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Abstract; Rainfall infiltration through soil profile forms a key process of water cycle in the critical zone of terrestrial
ecosystem. The hydrological function of soil pedons on transporting and accumulating rainwater constructs the foundation of
forestland on soil and water conservation in mountainous area. To study impacts of vegetation cover and topographic position
on soil hydrologic features of mountain area, three separated hillslopes covered with different vegetation in a typical
catchment of the the Dalaoling Forest Region were selected as the study area, where just located at 40km upstream of the
Three Gorges Dam. Undisturbed soil cores were sampled with cutting rings from upslope and downslope positions. Saturated

hydraulic conductivity and soil water characteristic curves of these soil cores were measured indoors, using constant water
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head method and centrifugal method, to analyze the influence of vegetation cover and topographic position on soil
hydrological parameters and water storage. The results indicated that soil infiltration ability of evergreen forest land was the
largest, and its soil saturated hydraulic conductivity was 7.8—322.81 cm/d, which was relative greater than that of
deciduous forest soil (0.33—137.03 c¢cm/d) and grassland soil (0.84—115.80 cm/d). Variation between different
topographic positions revealed that the saturated hydraulic conductivity of upslope sites were greater than that of downslope
sites. Compared with the less difference between soil saturated water content, capillary moisture capacity and field capacity
of six experimental sites varied significantly, and the two capacity parameters of grassland soil (20.77%—50.39%) were
greater than that of forestland soil. Soil capillary moisture capacity, field capacity and wilting water content of upslope sites
were less than those of downslope sites according to the comparison between the sites under the same vegetation coverage.
Soil storage capacity varied apparently among six sites. The percentage of reservoir capacity obtained from field capacity
accounting for total soil water storage capacity was largest in grassland sites, at 63.25% , while that of evergreen forestland
sites was the least with only 55%. Comparison among topographic positions indicated the result of downslope sites was larger
than that of upslope sites. Correlation analysis between soil water characteristic parameters and soil properties showed
saturated hydraulic conductivity had significant positive relation with soil total porosity and organic matter content, and
significant negative relation with soil bulk density. Soil saturated water content, capillary moisture content and field water
capacity were significantly positively correlated with soil total porosity, organic matter content and silt particle content, and
negatively correlated with soil bulk density and sand particle content. In conclusion, the soil water holding capacity of
grassland was the largest among all observed sites, which was conducive to accumulate soil water, while evergreen forestland
had the largest water infiltration rate which was prone to recharge underground water. For different topographic positions,

downslope sites had larger soil water storage than upslope sites.

Key Words: Mountain soil; Saturated hydraulic conductivity; Soil water holding capacity; Topographic position; Three

Gorges Reservoir Area
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Fig.1 Location of the study area and the representation of the sites
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Table 1 Soil physicochemical properties in different sites
B AR s BPRE Sand/%  BYRISIV% KR Clay/%  1HEFTHS (fgf}f iir
Sites Soil horizons Depth/cm 0.05—2 mm 0.002—0.05 mm  <0.002 mm Soil texture
content/ ( g/kg)
BRI T A 0—37 40.20 42.43 17.37 et 61.18
Evergreen forest land uphill E 37—63 69.72 16.68 13.60 i = 14.43
C >63 - - - - -
HERM R A 0—20 28.41 46.39 25.20 Bt 54.84
Evergreen forest land downhill E 20—55 26.82 47.85 25.33 %+ 20.45
EB 55—72 23.38 54.90 21.72 bR 12.25
C 72—90 65.72 23.14 11.14 g 5.55
TEIT AR A 0—15 24.48 51.70 23.82 M+ 78.16
Deciduous forest land uphill E 15—33 28.81 39.32 31.87 bicpie: 18.78
B 33—350 60.62 10.77 17.51 bR - 7.91
C >50 63.72 17.60 18.68 b BRI - 7.96
Pauyi Ny ey A 0—20 13.14 63.44 23.43 M+ 55.13
Deciduous forest land downhill E 20—50 6.89 31.06 62.05 k4 14.01
B 50—70 12.20 35.34 52.46 Hh 9.93
C >70 18.39 46.84 34.76 MR 7.73
RO T A 0—35 46.13 34.19 19.5 et 49.85
Grassland uphill E 35—55 52.16 29.27 18.57 #E+ 18.81
C 55—100 60.95 27.61 11.44 g 8.25
R A 0—27 18.65 53.71 27.64 F R+ 50.29
Grassland downhill E 27—60 21.74 44.54 33.72 bicipie: 9.49
B 60—85 26.08 38.55 35.37 biipie: 7.79
C 85—100 36.23 32.83 30.93 BT - 6.81
A E B .C BN Z W ZE SERUZ AR Z
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Table 2 Soil structure characteristics in different sites ( Average + SD)

