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ABSTRACT

The modeling of water movement through soils  typically requires
the functional representation of soil hydraulic properties, such as the water
retention curve. Among different water retention models, van Genuchten
(VG) model is an appropriate one. The objectives of this study were to

. quantify relationships between the VG model parameters and soil physical
properties and to select equations that are useful for prediction of VG model
for soil water retention curve. Fifty four soil samples were used for soil water
characteristics determination by ceramic plate extractor, soil particle siZe
determination by hydrometer method, soil bulk density and soil organic matter.
Multiple regression was used to determine the relationships between m and
h, (soil water suction at reflection point of the soil water retention curve) and
the aforernen;ioned soil physical properties. The results indicated that multiple
regression models may be used to estimate, with acceptable accuracy, the
water retention curve of VG type from soil sand content, bulk density and
Hrganic matter percent. The proposed regression models were used for
prediction of soil water retention curve for three different soils with an

acceptable accuracy.

Key words: Pedo-transfer function, van Genuchten, Water retention curve.

1. Professor and former Graduate Student, respectively.



Sepaskhah and Bondar

RISTARCSPY L ]
YA -0-VVA (AYAY)

s 92 i giS 319 S ST 4t (it [yt
S S s 3

QI a5 ol giaulysn Lid yule

S83Ns (5,9l 2uSiila (gl T (B wb ) (alih SIS iy (s gty 5 sl S 5 4

e

<“J|‘_,;a| U.n)'.a.ul (5540 s_}'_)._ﬁ.-.‘-'; n‘:q]‘)._u'n'.n

odu>

of miiie et wuile (Sl uas il oS o oT aS5a 5aS Jue sl

ols Jae o SLa O mdte iate gl Glide sla Jue Gum 5o ol a3Y SLA
Jime Jalse o (ol gn €GIO1 B g5y ool Caa ol b 0T 555 Gl 31 (S5 534 008
Caddia ade Olats La 0T s 310 sasn S (Soui sla (S5 5 o538 6K 5l
Jolow ol€ iy o Sl 32 0F gl S OT daddie el cu) Huedd 1) S T
ol waasu 5 SA oall B st yuma Ghas & (SO GhaS sl G sl
i o SLa O 2e) hpy m (34 538 51y Jealye Gamr bl ad Guaaad S AT
Gliia b S oy © S K56 gla S5y 9 (S O ceddne Jate cile
ol oo b ol S GlSaig a5 Ll Gl 48 sla o lis malis aaT cws &

sl & nd se s sy 3 SLA O dad it L uaia GaedS gl o s
106



Estimating van Genuchten soil water retention curve...
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INTRODUCTION

The modeling of water movement through soils typically requires
the functional representation of soil hydraulic properties, such as the water
retention curve (soil water characteristic) and the hydraulic conductivity. The
unsaturated soil hydraulic properties are commonly represented by empirical
models which describe the relationships between soil water content, and
matric potential (soil water suction). The problem of estimating soil hydraulic
properties then reduces to estimating pﬂrarﬁelers of the appropriate model.
Two such models that are widely used are those suggested by Brooks and
Corey (2) and van Genuchten (18). In the Brooks and Corey (BC) model, the

soil water retention function,(h) is represented by:

Se=(ha h')* . h>hq [1a]
S.=1, h<=hy [1b]
while for the van Genuchten (VG) model, the functional form is:

S.=[1+(ah)" ™ h=>0 [2a]
s.=1, h<=0 [2b]

where 5.=(8-0,)/ (8,-0,) is effective saturation, h is soil water matric potential
(suction, ¢m), O is volumetric soil water content (cm® em™), (r is the residual
soil water content (cm3 cm-3), (s is the saturated water content, hd and X are
BC model parameters and a and n are the VG model parameters, and m=1-1/n.
Several methods have been described in literature for estimating
parameters in models for soil hydraulic properties. The most straightforward
approach is to fit an appropriate soil water retention model to’ h-©
measurements. Methods to obtain h-e data are: (i) laboratory pressure plate
extraction (8) where water is removed or added to a soil sample in stepped
pressure applications, and (ii) the use of in-situ paired neutron probe

measurements and tentiometer readings (3). Both laboratory and field methods
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are time-consuming, and the equipments for performing routine measurements
are not widely available.

Because of frequent need for water retention estimates in agrisultural
applications, many attempts have been made to derive water retention values
from soil survey data, or from more simply obtained soil physical and structural
properties (12). Clapp and Hornberger (4) and Rawls et al. (11) classified
parameters for the BC parameters according to textural classes. Gupta and
Larson (7), De Jong (5), and Puckett et al. (10) used regression analysis,
relating soil moisture data to texture, organic matter, and bulk density data.
Generally, variability for estimates using textural data has been high (4), and
some of the regression equations obtained from the locally measured textural
data are site specific.

