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Abstract: [ Objective] The aims of this study are to investigate the soil infiltration patterns under different
land uses in karst trough valley and to propose a suitable soil infiltration model for karst trough valley.
[ Methods] Four typical land uses (forest, grassland, cropland and orchard) in the karst trough valley were
taken as the research objects to determine the differences in soil infiltration characteristics and influencing
factors as affected by different land uses, and to evaluate the adaptability of three common infiltration
models: Horton, Kostiakov and Philip, the in this area. [ Results] (1) Soil bulk density, water content and

electrical conductivity were markedly different among different land uses (»<C0.05). Soil bulk density (1.1 g/cm®),
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water content (26.9%) and electrical conductivity (75.43 mS/cm) in cropland were lower than those in other
land uses. Soil bulk density (1.32 g/cm®) in orchard, water content in forest (35.02%) and electrical
conductivity in grassland (164.6 mS/cm) were higher than those in other land uses, respectively. (2) The
infiltration process of different land use types showed rapid decline, slow decline and stabilization. (3) There
were differences in the fitting results of Horton model, Kostiakov model and Philip model for different land
use modes in karst trough valley. Horton model had the best results, with the fit R? reaching 0.922~0.951,
and Philip model had the worst results, with the fit R* ranging from 0.754 to 0.908. (4) The pH value was
highly significantly positively correlated with initial infiltration rate and average infiltration rate (p<C0.01)
and significantly positively correlated with stable infiltration rate (»p<<0.05); 0.05~0.25 mm and <<0.05 mm
fractions of micro-aggregates were significantly positively and negatively correlated with stable infiltration
rate and average infiltration rate, respectively (»<C0.05). The multiple linear regression model showed that
soil bulk density, water content and <C 0. 05 mm fraction of micro-aggregates were the main factors
influencing infiltration rate, which had an inhibitory effect on infiltration. [ Conclusion] Cropland has better
infiltration performance among different land uses, and the Horton model is more suitable for modeling soil
infiltration in karstic troughs and valleys. The results of the study can provide a scientific basis for the
assessment of soil infiltration performance and vegetation allocation in karst trough valley areas.

Keywords: karst; land-use type; soil physical and chemical properties; infiltration characteristics; regression
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Fig. 1 Physicochemical properties of soils with different land uses
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Fig. 2 Soil infiltration processes in different land use types
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Table 2 Model simulation results of soil infiltration processes under different land uses
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Table 4 Multiple linear regression model

N K r
W ABH (y1) v, =48.69—21.034x, —76.09x, +0.04x, +0.2x5 —7.39x4 0.94 <0.01
REABE(y,) v, =17.76—9.836x; —21.432,+0.832; —5.06x5 0.92 <0.01
FABE(y,) y3=34.86—14.532, —41.6382,+0.022, —6.6x5 0.92 <0.01

x5 SRHLEUEERFAKRMER
Table S Results of Multiple linear regression simulation
A IE NS REABE FIAB R
SR/ BLL{E/ iskos S {E/ R/ iEho) S AE/ R/ Fitho)
LR (mme*min ") (mme*min ") #E/% (mmemin ") (mme*min ") #E/% (mme*min ') (mm-+*min ') H#E/%
At 1.18 1.46 23.99 0.64 0.92 —43.76 0.87 0.77 11.67
Il 4 0.87 0.90 3.64 0.45 0.21 53.38 0.65 0.57 22.84
B 4.38 4,12 —6.05 1.72 1.60 7.16 2.57 2.50 2.75
B 6.40 6.37 —0.45 3.66 3.83 —4.64 4,77 4,93 —3.27
3 it IR HE S A R A R R, e A S e T L R Y R

AT = MR 5 20 - AR oA 7 25
o b B A S KR SOC L SR DL
0.25~1 mm ff B A & it ¥/ F HoA 4 Mo ) FH 28
T bR R0 B pHfE /N TR M A A TR el
DA B Bl BE b R TP 2h 2 BkE S R 2
B b 22 L, A+ HEFL R B R A T 5 A,
FEE S 02t + 50 U fk o 7L o2 + HEA Bl
Jo B T - R HIL ST B A U B R R R 45
TE RS, i BEL A KA A2 ok P SR AT 1 (0.25~1 mm)
T SR R e AT R S T B AR R T
At A b R FH 28 8035 05 1 6 A i L 7 VB R RN K A
T EBEREEARRE K T8 K2 SR,
TR, bR | el b RN b B M LA A R TR )2
R g ) R 8 B L A T I R A AE S 0 22 i
B A T A 5 M0 A ASE I S ORASORT LA sk TR L
P e B 0k HEARAS . R RE R AR M R AR L A
HETR 535 B A T 0 1 A 5 D SRR e ) e
W] LA A 3R 2 - K A3 28 K A K Gy T S AR AE 1
o) B - S KR A T W 0 43 i — T T 43 A2
HETT 22 1 et A B e s e AL i
ST HEAE RS AR T ORI REY I, E
BRI RAERT . SR — SRR I, 5] R R 2
THERR AL pH (EFRR

