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Soil Infiltration Characteristics and Their Influencing Factors under Different
Land Use Types in Riparian Zone of Meixi River, Three Gorges Reservoir

YANG Dequan, DENG Jie, GUO Hongyan, XUE Menghan, GAO Aohan, WANG Yihao
(Chongqing Field Scientific Observation and Research Station of Surface Ecological Processes in the Three Gorges Reservoir Area,
Chongqing Key Laboratory of Carbon Cycling and Carbon Regulation in Mountain Ecosystem , School of Geography
and Tourism, Chongqing Normal University, Chongging 401331, China)

Abstract: [ Objective] To investigate soil infiltration characteristics and their influencing factors under different
land use types in the riparian zone of the Meixi River. [Methods] By combining field in-situ investigation and
monitoring with laboratory sample analysis, a systematic study was conducted to investigate the basic physical
properties of the soil, soil infiltration characteristics, and their influencing factors in artificially restored forestland,
naturally restored grassland, and farmland within the riparian zone of the Meixi River in the Three Gorges
Reservoir. [ Results] Among the three land use types, grassland exhibited the highest total soil porosity and water
holding capacity across all soil layers, while forestland had the greatest non-capillary porosity across all soil layers.

Land use types significantly affected the soil infiltration characteristics of the surface layer (0—20 cm) in the
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riparian zone (p<C0.05). The stable infiltration rates of 0— 20, 20— 40 cm soil layers in grassland and forestland were
2.39, 0.51 mm/min, and 1.81, 0.54 mm/min, respectively, both significantly higher than those of farmland (0.96,
0.46 mm/min). The Kostiakov, Philip, and Horton models all effectively simulated the soil infiltration processes
under different land use types, with average values of the goodness of fit (R*) ranked as: Philip Model (0.981) >
Horton Model (0.977) >Kostiakov Model (0.913). Soil infiltration characteristics were significantly negatively
correlated with land use types, soil depth, soil bulk density, and soil pH (p<C0.05) , while exhibiting significantly
positive correlation with total porosity, non-capillary porosity, saturated water holding capacity, organic matter, total
nitrogen, and total phosphorus (»<C0.05). Among these, soil organic matter, soil pH, and land use types were the
primary factors influencing soil infiltration in the riparian zone. [ Conclusion] The naturally restored grassland in the
riparian zone demonstrates the most effective enhancement of surface soil infiltration performance, while forestland

significantly improved the subsurface soil layers. These findings can provide a scientific basis for the prevention and

control of soil erosion and the optimized management of land use in the riparian zone of Three Gorges Reservoir.
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Table 1 Basic soil physical properties under different land use types in riparian zone
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Fig. 2 Soil infiltration processes under different land use types in riparian zone
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Table 2 Model fitting of soil infiltration processes under different land use types in riparian zone
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and their influencing factors in riparian zone

A S W AB R REABER TFHABR
IR 0.164 0.048 0.102
A H A 7 = —0.309"  —0.170 —0.209"
+RRE —0.6177  —0.604"  —0.621"
AR —0.2387  —0.298"  —0.300"
4 e B ALBRE 0.175 0.236" 0.235"
B ABE —0.140 —0.026 —0.063
AR AL 0.312" 0.255" 0.275"
4 e AR K 0.237" 0.272" 0.277"
TR E R 0.059 0.149 0.129
- B Rl REK 4 0.085 0.160 0.146
43 pH —0.341"  —0.200" —0.261"
+ A LR 0.474™ 0.516™ 0.502"
THEAAR 0.382" 0.453™ 0.426"
T A 0.124 0.301" 0.242"
1A —0.094 0.022 0.004