Stankovich and Lockington (13) concluded that the VG model fits better
to the experimental data than the BC model. Therefore, many researchers use
VG model for their experimental data and flow of water in soil (13).

An estimation method that describes the soil water retention relationship
based on other soil characteristics is referred to as pedo-transfer function
(PTF). The PTF were evaluated by comparing estimated with measured water
retention values using test data sets with a broad range of soils (14, 15, 16).
The parameters in the van Genuchten model were estimated using the regression
equations developed and reported by Vereecken et al. (17). The particle-size
distribution, the organic carbon, and the saturated hydraulic conductivity of the
soil were used in these regression equations.

Tietje and Tapkenhinrichs (14) claimed that the most practical method
was to predict retention function parameters (e.g., the parameters of the van
Genuchten equation) but, the prediction of van Genuchten retention function
parameters, and using a PTF was found to be inaccurate (14).

The objectives of this study were to quantify relationships between the VG
model parameters and soil physical properties and to select equations that are

useful for prediction of the VG model for soil water retention curve.
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Estimeting van Genuchten .to‘lf.wwer referiion curve. ..
Theory
van Genuchten (18) proposed the following equation to describe the
complete soil water retention curve (modified form of Eq. [2a]):
0=(8, + 0,-6,)/[1+(ah)n]m 2]
From the measured data of 8 and h, the h-8 curve is drawn and then reflection

point at (0,) and its corresponding hp are determined as follows:

®,+ 6,
Bp=— [3]
2

At the reflection point of the h-6 curve, the slope of curve is determined as
follows:
Sp=[d0 / dlogh](1/(8,-0,)] (4]
According to van Genuchten (1B), the value of m in Eq. [2a] is determined as
follows:
m=1-Exp(-0.85p), Sp<l [5a]
m=1-(0.5755/Sp)+(0.1/SpH)+(0.025/8p"), Sp=1 [5b]

Then, the value of o in Eq. [2a] is determined as follows:
a= 1/h, (2 "™ -1 (6l
and n=1/(1-m)

MATERIALS AND METHODS

Fifty four undisturbed soil samples from different soils were used from
Fars (Kushkak area, clay loam and silty clay soils) and Khorasan provinces
(sandy loam, loam, silt loam, clay loam and sandy clay soils) of LR. of Iran.
These samples were taken by a drop-hammer type core sampler (d=50 mm and
h=30 mm). Bulk samples collected from each site were air dried, passed through
a 2-mm sieve, and were used to determine particle size distribution by the
hydrometer method (6).

The 50-mm high core samples were used lo determine bulk density by
using oven dry soil mass and volume of the core samples (1). The soil
water retention curves were obtained at soil water pressure head values of 0,

30, 50, 100, 200, 400, 600, 800, 1000, 1200, and 1500 kPa. A 100 kPa ceramic

109



Sepaskhak and Bondar
plate extractor was used for applied air pressure range of 0-100 kPa and a
1500 kPa ceramic plate extractor was used for applied air pressure range of
100-1500 kPa.

The bulk samples from the same sites were used for organic matter
determination by a fnethad proposed by Nelson and Sommers (9).

Curves were fitted through analytical procedure proposed by wvan
Genuchten (18) and the hp and m values were determined for calculation of o
and n in the VG model. Then, multiple regression analysis was used to obtain
the relationship between these parameters and soil particle size separates,
organic matter and bulk density. Furthermore, the proposed regression model
was used to predict the) 6-h curve for three soils to be compared with their

measured )(h) data for validation.

RESULTS AND DISCUSSION

The range of physical properties of 54 soil samples are shown in Table I,
indicating that the soil samples were widely different and cover a wide range
of soil textures.

Table 1. Range of physical properties for 54 s0il samples.

Range  Silt(%) Sand (%) Clay (%) OM(%) Bulk density (g cm-3)
Minimum 205 10.12 106 0.0 222
Maximum 54.0 563 43.88 222 1.57

—_._____—'—-—-—-—-—_________________
According to van Genuchten (18) the values of m and q are estimated for
soil water characteristics in Eq.[2a]. For calculation of «, the value of hp is
required according to Eq.[6]. Therefore, the soil particle size scparates, organic
matter and bulk density were used in multiple regression analysis to determine
these parameters, However, the regression analysis did not allow the clay and
silt contents to be entered in the model. The multiple regression equations for m
and hp are as follows:
m=0.4+0.0099((p)+0.03556(0M)-0. 1874(Bd)+0. 1566log(Sand) [7]
R2=0.823
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Estimating van Genuchten soil water ian curve...
hp=-2835.6-89.3(OM)+2919.1 (Bd)+242.7 log(Sand)-7270.71og (Bd) [8]
R¥*=0.714
in which 8, is soil water content at reflection point, em” em™, h; is the soil
water suction at reflection point, cm, Bd is the bulk density , g cm™, and OM is
the soil organic matter, % by mass.

