55 37 A5 4 K B ARFFE R Vol.37 No.4
20234 8 A Journal of Soil and Water Conservation Aug.,2023

EHFEAREEHEX T EN SRR

BRI RAE, DR HAA, 2 F
L PR R 27 = 28 X M 3 5 e 15 I3 i J o PR 7l B S 90 %, K 4013315
2. = e A X M e A A R D T B A s U UM A L EE K 40133 1)

WE TR 2000 X % R R 28 X L A B R R 5 L DL EE BT R O A R A8 X/ )2 B Sk B
FEXT G 43T 5 Al LR - b R O AU (AL JBUMUH (PL) L K M (CL) b (FL) L % b (GL) 78 i/ 336
B A BRI 25 MR R B A B R s, SRR (1) >0.25 mm KER
P AR AR B it B R K BRI DL KR R S AR/ 3 R AR A 2 R (p<0.05) , AT AE>0.25 mm
K Ra M P B A & R B A K B L A2 90 PL S FL A /300 )2 B 25 S5 % KL 76 BoRE R0 RS RE J7 T, CL B9
I/ 336 J2 39 25 S de R, LB R 23 >IR3 . (2O Bk FLIMZ 3 A LB S R T 2 s oh, gy 4 b
AT T Y EIEA BRI RANIZ S THE ., Q) LEEEHEN/ R S5 FER
W 3 A IE R (p<C0.01) , FE MR B 5 AL BB VAR B A FLBREE . >5 mm /K AR P H 3R A0 1% ot iR 4
KA AR 3 IEAH K OE R (p<T0.01) 76355 2 3 5 AE B B FL KL LRI H7 K o R kL 2 o S AR W 3 E AH OGO
F(p<<0.01) ;38 3t ZTTI& A W 43 b7 S48 2 b R 0, /335 2 3 LA B R ) i SR B R IR A
L AN >5 mm KRR R AR S R AR L, (DXL 4 B A R A AL, Philip #5
AU /386 2 3% 00 1 8 A8 i RS RUR fe . R 90 45 SR T Sy o 07 A A A XK [R) 5 JE A 1 K L 9 2R B
I8 DL R K B AR BRSO S

K B RIEAE ABEEL VTR A X

hE S %S S157.1 CERARIRED : A X EHE1009-2242(2023)04-0083-11
DOI:10.13870/j.cnki.stbexb.2023.04.012

Effects of Rock Strata Dip on Soil Infiltration
Characteristics in Karst Trough Valley Area
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Abstract: In order to understand the impact of rock strata dip on soil infiltration characteristics in karst
trough valley area, taking the dip/anti-dip slope of Qingmuguan karst trough valley area in Chongqing as the
research object, the differences of soil infiltration capacity of five typical land use patterns, namely
abandoned land (AL). pepper land (PL), corn land (CL), forest land (FL), grassland (GL) in dip/anti-dip
slope were analyzed, and the influence of soil physical properties on soil infiltration capacity was discussed.
The results showed that: (1) There were significant differences in > 0.25 mm water-stable aggregate
content, capillary water holding capacity, clay and silt content between the dip and anti-dip slope (»p<Z0.05).
In terms of >0.25 mm water-stable aggregate content and capillary water holding capacity, the greatest
differences were found between the dip and anti-dip slope of PL and FL, respectively, and in terms of clay
and silt content, the greatest differences were found between the dip and anti-dip slope of CL, and both were
anti-dip slope = dip slope. (2) Except for the soil infiltration capacity of FL, the soil infiltration capacity of
the dip slope was lower than that of the anti-dip slope, and the soil infiltration capacity of the other four land

use patterns was higher than that of the anti-dip slope. (3) Soil infiltration characteristics showed highly
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significant negative correlation with bulk density on dip and anti-dip slope (»<C0.01), and had significantly

positive correlation with total porosity, non-capillary porosity, >>5 mm water-stable aggregate content and

saturated water holding capacity in the dip slope (»p<C0.01), and had significantly positive correlation with

non-capillary porosity, saturated water holding capacity and silt content in the anti-dip slope (»p<C0.01). The

multiple stepwise regression analysis and path analysis revealed that the primary decision factor for the soil

infiltration capacity on dip and anti-dip slope was both the bulk density, followed by >>5 mm water-stable

aggregate content and silt content, respectively. (4) Compared with the four fitting models of soil infiltration

process, Philip model had the best fitting effect on the soil infiltration process of the dip and anti-dip slope.