T xR p<0. 05 %+ 5% p<<0. 01,

http. // stbexb.alljournal.com.cn



90 KRR

%039 %

HE— 25 X P 1 HE B R AE B 5 e R i
FFOUAR A BT CE 4O R B 58 1 HETT il (RDA D 19 fiff B2
R 61.96%, % 2 HF )y Bl (RDA2) 19 i B & >
1.33%, Bt B 2 63.29% , Bt B4 7 24148
h99.97 % , U6 B T 2 Bl B8 AL 4F b i R B R AE
S5 RS R . B 4 n] L AF ki A
T A BRAECEEY IR A B R RUE A B R
AB RO Fi Sk J5 AR 384 1 5 1 HE R S Iy
H e 55 1HE 5l 2 0 i e/ #0 AR /N, 246 14k
J il RT DL g Ml A R A A B R 4R R Y A
Tl 55 1 HER Rl 5% e PR 2R S B A 4G A HL i
FFEK B AR R FLEBRE pH A1 4 o F ] 7 =X, Hodp
A BT 4 pH A R Ok i Rz AR BTk
JE 4 5 38.9% .29.1% ,13.4% , BT 51 ik B ik #
81.4% , Ukt BH =347 LT . 1= 3 pH A+ M A FH 7 X
ST A L IRABRER EERE

T[+EGH R E KL
,,,,,,, »
------------------ Wt N B
- N in't':;;::::‘-'l::::'_’::::::—--—-n--___j'i% -3
S /| A\ ;s
= FINEE
:‘j- pH T :
2 |, e\ i
oy
T Hb A F O
S o
(=T u'l

0.4 1.0
RDAL1 (61.96%)

TE B 2R 500 A Sk g N A B SRR A O Sk O i RS
B4 BESTENSHEREZMERATRIN
Fig. 4 Redundancy analysis of soil infiltration characteristics
and their influencing factors in riparian zone

3 3T i

AT e B, 95 0 AS ) 4 st ) O 5 =2 ) ok
ZH LAY RN E R AR E, 5 M
GBI 5 BEAR AL . — 7 T R] BB 5 OR B R IR A OG
AT GE KAL) 46 5 7, B3 A T K 3% Fi e H AR
KB A, A B 5 55— J7 T, A AR 5 I
TR R AR R O T T T B BT KT B8 Bl B B )
- SR W B A B R R e S - R
J5 2T BEAE AR AU 1, NI — o 8 1 HKTH i
I 7 K 52 R B AW 580 % B, 5 75 K [
+ M A 5 2 2z ] A 0~20 em + 2 B AL E .
20~40 cm - EZAEBELBE 2 5 B (p<<0.05, +
AR BB LR 2P ALE =01 mm LB, X

e M K PERE . ARBFIT A B, & R 1
BB LB B UMK M fe K, i AR M X + 3 B A
FLBR B A SO AR T fe ok, P RE S Mk H S A e 2 v
RAZRGAMRF oA A O I Pl 2% R 7 X
{14 S 4y B oA A M 2 B A A S 8] 00 5 BR
b AR ek A B A LB RE A, Al Sy PR S 2
W 2 IR /N SRR R A R

T P& A 1B G B A b AT 23 S PR T B
8T B OB TR E 3B B A TR - A T D7 X
- IEAB LR —EERE Hh B ERE
F14 - S A2 3 AR I [ 728 b Wi 38 A /N i R R T AR
TE, BB A B T8 AR DB B/ o T RE R
PRl g A0 5 T B 5 OB 3t A S PR AR L AL B 2y
A AN A5 b SR A R LA B i R 2 K G e
VLA FIT B0, T AR b 70 3t - 941 A 5 O 9 AR ) AR
ARG, e A M 4 - S URE Y DT 2k 4 1
O FLBRAEF , OF LA AR 2 B 20 3 i i e 25 B
GUBE S HE B AR ALY 1K 23 T B L e R AR AL 45
FEBE BB . AU T WRY &5 LR
b AR B A AL BB 8 LMK b f O, X SR AR AR i 1
RYAB 20 BRI A, T AT b sl R 3 ) 3 3 A
BB i 3w, AT L G 2 i R T NS Y
i WA= i, AT PR A R4 HLRRE A Sl 4h 4, fie iF &
He AR T A b A A VR L EATA R A Y
Mo 2 A HERR TR, A By 2 TR 90 0 o T AR & 52 R
HEAB o A T SO v A R R LR A B
FRAEY 77 R B3 o W, T 9 R 2 A
1B AR 2 B 0 MR b fe AL, 3 LU, Bk b A 22 (HL B
WAEIZ TR A B R R AR B T RE
AR g e tg . n] e A A A 7 XA AR AR
B AT R AT O, L obk s fhy T AR G TR R A,
RS 40 em L ERE  Fh FEARKE
FARRLYY , HAR R — B i 78 40 em )2 Z 5 B 4
AR RAED IR R EZ A 1E 20 cm LR Z A,
11 20 em (R JZ R HEAR A AOAR R AR A

