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Hydraulic diffusivity, Diameters of soil pores, Soil field capacity, Wiiting point,
Available water, Soil water stress and Irrigation scheduling).

IAEA (1976) used in situ measurements of neutron moisture meter
for soil moisture contents and tensiometers for soil matric suction to obtain
the soil moisture retention curve in tensiometric range.

Talha et al. (1979) showed that the amount of water retained in the
soil at relatively low values of matric suction (ranging between 0-1 atm of
suction) is depend primarily upon the capillary effect and pore size
distribution and hence, it is strongly affected by soil structure. The inflexion
point lies mostly at log tension higher than 3 hence the moisture content at
this point can not express the soil moisture content at the field capacity.

El- Gendy (1989), and El-Gendy et al (2000) used a method of IAEA
(1976) for determining soil moisture retention curve of soils of Nubarria and
Wadi Sudr soils in tensiometric range.

Many authors had been used the outputs of the laboratory methods
and the numerical models to express the soil moisture retention curve e.g.,
Brooks and Corey (1964); Campbell (1974) and van Genuchten (1980)

In the last few years’ numerical models for simulating fluid flow in
unsaturated zone has used increasingly popular. Forty years ago till now,
many authors express SMRC in mathematical models (King, 1965; Brutsaert,
1967; Taylor and Luthin, 1969; Farrell and Larson, 1972).

Several investigators express the soil moisture retention curvesin
numerical models (Brooks and Corey, 1964; Campbell, 1974 and van
Genuchten, 1980).

Vereecken (1988) subdivided empirical soil moisture models into four
categories based on there functional: (1) exponential (2) power (3) Cosine
hyperbolic and (4) Error functions. Many authors used a power function
relationship to characterize soil moisture retention curve (Brooks — Corey
1964; Visser, 1966 Campbell 1974 and van Genuchten, 1980).

Brakenscik (1977) used the matric suction up to 100 cm water to
determine the bubbling pressure or air entry suction (h,) and pore size index
(A). The later parameter (A) is close related with both n and m parameters of
the van Genuchten model. :

SMRC which depends on five parameters (i.e. residual soil moisture
content ©r); total soil porosity (¢); bubbling pressure (hy) and (n, m) which are
constants depend on curve shape.

Hamish et al. (1996) used two large sets (A, B horizons) of soil water
content data from soils of Australia to evaluate five widely used equations
(Brook — Corey, Campbell, Hutson — Cass, King and van Genuchten). They
found that the sigmoidal equation of (Hutson - Cass, King and van
Genuchten) described the measured soil water contents with high accuracy.
As for the simpler power — Law functions also gave a very good description
and most of the occurred at water content near saturation from physically
unrealistic equation discontinuity around the air entry potential.

El- Gendy et al. (2000) used the neutron calibration equation to
express soil moisture content in van Genuchten's model to obtain the soil -
matric potential in situ directly. The obtained model could be used to carry out
the irrigation scheduling on basis of detecting the soil matric suction.
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The objective of this work is to detect soil moisture retention curve up
to15 bars using in situ measurements of both tensiometers and neutron
moisture meter.

MATERIALS AND METHODS

This work was conducted in the Farm of Soil and Water Department,
Nuclear Research Center, Atomic Energy Authority, Inshas. Some physical,
hydrophysical and chemical properties of Inshas sandy soil were determined
according to the standard methods of Klute (1986). Residual moisture content
(6r) was determined using air dry until reaching constant soil moisture content
and saturation point (6s) equals total porosity (¢) approximately. Tables (1
and 2).

Neuron calibration curves at different soil depths were determined
using neutron moisture meter CPN, 50mCi. (503 Dr hydro-probe) Americium-
241 Beryllium source according to IAEA (1976). Table (3) shows the
regression equations of neutron calibration curves at 30 and 45 cm soil
depths under study.

- Volumetric soil moisture contents were determined at 100, 300, 1000,
3000, 5000, 8000, 10000 and 15000 mbar using pressure plate apparatus
according to Klute (1986) to obtain the soil maisture retention curve data.

The experimental area was a plot of 100-m? (10m x 10m). An access

tube of neutron moisture meter was installed in the center of the plot to detect
the changes of soil moisture content at the two depths (45 and 60 cm) after
different times from flooding. Water conteni of the surface soil layer was
determined using gravimetric method. Three sets of tensiometers were
replicated at the studied soil depths. Each set was installed at 50- cm far from
the neutron access tube to avoid the interaction between the fast neutrons
and the water in tensiometers. These tensiometers were used to determine
the values of soil matric potential.