The research results can provide data support for soil erosion control and vegetation restoration in different

rock strata dips in karst trough valley area.

Keywords: rock strata dip; soil infiltration; infiltration model; karst trough valley area
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>5 mm WSA/% 12.3343.61Ab 5.4440.76 Ac 1.2140.25Bc 18.3340.84Aa 20.3340.83Aa
>2 mm WSA/% 26.08+7.29Aa 18.75+4.11Aab 5.8041.25Bb 35.1747.15Aa 35.8647.22Aa
WEH >0.25 mm WSA/% 67.474+5.63Ab  64.89+2.14Ab 32.20%+1.16Bc 81.0241.75Aa 82.3241.24Aa

328.324+10.08Ac
261.66+8.98Ab

15.2140.33Bab
80.460.31Aa
4.331+0.28Aa

F:BD NAEE ;TP R RALBRE ; NCP NAE B ALBRE ; >5 mm WSA 5>5 mm KR EF B >2 mm WSA K >2 mm KFPER R Ik,
>0.25 mm WSA }>>0.25 mm 7Kt F R 4K DWHC R AR K & CWHC S BERiK & ; Clay R Silt Rk ; Sand 0k ; & b
B T3 b 5 22 5 R TA) K S 5B oM [l - b AR D 20 AR [ 2 2 M0 1 ] 22 5 B 3 (p<0.05) 5 [ 47 R [l /N5 = B8 8 7 A [l 5
SR 1) R AS [ 3 ) O X 22 57 3 (p<<0.05)

23 AREEMEENTEMEFENNEHNZMN
S IR Fk (Pearson) 1 3¢ £ 345 7 J2 /R 2 (Spearman)
FHOC ZR B8P 1 4 34 1 28 £ AH G L {H Pearson #H G
FHCESREHE MM TEZS 735  Spearman AHIE R ENA T
TR 4 B IS B AR R AR A E A TR 50 45 R ]
0 B A A A . R I AR 5T 3% F Spearman #H G 2%
I3 AT L W B R S 08 B R AR DG OC &R (81 4, ]
5. TENZEYE, LIS AR S 2 B & AR
F(Pp<<0.0D), 5 ESLEAE AEBE LKL . >5 mm KR
PR IAT 5 A B i R0 AR RN FR K B 3 2 AR B R A OG O6
£ (p<<0.01),5>0.25 mm KEPEHI IR BEFFK
EEEIEMKKR (p<<0.05) (15 T EHLKA
AR SEPES R B 3 (p=>0.05), FE 2 Y5, 4 Fp + 1
ABFRERR S A ENER B EARMLLR (p<
0.01) 53 B4 FL Bt BE | AR 1R 7K d FORy AL 5 i 44 52
e i 3 IEAHIEIE 2R (p<C0.01) , S Rlkr A Hb 52 g 3 A 5%
KA (p<C0.05), H UM E HIALFE (p=0.05), I
SN AN/ 3B RS 137 T S ALK AR B AL

TR U R (p<<0.0D),

PR AHSCHE AT BE R B , I BRI R B
FEtE 8 Z I DR TN BB MEAf 2R 3K 52 e 1 A
BTN R, H I i 22 505 A B3 4 4 FE A2 4
B RGN B K o AR I BB R, A Z A BT
i RVAR T S RS A0 A REHEA T 0] I 43 By FE A2 43
Bro X4 B+ BEB BRI ATV 7 RS 5[4 B
AR N (AR D ] RIE S M . &5 Ja % B 4
Tt - 5605 35 e A 0 5 0 PR 2R 24040 [, DR AR B 54
X/ 33 28N P A B R (F O AT 2508 5 [ 43
Mr@mmr. mZmsE P mIa R 1 i 2% Dl
R/ 35 Z G I AB RS OB E R R -
R (BD), HGAE (BD) a4k %I/ 350 )2 3% 1
S ABF(F OMATZITTE A I 5B 5 AR 5T, B
WA IO EE R . d A7 3 R 4(F 3]
HULAENZ I 5200 - YA B 3 f O RS 2R Ry L1
MRk (DWHCO) 5 >5 mm KEE P R IK (5 mm
WSA) FE 23, Ry 3 FREK 2 (DWHO 58k &
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H(Silo, HE#E 4 LR MERK R >5 mm KRR A
RARE B AR RS B0 T HE A AE B AR E
KT 0, RM=FX LA BRESL AR HAE . 7RI
JEYE,>5 mm KR BT R A XA R B
FAEAR  EAEAE R 0.059 38 1o 4 /K B 14 8] B2 4