AWEFEF W], i L RAB IR S L AR
B dE R LB IE B AL B A AR K S B
P o 2k 3 O S AT OC Ul B B AR 32 B
X2 - S B R O D O B AR R
SR oy A F AR R AN W 1) SR R R S g A
7 AR B A FL B R b R K i 2 EE iE , OF B
LB S AR BB i B R A OCTY . R, A
WFoE B, I V& i T IEA BRI R 5 1 pH A L
Jt A A A i A AL TR R O R A OG
BTE RSB S R, e L HENE ) i 4 ORI &

http. // stbexb.alljournal.com.cn



5 6 3]

W A AL« = 7K P A R I A () b ) D 2 R S A8 AR B HG s e TR 3R 91

5 pH X + 5895 33 P 52 e b A 3 O — i 4
pH Bk A, 4 3 1) 28 48 P Bl s 1 A A R, I
T I A B P A R AR RS A LR R
- 9 A B AR B A o R b T A L
- 1 AL BCIR D0 R0 45 KRR A, A R T i - g A
Bo WA VR A BRE SRS L RIRE
oA oA R R R M oG BT VR A
WABRIEEZ 8 + B E S + 1A 5,
H A 5B RRAE Rl 2 IR0 /N o 25 % AR
RASOOL 25" Bk 55 th %8R, 4 )2 VR B A9 A8 1 . 35 52
M 38 A B RRAE O R Ol Bt 2 2 R B A B, 4
22 30NN B sh AR A 0 52 e 32 A /N, FLER 2
- AR 7 3 3 )2 - BT R AL BRAS /N, A A 1
e A B i A s A Oy 2R Ak BB AR+
TR AR M - 4 B Ak M i 0 R b 2 A e M A
PIRR 3 40 A5 (AR Ak, E T 5w 3] - HE B

TOAR AT iE— 2 R WY, AT HLT L+ 4 pH Al
- bR 5 R 5 WA T VR B R ) R
2, U T S PR 3N VT A MR gk B e
PEAE T, o e HL T L 498 pH 2 S e 4 398 1 T
OB TR o = T ol 1= = W AV N R L 9
" 5 4 A BRI S A B 98 - AR Dl T B
b U R R O /N (TIN N 1 e 7 N al s R = B e =
AR 5 R AR 75 17 7K A Tk 7% 78 Ak 10 7K A7 86 B
A, AT RE S A AR F 5 3 9 1 T 9 T R A X
4y <170, 170~175 m 2 4~ /& B2 6 B, H & #2170~
175 m 11 ¥4 7 T 32 i 7K B (a1 6, oK il 9t 40l /K Ao
Tk V& A2 AR S A R R R T R — D A A T TR
A AN T e R B A G, U IR AR BT v A LAY
BE M 1 A 8 5 OR B LB B K A7 K 75 7S 1k 6 T 5 A
- HE B RRAE Y 5 e S L BTk R B I T X VR
ANTR] A H R A 7 5 HE A 5 T BB AT R A
4 % it

D ¥ 3R £ R FH 7 2 DR b ) 25 1 2
8 - 4 S L BUIR 0 B 4 7K P B8 0 1 R ok, T 4%
)2 0 R A AL B R Y UM e A o BR B AR
PR R A5 AL B B A 5 7 A A SR A g B
PE BT 9% 375 R AE 4 BE )23 B v