ey WP oy o AL BRI IR LN
Sites Depth/cm Soll bulk density/ a1 porosity/% Capillary Non-capillary
(g/cm”) porosity/ % porosity/ %
WAL 1 0—37 0.88+0.20 54.43+7.40 29.03+5.60 25.40+3.73
Evergreen forest land uphill 37—63 1.30£0.12 40.46+5.27 18.00+3.25 22.46+2.52
>63 1.30£0.09 40.4423.65 20.68+2.03 19.77+1.67
B UL T 0—20 0.76=0.11 61.60+2.95 36.38+2.93 25.22+3.12
Evergreen forest land downhill 20—55 0.90+0.06 57.49+1.59 38.90+2.04 18.60+2.13
55—72 1.05+0.13 55.10+2.28 42.26£1.71 12.84+3.30
72—90 1.37+0.09 43.70+4.68 34.02+7.62 9.68+3.48
M bR - 0—15 1.13£0.06 52.68+1.85 32.20+3.93 20.48+2.51
Deciduous forest land uphill 15—33 0.99+0.05 47.46+0.00 22.58+0.00 24.88+0.00
33—50 1.09£0.11 44.88+0.90 21.1522.02 23.73+2.93
>50 1.26+0.05 43.56+0.76 27.4620.71 16.10+1.47
T AR 0—20 0.77+0.04 61.68+2.59 36.83x1.16 24.85+2.36
Deciduous forest land downhill 20—50 1.15+0.09 52.24+1.46 41.40+1.68 10.85+2.94
50—70 1.42£0.03 45.27+0.54 41.02+0.69 4.25+0.71
>70 1.38+0.05 44.66+0.73 39.91+0.60 4.75+0.57
LY 0—35 0.8420.08 57.90+3.71 33.35+3.19 24.55+4.16
Grassland uphill 35—55 1.2020.16 49.80+6.47 32.96+3.82 16.84+3.97
55—100 1.30+0.08 46.68+2.89 29.93%2.30 16.75+2.70
YT 0—27 0.8320.12 60.57+2.39 41.25+3.85 19.32+5.02
Grassland downhill 27—60 1.40+0.02 46.35+1.50 40.2122.12 6.13+2.94
60—85 1.36+0.03 47.54%0.31 43.17£0.92 4.38+0.75
85—100 1.40+0.05 47.58+0.88 43.030.48 4.55+0.55
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Fig.2 Soil saturated hydraulic conductivity in different sites
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Fig.3 Soil water characteristic curves in different sites
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Table 3 Parameters of soil water holding capacity and water storage in different sites ( Average +SD)

TR K SE eV S I EIEY S JHFE K

:ﬁf Dj'fcm Satm"ated Capi‘llary Fiéld Wilting Zn: Z:: Z:n/ '::n:
capacity/ % capacity/ % capacity/ % water level/%
A T 0—37 66.31+21.19 35.11+11.27 30.96+9.75 8.23+0.36 44446 203.84  52.99 150.85
Evergreen forest land uphill 37—63 31.77£6.62 14.20+3.66 12.64£3.35 3.58+0.21
>63 31.49+4.97 16.10+2.60 15.25+3.97 -
M T 0—20 81.05+12.93 49.04+7.21 43.26+6.16 6.12+0.16 568.52  353.28  50.07 303.21
Evergreen forest 20—55 64.38+4.29 43.49+2.60 39.59+2.54 5.61£0.42
land downhill 55—72 53.52+8.69 40.75+4.34 37.28+3.67 5.09+0.02
72—90 32.18+8.74 25.18+8.58 23.14+8.22 3.40£0.52
TR 1 0—15 46.71£2.91 28.61+4.12 25.22+3.75 5.77+0.10 401.43  201.20 52.36 148.84
Deciduous forest 15—33 48.59+2.91 23.86+2.13 20.75+1.71 4.10+£0.45
land uphill 33—50 41.4423.14 19.44+0.58 16.69+0.28 4.34+0.06
>50 34.69+1.85 21.8420.22 19.53+0.09 5.79+0.10
TR M T 0—20 80.64+5.04 48.08+1.13 42.46+0.68 7.78+0.29 460.06 322.13  66.59 255.54
Deciduous forest 20—50 45.92+4.99 36.20£1.65 33.48+1.31 6.53+0.34
land downhill 50—70 31.82+0.74 28.83+0.23 27.28+0.14 6.07+0.40
>70 32.46£1.43 28.99+0.92 27.41:0.94 6.43£0.35
HHE B 0—35 69.32+8.29 39.70+3.46 35.14+2.94 6.46+0.70 491.58 267.05 56.34 210.71
Grassland uphill 35—55 42.94£11.19 28.21£6.18 25.31%5.60 5.11£0.52
55—100 36.24£4.51 23.18+2.55 20.77+2.46 5.23£0.58
T 0—27 75.06+13.15 50.39+4.70 44.19+3.72 5.83+0.27 450.62 32893  59.07 269.87
Grassland downhill 27—60 33.15+1.35 28.75+1.36 27.14x1.78 5.91+0.44
60—85 35.06+0.87 31.83+0.83 30.50+0.91 6.14£0.37
85—100 33.94x1.64 30.69£1.19 29.20+1.18 5.65+0.23

