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Vg TN IR S KR EE D HEFE
FRASS R Tt

(1 v Rk B B Al AR ST BT B Ol AR S B E R S0 =, Kb 410125)
(2 P EBABE R VLG AR 5 RSB 553, ) VIR 547100 )
(3 ERk2EpE R, dLat 100049 )

H OE
TE AR R R B R, (EE M SRR R 1 W SRR M DRI YR AR R B 3 A ST R )
AR A 234 LRI (0~10, 10~20, 20~30, 30~50, 50 ~70, 70~ 100 em ) +-3EK 7 +HEfE A
% (Rock fragment content, RC) . X (Bulk density, BD) . B LB ( Capillary porosity,
CP) . EBEFBE (Non-capillary porosity, NCP) . HIEAHHLHK ( Soil organic carbon, SOC ) 4
TIEVERR, 4SS EE S AL (Slope position, SP) . JJ¥ (Slope gradient, SG) . il ( Slope
aspect, SA) | #AE#E (Bare rock, BR) . LHBFIHZKEM (Land-use type, LU) EIRFEHRE, NH
fii AH 243 BT LB A XS A3 A ( CCA ) Y7k, BIFSE 1 W SRR /N I JUK 8 T 70 A1 A B H 2252 e A
o SERFRWI, KB A VR EE B3I v I n] X BRSO (R=0.848 ) o 20 ~ 100 cmf5JEKE
e /N LA Sfg3eair IR K SCREART AT 20 ~ 30 em HIEK AVERIRZ . HHEMERH, RCHK AR

- HEH T A 4 K ZE (Saturated hydraulic conductivity, K, ) P8y 3 B0 A % - EE K S

B (0.484) fe Kk, FREENZ XK 36 H A0 52 AR CASP > SG > SA > LU > BR, HILTTHI, RCE#
W] K F5 o B A - S I, i SP IV S B ) K 3R L0 A i R T R R % A T I v R X
FETN AS B I B K 28, Ry /NI ek A e Wk 5 T i SR 8 g ) B (AR R 2 A B

K HEiA TR EACR s AR ST 5 B9 X R 4 By
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WS KER (K,) R b A BN E
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TE4IL, Gwenzi% " IHFSY K LK 5 BD & 1 AH
KR, MZhaot " 45 MEEBDAYIE N, K AR
B3R, AL R K R R &, B
e L0 A A 20T B 7 515 10 R A
FLBE (CP) S5 + K R B R 2, 954
s L FRRE R 7 A L AR B ZSBR (NCP) 25
KMWMEZRE., LA (SOC) WX HIEK A
AT AR, A BESE K BLK BESOC 38 i 1 3%
g U A B 4 K SRS OC Y S T 3 K
Mk B E B G, BESOCHIRE TN, &
REATEAFER L X TK IR Wy, (Ag5E
AP —E XS, FEMI R Z BRI .

VR TR M R R s A A s
FT AR I MU TS 5%, W TR M O i R G, R
TR, LERMEARES, T REA YR
B AR K . B R RRE AR, L
FEANBR . EMIEMSKRE, HRFRH %
SR T SEHE R REUNTS%
Mok T B RIRBAE, MR B,
T %W T K RGEEERE, i, HBERET
1011000 AR R R A A K S R
TR AR AN L, K KN R AR
IRENCR S A UE =S SRzt P S R N i i
KT 1 SO A R K A R WA O D A S R AR K
w2 R, S TR KGR R, W
L DXL TT 8 T RN K RGBS . Lide Y R
T VG HE S 7R T S T b X AR A o L AR
PSR R LR, 2 SR 7 25 1) 4 4 Sk
B ER TR S W B 6 1 1 Chen%g 7
TP 7 ek VG L ST o DX 8 b O oL Sk %, O
5 O R A SRR S04 B RIEME R,
2 R4 DO Sp B 6 B e X K O B9 e B
T A ALY R K R R H,
O A SR S K B T EL M AR, TR 75
I S L XA R ) S BB PR 2 X K T A Y
SR, DR, T X T /N K A A
FEAE B H 0 R AT IR AT ST