2) T4 & AR+ b R 7 200 R A B L
Ay AR R e R R OB TR E 3B,
Mo A 7 SO T TR A R R RIS RRIE A B
i), H A X 3R )2 e B RR AR R AR AR K,
AR I X 2 3B R AIE R R R

3) Kostiakov & %I | Philip 5% % il Horton 151 %4 %

REfR U HU & T V& A 25 L HU R H 7 U LA B o 2
(p=<<0.01) , 4845 P B2 K /NHEFF 2 Philip #2754 >Horton
LA > Kostiakov FH 1

OB LWHEEW LIEABRES LR
X BRE AR R 5 pH 8 B Al
XK, 5 AL AE B SLBE MK E A
ML 2R R W EIEAC, TURAIEN, +
BE A P . A58 pH AN - b A Oy O 52 e i Vo
HWMABRER FERE.

5% 3k

[1] YUAN X Z, ZHANG Y W, LIU H, et al. The littoral
zone in the Three Gorges Reservoir, China: Challenges
and opportunities [ J]. Environmental Science and Pollu-
tion Research,2013,20(10):7092-7102.

[2] XIAO Y, XIAO Q, XIONG Q L, et al. Effects of eco-
logical restoration measures on soil erosion risk in the
Three Reservoir area since the 1980s [J]. Geohealth,
2020,4(12):e2020GH000274.

[3] BAO Y H, HE X B, WEN A B, et al. Dynamic
changes of soil erosion in a typical disturbance zone of
China's Three Gorges Reservoir [ J]. Catena, 2018, 169:
128-139.

(4] BT, B 0 . = WK 20 I LR I 5 A 35
MR [T]. A K PR 5B, 2019, 17(4) 1 160-168.
HE X B, BAO Y H. Research advances on soil erosion
and ecological restoration in the riparian zone of the
Three Gorges Reservoir [J]. Science of Soil and Water
Conservation, 2019,17(4):160-168.

[5] 8 KW, BT FH 0k, R AE 45 . = IRk FE T ¥ ol A B o

AR B TR R RO [T K AR F 5T, 2014,
21(6):171-174.
BAO Y H, HE X B, ZHONG R H, et al. Revegetation
and its effects on soil reinforcement in the riparian zone of
Three-Gorge Reservoir [ J]. Research of Soil and Water
Conservation, 2014 ,21(6):171-174.

[6] #BWI<, E2Ju, . LY A IM ] AL a5 54
# th it , 2006.

SHAO M A, WANG Q J, HUANG M B. Soil physics
[ M ].Beijing: Higher Education Press, 2006.

[7] BEZ, EEMN, FE o, 5 ALK I XK I 5= by

AR X R B E R o [T A A 4, 2010,
30(15):4162-4172.
ZHAO Y Y, WANG Y J, WANG Y Q, et al. Effects
of structures of plantation forests on soil infiltration char-
acteristics in source water protect areas in northern
Chongging City[J].Acta Ecologica Sinica,2010,30(15) :
4162-4172.

http. // stbexb.alljournal.com.cn



92

PSRV R 3

%039 %

[8]

[9]

[10]

(12]

[13]

[14]

[15]

ARHE I PIRE  TE2E AN (R P SAS A ) 1 AR R AR AR XS
THEEEEAE R [T]. A2 2554, 2013, 33(5) : 1535-1544.
L1J X, HE B H, CHEN Y. Root features of typical herb
plants for hillslope protection and their effects on soil infil-
tration[ J ].Acta Ecologica Sinica, 2013,33(5) : 1535-1544.
SREFEG R RN L SRR X RO S RRR
B R LB RHE RO R R [T]. K LR,
2022,36(4):92-98.

ZHANG X M, DAIC T, LI Z X, et al. Soil infiltration
characteristics and influencing factors of purple sandstone
with different degrees of development in the Three
Gorges Reservior Area[ J].Journal of Soil and Water Con-
servation, 2022,36(4):92-98.
=EORE B AL I, R TRl bR 2 A S R AL AR
TE S HoxF 3B B S [T]. K AR e i
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.