ANFIFE 5 0—100 em PR H A B 25 SRR . AN [RIAR B A0 b, 3R SR MR () S B K & (W)
5, 4 506.49 mm, HUCHFUHL (471,10 mm) | 7% AR RN (430.74 mm) . H H KR THEAS 209 158K
GYVPERS(W,) L IERERRE TR i B KOK A3 45 e, 3 A IS B MR B/ IR g it b st AR 7 Tt A
WKy PEZS e AH L, 3 o e A8 wp ply () 9 /K i 75 30 9 /K 00 5 i 5 R R 2 0 B 3 EL AR LR R, o 63.
25% , e TV AR HE (60.75% ) R SR AR (55.00% ) o A FEHBBEIK PEZS 25 57 R, 7E 50.07%—66.59% 5 F
DAVE AR T e e B SRR T AR, TSR R 25 T DA R PRI e i, VR R b SR (I, A R AR 4 2
RURRIEAL g, 3 b R IR P PR s B /INT T b 3T by B R R K B B K o R o R A A
A 67.90% , k3% 1 (50.25% ) 19 1.35 £%,

ZEART HAS RE R K RE S BRI K 23 PR, N [RIRE 1 2 A0 F A, B b 0 Rk M R et , TR - 4 £
BK Ay, FLURVE bR, S5 R SRl A R ISR RIS A7 LA, 3% 3Rk M g Tk L
2.4 A HEHAR R TG 3K SO RE R RZ IR

TR ABPEREFNREK B8 I BT e ikl FLBRSS M A LT & i S . X 6 SRS AE L 4 48
PR AR KA R Bk BRI | B RK a5 HIERK S80S SRR A AL S bR R
RLFURRE 7 i 5 AL RSB AT T AT, OGO TR AR S AE 40—200 A, 20 B J7 vk WU
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HAHICIIHT , BB Pearson T BLAH IC R AL, SR BB AL S0 7, B3 HKF a=0.01, 0 Frds SRk 4, 5K
5 AL AR SR B IEA G (P<0.01) , 54 H 2 B EMMHE(P<0.01), BMEKE B
ek | M RKE S HERFLBRE AL & AR b 5 5 B IEAHOC (P<0.01) , 55 B A kL &
2 EAAE(P<0.01),

R4 BEMTEKXESHE TRERNEXST

Table 4 Correlation analysis between soil hydrological parameters and soil properties

AR

AL S ST b ik
Total porosity Bulk density game ’ Sand Silt Clay
content
AT K# Saturated hydraulic conductivity 0.293 " -0.436"" 0.607 ** -0.007 0.182 -0.214
T AIE /K i Saturated capacity 1.000 ** -0.858 " 0.777*" -0.506 " 0.684 " 0.034
BAEFEKE Capillary capacity 0.908 ** -0.804 " 0.673 " -0.605 " 0.744 " 0.126
M [8] 47K & Field capacity 0.889** -0.716** 0.624"* -0.640 " 0.759 ** 0.168

