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326 bR B 9 L 20 BUAS AN /0 i (L 76 5 9 2 4 X Jaf
(AR S BIF 5 0 S 2 AR S B S8 AR A5 e b T o
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1.1 HEREXER

PR 26 B JE B Ml (32°56 ~ 34°19'N,102°08" ~
103°39'E) 1 #k 3400 ~ 3900 m, 7 3 Hb X g < Fifi 1
Ly v gl T e T i 2 R, P S X K i P
R SR A o T b VS i XA E iR R, ™
LM FEANH LK E, 4R AR R
=337 CLAEFHARWMAA 1 C, 4 H B E
2400 h, Jo 4 %) JC R o 1% i X AR B K 2 650 mm,
Hr86% EhET4 A TAZEI0 Aha ", BT
XA FE W K i T H K 28 R RN, 2
TR R 0 BRI, HEK AW 15 i 3R 288 Ak T it i
R, R FEAEE L B ekt B
i - R ) A5 R S AR R R I M R i X
(LIRS ARG LA R 5 v E ) - 8
TG, L JRIEEEZ) 30 ~70 cm, )2+ NP R
RIR W FE X LA H s ((Kobresia ) (g ( Polygonum )
Y0 LB R A 5 (Festucaovina Linn. ) | P4
JIIE B ( Kobresia setchwanensis Hand — Mazz) 3 f8 P
B8 5L ( Elymus nutans Griseb. )%
1.2 ELWig

A5 AE 215 BLORN #5 R 3 B AL A 3 36 SR A
SO D) gy oy 24 AN JEBRAE A, 12 D IR IER
o BARES, B/ FH LR ZESY
T HE e, TR R, DAk B BORE (AR vfE . SR G
TR A (fif 22 Eijkelkamp A7), 145 07.53. SE)
e LR )Z (3 ~8 em, TFRALFE 0 ~ 10 cm ) BUAEFH
100 em® (5 em, 42 5.05 em) FURFR JJ L R4
2 4l HGRE SN IR SEIG E L IO 4 C I UKAE TR .
FEIR T) R AR A5 [ B SR 2 3 1 19 B A (29 200 g)
ST i i RPN Y 5T T
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Fig. 1  Location of the study area and sampling sites
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(E5 A5 H9 10 C) 05 L HE K A HRAE il 28 R 7
R 1R g AN (fif 2= Edjkelkamp 23 &) 1 %2 A~ [A]
W AR E KR, Hrp WA E N
B4y RIh -1, =2.5. =10, -36.6, —63. 1,
- 105 em H,0; JE Jy B AL ¥ ¥ & 1Y W 1 KW
-330, =500, - 1000, - 5000 FI - 15000 ¢m H,0,
HARIRAE D RS 25 SCHR [20] o 7K 23 ¢ AiE il 2
SO I B BR T RE SR ZE 105 °C B HEAE L HE T 16
~24 h FEHE, HHEF KV (0.001 g) FRE, it 515
P LIERH(p) o HELFEARNKT, ZERR R A5
ST PRy o — A KT RE fh it 2 mm i, 2R
SEIMAT4 — 12 Master 2000 3 ¢ ki B 43 Hr A% (4
SEIMAT 25w ) I 7 - 38 WORE 2H 1. UKL 2H B 45
Fie 185 [ ) - 0 bR e WP KL 2 ~ 0. 05 mm, ¥ KL
0.05 ~0.002 mm FIF R <0.002 mm, #H—F 4 K
THESL I 100 H b 5, A P & & R T 5K R 4 41
JnFEE (il ) (GB 9834 — 1988 ) Il 5k 21 B AN
AL E R ERERE 3 W BCFHE
1.4 HREBRBENHESRHIE

1.4.1 B4
1.4 1.1 SEAH TR

SR TR LA 5 I A5 14 SR A W B P Jo
B AR R S DA R O AR 2R S B0

2R E A B, AR R A van
Genuchten (1980) "/ #7 , $b143 520 ) 7K 43 45 1iE fih £k
(0h) %4, H KXW T

6. - 0,

(1 +1 ah1")" (1
K, 0Ch) ARG KE (em® « em ™) 50, N+ 5
MAE KR (em® -~ em ™) 50, N £ S KR
(em’ + em ™) ;h N HIEW Sy (em) s JEH ST
MRS E G FMom RIERE,Hm=1-1/n,