9 0.114, H>5 mm /K2 Pk A 4K & & 10 T 0K R 4L
WK . 023 B hE & i 635 A8 R AR
RN 0.274, FLEAE A A 0,087, 38 5 1 Al HE /K B 1
[ HAE R 0187, M EAE IR T EIEIER . Moh .
L) PR FR B R AR R K 52 0,099,

1.0
S, 098 099 099 -0.64 051 062 058 036 045 0.62 045 020 -0.10 0.19
‘ /, 0.99 099 -0.61 053 065 0.57 032 044 061 043 016 -0.05 020 0.8
' ' f, 1.00  -0.62 0.51 0.64 058 035 045 061 042 018 -0.08 0.21
0.6
‘ ‘ ’ £, 0.62 051 0.64 058 035 045 0.61 042 018 -0.08 0.21
= = = = BD 073  -0.81 -031 -029 -022 -0.91 -0.70 -0.22 -0.11 0.14 0.4
. ‘ . . % TP 074 0.05 -0.07 0.003 0093 0.86 043 0.11 -0.18
— 0.2
‘ . . . % . NCP 022 008 015 083 046 023 -0.08 0.02
>5 mm - o
‘ . . . WsA 065 080 019 011 0.04 -0.01 0.20
>2 mm
. . . . ' woa™ 0.69 009 005 001 -0.13 021 i
-0.2
‘ ‘ . . ‘ ‘>0-25mm 0.10  0.04 -0.07 0.03 024
WSA
. . . . *ox . ' DWHC 084 031 012 -0.15 - 04
®0o0060 -@Qo0 @ oo o o
[~ -0.6
. . ‘ Clay 0.05 -0.52
silt  .0.75 [~ 08
*k ** Sand
-1.0

T x RIRTE 0.05 KFP EBEMIE, » x FRTE 0.01 K EREMK:; fi AWMMAB R L AREABR; f. WFHABR; fA WEBE

. Tl
& 4
25 LA, S 3 8 28 0 P SR DR 2R R )2 A Tk
NAEE 5 mm KRR AR RS 8 AR K =L
WZ AR N Z R R KR R, 7R
AHIE ST T B B AR Fe O R A L/ 3 R
R - 18 28 o, R P 2 B 75 4 5 > 5 mm K AR
24 ARBAEBHETLENSTELGEE
1E Kostiakov B8 v, (L& 45 AT Al a (H N
1.67 ~17.99, 75 02 3 B9 K/NHEFF AR IR A AL >
GL>CL>PL>FL, # 2 KK N FL>AL>GL>
PL>CL, 3 5 520 /9 97 45 A8 R — 3, o H
9 0.08~0.16, T /300 J2 3 K/NHEF 4 AL>GL>
PL>FL>CL, R HI BN T , AL AB R TS &
P CL RIS, PL A b {E 78002 % > 02 3k,
W PL A B RIEW 2T BEAT e e, i A4y + s )
HF R T LEZ I T ISR, Mezencev AL 5
Kostiakov BERIM L5, a HAYZEL ML FE AR — 2, H

i = TR S S E AR

B b B B 4D , Mezencev #R 1 i o {H B AR /N F
Kostiakov B/, XAl G2 K A2 +—1 0t , Kostiak-
ov BRI £ (1) A PIIR A8 %, Mezencev i T 1 f
(O RBEEANBFE c L a,H I Mezencev B Al o
{HE /N, {H Mezencev BB th {8 FH:A KT Kostiak-
ov FLAY, X ] GE 2 A O Mezencev BLHL 1 £ (1) M FR
FEANBF ¢ Nl ar ™" S PR R ALE [] 45 B[] 9 55 5K 2
[Al— A8 M F AT, Mezencev 1 AL DL TP ) A 75
ERRE,M b HB K., Horton #EEIH £ {5 Mezencev
BRI DL J Kostiakov BRI 1) o (B R AR Z SCAH R,
SRS RE T WA RAB R . & {EN 0.06~0.24,
TEMUZE e AH MR F/IMKICH PL0.24)>CL(0.12) >
GL.(0.07)=AL(0.07) >FL(0.06) , YE W JZ I kb {H M KF
JMRIR R CLC0.23) > AL(0.14) >GL(0.10) >FL(0.09) >
PLC0.07) . FHM AT FEAN LA 2 ) T o 2% R 7
A 1A B 3l % 25 R ALK, CLUALLGL L &
FL BYAE 58 52 00 5 34 o 3 2 3 = U2 3, 1 PL 1Y)
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AB IR N NZ I =300 2. 7 Philip B
AR BR,B 5 0.36~9.92, % 431, 36 B A [
A 7 A B R 22 RROR, R UZ B
ANBHES KB /MER A AL(9.92) >GL(5.56) >FL
(1.13)>CL(1.08) >PL(0.87) s fE 1% 2 HIEABRE S