Different models had been used to represent the (6 and h)
relationship. These models are:

van Genuchten’s model (1980) Eq. 1:

6n= 6+ (-6 )[1+ (@)™ —— (1)

Where:

0+, is the volumetric soil moisture content 2t h ,mbar

B, , is the volumetric residual soil moisture content,

¢ , is the total porosity [ taken equals to saturation point on volume
fraction],

o, is the inverse of the air entry suction, and

n &m, are constants of the fitting soil moisture retention curve.

Brooks and Corey’s model (1964) depends on A parameter (pore size
index) and hy, (air entry suction. mbar). Eq. 2
(6-6:) /(-6 = (hy /h)* oo (2)

0,, is the volumetric residual soil moisture content,
$, is the total porosity,
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he,is the air entry suction,
h, is the matric suction.

Modified Brooks and Corey, model (according to van Genuchten and
Nielsen, 1985), Eq. 3:

6=1¢ h < hy(3a)
8= 0, +(§ -0;) (o h) * -momemv h>hy (3b)
Campbell's model (1974) as in Eq. 4:
8= ¢(ah)? (4)
Madified Campbell's model (1985) as in Eq. 5:
B=9¢ h < hy (5a)
0=¢ (ah)? h>hy (5b)

Tensiometric method (under study)

The method of van Genuchten (1980) depends on a single point to
calculate m, nand a while the tensiometric method depends on the number
of (8 & h) relationship points to be more suitable for calculating m, n and «
parameters. The experimental data in tensiometric range (0-850 mbar) were
determined using tensiometers and neutron moisture meter. Soil matric
suction can be used to calculate the pore size index (A) (Brooks and Corey
1964) according to Brakensiek (1977). This method can be calculate (1) from

the Log of the effective soil moisture content (se = i . J and Log matric

5 F

suction (mbar).
Brakensiek (1977) calculated h,, at Sg=1 in the linear regression equation as
in Eq. 6:.
Log Se=A-BlLogh - (6)
Substitution with S¢=1 in Eq. 7 to obtain the air entry suction ( h, ) asin Eq. 7:

A
0=A-Blogh, ,then. Log hb=-§

hy=10"® )
From hy, it can calculate a using the relationship between o and hy, (a=1/hy).
Tensiometric method is the modified method to calculate m, n and o
of van Genuchten's model (1980). This method uses van Genuchten’s model

(1980) to calculate 6 of soil moisture retention curve.

3:4: Statistical procedures.
Statistical analysis and equation fitting were done using “ EXCELL’
program on a personal computer.

Table (1): physical and hydrophysical properties of Inshas sandy soil.

Sail Particle size Bulk s
depth distribution Te:““’“ density Totporamlty ) 5 K"}h
cm Sand Silt | clay S __glem cita viad o
45 96.1 1.3 2.6 Sandy 1.78 32 0.020 71.2
60 96.1 1.1 2.8 Sandy 1.73 34 0.018 71.3

*Or is the residual soil water content
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Table (2): chemical properties of Inshas sandy soil.

Soil Soluble cations (meg/L) | Soluble anions (meg/L)

depth . n sar | E& | pH
cm K* | Mg™ | Ca++ | Na’ [CO;"|HCO; | CI' | SO, dS/m
45 0.19| 1.10 | 440 |265| - | 3.10 500( 0.24 1598 | 0.6 7.6
60 0.18| 160 | 3.90 |3.63| — | 3.50 510 071 [2245| 0.7 7.6

EC and Soluble cations and anions in soil paste
PH in soil suspension of 1: 2.5 soil: water

Table (3): Regression equations of neutron moisture meter at different
soil depths of soil under study

Depths Regression equation Coefficient of determination R*
45 6=0.1171 C.R-0.0143 0.9642
‘ 60 6 =0.0952 C.R - 0.0064 0.9443

0, is the volumetric soil moisture content
C.R, is the neutron count ratio (count in soil / count in shield).

RESULTS AND DISCUSSIONS

Data in Table™ (4) show the scil moisture content on volume basis
(6) as a function of soil matric suction (h) at 45 and 60 -cm depths of Inshas
sandy soil. The relationship between the two variables (8 & h) represents soil
moisture retention curve (SMRC). This relationship had been detected with
an integrated work between in situ measurements with neutron scattering
method and gravimetric method in the labcratory for determining soil moisture
content. As for the soil matric suction that had been detected by the
integration between tensiometers and pressure plate- apparatus. Soil matric
suction in tensiometric range was detected for calculating (a, n and m) of van
Genuchten’s model using Tensiometric inethod. These parameters beside
the residual soil moisture content and saturation point according to van
Genuchten’s model were used to predict soil moisture contents from
saturation to wilting points. As for van Genuchten's method all h values of
the experimental data of (6 and h) had been used to calculate the model
parameters (o, n and m) in van Genuchten's model as in equation (1).