EN T RE I D 8 A N 7 N o 5 2
RETC 373 58 X - #£ () van Genuchten % 2 %k
0,.6, .o Fll n, Z J5 %M e /b 3L d# A S AEL
PEJ7 R4, e J ) Picard YRR EAT SR MR
BRI 24 2H A HERE G 19 B A 384k 1 5 A+ S8 0K
FRAE il 2 85 R0 2 B8, 43 1 1 37 van Genuchten
(1980) BRI 4 D240 6,.6, . Fl n [ ZITB P LK
(e CINE oy
1.4.1.2 A 388 R R A5G B3 A5 AL A 7t

AR E A A L B . () M EA B+
BB AL R BT 5 R E AR BT T Y R R UK A
AHSEME 3 B 5 (2) 1 22 6 (81 VA 43 By 125 3 7 e 2 Bk
Jr T 3 5 K B A S RS B A P BT Y eR K
F 2, A 5% X 380K J) 2 2 50 PTFs,
Horr 75 1 T SPSS R 2 Ju Mk % A0 (8] H J7 A 44
A PTFs 1y ft b, X5 S B 72 B A0 3 A B AL
PEBT, RS B A8 1 0 RS 1 ) sr ik R/, 2 A
A (HEAS TR T ) B D 11 UHSF O A F RS
BF A #E L O B — 2 Hag gl A — 1722
i, DT A S AR [0 05 O R 2R — A B AR R S A
ST A R BT O B U 2R S
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pACINERu i
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IR BR A A SCHE ST Y A% 3ok ek RO 25 R oE
FTHE BE 3 A -

N
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E, —FPZP:]E” (3)

K, E, &K 125 S50 S8 5 52 DU AE 19 A0 X 1%
ZEZ A, bR p REK I 2= 240,10 6,60, .o Fl g
E CHFHZES i A~ R RSB EAES YA E
(S R 0045 T A5 1) 2 B0 ) A X 158 25 (48 0 {H)
ZEAN T, Ry e 28 ) 0 i A AR B RRE B
M LLH s E, S 501% 38 R B0 S S A XHR 225N,
ZHAB(AEP N, =4)
1.4.3 BRI

TEH 4 Fh EZE S BUG R BRE T (R 1) 51
A0S B B O L, AR 46 2 Ok X iR 22 F0oF
PP R 15 22 2 S 1 0 MR ASE R 1143 P P

2 HRS1HE

2.1 ZWHENEXSIT

W IX HHEA TN 0.45 ~1.34 g+ em °, HiIYy
fHM1.01 g - em ™, L 3ERD R & B 13. 04% ~ 63.76% ,
BRI 4.33% ~47.93% (£ 2) . M4 0K 41 0
SPRAE TIERA FE R FUE - LA,
BRI 2 AR, RIEA IS R 3.51% ~
11.84% , %5 ) 22 B K. WA FKE(K) N
0.04 ~45.87 mm - h™' (% 2) 2 M2 FH K,

K i van Genuchten #5780 Xif 4 1€ 7K 43 45 fiF i 28
W 45 R AT IS 15 BB S 400, G A S T &
3, AR K B R AR 2 A LB SR i K
T IE TR AR AR A, BN AL S+ S E
FIE 5 7K 43 (W AE BE 7, T HL B il - 8 7K U5 7 1

Rl AXNERPEMEREHERERX

Tab.1 Selected models in this study

8] ISPy
0, = 0.81 —0.283C, +0.001Cs

Vereecken (1989) 6, = 0.015 +0.008C, +0.005C,

o 1 lga = - 2.486 - 2.671C, - 0.204C, +0.025C, - 0.023C;

lgn = 0.053 - 0.009C, +0.00015C,> - 0.013C;

0, = 0.7919 —0.29619C, +0.000821C,> - 0.000001491C,> +0.001691C, +

0.01113/C, +0.02427/C; +0.01472InC, - 0.000619C, C5 - 0.001183C, C,

a = exp[
Waosten (1999)

~14.96 +15.29C,4.671C,> +0.464C, - 0.00687C,> +0.0351C, +0.0663InC, +0.03135C; +]