TIERAME TS FEABRIAERYICR X
JE 3 WA [ B b R O S0 AR R A 2
S FEBEF N, 4 B4 s A 2R A B AR 1Y
FEI B > > AR > e, 22 e 2k ] ) A
BIR LA BHER AT F KR K&<0.05 mm
A RARAEAE A KR, HHEA H 2 T A s

N T A LB R K 43 B A R A G RN B
P T HHEBEM R A E N FLBRE R, B
7 R KA AB B A B ) R 4
W FERIE R 2R 47, i R R B ) 5 KR A
B e X 1< S e S T == K 0 e o = ST RS L
B BE /N K A4 S 18 A B g SRR ART, A5G
SEBR AT A5 B 2 A TN B 2 RN S K R OH
HAHE KBS B AR, T A [FR A2 A R AR i
X 1 EAB B ST WA — € A, B b A A T A 1 b
FIFH A, -1 /N kA2 S R AR & o D, R AR
T SRR B 2 N R T R AL BR 8 i it
MPEAR HIEABHE AR, LK SH R ABERERY
RIEAR G OC R A L & 1 R/NR I - AR = el b
= B > H, 5 S0 B T AR S, 1 R A
25 5 J5 DR AT B R, A Pk 2 5 e 1A SR AR
T B ACAE AL UK 0 10 422 52 ) 4 8 A 38 SR A A
THIGG 7K FE LA B T A AR T L A DL e RIOR
AN, - HE pH (E AR N AE — 2 2 4R AT AL
SR TR B0 A HIL T Ry 48 A SR A 1 e 245 7]
FE e - AL R RE A RN il - 1 pH Y 3 0 8 48 ()
TR A B TERE.

MAEEAR I F , Horton A5 AU Xf 9 37 5 A8 4 XA [F]
T FH 7 T A A B R LA R A
Philip #5570 45 5 fie 25, 3% 5 8 VLB 78 W8 17 ke 4l
BB R — B, A KRB RS S S
22 il 7 (R — 5k PET b AT L O O 000 A 7 g 4L AR
A Horton BAITE A B By BOBEA S SR 1 R 47,5
Kostiakov # A1 7E 40 min J5 BEAUL{E % R K F 5L A
X5 e A 7R A b K R SR A A — 2L H
5% 45 SR R B Kostiakov B 7E 17 min J5 16 %%



40 S ol T S 1

o531 %

B A (A SN . BRI AR 4 SE I KR L
PRI BT A& B R A9 45 R 1 178 Horton A8 UL
AL R A AL - U A A 1 0 R A 45 X T Horton 45 84 ffF
FEEAB T RAURME,

4 % g

(1) W3R 45 DA [R] 4 1l R 7 200 + 4 3

e BT HA — e 2 e, BF B Ry R LA

KRR H A el Ml S Rl % K A8 R b H

FRERK,

(2) AR+ Ho R 2R -3 A Bk B Ry

MR B 28 N R DL B TR E .

(3) MET Kostiakov B Al Philip #5241 . Hor-

ton 57U 0% Hip 5 A 45 DXCOAS [+ b R O X6 2

AU, LA R T 3 S PR O, B3 A 4 0L ST

MR LHEAE.

() MR 5 Z e &k A AR R, pH

i AR KR DL K <C0.05 mm 8 B4 5 i+

BABHEENEERE T, HER pH H. 35 HEA

B BTG E R,

£ % L HK (References) :

(1] &7, RAR. BRI A B MBI R FIFR LTV
JEbR A B 241, 2004, 19(1) :42-45.

Zhao X N, Wu F Q. Developments and reviews of soil
infiltration research[J]. Journal of Northwest Forestry
University, 2004,19(1) :42-45.

(2] Al iy, ) 2505, o 5w By, S5 3R T U0 3OS [ B 5

HE A B FRAIE B CH R i R R ) K R AR5 4, 2022, 36
(3):181-187.
He M M, Liu Z Q, Wang K Q, et al. Soil infiltration
characteristics and influencing factors under different
vegetation cover types in Dianchi Lake basin[J]. Journal
of Soil and Water Conservation, 2022,36(3):181-187.

