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EVALUATING THE PREDICTION OF SOIL MOISTURE
RETENTION VALUES FROM SOIL ROUTINE ANALYSIS
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ABSTRACT

The aim of this work is to evaluate and test the predicted soil
moisture retention data, as well as retention curves from the particle-
size distribution, organic matter content and soil butk density. Linear
multiple regression equations were derived from measured soil
moisture contents at five suctions using soil samples having a wide
range of soil texture, buik density and crganic matter content under
the condition of Egypt. Twenty-six soil samples were taken to derive
regression models from this predicting. Those models are compared
with these available in the literature.

The results showed that water retention values, as well as
retention curves predicted with these linear multiple regressions,
closely approximated the measurements and output of van
Genuchten’s model. Significant effects for predicted values had
been tested with the measuring data and output of van Genuchten's
model. The similarity illustrates that data of the soil routine analysis
can provide a better and closed estimation to the measured one.

Key words: Moisture retention - van Genuchten — Multiple regression
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INTRODUCTION

The soil moisture retention curve of a soil plays an important
role in soil water management practices: Because of its relationship
with soil pore-size distribution, soil moisture retention data are often
.7ad to estimate the soil water parameters. Arya and Pairs (1981)
and Haverkamp and Porlange (1986) found relationships between
the particle .size distribution and the retention curves data in
nonswelling soils. Rawls et al., {1989) used a database which
included 2541 soil horizons covering a wide range of sand (mean 56
percent, range 0.1-99 percent) silt (mean 26 percent, range 0.1- 43
percent), clay (mean 18 percent, range 0.1—24 percent), organic
matter {(mean 0.66 percent, range 0.1-12.5 percent), and bukk
density (mean 1.42 g/cm®, range 1.0-1.95 g/cm®) to develop three
leveis of linear regressions relating soil water content to each of the
12 matric potentials specified by Gupta and Larson (1979b). The
first level included only the basic soil physical soil properties, i.e.,
percent silt, percent clay, organic matter, and soil bulk density.
Vereecken et al., (1989)concluded that the moisture retention curves
could be estimated at a reasonable level of accuracy from simple
soil properties as the particle size distribution, dry bulk density and
carbon content.

Tyler and Wheateraft (1989) presented estimation of soil water
retention data from particle size distribution using an analysis
correlating the fitting parameter “a” in the Arya and Paris (1981)
model. Many attempt have been made to statistically correlate 8 (h)
function to soil texture and other soils data, including bulk density,
organic matter content, clay mineralogy and paramerters of soil
structure. (Kravchemko and Zhang 1999).

. ,

Arya et al. (1999) improved their model to predict soil moisture
retention curre from particle size distribution. Gimenez et al., (2001)
predicted a pore distribution fagtor to estimate water retention curve
from soil textural and mechanicai parameters. While in Egypt, Galal
(2000) used " rosetta" as a software package to estimate 8 (h)

function of some soils. He also optimized the input parameters to
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predict in sandy soils

The objective of this work is, to evaluate output moisture
retention values resulted from multiple regression equations in
correlation with water content at different soil matric suctions and
soil routine analysis using outp\ut of van Genuchten’s modei, (0 (h)
function, 1980).

MATERIALS AND METHODS

Soil samples used in this study were collected from different
location, which cover the wide range of soil texture in Egypt.
Physical and chemical properties were determined according to the
standard methods, which described by Klute (1986) and Page
(1982). (Table 1). The volumetric soil moisture values of the twenty-
six soil samples ware determined at different soil matric suctions
according to Richards’s (1954) (Table 2).

The predicted data using fine sand, coarse sand, silt and clay
fraction, scil bulk density and organic matter percentage were
saturation point, 100, 330 and 15000 mbar. These data had been
verificated with both the output of van Genuchten's model and the
measured data..

Model Description

For predicting soil water content at some fixed matric
potentials from soil texture components, bulk density and organic
matter were presented different methods to catch it, based on linear
muitiple regression with experimentai data for 26 groups of soil
covered a wide range of particle sizg distribution. In the first step: we
choice an important points on the pF curves at zero, 0.1, 8.3 and 15
bars, to be individuaily function of soil texture components (X1, X2,
X3, and X4) and the another dependent variables (Y1, Y3, Y4, Y10).
.The program of stepwise variable selection was used to obtain the
more efficient independent variable for each dependant variable (Y1,
Y3, Y4, Y10). ,
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Table (1): Some physical and chemical characteristics of the studied soil

samples.