0.1482InC5 +0.0449/C, - 0.4862C,C, —0.04546C,C, +0.192(topsoil) +0.00673C (topsoil)

gyt —25.23 +45.5C,7.24C,* - 0.194C, +0.002885C,> +0.0074C, —0.02195C; +
n = 1.0 + exp| 0.0003658C5> - 44.6InC, - 0.0709InC, - 0.2873InC, - 0.02264C,C5 +
0.0896C,C, - 12.81/C, - 0.01958/C, - 0.1524/C, +0.00718Cj ( topsoil)
6, =0
6, = 0.6355 —0.1631C, +0.0013C;
Weynants (2009) a = exp[ - 4.3003 - 0.05767C, +0.0138C; - 0.0097C, ]
f gy (14 n =1.0 +exp[ - 1.0846 - 0.0085C, +0.0001C;*> - 0.0236C;]

6, =0

Schaap (2001 )T}'ﬁﬂ““

ZWSCHR[ 6 ] 942 B8, 76 RETC b 5 IS Bl 5

TE:C .G, C Cy B Cs SRR LR p(g - om ™)  HHETHUR A i (g - kg ™) LA PR AR AR & 1 (% ) s Wosten (1999) 451 1
 (topsoil) 7 BR824 R EIRIZ D 0 ~ 30 em WFIRUE 1, L HERIE > 30 em W, IUE O AR BF 5T L HERIE D 0 ~ 20 em, #HR{E 1,
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REJ1. W58 X b AR A& Ok o6, R /NE N

0.54 cm’® - cm73,§-ijt1'ﬁﬂ~j 0.81 cm’ - cm73,i/;]ﬁ
#0.66 cm® « em 7, - HE W A oK H 0, 7 0.21 ~
0.56 cm’ » cm 23 A] AR AT OK

SRR i I AR BEAR R R, R EAT S RS
Aii, R 207 BOL I BON Tt — 2B g8 it #r
[A#£,van Genuchten ¥ %I 2% 6, Fl 0, £ & £ 70
Aii AAZ R o H n AN RETH AL 2 [ U A6 5 iy LR 1)
IEASTEAR B, T 5 2 B e e 0 W B0 T it
— LG A

van Genuchten ( 1980 ) £ %I 2 (5 - 3¢ JL A< #
PR B AR G 3 AT d s (3R 4) B B 5 K
0, 5 AT R O OE, A LR S RO KL

R A ARG R SR 0, S A EMY
B g R B EONSE, SR & 2 EHC lga 5
T E AR A R A, SRR R R
3 IE ARG s 1gn H 55 - HEAUB AL B ) 0 L 0 R L
B ) 5L I R S R R K
2.2 HRBEEHSHHEERNESRHIE
2.2.1 fREAUHEST

A FE R A2 3 pR BSORE RY ) 24 21 5040
UL SERTHL T, O b L S
58.33% (14 #41) , Wb + 25.00% (6 41), ¥y 4 +
12.5% (3 20) , 51+ 4. 17% (1 40) . JH T1% 3% o %K
AE 5 H BB 53 Ah 12 B s, S BT
41.67% (5 41) , B4+ 25.00% (3 41) , Wb HE + Fn g

x2 TEHEFEFEBEAERNSITTZEHE

Tab.2  Statistical characteristics of basic physical and chemical properties of soil

P 5 A CIERIREE| e/ ME PN 218 B fH
KE/(g+em ) 0.45 ~1.34 0.45 1.34 0.89 1.01
HHLE B/ % 3.51~11.84 3.51 11.84 8.33 7.36
ok 2 5/ % 13.04 ~63.76 13.04 63.76 50.72 45.18
MR/ % 29.95 ~60.05 29.96 60. 05 30.08 43.02
Bk i/ % 4.33~47.93 4.33 47.93 43.60 11.80
MG AKZE K,/ (mm - h ') 0.04 ~45.87 0.04 45.87 45.83 3.76

#& 3  van Genuchten & S ¥ %1+

Tab.3  Statistics of van Genuchten model parameters

[EEE 24 BAE S e/ ME IS FN:] Z1H ¥iH
W E kR 6,/ (em® + em ) 0.21 ~0.56 0.21 0.56 0.35 0.35
MR K 6./ (em® « em ™) 0.54 ~0.81 0.54 0.81 0.27 0.66
AR 0.01 ~1.19 0.01 1.19 1.18 0.16
TR R K n 1.03 ~1.69 1.03 1.69 0.66 1.37