ASHIF S 52 I A AR TR A . AR [ ) P 2K
T K, S A B B R B AR A5
IR E, WF5E T /N K TR B4 TR A1, OF
TSR R 2, LAY A v 307 5 M DX A R o
T K SRR B b e B LR 2 A B

1 W5 XM

WF 5% XA F ) P S IL B K A S b E
B2 Be PR UL W B R AR AN R G000 B 5T uh . b
AT EESESEMTHENRASEN
(24°43'58.9” ~ 24°44'48.8" N, 108°18'56.9" ~
108°19'58.4" E) (& 1), WFFE X AL 1.14 km®, K
TR () e ST R A DA T b Ml SR 2R RS U R N
272.0 ~ 647.2 m . VEH P LR JEE 50 ~ 80
em, BEHL 20 ~ 30 em. RIS G RE T, AR RE
MR 1 389 mm, HEWHEAYL, AU EHS.
WAEZ5r . WETHRRLE 130 ~ 140 d, FERA F%
EhfE4—9 7, e AhaZT AhakZ,
i35 50 ~ 460 mm, 10 J ERAE 3 A NEE, £
PRI EAE 90 mm DLF o MR KRR AZ BE R A 1Y
MR, W FKEIRZ N 2 m, TN
KF 3 me DNRIEAAA 4 MRIZAEB R, HEE
IR, Horp 2 MR ZE A, Ji4h 2 AR
FYA M. FFTEIXARFEIH BT 451 h, H IS
B2 Afdk, 7 Himm s HBERU3 R, 9
At PHRESRGT I 413.8 kJ em™, A
MR SRR 211.9 k) em™, SFHRR 19.9 C. B
FEIX &[G 1985 A4 AMT, HF BT, 2004 45
BRI, e . BRI R . BEE
NEEREPESEE, B AN, TR
/N, Z B IE T 2 MR b, AR o
REAL, ZRES. WT20WF, TRARLISEERH
( Radermachera sinica ). *b $ ( Celtis sinensis ).
5244 ( Sapium rotundifolium ) %5 Ky fIt #Fh,
HEARVLLL W FRFT ( Alchornea trewioides ). 3]
( Vitex negundo ) 5 WAL FF, FARM AR R 17
®:( Miscanthus floridulu ), BEZAS IS 5 E( Scheffera
arboricola ) jREEE( Clematis florida )35 AL FP

2 WSRO

21 HEHREHRRE
/NN, H ORI ( B3 T3
Hdh ), R LR A (TR AR
TR NFURAEY ) AT 23 HE S . SRR T
FroPSaEf, RSN ERFLE, IFFAFRL
BB o TGN SAL (SP) | B
(SG) . Hem (SA) . LHUOFHZER (LU) |
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Fig. 1 Location of study area and distribution of sampling points in the area

A% (BR) FMEE R . HAP s R RN
JH 2 myt BN 5 B 7T A ek 0 L R e
RNFEE30~10, 10~20. 20~30, 30~50.
50 ~70, 70 ~ 100 cm ( +HEEE AL 100 emh,
M2 2 A 1k ) SRBURCR B AP sh B4, Rkt
FHEAES5 em. RFR100 em B TIRBOQAEE, T
B+ ARG R B 2 135
2.2 HWRAE

+ 3 JF0R + Aok + 3K . BD. CP, NCP
FIRCEE HHEMBIPERT . KSR A S 1272
BD LT s, FLERIE K g 070
RCHIWEA g b+ A B sEiHa . Pish+ ki
SESOC, M7 MM Ak
2.3 HiEAE

Wy B T GE 1T A T S B K A 3
AR I3 19 i A G A AT S FE BT KA PASW . Statistics
18.01 8o 45 FRBE A 7 19 CCAHE T 7 [ P H 4K
FCanoco 4.5 947, HEFZ AT, K tEie bRt 1T
WA, Bhior =28, 1FRon by, 23RN, 3%
ANEEHL BRI, 1AL, 2R AL, 3
Ry, 4FORVEYE, SHERORHEEM; - HUR 2R
SIS, IRIRTEARM, 2FRREAM, 3FRFER