Sand % . . Bulk | Organic

Sample Sand Siit Clay density matter

No Coarse | Fine % % % (Bd) (oM}
' __giem3 %
1 85.49 .21 91.7 4.23 4.07 1.55 0.22
2 79.84 7.18 87 8.61 5.29 1.57 0.27
3 54.48 8.95 74.43 17.24 8.33 1.56 0.48
4 7.7 8.33 20.04 11.02 8.47 161 .43
5 54.39 10.15 74.54 18.19 9.27 1.56 0.38
8 41.44 16.37 57.81 14,84 10.43 15 - 0.43

7 50.59 18.92 69.51 14.37 16.12 1.49 049 =

8 40,56 444 75.1 8.06 18.82 1.52 0.41
9 4.53 57.97 §2.5 2027 1723 141 - 0.62
10 40.08 36.48 76.54 9.21 13,25 1.59 0.59
1 2.9 0.38 92.48 10.31 21.41 1.53 0.39
12 2.21 51.98 81.19 10.1 28.71 © 1,38 1.19
13 3.24 29.31 32.85 33.25 342 1.32 162
14 2.44 29.82 32.26 32.45 35.20 1.35 113
15 3.45 48.03 51.48 11.55 36.96 1.3 1.11
18 3.24 19.39 2263 085 48,47 1.21 1.25
17 19.6 16.53 36.13 14.58 50.69 1.7 1.04

18 17.04 14.57 3161 17.66 50.73 1.18 TR
19 1.23 23.19 24,42 2472 | snses 1.18 1.2
20 512 134 18.52 25.18 58,32 1,18 14
21 1.63 217 244 21.82 5378 1,19 122
22 27 13.45 18.15 2188 60 1.11 1.9
23 4.95 1065 ' 15.5 23.38 59.15 1.2 1.82
24 0.67 958 10.25 24.72 65.03 1.1 1.01
25 3.82 11.07: 14.59 25.2 50.11 1.19 1.68
26 3.09 10.88 13.95 21.43 84.62 1.03 1.84
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Table (2): Soil moisture retention data of the studied soil samples

Misr J.Ag. Eng., July 2002

Sample Obar 0.06bar 0.1bar | 0.33 bar ibar 2bar 3bar 10bar 15bar
No Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y9 Y40
1 42.59 17.16 14.94 11.64 10.52 8.47 7.35 6.73 6.56
2 42.28 20.64 18,02 15.74 12.34 10.10 9.80 7.33 7.05
3 40.46 36.46 18.56 13.98 12.65 12.04 10.94 9.89 3.35
4 39.25 33.25 20.17 16.45 14.17 13.43 1.4 8.84 8.23
5 39.77 35.77 23.28 18.39 15.94 15.48 14.32 11.58 9.28
8 36.35 35.85 34.92 32.58 26.11 28.84 228 15,77 14.2
7 43.77 40,77 37.98 33.06 26.27 25.08 20.86 ) 15.82 14,11
8 37.45 35.45 32.76 32.25 28.11 25.29 20.82 15.99 13.41
9 | 4758 41.74 37.86 31.53 24.96 23.03 10.61 11.27 10.74
10 40.89 3547 34,58 30.50 2476 21.66 18.36 13.66 9.84
11 42.48 40.48 33.71 37.03 30.49 27.47 2284 17.70 16.81
12 49.06 42.64 41.72 40.28 32.48 28.32 233 14.67 12.95
13 50.75 47.68 45.47 42.85 331.75 29.4 25.58 16.16 14,73
14 46.64 44.64 43.94 41.65 37.97 34.04 31.40 26.43 24.71
15 52.03 46.94 45.26 41.72 33.63 30.68 25,49 1685 | 14.73
16 54.85 51.43 49.05 44,78 36.77 35.08 29.09 2219 19.63
17 56.83 55.27 49.18 46.72 38.86 34.57 3116 21.34 49.49
18 56.72 55.19 53.67 52.04 43,98 43.05 35.86 27.2% 24.67
19 55.56 50.49 46.45 44.42 38.70 36.96 32.48 25.57 23,32
20 55.72 52.97 50.23 46.60 38.74 37.09 35.30 26.01 22.79
21 54.58 49.12 47.47 44.32 40.42 38.62 33.63 25.50 24.36
22 58.74 | 45,70 '52.95 41,57 40.05 36.52 31.81 22 52 20.18
23 58.67 55.78 54.72 47.05 39.14 37.33 33.59 24.74 22.52
24 58.65 54.07 51.51 47.42 42.20 39.39 3592 27.91 26.05
25 56.13 53.96 49.80 43.29 44.06 40.13 35.74 3j1.08 28.13
28 61.71 60.79 58.27 47.20 38.26 37.45 23.7 24,82 2260
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RESULTS AND DISCUSSION

