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Abstract: Soil moisture characteristic curves of the two species of soils were researched. Based on the
Gibbs free energy the model of soil water potential and water content was found. As loam and loam
clay were two common soils the relationship between soil water potential and moisture losing time with
four soil water levels was monitored and Logistic equation was used to fit the relationship between soil
water potential and water content. The results show that the established model based on Gibbs free ener—
gy was quite feasible since the relationship between soil water potential and moisture losing time can be
well fitted by Logistic equation. The relationship between water content ( calculated by the model of
soil water potential and water content) and moisture losing time can be well fitted with Logistic equa—

tion. The field water capacity of loam clay was 11. 6% higher than that of the loam. However the time
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point when water content of loam decreased to wilting moisture was later than that of the loam clay

which indicated that the water-holding capacity of the loam was obviously higher than that of the loam

clay. This research could provide the real<ime irrigation technical support for the information of crop

water demand.

Key words: soil; soil water potential; water content; model; Logistic equation

Van
Genuchten « Brooks — Corey - Gardner
5-8
Brooks — Corey « Gardner
:SHAO ° Van Ge-
nuchten :
Books — Corey o 1
12-15
PENMAN '°
PRICE 7
1989

S Logistic
2 4
2 4
1
1.1
2014 4 2
( loam)
( loam clay) 1.32 g/em’
1.19 g/em’.
23.8% 35.4%( ).
1.2
1.2.1
2
5 kg
4
3 1 2
16 kg
1 .3
70% ~75% ( T1: ) 60% ~
65% ( T2: ) \50% ~55% ( T3: )
85% ~90% CK
. Tdl Td2 Td3
CKd ; 3

Tel Te2 Te3



CKe

1.2.2

PSYPRO 2
1.2.3

Excel 2010 SPSS 19.0

; Systat Sigma—
Plot 12.5
2
2.1 2
18
AG=G, +RT *1n Q (1
G Gy N
'R 0
(1+P)ps=thy +kIn(1 +P) (2)
7S MPa; P
VA k . (2) P=0
s =i, o 0
(2) 1 WP
Le Ld wcC
1 R
1
Fig. 1 Soil moisture characteristic curves
1 2
0.970 (2)
i

353

1
Tab.1 Simulation results of models of soil
moisture characteristic curves

R? k j
0.978 19.92 -3.68
0. 991 26.74 -4.49
2.2
2
t
2
2
Fig.2 Relationship between soil water potential
and moisture losing time
2a
( CKc) 4 5-8
6
5 . 4
CKe Tel Te2  Te3
2b
1) 2
3-6
6



354

-1.38 ~ - 1.41 MPa
—-1.54 MPa

Logistic

Y=Y, +

( GRSO)

(DT,,) DT

log

(DT DTy =X, +2X,/b.
2

2 Logistic

Tab.2 Relationship between soil water potential and mois—

Logistic

a

1+(X/X,)"

ya

50%

= —4X,/b;

2

-1.46 ~

Logistic

GRy, = —ab X, /4;

ture losing time estimated by Logistic equation

X, a GRs, DT, DT R
CKe 138 1.638 0.0708 542  3.13  0.994
i Tl 111 1.523 00891 409 274  0.989
- T2 0.97 1401 0.0900 3.65 1.92 0.998
T3 0.66 1.136 00709 3.29  1.60 0.997
CKd  1.43  1.407 0.0818 556 298 0.998
" Tdl 121 1315 0.1291 439 253  0.992
T2 101 1262 0.3310 3.62 177  0.987
T3 0.67 1.304 0.0783 299  0.96  0.999
2 2
R 0.987
GR,, 2
2 : 2
. DT,

3.13 2.74 d

gistic

3 Logistic

2.98 2.53d

Logistic

2

35

Lo-

Tab.3 Relationship between soil water content and mois—
ture losing time estimated by Logistic equation

Xo GRs DTh,g DTy R
CKe 1.44 0. 258 5.71 3.43 0.975
LC Tel 1.17 0. 351 4. 68 2.68 0.982
: Te2 1.03 0.232 4.20 1.51 0.963
Te3 0.91 0.173 3.59 1.38 0.977
CKd 1.58 0.221 5.68 3.72 0.933
D Td1l 1.35 0.282 4.46 2.79 0. 969
Td2 1. 14 0. 191 3.75 1.85 0. 986
Td3 0.82 0.110 2.86 1.53 0.974
3
(DTy)
DT,, DT, 2

Logistic



Logistic
Logistic

7.40% 11.67%

Logistic 2 4 |
4
7.9 6.8 6.3 4.7 d;
8.17.26.75.2d.

(1+P) s =¢py +kIn( 1 + P)

5
I lpo

Logistic

6
PSYPRO
. TDR ( )

7

2
8

355

( References)

ARASAN S AKBULUT S HASILOGLU A S. The rela-
tionship between the fractal dimension and shape proper—
ties of particles J . Journal of civil engineering 2011

15(7) : 1219 - 1225.