W, AFTRARAED).
3 47 R

3.1 FAREBXLIEKREMIBHIER

BR20 ~ 30 cm#l, K il 1= 3 0% 5 1 358 o i ek
AN, T Z RN Z AT DL X R B, R K F
0.848 (K2) . £JZ+IHE (0~10 ecm) KK, ¥
HikF]8.72 m d™' (£1) , BEFKRKT10~100 cm#$
Zo 10~100 em#ZKHEHZEF AR E, 20~ 100

10
. o K 9MH Measured K value

8t — K _Biflihgk Simulated K value
=~ ¢l
; y=-2.186Ln(x)+11.47
- 4l R=0.848

*
2 L
0
0 20 40 60 80 100

3 Soil depth (cm)
B2 AR SRR R A AR 1k

Fig.2  Variation of saturated hydraulic conductivity with soil

depth
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Table 1 Descriptive statistics of K, and soil properties in different soil horizons
( SD stands for standard deviation and CV for coefficient of variance )
s 12 Cem) ST ON! I/ME H(H P v 22 5 R
Soil properties Soil layer Maximum Minimum Mean SD CV
0~10 29.81 <0.01 8.72a 6.96 0.80
TSk % 10 ~ 20 22.27 <0.01 5.51b 6.27 1.14
Saturated hydraulic 20 ~ 30 11.75 <0.01 2.67b 3.36 1.26
conductivity 30 ~50 17.10 <0.01 3.34b 4.49 1.34
-1
(md™) 50 ~70 14.52 <0.01 2.69b 4.15 1.55
70 ~ 100 12.63 <0.01 2.66b 3.92 1.48
0~10 1.31 0.67 0.91d 0.14 0.15
10~ 20 1.29 0.76 1.01c 0.16 0.16
i 20 - 30 1.48 0.72 1.08¢ 0.19 0.17
Bulk density
5 30 ~50 1.45 0.75 1.10be 0.18 0.17
( gem )
50 ~70 1.60 0.95 1.19ab 0.17 0.14
70 ~ 100 1.64 0.98 1.25a 0.20 0.16
0~10 65.49 25.22 52.88a 7.63 0.14
10~ 20 57.74 36.16 49.06ah 5.32 0.11
~ A D R
BHARE 20 ~ 30 54.72 31.53 47.60b 5.49 0.12
Capillary prosity
30 ~50 58.69 41.29 49.52ab 10.34 0.21
(%)
50 ~70 57.38 26.26 45.86b 7.32 0.16
70 ~ 100 80.18 33.02 47.22b 10.92 0.23
0~10 17.17 4.24 8.81a 3.07 0.35
10 ~ 20 13.24 0.60 6.93ab 3.72 0.54
T A >
FEEARE 20 ~ 30 12.81 0.37 5.68bc 3.90 0.69
Non-capillary prosity
30 ~50 12.94 0.75 4.21cd 3.47 0.82
(%)
50 ~70 9.87 0.67 3.74d 2.82 0.75
70 ~ 100 6.35 0.76 2.46d 1.55 0.63
0~10 23.44 0.00 4.18a 6.32 1.51
10~ 20 28.83 0.00 4.67a 7.34 1.57
% 7 A L
HAER 20 ~ 30 35.24 0.00 4.44a 8.46 1.91
Rock fragment content
30 ~50 60.72 0.00 7.85a 15.34 1.96
(%)
50~70 45.47 0.00 8.06a 14.82 1.84
70 ~ 100 45.35 0.00 11.68a 17.59 1.51
0~10 90.87 23.49 49.40a 16.46 0.33
10 ~ 20 77.01 12.81 39.02h 18.14 0.46
AT AL
RA LB 20 ~ 30 4991 7.08 25.20¢ 11.75 0.47
Soil organic carbon
O 30 ~50 42.85 6.76 18.62cd 9.66 0.52
(gke™)
50~70 79.88 2.15 16.242d 15.69 0.97
70 ~ 100 41.56 0.22 13.96d 12.08 0.87
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emBR KAZMEAY 0.68 m d™'. FJ2 HIEK A F RHL
40.80, J& T AEAR AR, HAAS )2 IR 1A
SRBIAKTL, JETRAFEE, FR70~100 cm
Hh, K78 5 ZRE0E 1 SRR FE py s mni g ok, R
K78 S B3GR,