3 it

3.1 AR s K SO RERY A

FFEIX 6 Al 2 TR B B AT, MRS AR 2 5 /0N, 3 T ) 2 S 2 05T el [ s B i R 67 A A
[l AR BAE oy TR AR AR ROR T 25 57 I SR B LA AR A, 1T 52 ) - SR ALBR A5 M R 2 i, [ IsF, ARL
I 1 22 53 S BT KT il W B8 AL ISR 23 g AR B0 Y 22 S, DA T e38 A ) AE i 7 S AR A L o5 e, XU
AT A L BFSE LA R SO A5 20 FE ITVE N TR I TR0 R B0 T R I, st f 5 3 A bk
I AP bR TR BN AR FI S IZ 2% BORE, DIERER R LT, LI A A EE
B FLBRRE o, A ER N AL B e 5 i O A EE By TR AAB I A, N3 s P, e 52
BHILAR, 3L ah 22 AR B A FLBR AR , LA J O, A LTS SR 7 I bl v 8 35 3 50/ AEL B AR R
KB, 5 H SR AR L, FLBRESH — 8 AE B LB AT MA VLR & YR T, X5
FC 4 AR5 NAE R A2 L BT 45 AR, LAt R 5 2 3k AR 3R P A A AR bR L3 AL BRES 4 27

T AN/ AR R AE A VERE A T SR b 1A SR SR | R i R R /R 7 A BB O S i
TR, TN+ 0 522 BFSE X 3 R 3 T SR AN 5 K SR/ IMIR U Ry 8 b b >V 1t
L > B, A5 L AT TR R B TR EE B I e S AR . BFTESR W] AR AN oK R 32 B H AL IR
HENUMZ A5 Z R R 25 2 i bt AN % bR BRSO S AR R RIS, R ECE R B ALBR
JE s BN K EIME T B s R h T 2 RS s, 3 st SLBR AR, AR, KA 5
B, Wh, T R, AU, T RLBEE R R AR IR, AR E R, DR A
K ARBEE IR RGN SRR . ARG T SR ], 454l b S 1 e K 3R 32 252 - e AL UL |
TR AL S0 | R ) SRl A S ) L TR SR R B X G AR RHR VT i
V. 3 LU B AR - A 7K 73 B IFFE 45 SR — 2

THERKPERE S R ALBUIR DL DTG, AR B FLBRE UK S Rk o REE T8 | B4 fLBUKE
SRS AT LRI R AE 2 BFSEIX 3 B RS R | LR R A LB B LU /IR, Horh
FEBAE LB LI bt foe i , FE b AT , SR Sfobk il - 38 A8 S RS PRI R /K PERE 22, Bt - 33 A8 U218 i
R PERE R o (Rl — A P TR BRI, S AL B RE R B L B X 8 vl /) , R b 9 A 98 U2 T
KBS Z858 o /K43 P2 I S e 1 He th 3R I - SR A Rk M RE , EROR 5 SobR bty 180 5 P 2 K (EL TR Ay G I 174
B IR B IR B 1B I I A2 T TR PR R K 2 AN [ TR 2R 98 5 T T JR) 45 7K 8 X 17 B 7K 0 P 2
O ST RS E PR B R OROK I A, FLrp et S AT AR E ORISR A B ROK 2 A R B R AR B O L ROR R Ak
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Mt I, PR B 3 B 5 TR B K O3, T bRl B 5 T K G40 22 )2 FH LUK SE R 2K R4 )1
AT, TR TR ISR 1l 3Rk AR Iy R B2 L FLIGURE A AL 35 ik R R 2 10 568 PR 36 11
MRS ARG T SRR, R K R | LR K R B A R K i LIRS L RO
B I IEASC, AR AR R B RS, BRI A RO LR | KR At
B X LAAERT L8 K SR E BT R— 80 T SRR B U DG SRR S IEA DG 2
PR o B A K B 7 14 K I PR R T B AR EE AR /N B A8 A 56 B A 0 AR L SO ) IR RS T 4 P T
(AT S UL AR TR AV NP S M UL S5
3.2 Bl K SCHIRERY A

Ly 3t T S 00 - S IR BN AT, AS RIS K RO AR i B AN TR, IR VAP AE 22 57 . FRMd 1
TIEAR B LB =, A E N A HLTCS IO P b S B A v A2 AR e A R e,
S T T SRR 2 R RS H A ORI AR, A B A LB AR AR AR S AR,
TR, L e A ANA], LA ok S Ar A ] 22 5, B B LAY AN SRR TR L3, X
e R b T AR, oK AE S5k, HIRA B R i T RO R, A S B AR, XS
ARG LA RIS A b FA PR SR 25 2R — 2L

