Engineering Geology, 2002, 65: 85-105.

[9] Wang SJ, Li R L, Sun C X, et al. How types of carhonate rock
assemblages constrain the distribution of karst rocky desertified land
in Guizhou Province, PR China: Phenomena and mechanisms [J].
Land Degradation and Development, 2004, 15: 123-131.

[10] fTYaRE, #30K, 3%, 5. R AE I R G0k Soft:
BRRIBFEL). HBERZEHR L 2001, 22(3): 265-270.

[11] Cousin I, Nicoullaud B, Coutadeur C. Influence of rock fragments

on the water retention and water percolation in a calcareous soil[J].


Admin
高亮


738

Aoly AL BT 5T

#0293

(121

(13]

[14]

[15]

6]

(17]

(18]

[19]

[20]

[21]

[22)

Catena, 2003, 53:97-114.

i 5, BRULS, ETIAk, & IR K R A R E R
BB oK ay A R B AR (U] L EEE R, 2006, 43(4):
554-562.

Bk, BREERS, JRLASE, & BHTRRE R R LK S
B1F B B LR BR324, 2008, 45(3):544-549.
AR, BRUERY, DRLAGE, B BN T2 A4 T RINFRIX
EHRZE LK ESEEREE J] RRESFR, 2006, 17
(12): 2277-2282.

AN, BRULRY, JRUISE, % R R A I T K )
ZEAAESRBIARN]. Rl TR, 2006, 22(8): 54-58.
Zwieniecki M A, Newton M. Seasonal pattern of water depletion
from soil-rock profiles in a Meditteranean climate in southwestern
Oregon [J]. Canadian Journal of Forest Research, 1996, 26:
1346-1352.

Anderson M A, Graham R C, Alyanakian G L, et al. Late summer
water status of soils and weathered hedrock in a giant sequoia grove
{J]. Soil Science, 1995, 160: 415-422.

Hubbert K R, Beyers J L, Graham R C. Roles of weathered bedrock
and soil in seasonal water relations of Pinus Jeffreyi and
Arctostaphylos patula {J]. Canadian Journal of Forest Research,
2001, 31: 1947-1957.

ARG, WA REWAREM: LSRR R RE
ARG R UENEAE AR RE IR 0] FEAE,
1999, 18(4): 287-296.

O, CEHAS, MEE SONETLE A X E WA A
8 13C fH X WE e £ AL AR BE ARAIAE (). MRk R, 2007, 43
(6):38-44.

R, XUAGR, RIS, 4. mediiel M P A R 4 AL
AE R FCRF 7K 43 B RIBCR 48 R — LU M AL B A5 /MR 8
U1 HEFEE, 2007, 26(2): 105-110.

Doctor D H, Alexander Jr E C, Petri?, M., et al. Quantification of
karst aquifer discharge components through end-member mixing
analysis using natural chemistry and stable isotopes as tracers [J].

Hydrogeolagy Journal, 2006, 14(7): 1171-1191.

[23]

24

[25]

{26]

[27]

(28]

[29]

(301

[31]

[32]

(33]

[34]

[35]

(36)

[37]

[38]

Querejeta J I, Estrada-Medina H, Allen M F, et al. Water source
pattitioning among trees growing on shallow karst soils in a
seasonally dry tropical climate[J]. Oecologia, 2007, 152: 26-36.
Soil Survey Division Staff. Soil survey manual, USDA Handbook 18
[M]. Washington: U.S. Gov. Print. Office, 1993.

FousR, BREAZE. B RK i R S S A /N U T 2R R
AN FERE(D $#), 2008, 38(3): 375-383.
ZEME, B W, BEE, 5 HELRRE LR
FKAFRHERE SR K LARFFER , 2003, 17(5): 63-66.

FERU, MR, SR, 55 SN b R R X E K
PERERIBTSEI. 7K R AR TR, 2006, 20(6): 25-29.

Brakensiek D L, Rawls W J. Soil containing rock fragments: effects
on infiltration[]J]. Catena, 1994, 23: 99-110.

Poesen J, Lavee H. Rock fragments in top soils: significances and
processes[J}. Catena, 1994, 23: 1-28.

Valentin C. Surface sealing as affected by various rock fragments
covers in West Africa[]). Catena, 1994, 23: 87-97.

7= M BN 0 R SR M EF M D] E
IR: FARE K2, 2006.

EEF, BE. SHA LK ABIRRBIR. KRR E,
2006, 17(5): 604-609.

RotER, BRUIE. AR & B LI A B R
L. RV TR, 2006, 22(2): 64-67.

JtEsE, BRI, RRIFEA &8 K AR LK 0 A B3 R
S BT, 2007, 44(5): 801-807.

XA, PSR i A EE T R A BRI T T(D). &
IK: PARERS, 2008.

WORRE, XIEME, MR, & B AR E AR/ 77
AU BHKBIR U] R TE2ZHR. 2002, 18(4):
54-58.

Famiglietti ] S, Rudnicki ] W, Rodell M. Variability in surface
moisture content along a hillslope transect: Rattlesnake Hill, Texas
[J]. Journal of Hydrology, 1998, 210: 259-281.

SRTHE, BNBE, WERIE. SN TR XA AR R B BRI SE
BR[]. SUMIRRALEL, 2000, 6(1):31-35, 41


Admin
高亮

Admin
高亮

Admin
高亮