T IFEBD R A VR B (g iy ok, RE
REHMEN0.91 g em™, 2 HHEBDIAS S R 5L
1E0.14 ~ 0.172 18], ¥J& TSR MAE s, L%
CPER M %A W Wi oA B, i - ENCPRE
TR R nmivk /N, CPRYIIETE45.86% ~ 52.88%
Z M, K FNCPIIME (2.46% ~8.81% ) .
SRCPFINCPIY LS S REUNAE0.1 ~ 12|, J& Trh
ERERAES, (ANCPHIZST R% (0.35~0.82)
FRFCP (0.11~0.23) . BR20~30 cmlAF},
+ HER C Rl - VR BE 8 i 3 K, (B R ARAEAE
BEEZR., KENTEFREHKTL, J8 TR

A5, SOCKE +3EVR B B i/, RJZY
Hik5)49.40 ¢ kg™', WERTHAMWLZ., SOCH
A5 RBAE0.33 ~0.97 2 [0, J& T b 4 R (0 AR
5, HBR70 ~ 100 emPAAk, Bl R BE A4 3 i AR 5338 K
(£1) .
32 K5 EBUMRMEBEXSH

H T B T 2 ) A A A A R A G
PAL I FH Al A G 20 B R 0T K ] = 48 1 4 1 Jo 179 5%
. 4R E/R, RCHKEWEE (p<0.01) IEHM
K (F2) , HMKRRBWAE X EREK, #0.484,
FRRCAHL, SOCH 5K MW IEAC, HAHXRE
FERC/IN, 40267, TIEALTEXTK AR KBS0,
CPS5K S MW B E MM, NCPSK LR R BR
WA iR B B MK, (B0 1K b B 3 IEAH G
(p=0.086) . BDUWEHMK WEENE, 5K @
A, MEREHN-0.220 (R2) .

F2 TIRIBMSKRE T EBUMRRMEXRSH

Table 2 Partial correlation analysis of saturated hydraulic conductivity and soil properties ( n=131)

A - TEALEE B fLBE A BB
ke
Rock fragment Capillary Non-capillary Soil organic
Bulk density
content porosity porosity carbon
ARk % LB S
Saturated Correction 0.484" -0.220" -0.259" 0.153 0.267"
hydraulic coefficient r
conductivity P <0.001 0.013 0.003 0.086 0.002

3.3 RMEBEETFHCCAHFSR

- HEK T 5 AR A2 PR R 2 S O B
(E3) . ZECCAHEF R, BB T 55 —HP
A MR K/ IMEYR MSP > SG > SA > BR > LU; £
Be 55 ZHE R A M MR UG LU > SG >
BR > SP > SA. KKth, 55 —HEF fil 32 22 MY i 5
LTS o e ) = T R A R
I EE R 200+ HEK T T2 A5 1 5 0 KB IMER IR
SP > SG > SA > LU > BR. HE/F K 4 3835 A i
Iy RPN, SR F AT, R O
FONRAEYFHE RN, 7 T HEP S 05— 4R 2R
TRFES BT R, BRI R, SR
B, DTHEFERAE R 8 SRR SR,
LA L, A TEHE A5 =2 B 21
DU FZAL T AL A, DATE AR RN 55 0

L RN, WAL, oA e HE A S DU SRR
(E3)

4 F ®

4.1 TIEBUMRTIEKEFESHRIEN
F2 (0 ~10em) HHEKHEEKR (872md ") ,
Hiz K FiZ#IX2006—201 1 4F % K F% T 58 B
(1.61md™") ", g, FERIS AL, MM
SERRRBD . XSO APIFL SRR P
BrE)ZH, KWESRBEIL L, & TFiRiEs
TR, WEREEAE RS R T, N R VD Y 4
KB AR AR St XIS 2 %4 4w 50Uk
ol IR b S DX 3 TR K P AF 9t A 452 8 S A A
HRh&RER S (0.39<CV<0.57) . BEWIH
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| 2426
o ©25
1o
oBRy
¥ 223
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i3 L
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3
©
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T 4
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K3 23 HE LA SRR CCAHEF
(ISP AL, SCOYEE, SAJghila, LUy L HiF
FHZERY, BRAHEA )
Fig. 3 K, CCA ordination of the 23 sampling profiles
( SP stands for the slop position, SG for the slope gradient,
SA for the slope aspect, LU for the land use type and BR for

the bare rock )