KEN/IMER A AL(3.23) >FL(3.18) >GL(1.28) >PL
(0.75)>CL(0.36), HHILAT WL FL ABRE S hyidi J2 3 >
Z 3, 1 PLLAL.CL A1 GL #4540 Je #a#, Siksk
FLAL A B R ALPL il CL ABMER /N, GL
5 FL Jar,

1.0
f 0.95 0.97 0.97 0.65 0.44 0.51 0.25 0.05 0.29 0.54 0.41 -0.44 0.67 -0.43
‘ f 0.99 0.75 0.58 0.47 0.31 0.13 0.32 0.68 0.58 0.37 0.58 -0.33 0.8
‘ ‘ f 1.00 0.72 0.55 0.48 0.30 0.11 0.32 0.64 0.53 -0.40 0.61 0.34
0.6
‘ ‘ ‘ fA 0.72 0.55 0.48 0.30 0.11 0.32 0.64 0.53 -0.40 0.61 0.34
** % BD -0.85 0.55 -0.22 0.17 -0.15 -0.96 -0.76 0.26 0.38 0.16 0.4
. ’ . . sk TP 0.54 0.08 0.06 -0.04 0.95 0.74 -0.01 0.17 0.10
— 0.2
' ‘ ‘ . % . NCP 0.32 0.31 -0.36 0.54 0.02 0.11 0.26 0.22
® 06 © e o
WSA 0.79 0.91 0.16 0.42 -0.41 0.42 -0.15
>2 mm
WSA 0.68 0.14 0.28 -0.27 0.30 0.11
- -0.2
' . . . ‘ ‘ >0.25mm 0.06 0.36 -0.48 0.46 0.12
WSA
' ‘ ‘ ‘ *% ‘ ‘ DWHC 0.78 -0.15 0.29 -0.14 - -04
. . ‘ . . . ‘ o O ‘ CWHC -0.15 023 -0.06
- -0.6
* * * * *k Clay 0.75 0.05
000 - @0 0o woswe| |
* *x Sand
1.0
Es FiEETENESEESSEEENEXE
3 F/FEREETERESEAFE
a] 5 5 i JE ) EYE ¥ -y b R?
FE1 T J2 33 (f)" =6.257—3.428 X BD <<0.01 0.372
Tt 2 2 (f)*5=5.672—3.236 X BD <0.01 0.371
HFE3 I J2 33 (£ =—1.009+0.006 X DWHC+0.059 X (>5mmWSA) <0.01 0.444
R iU )2 Y (f )" =—7.52140.005 X DWHC+0.087 X Silt <0.01 0.450
T4 TEYEFEENEHONSENERZST
=2 A DM HE [|] 42 1 FH 4 S
i 1] (S A HUAH O R B fEH WA KR 5 mmoKEMERRE T EXe
RIS/ €y 0.615 0.006 0.108 0.114 0.007
23 =5 mm /KEa M B 8k 0.580 0.059 0.114 0.173 0.065
Pl &R 0.746 0.556
RIS/ €y 0.644 0.005 0.177 0.182 0.006
¥ JE i 0.611 0.087 0.187 0.274 0.099
Pl &R 0.742 0.550

AN [R) B TR0 X6 G/ 506 )22 33+ 498 A8 i AR ) 40 0
HEMAMAEZET GRS ., RERBRD 5911 &
BN ) W BT T 1, 07 iR 22 (RMSE) B4
T 0, 2 WAL 0L 50K FE B 5 . Mezencev £5 A4 il

Kostiakov #5811 5 248 B 2 5 T Horton 584 Al
Philip # % , Mezencev R #8 R*#17# 0.92 DA b, N
FEARYE T 1, RMSE #£38 T 0; Hk & Kostiakov #5
B ,R* Ngs RMSE 435/ 0.77~0.98,0.77~0.98,
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0.02~0.32; 1 J5 4& Philip #%!,R* | N s . RMSE 4
Sk 0.74~0.93,0.74~0.93,0.06 ~0.78; Horton #%
RIXT LA B S ROB S ERZ.R'S N /b
12K 0.47 ,RMSE 4 0.03~0.63, Kostiakov 1 % i
XPAS[R) 5 J2 0 ) ) £ 48 A8 i R 30L& O BT (B2
t>co B, f()—>0 5LBRBEEFREABEAN