Data in Table (3) and Figs. (1 — 2) reveal the predicted soil
moisture values at saturation points (0;), 0.1 (9¢4), 0.33 (8.13) and
15 bar (81s) using the muitiple regression equations, which contain
the soil routine analysis of the soils under investigation.

Table (3): The predicted soil moisture contents using multiple
regression equations using the soil data of routine

analysis

Sample No Os Oo.1bar D0.33bar ©15 bar
1 42,54 18.67 14.03 5.51
2 4129 20.79 16.85 7.56
3 40.92 23.64 19.73 9.73
4 3913 23,36 19.38 9.59
5 40.80 24.07 20.77 10.69
] 38.94 27.65 25.36 11.80
7 43.78 29.54 26.20 11.92
8 38.11 34.28 33.36 14.61
9 46.83 39.02 36.27 12.03
10 39.78 33.10 3147 . 11.84
11 42.54 33.72 32.19 15.07
12 49.83 43.78 39.28 11,83
13 '49.89 43.94 38.18 16.54
14 47.94 44.55 41.42 20.23
15 51.80 47.39 43.6 15.68
16 53.89 47.54 43.21 21.98
17 56.65 47.34 43.02 20.70
18 56.88 47.24 42.58 20.82
19 56.32 50.06 45.84 22.23
20 56.16 51.33 46.86 24.09
21 55.00 51.79 48.32 23.73
22 58.87 53.40 46.75 22.05
23 58.27 . 52.40 46,01 22,52
24 57.80 54.82 52.37 29.38
25 55.25 + 531,55 43.98 25.32
26 ot 62.37 54.55 47.49 22,46

The multiple regression equation which uses to predict the soil
moisture content can be expressed as follow:-
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Y=ap + a4 X1+82X2+a3X3+a4X4+35X5+85X5
Where: :
. X;isfine sand.%, X, is the coarse sand %, X;is silt content -
%, and X4 is the clay content %, Xs is the soil bulk density and
Xs is the organic matter content % and
ap,ay,az,a3, 84, as and ag are the regression coefficients of
X1y X3 X3, X4, X5 and Xg respectively.

From the measured data of (0, h) function, van Genuchten's
parameters had been calculated for the twenty six soil samples
according to van Genuchten (1980). Fig. (1) presents the predicted
data which obtained from the surrogate data and both the
measured one and outputs of van Genuchten's model. These
figures illustrate also, high correspondence between the three
methods under study (measured, predicted data (from soil routine
analysis) and outputs data of van Genuchten’s modei.

The output of the muitiple regression equations {predicted
data) had been correlated with the experimental data as shown in
fig. (2). These correlations were represented in the following
equations:-

0= 0.9758 (Pred. Sat. point) + 1.255 R? = 0.9900
Bo.1 bar = 13.419 EXP 0.026 (Pred. 69,1 bar), R? = 0.9295
B0.23 bar = 1.8954 (Pred. 633 par) *22, R*=0.9114

B1svar = 1.2623 (Pred. 01spar) *9'%, - R? = 0.9221

Data intTable -(‘4) show the regressién coefficients of the
multiple regression equations and coefficient determination, which
were in range from 0.8883 to 0.9922.
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Table (4): The regression coefficients of the multiple regression
equations saturation points {(0s, X1) 0.10. (X2) 33(X3) and
15 bars{X4) L S

e I St

Seit Reg.