P H A X, w5 4 X A5 2K AR S AR, X
LAz W TR b DCRRIR IO R BT L R S T A b T
SR . B IR BRI, K AR S RA L R R
B (£1) o 20~100 em M ZE8/N, HASSRE® N
P, DR K SCBERY Y, AT LAFH20 ~ 30 em
HEK ARERER)E M 28 B0 T A 22 15 AS 52 M 455 4
T BE R

K AR bR 3 R R (E2) o X
FEAZ LR R AR, K S BD R W
TAHK, S5NCPAEO. 1K b IEMIC (R2) .
- HEBDAE T - Rl VR ARG K, NCP
bt TR R TN (K1) . waRaE s
MIRETE A tHA LA S5 8, 2R, R ARRUR =
K, FLEREEREAR, KRR, B4 28 B i S K
RAMEER (F2) , FERANBEKZAETE
TR, REEAWER 8. (HCPFEBEA - 56%
WA WA A A KL, BB CPXY K 3 0 A 52 )
VivNE

+HEK S5 ERCAEM W F LML ER (%
2) , X5Chen T IBF L RANML, HIERCH
FF IO AB . (BB 2 ) Brgt +
AHRAN K R IBERCH I N, K 5230 5 1
KIGHUN R, IR R 32 £ 3K /i ghil i |
TE KU T IR LB 2R AR, AT & AR K,
WO, JEE MK IR IR, 5 AR

MBS TR, AR T EHERSLE. R,
W TR X A, LR R R KRR
FEED, RALRREE AR T LA 0, AT S
E TR X K S RO B35 A G # . SR,
(A 10 R A 2 ER C AR I Bl - )2 % 348 i g 3
K, 5K HE B AEAAR, X EEERE R
K A oA 2 e v R S B N R LA E Y
ZER D WZE (0~20 em) HHEFLERE &, BFFE/DN,
WYMAGBELEE, LAY DRI, HHRC
BAR/NTIRIZE (20~100 em) , KHEKTHZ.
WZLHERCERE, HBD. NCP¥E/N, [FBE
PIRA . HEAEYERZNTRZ . KR AER
SEK B GROM W3 IE A I H 3% 3 14 A B
(e v E)rqiiEEe

SOCEMM LK MR ERE, g
FIBFFT R BRSO C R BE T, K S0 S 38 s s /N
kR, I8 1 SOCHEJmE, FLEREE B34 xSk
P BE 02 JEFE FI/IN T LR B4 W B o e 307
i DX H K i - 9 A7 ARS8 i g v/ R A, 3
B PR i Ml DX R A LB S P BE A R R C R
MR RS, XSRS T RS, THETH
T HLB B ) E
4.2 NERZEXMKEESHHIEMN