FFT . Mezencev #6# H ) BT RS E A B R ¢ {H
A] DU AT 3k 4 Kostiakov A58 [ [m] &5, 0 ¢ {E A7 7E
B X HIBRARE ., A, A Philip ARL AU {H
HABLWHE ST AL FEAR T K5, p ¥>0.05,%
WM 5 PR E AR % 22 57 . %% b, Philip #%
TR G/ 396 2 3 1) - 3 A8 i R AU 3 P o e

R5 ANBEEUS

i 5 W% Ll
AL PL CL FL GL AL PL CL FL GL
‘ R a 17.99 232 272 1.93  9.88 6.20  1.67  1.37  7.23  2.65
Kostiakov £ b 0.16 0.1 010 011  0.15 0.15 012 008 011  0.13
f=a™ R? 0.97 0.81 097  0.96  0.98 0.91 0098  0.77 0098  0.96
Ngs 0.97 081 097  0.96  0.98 0.91  0.98 077  0.98  0.96
RMSE 0.35 0.0 005  0.04 017 0.22  0.02 005  0.09  0.05
¢ —64.49 153 142  0.89 —14.93 257 —134 1.0l 154  0.76
Mezencey Kif a 81.86  1.21 144 112 24.55 4.05 298 056 577 1.95
) =ctar—t b 0.03 081 0.2 027  0.05 0.38 0.6 075 0.6  0.21
‘ R? 0.98  0.96  0.99  0.97  0.98 0.93  0.98 092  0.98  0.97
N s 0.98  0.96  0.99  0.97  0.98 0.93  0.99 093  0.98  0.97
RMSE 0.32 0.04 003  0.03  0.16 0.20  0.02  0.03  0.09  0.05
f. 8.92 1.51 174 1.08  4.94 322 0.98  1.03 438 1.49
Horton 58 fi—fs 8.84  1.30 117 096  5.10 3.94  0.66  0.56  3.16 1.34
FO= ot (Fm e k 0.07 024 012  0.06 007 0.14  0.07 023 009  0.10
R’ 0.92 075  0.82 047  0.84 0.66  0.96  0.84  0.84  0.77
Ngs 0.92 075 0.82 047  0.84 0.66  0.96  0.84  0.84  0.77
RMSE 0.63 0.1 011 013 0.47 0.44  0.03  0.04 028  0.14
1. 8.92 1.51 174 1.08  4.94 322 0.98  1.03 438  1.49

Philip #7 _

B 9.92  0.87  1.08 113  5.56 323 075 036 3.8  1.28
fO=f 4B R? 0.87  0.83  0.93  0.89  0.90 0.89  0.87 074 092 0.1
Ngs 0.87  0.83 093  0.89  0.90 0.89  0.87  0.74 092 0.1
RMSE 0.78  0.09  0.07  0.06  0.37 0.25  0.06 006 021 008

R I
3.1 EEMENEEANSEEOET

A b T 5 R X K
KR K P ] K R R A B L il £ T
A 1 43 9T 5 308 720 43T AT 86 0 A B9F 5 /306 2 B
AR B B P 2 1 A T U
5 mm KR PR A RO R L S VI
S8 A 0Tl R A I8 SR B PSR TR 3
FLIRE HOFSE A AR — S, — MR R 2 F A, 0k
Sz FLBRRED , A TB R AR I AR S 4S
A E ALY CATLBUE 5 B ILIE) 2%
BEGME R B R LA T SILBE R
Y1, AT G L IR AR 40 A DL R R 1 2
KA AE . T B RAK B9 R4% 404 J7 . =5 mm K
R A 3 A 7 - S [ FL B L DU A 38 %
A SRR e R KA T T 5 mm KA PE 3
ey R L 0 R 38 K B A R
) LIk b S B ) A, A BB 4L L
S04 - S 2 R A0 AL B R F S L R D
Bt MG L D00 39 % B 7 AL I RIS L A B

AEJIHRES . ARSI IR S A AL ORI R A
R AR b A A% gy B SR 2 X LB R 5 A R
PRI aHe S 2 T S AT 2R A L BILBRCAEL X A2 BE T Y
SOMR RS I K O - AL XS A BE T 1R