(3] 227, EAME, T I, % 2+ 98 X ML 00 A o 8 Y + 4

ANBRHAE b H 52 i &R [T ] AR 2 5= 4, 2020, 40 (5) .
1610-1620.
Li P, Wang D M, Ding C, et al. Soil infiltration charac-
teristics and its influencing factors of typical vegetation
type in Loess Alpine region[ J]. Acta Ecologica Sinica,
2020,40(5) :1610-1620.

(4] BiRaG . #8422 T, F b A XA L F) 2
BB R m R RO LT S =ik,
2020,29(4) :733-739.

Yang Z Q, Qin F C, Li M Y, et al. Soil infiltration capacity
and its influencing factors of different land use types in feld-

spathic sandstone region[ J]. Ecology and Environmental

Sciences, 2020,29(4) :733-739.

[6]

7]

[8]

[9]

[10]

[11]

ZERAPH X HEWR , RT, . 5 R A VA AN (R A B s A
-y B B X K 43 A8 RRAE B e [T . Ll oA
2021,39(6) :867-878.
Li SY, Liu KN, Yu H, et al. The influence of soil
physical properties on the infiltration of soil covered by
different vegetation types in the Jiangjia Gully, Yunnan
Province, Chinal J]. Mountain Research, 2021,39(6):
867-878.
L5, MR, FORUR . &8+ BB XK 8] A Bk 2
Xt 3B 5 e BGE B AL oY [T K DR 4
2023,37(2) :67-75.
Ma X Y, Mu X M, Wang S Y, et al. Study on the
effects of different vegetation restoration on soil infiltra-
tion and suitable models in the Loess Hilly Region[ ]].
Journal of Soil and Water Conservation, 2023,37 (2):
67-75.
RN R W L W T L W N AL S X R
FE T K AF AN B R R AT K AR Fp 244, 2022, 36
(2):64-69.
WuP Y, QinF C, Dong X Y, et al. Water infiltration
characteristics and simulation on exposed slope in Pisha
rock area under the influence of slope[ J]. Journal of Soil
and Water Conservation, 2022,36(2) :64-69.
Wang S, Fu Z Y, Chen H S, et al. Mechanisms of surface
and subsurface runoff generation in subtropical soil-
epikarst systems: Implications of rainfall simulation
experiments on Karst slope[ J]. Journal of Hydrology,
2020,580:124370.
MGz EARLE L PhSF BRSNS A 55 L0 B Ak k2
¥ B ok o3 A8 PR RE # R2 m [J 1. K 4R #7242 iR, 2023, 37
(1):238-245.
Guo H'Y., Wang G X, Sun S Q. Effects of nitrogen addition
on soil structure and water infiltration of subalpine
coniferous forest[ J]. Journal of Soil and Water Conser-
vation, 2023,37(1):238-245.
SR 5 TR, W T80 9] e 7 A 98 R i 1 2 4 A
R R[] ] K £ ORFE R, 2021, 35(4)
222-229,236.
Cai Y M, Feng M Q. Study on the spatial and temporal
distribution and influencing factors of soil nitrogen and
phosphorus in riparian zones of Fenhe River [ ] ].
Journal of Soil and Water Conservation, 2021,35(4):
222-229,236.
TR ) B )R AT = A W I b R K
7 A8 A X A 3R R AT Y 5 [ ] A A ). 2021,
41(10) :3826-3835.
Feng L., Liu]J T, Han G X, et al. Effects of groundw-
ater level fluctuation on characteristics of soil seed

banks in coastal wetlands of the Yellow River Deltal J .



5 439

WE AR i 0T A A DO [R] A 7 U A

AR K 3 AR A 41

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

Acta Ecologica Sinica, 2021,41(10) :3826-3835.
HEC G 0 0 A B S5 T B B RO il R A 4 AR Je A
RARTE B 42 3 4 T L], 3R 5235 % 5 B ¥R . 2020, 42
(10) :1205-1210.

Dong Y P, Liu X J, Dong M Y, et al. Improvement
effect of calcium nitrate and humus on the aggregate
formation in bauxite residue[ J |. Environmental Pollu-
tion & Control, 2020,42(10):1205-1210.

R VLB AT PR L 2R SR B, S ST AR R A DX AN () b K
AT A B R L) ] K 2 4R 35 2 iz, 2019, 33
(4):58-64.