K A B A e il 2 B I SR RVE 25 58 .
JITHs B s v, S B sE R K, TR 1
RN (K3) o X REIEF A 10 fi 246
FAEYE b, FEHORE S LA B . BRERA AN,
- Ml 2 B e A T N, XS5 A AR
ZERRIE, WEIEESE D RBERR R, R A b )
FHZEHIK 3 FL AR BN TR], FEAR H 8 LA i 1
SREVR B B IR DN S VD Hb B - T 3 i
W, T sh U R R AR AR K, B
s O T R B, R RO B Bt
KA AR o ABEGE i, 4 HF 258 1)
Rz E LR ZRH Y, mERERER T -
R RS2, S8t R B 2SI 4 K A A
FEM A /0N o [ ol R A () T S5 354 o A
MR, HHErRE R K, Hi, 7Evi
R b XK SCRERL (R Ra v, B3 1R 4 bR 2 A
+HEK W R R NS, 2620 T T S - R
AV LEARE o PR R 3R v gk G K A 0 A e
TE B MALR T3 o MK, HHEA S %
i, AR ER, S 9% IE N 2 30%HT,
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TR EM A= T 21.1 mm A hydraulic conductivity in shallow macroporous soils
1.22 kg [34] 5 i%émﬁ*ﬁ%ﬁ%{%ﬁ%ﬁ%@@”ﬁg in a forested basin. Journal of Hydrology, 1997, 203
AT, B, ek, el (e
N oustata . eostatistical approach to optimize
%ﬂ(%ﬁﬁjﬁ?ﬁuﬂo iﬁmm%%ﬁn@f@ﬂzﬂ%ﬂ(%ﬂgi the determination if saturated hy:faulic condfctivity
TIRBEH T BT AR A B b for large-scale subsurface drainage design in Egypt.
fg/\‘@ﬁ%ﬁ?ﬁﬁmﬁfﬂ, Iﬁﬁﬂ"]%ﬁg/\%%gk Agricultural Water Management, 2000, 42 (3) :
T, I TS ARG 7 RO 20 201—312
[5 ] hiles, BMER, skils. BHRIL AR Y # e
5 4t i FACREBE. R, 2013, 50 (3) : 469—
477. Yao S X, Zhao C C, Zhang T H. A comparison of
o . g U, - soil saturated hydraulic conductivity ( Kfs) in different
H%%ﬁq%‘:/{\(ﬁﬁﬁngﬁ:Ft%%(ﬂiEE@igﬁﬂWﬁ{ﬁﬁd\, = Horqin sand land (In Chinese ) . Acta Pedologica
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VERTICAL DISTRIBUTION OF SOIL SATURATED HYDRAULIC CONDUCTIVITY
IN ASMALL KARST CATCHMENT

Fu Tonggang" > Chen Hongsong"" **  Wang Kelin" *
(1 Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of

Sciences, Changsha 410125, China)
(2 Huanjiang Observation and Research Station of Karst Ecosystem, Chinese Academy of Sciences, Huanjiang, Guangxi
547100, China )

( 3 University of the Chinese Academy of Sciences, Beijing 100049, China )

Abstract Vertical distribution of saturated hydraulic conductivity ( K,) has an important influence on
soil hydrological processes. However, relatively speaking, few reports are available on this issue in karst
areas with special geologic background. To study vertical distribution of soil saturated hydraulic conductivity

(K,) and its influencing factors in a small karst catchment, soil samples were collected from 23 soil profiles
at 0~10, 10~20, 20~30, 30~50, 50~70 and 70 ~ 100 c¢m soil layers for measurement of K, rock
fragment content (RC ) , bulk density (BD ) , capillary porosity ( CP) , non-capillary porosity ( NCP )
and soil organic carbon ( SOC ) . Besides, environmental factors including slop position ( SP) , slope
gradient (SG) , slope aspect (SA ) , bare rock ( BR) and land use type (LU) were investigated at each
soil profile site, and all the data obtained were analyzed with the partial correlation analysis and canonical
correspondence analysis ( CCA ) methods. Results show that Ks generally decreased with increasing soil
depth and the variation could be fitted with a logarithmic function ( R*=0.848 ) . The variation of K_ in the soil
layers within 20 ~ 100 ¢m was low in amplitude and approximate to each other, which indicates that K in the
20 ~ 30 c¢m soil layer could be used to represent K| in the underlying horizons in building hydrological models.
Among the soil properties, RC displayed the highest correlation coefficient ( 0.484 ) with K_. In terms of
influences of the environmental factors on vertical distribution of K, a decreasing order of SP > SG > SA > LU
> BR was found. It is, hence quite obvious that RC is the most important soil property and SP the dominant
environmental factor that influences vertical distribution of K. The findings help understand the laws and
major influencing factors of rainfall infiltration and also provide some scientific basis for vegetation restoration
in small karst catchments and for building of hydrological models, as well.

Key words Saturated hydraulic conductivity; Partial correlation analysis; Canonical correspondence

analysis
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