BT R FL BB RE 7 R0 2 > U3 X
] R AT DA T2 39 Py - S 25 L Wk 2 e T 0 SR 3 o A
HEHABRIEOMIER NN FBOSZ WA B G
IR TFMRZ I s HR SR L R 50—70 ema Ak
HHRIE 1~2 em ML R S AR FIAZ R AR L=
BT 80 ema AR Z MY AL 2R 2~3 cm,
ST W J2 ) 23S A R T PR SR AR AT i ol - 1
Ha T3 A B RE T X 5 B A BHAET  Fdbioc
SEUIIA N A LR U A T 2 3 DA R 7
P ERILIERECE S QRS PN N I 1§27 S
HEE KRR BBV L. A B RE T 98 T 02 A BE 5T
GRMR . AT REJE A Dy e HE K o 25 S P B, B kR
SO S U B A R R R R S e ik R
KIS K oy TR AR s
S LK sk, LRIE R AL A Y,
TEARWIFE P R FL B+ 2 JE R FIZ S, )2
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JELRE A, S K R T R HE K A R
) 52 e R0 Ak I AR K A A TR B
T/ 35 J22 35 1 5 | FL T 5 0 7 A 2% S, DT 52 ) -
HABRES . AL.PL.GL 1 CL B9 A B 6E )13 i
EY > 2, 58 R A AT fE & AL PL.GL ) + 4%
25T B O ) <3 2, AL R LB E SR &
EILBRED BN ZE e > W2, h T EAE S -
WMABREWBEAHLLR ABRES HEABR
5 O W E A DG OC &L ALLPL I GL A
BREJI I N )E Y > R . CL i 25 8 &8 o 2
e =300 2k, w3 AR b DA AR K B/ T R B I
W OB S5 AH ORL B I 2 2 56 U 392 B Aok
SRR 5y K AR R A SRR A A A 25 5
FECL )2 W + ML A i R R B 3 v T
WEY . TG R, LR L R R Ak L B
B0 e R, A O b R R A L A VB R T R
I CL B A B e 1 23 = 3 2 3
3.2 TR AAKXILEBNBHENI M
A T AT B X A SR IS KRR A ER
SO Y A R SXORT B v A bl A
U O A L TR A B A s R R O L A&
FEHGR A I g B i R OR R £
Hu A 7 2R 0 B RRAE AT 1, AL A P BE B
I HRCOh GL 5 FL.CL f1 PL 2%, XAl fgf RN
AL FE /N ALBRE R HMABRRE K, GL.FL 5
CL.PL Mt AR sh D i - A 18 %5 - i 5
REAHEDIBRD, AR R0 ER AR E
AR, FARIKRERAS R T e g DL e 4 i A
Py s e, Bl B m e W $2 . FL BAR
[z deshin /> 0 FL HAER 2 T REAF L 25 1 45
JEFEEIE 2 R Z L AL, S BB i i B
BRI HE RS X 5 AR &, GL ALBE KT
FL 0P984 AR, I FL ABH/NT GL, © A0
FEUSIAH K R S, A B RE T R
EARBIEH AL FABEE I KT GL 5 FL, X 1l 8
JEHCH GL 5 FL B T4 58 B A DL R A 9 K
HA B S5 DK U e VR T D A WL A A T
B WA MILJS AT RE X K 43 1 W B AR R T 3 Jn L B
JEE TR AE S DT BELAS A B LR RT R S
B B KSR T AR SR D HLARAE R S0 )2
T - ABFAH 5 AE R A 2R T B X+ R
RN, 5 AL M L.GL 5 FL Ay & X R
AR R EEE RS R R I, AL 5 E ]
AE 23 B AT DT 3 350 A2 6B 7 I 2 45 SR K
A7 1 AR A T AL A R T E AR R S
PR RBIBR BRI E AR E R KHER +

By B LA BN R L 8 i
PR R R A 5 R A AR R R T T - Ay
WEVERT A e e — LT R Z R LG 434

4 4L
(L)L 396 2305 1) A= 3B A8 i R AR AR — 3, B3]

430 3 ABr B BIPRE R (0~10 min) (18 F (10~

60 min) FIFE5E B BE(60~90 min) , HHP7ERT 3 min N T

M Wl k. BR FL 0 13883 fe J) 02 I <3di 2

Y, A 3.66 mm/min &b, Ay 4 B MR FH 0T

1) - 3B B BE T 42 I )2 3 >3 R 3%

() AT BILEE JEBELRE . >5 mm
IR AT B AR & i > 2 mm K R T B A i
FIRE 7K 8 A BB A 5 5 7 0L/ 336 2 305 TG W 3 25 57 (p >
0.05),>>0.25 mm /KE2PE B RAK S 5 B FrK .
BB DL oy b & A/ W R A ER EE R (p<
0.05), HA#E=>0.25 mm KEaME: A1 & 5 2= FHLK
HR T T, 2r 5ok PL 5 FL B/ 39 2 3 2 S ek
FEFRLRURY R T CL B I/ 396 2 % 25 5 de K, HL3Y
Ry 355 )2 3 > 2 B