water Coefl.
Ao a a a a as a
Parameier 2 3 4 5 6 R’

0,(X1) | 111.0694 | 0.0338 | 0.0286 | -0.0521 | -0.0399 | 46.0987 | 1.1284 | 0.9923
OoronX2} | 49544 | 00698 | 0.1608 | 0.0190 | 0.5466 | 10.4467 | 0.8564 | 0.9113
Bossba(X3) | 21396 | -0.0923 | 0.1860 | 0.0465 ; 07086 | 26.1414 | -3.1588 | 08883

B15 parl X4)0 -30.8027 | -0.0215 -0.0034 0.2056 0.5331 234077 | -5.2189 0.9075
L

-

Significant relationships had been detected using in each
pairs of the three tested methods have been lested. These tests
were performed between output data of van Genuchten’'s model and
the predicted data from soil routine analysis, as well as, between the
predicted data from soil routine analysis and the measured data as
shown in Table (5). Results showed that there are no significant
differences at (P0.05) between the three methods, except between
the measured data and the predicted data from the soil routine
analysis of the fifth and eight-soil sample. It is a good approach
using the data of soil routine analysis and van Genuchten's model
for predicting the soil mcisture retention curve.

Table (5) reveals a significant difference between the predicted
data and the measured ones in the scil samples number 5 and 8,
which indicate that the prediction equations don't represent the
water release behaviour in these soil samples. While van Genuchen
model is more suitable in both soil samples. This finding may be
due to the up-normal pore size distribution in these soil samples
which appear also on the highest values of bulk density, especially
in No. 8, Table (1). So, the suggested equations can be used to
predict soil moisture retention data of normal soil using the data of
soil routine analysis.
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Table (5):

Calcuiated and

tabulated

T—values*

of the

Relationship among the predicted data from soil
routine analysis and both of output data of van
Genuchten’s mode! and the measured data.

Sample Pred. Data &v.G data Pred, &measured data
No. Cal. t Tab.T | Sig.test | Cal.t Tab. T Sig. test
{0.05) (0.05)
1 1.3409 3.18 N.S 0.9642 3.18 N.S
2 1.2116 3.18 N.S 1.0932 3.18 N.S
3 1.7024 318 N.5 0.0661 3.18 N.S
4 0.5441 3.18 N.S 2.3542 .18 N.S
5 0.2799 3.18 NS 3.9383 3.18 S
6 1.6897 3.18 N.S 1.6499 3.18 N.S
7 2.4763 3.18 N.S 2.2152 3.18 N.S
8 0.8385 3.18 N.S 5.8108 318 S
9 1.0214 3.18 N.S 1.4175 3.18 NS
10 0.1411 3.18 N.S 0.7900 3.18 N.S
11 1.4610 3.18 N.5 2.3342 3.18 N.S
12 0.5439 3.18 N.S 0.2330 3.148 N.S
13 0.0205 . 3.18 N.S 1.0539 3.18 N.S
14 0.21408 3.18 N.S 0.5399 3.18 N.S
15 0.7959 3.18 NS 2.2237 3.18 N.S
16 0.0125 3.18 N.S 0.4522 3.18 N,S
17 0.8458 3.18 N,S 0.3738 3.18 N.S
18 0.9179 3.18 N.S 2.4019 3.18 N.S
19 0.3313 3.18 NS 1.2113 3.18 N.S
20 0.4827 3.18 NS 3.0254 3.18 N.S
21 0.6537 318 N.S 1.6202 3.18 N.S
22 0.8008 .18 N.S | .1.6522 3.18 N.S
23 0.2525 3.18 NS *| 1.8525 3.18 N.S
24 14407 | 3.18 N.S 2.2293 3.18 N.S
25 0.0983 3.18 N.S 0.1315 3.18 N.S
. 26 0.2536 3.18 NS 0.7197 3.18 N.S
* According to Bisher and El-Robi (1979).
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From the above mentioned results, it can be concluded that,
the muitiple regression model is a suitable procedure bY which soil

I 3 [
mo:s}ure retention data can be predicted from easily determined soil
properties e.g. particle size distribution, organic-matter and soil bulk
density.
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