1 T b AR AT FLBREE v T T I b e A R P K PERE AR, B R LI R, 6 A4
FEHAN TR0 L S K o3 P AR B A A TRIARAE , BR 1 bl b K o3 B A TR, R iR e w26
PRI R BEAER T o 2 ROy e T 52 A BRAETG Shi2 e, RS FLBUREAIR, #fE L
fitf A, M EAFAE DR A AL G [RIIT N s al B30 PR35 A iR ROK 20 2 5 BRI A o Le 3 & 1
B b, BIER AR REKBE TSR T b X 228 A P RIBRDE 50 A3 A R 22 0 L st A S AL L b 5T
SEARAN—2L,

4 Lt

Xof = L AN [ R B T RIS 6 AR LA BIFTE 45 R R W, AN R R e Y S i 2 e W A, 38R
B FLBLEE A BT 5 8 SR A bttt > v bR > B i | 75 SR I A B > T AR > bR 5 6 %
IV AT B R RIS b SRR B A LB E A AL B s TR A R A R R
TR K R AL AR BT R B R AR AR R O, A I bR, R A AR S L R B B b >
b

TR b - SR K E 22 S T 0 R M 9 T AR I R T 45K o i 1 7 AR A et X TR
(R REL A2 TR AN [R] e A, 35 T 3B A Rk | Rl /K R 2= 5K s T b, 28 BHOK M %
R SR PERB AR, LRV AR, 5 J 2 2o s 5 (67 B R B R SRk PERE S T3 I

=il it VR RS K SCIIRE S VI G HSC BT R W AR oK R I RSLBRE A LR &
A EIEAIC(P<0.01) , SARE BFH MM (P<0.01) . MAE/KE BEREKE B REKE 5 -
SFLBREE A HUBT S RRURL B i 2t 2 IEAH DG (P<0.01) | 5285 bR f i 52t B 3 (A G (P<0.01)

£ 3L Hf ( References)

WRE, R, e, WTh, T4 AR R UK R RHEDT ST, K B ORFRE R, 2005, 25(3) : 1-5.

[ 2] ZoBrbe. ZRARAESKSCFE R 5 K et dh. n RS TR A%, 2013, 21(3): 391-402.
[ 3] fesr, 25, JEE, 20k, TAEE. Kt A AR LR et SO 32K IR BT, R A 82441z, 2005, 16(9) : 1623-1627.

]
]
]
[ 4] ®&ad, ThM, s Bk S HOKSCHNIFE. K ERFFIFE, 2013, 20(3) : 201-205.
]
]

[5] BXERME, sRASR, XM ARARE W A 7 2006 I RK BE D A MRS M. H ARV, 2012, 27(3) : 422-429.
[6 Shwetha P, Varija K. Soil water retention curve from saturated hydraulic conductivity for sandy loam and loamy sand textured soils. Aquatic

Procedia, 2015, 4; 1142-1149.
[ 71 R, By, skfh, Seamh, maesd, £ ootk Wbl &2 Lok AR AR SR =S RAS AL, WA &S24, 2014,

http ; //www.ecologica.cn



13 1] FWN 2 AF Rl AN RIS B AR AN %) K ST RE R 5 e 11

[8]

[9]

[10]

[11]

[12
(13
[14
[15
[16
[17

Lo e e e e

[18]
[19]
[20]
[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]
[34]

[35]
[36]
[37]

[38]

[39]

25(6) : 1585-1591.

Lin H, Zhou X. Evidence of subsurface preferential flow using soil hydrologic monitoring in the Shale Hills catchment. European Journal of Soil
Science, 2008, 59(1) : 34-49.

Zhu Q, Nie X F, Zhou X B, Liao K H, Li H P. Soil moisture response to rainfall at different topographic positions along a mixed land —use
hillslope. Catena, 2014, 119 61-70.

WSHE, M OSCKk, AR, Wi, ENSEE, WACKE. =0 R DA AR BRI AR K 1 5 SR RRIE KR e I . VLR IR S PR
2014, 23(1): 146-152.

FED, BEAR, BRI, W rE, W SOk, ASEE. SR R AN N AR TP RIAR FR A AT A BT S . N AR 2SR
2012, 23(12): 3301-3308.

TR, FEME, Befh, T, AR SR oK SCESTIREREFE. Mol BT, 2012, 25(4) ; 456-463.

AFTe, BB, SRR, PR KV I L W b K B FRERESY. R AEZS A4, 2003, 14(1) ¢ 15-19.

EER, Exbr, 579, Radk. fRE 2 LA 3B REXT K I A B 2. UMl K724, 2006, 28(2) : 73-78.