(3) 3B B AR/ 30 2 B 1 5 78 R
FRARILR (p<0.0D) FEMZ Y T 5 B LB E A £
LB . =>5 mm KRR M SRR 8 RV R K o 2
W B IEAHSC (p<<0.01) s FEW 2 T 5 E B LB .
oL RS K e DB R A A IR AR OC (p<<0.01) 5
it Z2 e A 8] H A 5 i AR 0 A A B L/ 305 )2 B
TIEABR W E IR AR AT, R0
=5 mm7KFR Pk A SRR B R R i

(DOXF I 4 T A 58 A% o 72 19 81 G 84S, Philip
SR E L /396 )23 3% A + A B i BB ROR i,
K& Horton BN
CE e
(1] KA ZRLT0 , #6825 A8 1

PRI 1) 52 B PPAN L) ]K 2 ORFE2 4R, 2022, 36 (2) - 70-77.
(2] BUBRIE. F 4R, K KNE 45, 8 i AR [ R ok 25 A0 + 05

ABEEBSE LI % K224 (AR BRI , 2021, 40

(2):16-20.

(37 A0S 8 e DAL 70 I B b G X b 0 A8 5
R[] K B 2E 4, 2022,36(4) :99-104,111.

47 Ui e, X0 2 5, 1 58 B, 45 3 BOR () R B 36
S B R B R e R R [T DK PR 22 4, 2022, 36
(3):181-187.

[5] FuT G, Gao H, Liang H Z, et al. Controlling factors
of soil saturated hydraulic conductivity in Taihang
Mountain Regions northern China[]] Geoderma Region-
al,2021,26:e00417.

(67 ks, Bhan. T S 4, = ik R X 25 8% A 1 45 B o +
UK A 08 W [T % 2R 48 25 4] 2022, 33 (7)



554 4 R ARG W ST R R A DX 2 A 1) X 1 M A R Y 5 93
1835-1842. [24] FEDLSZEEhAy . T IEAE, 25 A [F) AR B A2 3 X 5t 1
(7] ZEglEd, BRI M T Mg, 45 55 6 1 IS0 b S [) Al A EHTRHAE S RE LB BN LT ]oK LR
M + % i M g 5w [ . 0 A 25 % 4, 2013, 24 #2,2020,34(6) : 110-116.
(3):725-731. [25] WM. UK AR 5 Wi 7 A B AL X 88 A
(8] g, 5kt 22, 5l ¥ 1, 453 74 8+ XGR B i AR 12 4 Ao AESEE - LRI IEABREEZESRLI]K
A BRIk B A HE R A [T K B DR A 22 4R 2021, 35 F AR AR . 2022,36(5) :136-143.
(5):101-107. [26] T RE. fR2ik, BRoChe , &5 IR 0 O W) Ml 9 T 4

[9] Xiao B, Sun F H, Hu K L, et al. Biocrusts reduce sur- A BRIE T A B HAE (1], db 52 A0l K2 22 3k, 2017, 39

face soil infiltrability and impede soil water infiltration (12) :44-51.
under tension and ponding conditions in dryland ecosys- [27] = EfE, Bede 2, T, R [R] AR 20 25 A0+ 38 20 A0 45
tem[J].Journal of Hydrology. 2018,568:792-802. TERH T A B S RWEm )] KR40,

(100 BLHEAS . H XS 2R bl 45 J2 0 160 X 19 07 W 30 4 3t 2021,35(6):183-189.

[X 3k 4k b+ 3 3 AL R RS S [ ). AR A 2E 4R L 2019, 39 [28] MaG A, Li GL, Mu X D, et al. Effect of raindrop
(16):6107-6113. splashes on topsoil structure and infiltration character-

(110 ST A B H RUES o o] A 2 )2 M0 1) %) W 307 4 45 X 3t istics[]].Catena,2022,212:¢106040.