J. 2011 31(1):58

-66.
LIU Bin LUO Chengde ZHANG Jian et al. Soil nutri—
tional properties and moisture gradient of the ecotone be—
tween dry valley and montane forest of the Minjiang Ri-
ver J . Acta ecologica sinica 2011 31( 1) :58 —66.
(in Chinese)
LOREAU M NAEEM S INCHAUSTI P et al. Biodi—
versity and ecosystem functioning: current knowledge
and future challenges J . Restoration ecology 2001
294(5543) : 804 -808.
RUBIO A ESCUDERO A. Small-scale spatial soil-plant
relationship in semi-arid gypsum environments J . Plant
and soil 2000 220(1/2):13 -150.

. Van Genu-
chten J. 2001 12(4):473
—-478.
LI Chunyou REN Li LI Baoguo. Parametric estimation
of the Van Genuchten”s Equation by the optimization
method J . Advances in water science 2001 12(4):
473 —478. ( in Chinese)

SIMUNEK J JARVISNJ] VAN GENUCHTENM T et
al. Review and comparison of models for describing non—
equilibrium and preferential flow and transport in the va—
dose zone ] . Journal of hydrology 2003 272(1):14
-35.

J . 1992 23(3): 142
- 145.
YAO Qihua DENG Yinxia. The research of soil water
characteristic curve model and its forecast method J .
Chinese journal of soil science 1992 23(3) : 142 — 145.
('in Chinese)
VAN GENUCHTEN M T. A closedHform equation for



356 35

predicting the hydraulic conductivity of unsaturated soils 14  KELLENERSTJ SOPPER W O AYARSJE et al.
J . Soil science society of America journal 1980 44 Calibration of capacitance probe sensors in a saline silty
(5):892 —898. clay soil J . Soil science society of America journal
9 SHAO M A HORTON R. Integral method for estimating 2004 68(5) :770 —778.
soil hydraulic properties J . Soil science society of 15  BINDLISH R BARROS A P. Multifrequency soil water
America journal 1998 62(3): 585 -592. inversion from SAR measurements with the use of IEM
10 . J . Remote sensing of environment 2000 71(1): 67
Brooks — Corey J . - 88.
2006 22(8):1-6. 16 PENMAN H L. Natural evaporation from open water
ZHOU Chaowang XUE Xuzhang ZHANG Renduo. Es— bare soil and grass. J . Mathematical and physical
timating Brooks — Corey model parameters based on soil sciences 1948 19(3): 120 - 146.
water infiltration data under two kinds of negative water 17  PRICED T BLACK T A. Estimation of forest transpi-
pressures J . Transactions of the CSAE 2006 22 ration and CO, uptake using the Penman—Monteith
(8):1-6. (in Chinese) equation and a physiological photosynthesis model J .
11 . Estimation of areal evapotranspiration 1989 17(2):
J. 213 -227.
2012 43(3):51 -56. 18 . J.
LIU Jilong MA Xiaoyi ZHANG Zhenhua et al. Pedo- 2011 26(2):67 -72.
transfer functions of soil water retention curve based on ZHANG Ying. The research on the multi functional
joint multifractal ] . Transactions of the CSAM properties of Gibbs free energy J . University chemis—
2012 43(3):51 =56. (in Chinese) try 2011 26(2) :67 —=72. (in Chinese)
12 JACKSON R D KUSTAS W P CHOUDHURY B J. A 19 . J.
reexamination of the crop water stress index J . Trriga— 2015 35(4) : 62 -66.
tion science 1988 9(4) :309 -317. ZHOU Wenan JIANG Bo GU Lihua. Measurement of
13  LAMBOT S WEIHERMULLER L. HUISMAN J A et soil moisture constants J . Journal of China hydrology
al. Analysis of airdaunched ground-penetrating radar 2015 35(4) :62 -66. (in Chinese)
techniques to measure the soil surface water content
J . Water resource research 2006 42 (5): 114 ( )
-119.

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII>ID

( 324 )
15 . a hydroelectric plant J . Power apparatus and systems
J. 2005 29(2): 1962 81(3) :403 -418.

5-8. 18  KUNDUR P. M .
GAO Huimin LIU Xianlin XU Zheng. Effect of detailed : 2002: 270 -278.
hydro turbine models on analysis results of power system 19 MELLO C KOESSLER R J. Hydraulic turbine and tur—
transient stability J . Power system technology 2005 bine control models for system dynamic studies J .
29(2) :5 -8. (in Chinese) IEEE transactions on power systems 1992 7(1): 167

16 ~ ZENG Yun GUO Yakun ZHANG Lixiang et al. Nonli- -179.

near hydro turbine model having a surge tank J . Ma-
thematical and computer modelling of dynamical sys— ( )
tems 2013 19( 1) : 12 -28.

17  OLDENBRUGER R DONELSON J. Dynamic response of



