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ABSTRACT

In this study, the measured high-pressure water content of 30 kinds of soil sam-
ples was obtained by pressure plate extractor, and measured -1500kPa water content
data as residual water content was suggested by van Genuchten (1980). In addition,
6 was regarded as an unknown parameter, and determined by curve fitting. Eight
kinds of different methods were applied to estimate residual water contents. The
practicality and applicability of these methods were discussed separately, in order to
determine the parameter 6, of van Genuchten model under high pressure condition.
The result showed that the best-fit ;, which was regarded as an unknown parameter,
is able to come out the trend of measured data, and it is the most simple and rapid
method. However, in the absence of measured high-pressure data, the curve fitting
method combined with soil moisture factor (MF — 1) or the USDA — NRCS (2011)
empirical formula, is used to estimate the residual water content so as to establish a
soil water characteristic curve closer to the measured high-pressure data.

(Keywords : soil water characteristic curve, soil residual water content, pressure plate extractor)
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Figure 1 Typical plot of the soil water charac-
teristic curves based on Eq. (3) («

=0.005, n=2, m=0.5, 9.= 0.5, 6,=0,
0.1,0.2,0.3)
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Figure 2 Soil water characteristic curves of soil samples
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2 Ko Frtkh Rz e &

Table 2 Fitting parameters of soil water characteristic curves

0 , = -1500kPa & 7K & 8 HIHE

0= WERESHE

BEAIK ST
PREEHRS a8 JEERK Sy FRERIK ST
0 s (cm® cm®) ey B n R? = 1 n R
O ¢ (cm® cm®) (kPa) 0 (cm®cm?®) (kPa')
5t 3
() ot 0.483 0.268 00107 2163  0.996* 0.286 JOL 005 298
500
@)t i 0.540 0.339 00262 1659 0975 0.146 ST 160 29
@) =X 0.457 0.090 03281 1522  0.989* 0.068 QAL 1406 2O
= 2
@ fE3L 0.453 0.313 00173 1862  0.989* 0.296 g9 100 2989
(®) 5 HER 0.472 0.103 01645 1573  0.987* 0.000 o7 agua 29
6 KR 0.464 0.118 01971 1513  0.990* 0.084 2305 a9
(7) HPbk 0.478 0.154 02329 1538  0.993* 0.134 S 2
R
®) 5 0.453 0.167 08820 1435  0.992* 0.154 o989 ages 29
©) & 0.476 0.164 02405 1553  0.995* 0.149 230 ram )98
(10) 4t 0.466 0.226 07955 1444  0.995% 0.219 0852 )95 0997
7 *
(11) 5 1 0.489 0.177 00535 1779  0.938* 0.124 0083 4408 0941
0
(12) 5 2 0.470 0.232 01196 1532  0.988* 0.183 0242 1578 09%
8 *
(13) 158 1 0.476 0.253 01790 1509  0.990% 0.225 g0 1m0
(14) @8 2 0.472 0.150 03164 1558  0.994* 0.138 o3 1aes )
(15) F= 0.468 0.320 00323 1588  0.970* 0.127 0076 4494 0984
3 *
(16) % 1 0.444 0.257 0566 1490  0.985* 0.219 0308 1264  0.995
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— A& FEARAI Q) #tE o &G
ESE a ~n e LLERELGAI R 5 S Hh 47

1903

B ERE 1€ (van Genuchten and Nielsen,
1985; van Genuchten et al., 1991; Kosugi, 1994;
Cornelis et al., 2005; & Z¢zFE - 2011) » FHtE
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H a {H5ff1¢ 0.0095 % 0.8820 kPa™ ~ SEH41H
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Figure 3 Relationships between soil mois-
ture factor (a), clay content (b), organic matter
content (c) and residual water content
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Figure 6 Soil water characteristic curves
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and residual water contents of soil sample (18)

IEAh > HBE (15)~ 1% (18) 4K (et
a0 E-MF-1-3 (430 (5) &= (6) 2
S5 T AR LAY R 4R HBL R EREAIE
(8bar ~ 12bar ~ 15bar) 11 RMSE t91FF IR il
/NHYZERE o £ BE (15) 5 fEJ57ARY RMSE B4
PUks AR > 9% 0.006 - BIZZH 0 {H o0/
1% 0.061 %] 0.127 (cm® cm®) 2R - EFEER
smE R TAE T AMSE O fH > HA i 0.061 |
0.127 [EAYRFEE - HAE R T AER S nl ez 1y
FH i th 4R A B E — iR B IP thRE iR b —
SO FHE LA (18) HYRMSE({E9 5 0.014 »
H O A5 0 £ 0.07 cm® em™®) 2 » X,
FATE &G R T A S T2

1910

0.6

0.5

0.4

0.3

(25)1g B AL
O Measured data

----- Best-fit (0r=0.288)

-1500kPa water content (6r=0.324)

MF-1 (6r=0.043)

— — = NRCS Eq.(4) (6r=0.077)

0.1 4= - = Seybold and Harms Eq.(5) (6r=0.076)

----- Seybold and Harms Eq.(6) (6r=0.085)

= = Air-dry (6r=0.301)