Zeng ] M, He B H, Li T Y, et al. Soil infiltration
characteristics under different forest and grass restora-
tion models in Karst trough-valley region[]J]. Journal
of Soil and Water Conservation, 2019,33(4) :58-64.

de Almeida W S, Panachuki E, de Oliveira P T S, et al.
Effect of soil tillage and vegetal cover on soil water
infiltration[ J ]. Soil and Tillage Research, 2018,175;
130-138.

TR B S0 1 IS BT S 50 £ 00 2k T A
TR BE 1 %5 b 43 Br [T . 9 W HE K %% 4. 2016, 35 (10)
73-77,96.

Yue H J, Fan G S. Comparison of multivariate linear
prediction model precision of soil infiltration model
parameters[ J ]. Journal of Irrigation and Drainage,
2016,35(10):73-77,96.

T IE, BB Bk R T 55 BAE AT R P B AR
- e A R A T 5 o X g B () ). - S 4 L 2023, 54
(1) :46-55.

Deng Z Z, Huang M ], Zhang W P, et al. Effects of
conservation tillage on soil structure and bulk density
under dryland [J]. Chinese Journal of Soil Science,
2023,54(1) :46-55.

P A A AR VR Xk PR e Al M ST S R W R VR S5
M [ D BRI ITR R - BIETL N — R B R, 2021.
Hong Y H. Effects of Long-Term Tillage on Physico-
chemical Properties and Microbial Community Struc-
ture in Black Soil [ D J]. Daging, Heilongjiang:

Heilongjiang Bayi Agricultural University, 2021.
XA R A A A G R IR A SR X A /N 22
e S T SR 0 S [T AR A R S IR R AR AR
2019,25(7):1097-1106.

Wang H, Fu W, HuJ S, et al. Effects of agricultural
measures on soil profile physical properties of winter
wheat field in Weibei highland, China[ J]. Journal of Plant
Nutrition and Fertilizers, 2019,25(7) :1097-1106.

HR— T S WL A A R KRN RS

[20]

[21]

[22]

[23]

[24]

[25]

[26]

B B 5T [T ], T 5l IO A 5T, 2022, 40 (3)
162-169.

Zhang Y Q, Wang W E, Hu M Y, et al. Influence of
bulk density and water content on soil electrical
conductivity [ J]. Agricultural Research in the Arid
Areas, 2022,40(3):162-169.

Bai Y X, Zhou Y C, Du ] J, et al. Effects of a broad-
leaf-oriented transformation of coniferous plantations
on the hydrological characteristics of litter layers in
subtropical China[J]. Global Ecology and Conserva-
tion, 2021,25:e01400.

Mitchell E, Scheer C, Rowlings D, et al. Trade-off between
‘new’ SOC stabilisation from above-ground inputs and
priming of native C as determined by soil type and residue
placement[ ] ]. Biogeochemistry, 2020,149(2) :221-236.

R 2om Wb BEBR B L A T B R PR R SRV R 4 A
TR 0 1 8 R T 0 i A S A P TR 0 s e [ . R
VLR R 5 A Bl 22 iR . 2015,41(1) : 101-110.
Li X B, Chen L., Fan R X, et al. Effects of four typical
plant community litter input on soil physical and chem-
ical properties under the fenced condition in desert
steppel J]. Journal of Zhejiang University: Agriculture
and Life Sciences, 2015,41(1):101-110.

Sun D, Yang H, Guan D X, et al. The effects of land
use change on soil infiltration capacity in China: A
meta-analysis[ J]. Science of the Total Environment,
2018,626:1394-1401.

O, PRI A7 LA 55 R ] L b R JH 28 L A8
PERE b H 52 i AR B 52 [T 0. 7K = PR 7 BF 52 5 2016, 23
(1):13-17.

Mo B, Chen X Y, Yang Y C. et al. Research on soil
infiltration capacity and its influencing factors in different
land uses[ J]. Research of Soil and Water Conserva-
tion, 2016,23(1):13-17.

R B AR E A SR TR AR S 2 B g P AL Ay
fiE R H % 1 3 A8 o AR 52w [T ] K b AR R 2 A,
2021,35(6):183-189.

Yun H Y, Bi H X, Wang S S. et al. Soil physical and
chemical characteristics of different forest types and
their effects on soil infiltration process[J]. Journal of
Soil and Water Conservation, 2021,35(6) :183-189.
THEDS R RUEE L K AT P R A A RS R T
45 pH MA PRI KRR £#,2022,54(1) . 88-94.
Ding Y F, Zhao F X, Mi L. et al. Relationship between
available trace elements and pH and organic matter in

tobacco-planting soil in central Henan Province [ ] ].

Soils, 2022,54(1) :88-94.