F/ W R R A [T K £ R R 2R 2020, 34 [29] Zhang Y Y, Zhao W Z, Li X B, et al. Contribution of
(5):68-75,80. soil macropores to water infiltration across different

[12] VLB A T L 25 R BH , 45 06 1 45 A 4 IXOOAS [ bR o R land use types in a desert-oasis ecoregion[ J ].Land Deg-
EREUT R A B R [T K £ 5 2 4. 2019, 33 radation and Developennt,2020,32(4):1751-1760.

(4) :58-64. (300 skRBL. G20 SR AN L 45 AR I 1l AR Bl Ak v 98 75 fa) £

[13] @l W%, £ 08, 45 8T b 3% K 22 ik Sl A ) A FR I N A S AR XS K o3 A B i m [J ], 5
BT e B A PR R A B AR AT [T K & PR R Hb2F 4, 2020,28(2) :500-508.
2016,30(1):117-121,126. [31] Fabioc C N, Romain D, Fritz S, et al. Bedrock bed-

[14] SRR A A M A R K K 5 3 B A I 55 1 0F A ding, landsliding and erosional budgets in the Central
(J]. s EA%,2012,31(1) :67-73. European Alps[]J].Terra Nova,2015,27(5):370-378.

(167 BR324, 7 B 75 A OG0 ¥ R A48 il 1A ) - b ) [32]  TREABRE AU, 550 AT 0 1 0 A 144 1 38K 43
FHZE AN £ 5T o 23 [T o [ A A 2020, 39 (6) AR RS2 M [T K PR A 41, 2008, 28(6) :41-44.
836-844. [33] k&, EZIC, F 5ok 45 AR g 0T R L R 40 HER e i

(161  BRde, B0 5k 2 L 45 I8 T2 6 48 80k 1 5 W b 2 v ) T URE 43 B R AE [T, K £ AR 35 8 58, 2015, 22
NI IR UG T A PR AT LD ] 7K A PR R 24 4, 2020, 34(5) (4):18-23.

131-136,144. [34] Kalhoro S A, Xu X X, Ding K, et al. The effects of

[17]  BRESCHE, G55 55 08 SCR , 585 U85 4 O o 0 A7 = 984 different land-uses on soil hydraulic properties in the
SRR 25 8] A48 S ARAE L) ] K - R FF 23R, 2021, 35 Loess Plateau. Northern Chinal]]. Land Degradation
(5):137-143. and Developennt,2018.29(11):3907-3916.

(18] ZRFh, B4 5, 25 2k Bk, 55 W JT R 0 )2 LB 1 3 8 oy [35] NI AT PRE 35 S 25 = e P DA ) - st R 7 =X L8
A SR N [T )oK £ PR Fe27A1 . 2021, 35(2) 1 47-54. Fe4y e RRAE BT [ ] R0 2441, 2016, 25(9) : 10-19.

[19] Albalasmeh A A, Alghzawi M Z, Gharaibeh M A, et [36] Ahirwal J, Maiti S K. Assessment of soil properties of
al. Assessment of the effect of irrigation with treated different land uses generated due to surface coal mining
wastewater on soil properties and on the performance activities in tropical Sal (Shorea robusta) forest, India
of infiltration models[ ] JWater,2022,14(9) :e1520. [J].Catena,2016,140:155-163.

[20]  E4h&, BriRig , (A — i, 55 A [F] B0 A LR 0 1+ 4 [37] Wang H, Zhang G H, Liu F. et al. Temporal varia-
KN B ok B R AL Ay M [ HEE LA T2 24 4R, tions in infiltration properties of biological crusts cov-
2022,40(10):1048-1055. ered soils on the Loess Plateau of Chinal ] ]. Catena,

(211 RFCT LB . S8 ot oy 2 B FCAE 8 AR [T . 2017,159:115-125.

H M, 2019,56(1) :227-241. (381 ZRPFHk A, T, 5 A [l M Bt 26N T 4 4+ 48 0

[22] FHEEMGKR MO 5 IETHERZHLEREUMRS K BE ST R KRR AE RY FE B LT . £l 4. 2021, 52
5 o 0 A5 e R S TR [T/ OL D vh [ L B (4):828-835.

AR 1-12[2023-02-16 ] http://kns. cnki. net/ke- [39] Nie Y P, Chen HS, Wang K L., et al. Rooting charac-
ms/detail/11.2107.TM.20220824.1625.012.html. teristics of two widely distributed woody plant species

[23] #EZ% . W& SPSS Z6 4 1] )3 52 B8 42 4 M 14 growing in different karst habitats of southwest China

BT Y2 4R, 2010,45(2) 14-6.

[J].Plant Ecology,2014,215:1099-1109.