R, TER, BEE, R, B KIT =% XOR R B MR RN IR K IR AE ) LA iF 5. /K R 3R0F 5T, 2007, 14(2) : 215-217.
XU, HICIE, SRiEAR. =P OR FRIAS LRI A BRI TIE. KIS IR 53R, 2013, 22(3) : 299-306.

I, XIAX, B%, R, i, 2 =ikl AR B LR K SO R T KRR 5 8, 2018, 27
(8): 1809-1818.

ERF, FER. = XAR R E AR R, £, 2010, 29(10) ; 1892-1900.

EER, &30%, BTRL, REW, BIUR. SBRE I X ZRAHEE 80 2 It 58, ilDURPI#HE5E, 2000, 18(2) : 99-107.
HRAZE, FaJL, sULR. L. Juat. @A M AAL, 2006 84-85.

A, i, EEW, KA. SRR L R LA A, JEnt . B A, 2012; 130.

Assouline S, Or D. The concept of field capacity revisited: defining intrinsic static and dynamic criteria for soil internal drainage dynamics. Water
Resources Research, 2014, 50(6) . 4787-4802.

WORY, R, W, AW, sk& b, VL F WA R AR S R 1K R A BRI, o EDK R R FERLS ) 2005, 3(2) -
92-96.

L, OO, RAEIE, BERRTT, SRS, Wb R AR S T A SOK FIRK AR JD. AR AR, 2018, 38(11) : 3889-3898.
X, EERA, SR, RBHR, XM, A EPEE S LK TRl 3K SCHoNE. UK B ARER, 2010, (5) : 41-44.

WROCHS, ARPLR, SR N, Bl ar, Ay, PE2 5. I US R Al oMo R 30K B I 152 . AR 25284, 2017, 37(15) ; 4998-5006.
fodrte, TKIL, K—F, XIEHt, Bks, Koz, JEE, Glin. TR WL S MoK IR SR D) RE K AN X P9 T i e, AR
AR, 2012, 32(6) : 1692-1702.

Yang J, Xu X L, Liu M X, Xu C H, Zhang Y H, Luo W, Zhang R F, Li X Z, Kiely G, Wang K L. Effects of “Grain for Green” program on soil
hydrologic functions in karst landscapes, southwestern China. Agriculture, Ecosystems & Environment, 2017, 247 120-129.

M, BRWIZE, k4. B b XA R 2 S E R R ok 3R s ) AR S AR, K R4, 2004, 18(3) ¢ 53-56.

Papanicolaou A N, Elhakeem M, Wilson C G, Lee Burras C, West L T, Lin H S, Chark B, Oneal B E. Spatial variability of saturated hydraulic
conductivity at the hillslope scale; Understanding the role of land management and erosional effect. Geoderma, 2015, 243-244 . 58-68.

Sun D, Yang H, Guan D X, Yang M, Wu J B, Yuan F H, Jin C J, Wang A Z, Zhang Y S. The effects of land use change on soil infiltration
capacity in China; A meta—analysis. Science of the Total Environment, 2018, 626 1394-1401.

LiuZ P, MaD H, Hu W, Li X L. Land use dependent variation of soil water infiltration characteristics and their scale—specific controls. Soil and
Tillage Research, 2018, 178. 139-149.

WEA, ZHOC, ZAC, Wi, ReK. WIR S s A AR X R R RGN R MERE. A5, 2012, 32(2) : 538-547.

Gan M, Jia Y H, Shao M A, Guo C J, Li T C. Permanent gully increases the heterogeneity of soil water retention capacity across a slope—gully
system. Agriculture, Ecosystems & Environment, 2019, 272, 206-217.

Yang F, Zhang G L, Yang J L, Li D C, Zhao Y G, Liu F, Yang R M, Yang F. Organic matter controls of soil water retention in an alpine
grassland and its significance for hydrological processes. Journal of Hydrology, 2014, 519 3086-3093.

BT, AR, XIEF. AEX B RUKYE SIZ BN . K+ O REEAR, 2006, 20(3) @ 154-157.

FE, i, KB, W, ABR ST AR RIS MAA AR K SO LRI, 2016, 31(1) : 8-12.

A8, WSS, BRI, BRI O L AR T RA R SR LK A3 Py B 5T B K IR SR D RERIF 9T . K L IRIE2E4, 2011, 25(2) : 87-
91, 96-96.

Mige, 89S, Bk, HaE%E, ZEE, IKEME, BT AL SRR ARbR F 3 B T KOK IR SR S RERIF 5. K L AR R A
2013, 33(2) . 83-86, 92-92.

http ; //www.ecologica.cn