From the aforementioned physical properties of a soil the m and h, values
may be predicted. Then, the \.*alues of n and o can be calculated from Eq. [6}-.

To predict the VG model for the soil water retention curve, 8; and 6,
should also be predicted. 6, may be calculated from soil bulk density and
soil particle density. A multiple regression for estimation of O, has been
f::_blalin'éd as follows:

0,=0.263 (Silt) +0.374 (Clay) +2.583(0OM) —11.18(Bd),  R*=0.83 [9]

Model Validation

The measured soil water contents were compared with those obtained by
the, van Genuchten model and the proposed regression equations in Figs. | and
2. In general, the VG model and the proposed regression equations under-
estimated water contents especially at the low water contents (about 0.2
c¢m® em™). Furthermore, the water contenis obtained by the VG model were

compared with those obtained by the proposed regression equations in Fig. 3.
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Fig 1.  Comparison between measured soil water contents (%) and those

[v]

predicted by van Genuchten model.
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Fig. 2. Comparison between measured soil water contents (%) and thosc

predicted by regression Eqgs.[(7. B].

The results indicated that the water contents obtained by the regression
equations closely followed those obtained by the VG model.

The physical properties of three soil samples mot included in the
regression analysis from Bajgah clay loam (fine mixed, mesic, Typic
Calcixerepts) and Kushkak clay and clay loam, (fine cabonatic, mesic, Aquic
Calcixerepts) areas (Table 1) were used to validate the regression models [Egs.
7, 8]. The measured and estimated soil water retention curve (VG model) are
shown in Figs. 4, 5 and 6. The measured and predicted soil water contents at
corresponding soil water suctions are shown in Fig. 7. The agreement between

the estimated and measured soil water retention curves was very good for
Bajgah soil (Fig. 4).

112



Estimating van G hten soil water iOn CHIVE...

Prodicted by Proposed  Regression Egs. {7.8). (%)
]

0 10 20 30 40 50 60 70 8
Predicted by van Genuchten Mode] (%)

Fig. 3. Comparison between 'predictéd soil water contents by van Genuchten

model and those by regression Eqs. [7, 8].
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Fig. 4. Predicted soil water retention curve and the measured data (o) for

Bajgah soil (clay loam, 8,=0.17, 6,=0.49, h,=406 cm).
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Table 2. Soil physical properties from Bajgah and Kushkak areas.

Properties Location
Bajgah Kushkak

Clay loam . Clay
Sand (%) 35 28 19
Silt (%) 35 40 36
Clay (%) 30 32 45
OM (%) 2.0 1.96 1.83
Bulk density (g cm™) 1.43 1.08 1.13
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Fig. 5. Predicted soil water retention curve and the measured data (o) for

Kushkak soil (clay loam, (8,=0.16, 0,=0.42, h,=250 cm).
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Fig. 6. Predicted soil water retention curve and the measured data (o) for

Kushkak soil (clay, {r=0.18, (5=0.42, hp=224 cm}.
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Fig. 7. The relationship between measured and predicted soil volumetric

water contents at corresponding soil water suctions in Kushkak and

Bajgah areas.
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However, for the Kushkak éoils, there are some discrepancies, i.c.,

predicted air entry point is somewhat higher than the measured values. This
might be due to the soil aggregation in structured soils as reported by Wagner
et al. (19). The relationship between estimated (X) and observed (Y) values of
soil water contents is as follows:
Y=0.96 X [10]
R*=0.980, SE=0.0039, n=32, P<0.001

The slope of this relationship (0.96) is not different from 1.0 of a 1:1 line.
Therefore, the results indicated that the proposed multiple regression model
for prediction of VG model parameters is suitable for estimation of VG soil
water retention curve by using seil particle analysis, organic matter and soil
bulk density. However, a site specific multiple regression equation based on the

local data may be warranted.

CONCLUSION

Regression models presented here may be used to estimate with
acceptable accuracy the water retention characteristics of van (icnuchtcp type
from particle size distribution, percent of soil organic matter and soil bulk
density. This will be of particular help in estimating the soil unsaturated
hydraulic conductiviy from the soil water retention curve which is required in

modeling salt and water flow in soil.
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