& 4 van Genuchten(1980) R S5 +IEE KRB R A Pearson X4

Tab.4  Pearson correlations between van Genuchten (1980) model parameters and basic soil physical and chemical properties

HE lg(Woy) lg(Vna) lg( V) Ig( Vo)
0, ~0.558 % = 0.628 = = -0.170 0.259 = -0.397
0, -0.956 * 0.163 ~0.538 % = 0.527 * = 0.010
lga ~0.491 * 0.100 0.474 = ~0.470 * -0.046
lgn 0.268 -0.318 0.429 = ~0.431 % -0.177

HWonER E ARG (g- kg™ ')
NP e

Viand Vi Veray 28 IR AP HL |

WYRLRZERAARTL G 8 (% ) 5« il + = 43 B FERFE 0.05 K 0.01 /KFF
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T 4,5 16.67% (%2 4H) .,
FIJH SPSS £ 5038 A 4Pk [al 5 43 Bt , 453 2 4 F Jwl
7 2
6, = 1.021 +0.2731g(W,,) - 0.4311g( V) -

0.196lg(V, ) (R’ =0.62) (4)
6. = 0.860 —0.292(p) +0.060lg( W,,) +
0.10471g(V,,.) (R* =0.92) (5)
lga = —5.041 —0.664(p) +2.7511g(V.,)
(R* =0.27) (6)
lgn = 0.391 +0.2041g(V,,,) -
0.366lg(V,,) (R =0.33) (7)

H LA B2 SCRT UL S 05 Kk i 0, 9 1 3k R K
LA WO BF IR R GRF T 0,92, 40 & %
HOAHLRMER SR 3 AL R, Kb AENH
EERPW N T o A EBGR ,  ORL 2 [ A L B
LR K AT, SO A el R B E . 7
KL R B SOk 0, B R RN T, AR S
IR B IR N 15 il B KRS R R R UM
KRR, MEFRERHLLRAEH . lgn 19555
BRSO R L B B R R e g (V) 1Y
i 11 A 2 B o A e i, HL R BOAH 5G 5 BOORE 5 4 2 IR
LR N T
2.2.2 L3 RS B RO Y HO RS i

FH A 186 bR R IE 5 LRSS 55 Ah 12 S5, &
T A ARG 6 B B2 18 TR Ak B, 339 W A2 TR 2S5
A o 8 3 M X R AR AT 00 26 SR AR BT 5 I 4
S ) A 13 R RO 4 R b AR ek R,
T %k K b B A R AR PR SR G 5 van
Genuchten (1980) # B 2 ¥ {H , i H AL Z + 1k
3R AE pH 2 S I 0 UL i A 2 MR B AR R IR 22
XA i ¥ S 1) - A% 3 R AT T A AR B
UE, FE Y A HBUAT A% 26 eR K L 25 PR, 45
R s s

5 4 T E ] AL 2 pR BOXT LB EFR , AS BF
FEN 1 AL 1 oR BT 1 2 B T E R, DL
250 R 5% 0, B AHXT DR 22 /) s Wosten (1999)
BEAUAL FAH LA lgor (9 A X 158 22 B /15 BT Schaap
(2001 ) #E RY Al 5 285 5 7%, A 38 1 FD M 4 o 2
B ASE 1gn WA X R 22 /o SRTHT, SRS S R
A S P AL XS 158 25 AN BB Y A S AR L 1 3 M . oA
FHEI foe LR A% 18 R R, — BB BT T B X RS2