X H 2%, SCIE, RIEAR . = P ORI AR R LI A8
AE 0 W58 [T]. K 000 B B8 IR 5 3R BT, 2013, 22(3)
299-306.

LIUM X, DUW Z, ZHANG H L. Research on the soil
infiltration capacity of different forest types in the Three
Gorges Reservior Area[J]. Resources and Environment
in the Yangtze Basin, 2013,22(3):299-306.

JIANG X J, CHEN C F, ZHU X A, et al. Use of dye
infiltration experiments and HYDRUS-3D to interpret
preferential flow in soil in a rubber-based agroforestry sys-
tems in Xishuangbanna, China [J]. Catena, 2019, 178:
120-131.

4 B A A BT (M]3 AR L a5t i O AR
#,2000:1-105.

Bao S D. Soil agrochemical analysis[M]. 3 rd Edition.
Beijing: China Agriculture Press, 2000:1-105.

Vi =7 e S T TN I 7 L K= N IR o S D e o
e AP BT N A ROPE 2 e [T ] BT A4 i, 2014,
22(5):1007-1013.

CHEN C, YANG F, ZHAO L L, et al. Influences of
different land use types on soil characteristics and avail~
ability in karst area, Guizhou Province[J].Acta Agrestia
sinica, 2014,22(5):1007-1013.

A B OAE , XUk AE | 45 . % - R SR XUAs K ol 58 4 X
AR R &S B xS E RS [T]. ARl BRI R o
%4/ ,2023,42(7):1532-1539

JING HM, ZHAO Y G, LIU S Y, et al. Effects of bio-

logical soil crusts on soil permeability of croplands in

[16]

[17]

[18]

[20]

[21]

[22]

[23]

wind-water erosion crisscross region of L.oess Plateau[ J].
Journal of Agro-Environment Science, 2023, 42 (7) :
1532-1539.

EX 3 W0 e s R e A T
HER F5 KRR AR [T]. A R £ R FE A 2, 2019, 176D
27-33.

WANG M M, LIG T, DANG H Z, et al. Water-hold-
ing characteristics of apple orchards in the gully area of
the Loess Plateau[J].Science of Soil and Water Conser-
vation,2019,17(6):27-33.

B L FUPE M SC, SR BRI T X Dy
Mo ] B B PR R R [J]. A A4, 2018, 38(2)
635-645.

LIZ, YUANY D, HU Y W, et al. Effects of elevation
and tourism disturbance on meadow soil infiltration on
Wugong Mountain [J]. Acta Ecologica Sinica, 2018,
38(2):635-645.

JU X N, GAO L, SHE D L, et al. Impacts of the soil
pore structure on infiltration characteristics at the profile
scale in the red soil region[J].Soil and Tillage Research,
2024,236:¢105922.

X FIE B HIBE , 0K 57, 55 BRSO B AR XS
I HE G5 KR M AR S 5 e 56 BF Y (). R e R,
2023,54(1):46-55.

DENG Z Z, HUANG M J, 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.

B, BT A R X R YR R X
A A LT R R AR s (7], K AR R A= 4, 2019,
33(5):105-113.

ZHAOF W, WANG N, SU X M, et al. Effects of main
plant roots on soil organic matter and aggregates in loess
hilly region [J].Journal of Soil and Water Conservation,
2019,33(5):105-113.

LIUY, CUIZ, HUANG Z, et al. Influence of soil mois-
ture and plant roots on the soil infiltration capacity at dif-
ferent stages in arid grasslands of China[J].Catena, 2019,
182:e104147.

FRRWE EEME RIS 5T DR 5K Sc 1
PR BT A GE LT]. )i Al K27 % 4, 2021, 39 (1)
63-70.

WANG Y H, WANG Y H. Comparative study of soil
Hydro physical properties of masson pine forest under the
background of acid deposition[ J].Journal of Sichuan Agri-
cultural University,2021,39(1) :63-70.