= - =0ven-dry @50°C (0r=0.313)

0.2

Volumetric water content (cm? cm3)

0

0.1 1 10 100 1000 10000 0.1 1 10 100 1000

Matric potential (-kPa)
@9 1Kk (25) Z/KSFFMErh4R R SER
Koag

Figure 9 Soil water characteristic curves
and residual water contents of soil sample (25)
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Figure 10 Soil water characteristic curves
and residual water contents of soil sample (28)
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AL LK (R (MF - 1) 2t (4)

FOKAGEER K &8

SR PTEEILA K R

AR ERERGAT = R TT B EMIE -
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T 5 NE O BRI R a2 B e 28

Table 5 Fitting parameters of soil water characteristic curves from different &,

r =NRCS = (4) 0r = Seybold and Harms ={; (5) 0, = Seybold and Harms =, (6)
PR ES

* 0, o n R2 R 0, o n R2 R 0, o n R2 R
(cm®cm®)  (kPa) MSEf  (cm®cm®) (kPa?) MSEf  (cm*cm?®) (kPa?) MSE+
() =F; KX 0. 04 13 09 00 0. 0. 1. 0. 0. 0. 0. 1. 0. 0.

U 054 624 58 95 (08 032 5432 301 994* 015 042 5071 324 994* 010
15) = 0. 00 11 09 00 0. 0. 1. 0. 0. 0. 0. 1. 0. 0.

HiE 106 792 04 89* 06 061 0846 089 989* 006 067 0839 091 989* 006
(18) KIZM T 0. 01 11 09 00 0. 0. 1. 0. 0. 0. 0. 1. 0. 0.

W 070 034 00 77* 14 058 1053 096 978* 014 067 1039 099 977* 014
(25) 18 ELAHT 0. 01 10 09 00 0. 0. 1. 0. 0. 0. 0. 1. 0. 0.

U 077 092 96 90* 05 076 1094 095 990* 005 085 1078 098 990* 005

0. 0.0 1.0 0.9 0.0 0. 0 1 0. 0. 0. 0 1 0. 0.

(28) 1RELHERE ' - .
118 186 73 85* 02 081 0189 064 984* 002 086 0189 065 984* 002

6,=MF-1 0= G EEE 0= L EE
RS EL

* v o n R2 R Or o n R2 R Or o n R2 R
(cm®cm®)  (kPa?) MSET (em®cm?®) (kPa?) MSET  (ecm®cm®) (kPa?) MSE+
B) =&; k% 0. 06 12 09 00 0. 0. 1. 0. 0.0 0. 0. 1. 0. 0.

il 014 086 67 92* 24 085 3467 491 994* 39 095 3124 552 993* 054
15) = 0. 00 10 09 00 0. 0. 1. 0. 0.0 0. 0. 1. 0. 0.

= 063 843 90 89* 06 305 0366 450 980* 10 323 0315 628 967 013
(18) KIZM T 0. 01 10 09 00 0. 0. 1. 0. 0.0 0. 0. 1. 0. 0.

W 028 095 87 78 14 276 0514 389 950* 19 285 0483 442 943* 020

(25) 15 H A 0. 01 10 09 00 0. 0. 1. 0. 0.0 0. 0. 1. 0. 0.
i 043 150 86  90* 05 301 0424 440 996* 05 313 0376 539 994* 006

0. 0.0 1.0 0.9 0.0 0. 0 1 0. 0.0 0. 0 2. 0. 0.

5 IS . .
(28) A% 083 189 64 84* 02 346 0115 508 992* 02 373 0091 541 945* 008

= 1 =58 /JE 8bar — 15bar 1y RMSE

*HE SUHHE KAE
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AR WEG KRR EL
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HZRIERZ B R PTG /K R MR SR AT = R T B
HYZREIA S AR - HHHEEZ O fHAY RMSE
[EEZARAG /N BHEFE A ERE RS E iRk
(R LR DB TR (BB - I E B Lh
[EZE S o I B Eestat - B LAA s
EEAF K @)~ KX 6) &3 (6) HFERE
BR/K S E BTy - 4508 30 FE ARV ST AL
w2 0 DI (4) PSRy RMSE By o (B
(6) F=L (6) -

TR EE (MF) R ARwseA 2 HE
IR R E/KE » CARPRRAEZER - BIEE
EARECEETY -1500kPa » FTLAIZK I AEUE B
REBERK > EEME (ZE5R5E 0 2008) - Kb
el LEELA MF — 1YEEUY 6 B » {EE5R
NEINFRE > thiER G o (EEE > AAE
/NHY RMSE -

1 0 SRR SE > BRth#Ea T
RS EE AR S 0 5 - PEHEARSEE
K rEREEAXERIERE - RMSE
i/ 0 B RE HE M IR B R B I E R A
& B R MREREN A - E > &
BEE 6 - EATETK YRR R 8
A S EARAEE R BN EER
iy RMSE thZEa( - (URILARE S
AAEHUANT S LR R K & & - 2
FERZ SR ITBMERATRI T - L5
K3 &% (MF - 1) =t USDA — NRCS (2011)
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B REERTEILAK R SR ERERE AT
SRITEEHIE -
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