RS AREEFRHEEESINHEUSEHETIRE
Tab.5 Relative errors of estimated soil hydraulic parameters

using different PTFs with the fitted parameters by measured

soil water retention data

8 T %
BE s
e b+ ML L
0, 0.00 -2.70 29.36 -2.78
0, 9.37 6.25 8.70 17.39
A3
lga  -22.29 -8.92  -53.55 ~24.00
lgn  -52.00  -20.00 -76.47 -52.17
0, 38.24 35. 14 36.11 83.33
Vereocken  0s 79.69 76. 56 82.61 85.51
(1989)  ga  384.71 396.82  391.61 344.50
lgn  -84.00  -55.00 -105.88  —291.30
6, -100.00 -100.00 —100.00  —100.00
Westen 6, -26.56  -29.69  —24.64 ~18.84
(1999)  1gq -7.01 -7.64 -3.87 -21.50
lgn  -76.00  -70.00  -58.82 -91.30
0, -100.00 -100.00 —100.00  -100.00
Weynants 0. -26.56  -28.13  -27.54 -21.74
(2009)  1gq 25.48 25.48 35.48 11.50
lgn  -68.00  -55.00 -47.06 -82.61
6, -85.29  -89.19  -83.33 -69.44
Schaap 6, -29.69  -32.81  —26.09 -11.59
(2001) e 38.22 24.20 54.84 ~16.00
lgn  =20.00  -10.00 41.18 -47.83

T 4 W 5, U Wosten (1999) 485 71 il Weynants
(2009) BLALEE S50 0, Vel 0, BRI, 56 GiF AR 11
YT LR A RS A S 80 (AR R 22 1 25 5
KAL) F(3) 50 BT 4 4 4% 35 & BT 15
SR FAA (0, .0, g Fl Ign) AR XS 32 22 Z 15 F
BI85 R R B, R ARG S 1) 3 4% 3%
oRER BT A% 2 BOAG B P g 1A G IR 22 Z R
(28.16% ) & T Wosten (1999) #i Bl 1y 7. 78% Fi
Weynants (2009) $7 [1) 25.65% ;1gn AR 22
F1(52.81% ) & F Schaap (2001 ) %% %) 28.27% ;
0, F1 0, MR X% 22 35 /N F HoAth 4 Fl % 335 oR 4K
5B V0 P e o
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2.3 REERERHNHESRIE
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Fig.2  Comparison of the estimated soil water contents by PTFs group A and the measured soil water contents under different soil suctions
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Pedo-Transfer Functions of Soil Water Retention Curve for
Alpine Meadow Grassland in Zoige Area, China

CUI Junfang', DENG Jianbo'?*,LIU Chuandong'”’ ,TANG Xiangyu'

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China
2. College of Water Resources and Hydropower, Sichuan Agricultural University, Ya’an 625000, Sichuan, China;
3. College of Ecology and Environment, Hainan University, Haikou 570228 , China)

Abstract; Soil hydraulic properties are crucial parameters in the studies of soil water movement and the simulation
of soil hydrological process and watershed hydrology models. Measurements of soil hydraulic properties on many
samples are very costly and difficult in alpine regions due to tough field works. Research on the construction of
Pedo-Transfer Functions ( PTFs) for soil hydraulic parameters through samples analysis collected at representative
sites is a practical approach to determination of soil hydraulic characteristics from available soil properties at
regional scale. Due to the influence of hydro-climatic conditions, soil properties and relevant factors, PTFs of soil
hydraulics parameters often present strong regional limitations, and the applicability of existing transfer function
models in alpine regions is limited. In order to obtain the PTFs of soil hydraulic properties in alpine meadow
grassland , surface soils (0 ~20 cm) were collected in Zoige grassland on the eastern edge of the Qinghai-Tibet
Plateau of China and they were analyzed for basic physical and chemical properties and soil water rentention curves.
On the basis of the results of curve fitting with van Genuchten model and Pearson correlation analysis between soil
properties and fitted hydraulic parameters, PTFs of soil hydraulic properties were obtained by multivariate stepwise
linear regression analysis. Three sets of point estimation models ( PTFs Group A, Group B and Group C) based on
soil physical and chemical properties and soil volumetric water content under specific soil suction conditions were
developed in this study. Results showed: (1) PTFs established in this study performed well with low relative errors
and average relative errors; (2) Three sets of point estimation models ( PTFs Group A, Group B and Group C)
fitted well. Results also found adding soil residue water content (#,) and field water holding capacity (6,,) to
independent variable could improve the accuracy of PTFs estimation; (3) For alpine grassland areas, where soil
data is relatively scarce, PTFs Group A constructed based on soil particle composition, bulk density and soil
organic matter content was more feasible. This study provides a practical functional tool for the estimation of soil
hydraulic parameters in alpine meadows, and its application can provide parametric support for studies on soil

hydrology, ecology and water resources management in alpine meadows.
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