SHIS L, ZHAO F Y, REN X M, et al. Soil infiltration

properties are affected by typical plant communities in a

http. // stbexb.alljournal.com.cn



5 6 3]

W A AL« = 7K P A R I A () b ) D 2 R S A8 AR B HG s e TR 3R 93

[24]

[25]

[26]

[27]

[29]

semi-arid desert grassland in China [J]. Water, 2022,
14(20) :e3301.

Gy e AR T AR ST R W TR b DX b A
A 3 BRI N I T R [T, AR A, 2023, 43(3) ¢
925-936.

YIX S, DAI Q H, YAN Y J, et al. Research progress
on the ecological environment effect of farmland abandon-
ment in karst areas of southwest China [J]. Acta Eco-
logica Sinica, 2023,43(3):925-936.

AL KSR 2R B LI DO [R] L A 7 30F 2
T K AAHFAELT]. A= 2522 41, 2014, 34(8) : 1975-1983.
CHENG L P, LIU W Z, LI Z. Soil water in deep layers
under different land use patterns on the loess tableland [ J].
Acta Ecologica Sinica, 2014,34(8):1975-1983.

JEI TR XU K s A5 R G AR S 3RS I AT
FEATIR[T]. £ Z5%4R ,2019,39(18) :6586-6597.

ZHOU H. Review of studies on the relationship between
soil water movement and energy and their driving forces
in the vadose zone of arid regions [J]. Acta Ecologica
Sinica, 2019,39(18) :6586-6597.

EVINER V T, HAWKES C V. Embracing variability in
the application of plant-soil interactions to the restoration
of communities and ecosystems[J].Restoration Ecology,
2008,16(4):713-729.

R ATNE B, 4 5 R A [+ AR
R OF - 98 Pk 9 R (7] N AR AR A 4, 2013,
24(3):725-731.

L1J X, HE B H, MEI X M, et al. Effects of different
planting modes on the soil permeability of sloping farm-
lands in purple soil area[J]. Chinese Journal of Applied
Ecology,2013,24(3):725-731.

RASOOL T, DAR A Q, WANI M A. Comparison of

infiltration model parameter estimation techniques under

[32]

different land use/land covers[J].International Journal of
Hydrology Science and Technology, 2021, 12 (4) :
448-476.

[ RN IR I 77E s e N e e L1 E i
FOF 4 38 B AL PR B A R R [T]. K R i, 2024,
38(5):192-202.

ZHANG M Y, ZHANG Z W, YANG Y X, et al.
Effects of different land use patterns on soil physicochemi-
cal properties in the Loess Plateau Area [J]. Journal of
Soil and Water Conservation, 2024 ,38(5) :192-202.
Wi, 0K, 2 SO A B I AR X A A Sk
B A BT BT o R AR [T]. B AR A a4, 2023,
34(7):1862-1870.

YANG H, WANG W L, LOU Y B, et al. Infiltration
and shear strength characteristics of gully heads soil of
typical vegetation on the gullied Loess Plateau, north-
west China [J]. Chinese Journal of Applied Ecology,
2023,34(7):1862-1870.

8 RS 4 1 SO 77 e w75 D BR8N 7
By K b Ui R A BT [T AR A AR 4, 2021, 41(13)
5106-5117.

LANG Y, LIU N, LIU S R. Changes in soil erosion and
its driving factors under climate change and land use sce-
narios in Sichuan-Yunnan-Loess Plateau region and the
southern hilly mountain belt, China[J]. Acta Ecologica
Sinica, 2021,41(13):5106-5117.

TR, At R A BT o M R TS Ak B AR 1L
Mo XA 25 R GE R 55 (AL e T [T ] AR 24 i, 2024,
44(10) :4187-4202.

ZHANG B T, LI Z X, FENG Q, et al. Evolution of
ecosystem service values in Qilian Mountains based on
land-use change from 1990 to 2020 [J]. Acta Ecologica
Sinica, 2024 ,44(10) :4187-4202.

http. // stbexb.alljournal.com.cn