Data in Table (4) reveal that scil moisture content in Inshas sandy
soil at 60-cm depth is always higher than at 45-cm depth, at the same values
of soil matric suction. This finding can be interpreted using the pore size
distribution according to the classification of De Leenheer and De Boodt
(1965).

According to the relationship between soil moisture content and the
diameter of soil pores (El - Gendy and Bedawy, 2002) the size of drained
pores can be determined using equations 8 and 9 for both soil depths under
study:

Fig (1) show the pore size distribution of Inshas sandy soil at 45 and
60-cm depths

1001



Yousef, Kholod M. et al.

~1.6641 -0.318
du g
= 03103)| —— +1 -
P, =0.018+( ){[3000(1] }
-1 6039 q -0 376%
2 +(0.3008 ) (-i{"—’--} 7 +14 _______ 9
Péllcm =0.02 + (V.0 < 3000a |

According to the classification of De Leenheer and De Boodt
(1965).Volume drained pores (VDP) in Inshas sandy soil are high (88.8 and
86.3 % from the total porosity) at 45 and 60- cm depths. This is a logic
characterization of sandy soil because it has loose structure and high percent
of coarse sand. So, the quickly drainable pores (QDP) are dominant (81.8
and 78.4% at the same depths, respectively). It can notice that QDP at 45-cm
depth and higher than at 60-cm depth, so, the depleted water from 45-cm to
60-cm depth is more than from 60-cm depth to the deeper depths. The effect
of slowly drainable pores (SDP) and the coarse capillary pores (CCP) are
smaller. Whenever, Water holding pores (WHP) at 45-cm was less than that
at 60-cm depth (5.3 and 6.7 %, respectively), that is making the soil moisture
contents at 60-cm depth higher than that at 45-cm depth.

Table (4): Soil moisture contents and soil suctions at 45 and 60 cm
depths of Inshas sandy soil

45 cm depth 60 cm depth
h. bar Exp. 6 h. bar Exp. 6
20 0.1300 20 0.1640
35 0.1100 25 0.1340
40 0.1070 30 0.1250
46 0.0940 35 0.1112
48 0.0800 38 0.1090
51 0.0810 - 45 0.1010
70 0.0780 50 0.0960
75 0.0680 80 0.0810
80 0.0620 95 0.0690
88 0.0600 110 0.0680
96 0.0570 120 0.0630
100 0.0550 160 0.0610
110 0.0540 330 0.0440
120 0.0600 1000 0.0320
186 0.0550 2000 0.0270
330 0.0380 3000 0.0250
1000 0.0250 5000 0.0220
2000 0.0270 8000 0.0200
3000 0.0250 10000 0.0200
5000 0.0220 15000 0.0200
8000 0.0200
10000 0.0188
15000 0.0180

(in situ) shaded area , (lab) the others
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Fig (1): Pore size distribution at both 45 and 60-cm depths of Inshas
sandy soil

Van Genuchten’s calculations require the total experimental data
(from 20 to 15000 mbars) to calculate (o, n and m) for 45 and 60 -cm , which
are obtained in Table (5). van Genuchten’s model for 45 and 60 - cm depth
are shown in equations (10 and 11) :
At 45 cm depth

0 =0.018 + (0.3103 ) [1+(0.1231 h) #0057 ______ (10)
At 60 cm depth
0= 0.0200+ ( 0.3008 )[ 1+ (0.1021h ) "%e8" 049" (11)

Tensiometric method, which don’t need the all experimental data as
in van Genuchten method but needs a sel of data intensiometric range
beside the residual soil moisture content and saturation point. So, the matric
suctions of (20 to 186 mbar and from 20 to 160 mbar) were used to caiculate
(o, n and m) for 45 and 60 cm depths. These calculations are shown in
Tables (6 and 7). While van Genuchten’'s model at 45 and 60 - cm depths
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using (o, n and m) via calculations of tensiometric method had been
represented SMRC at the two soil depths under study, equations (12 and 13):
At 45 cm depth
8 =0.018+(0.3103) [ 1+ ( 0.2098h ) 5411038 __ (12
At 60 cm depth
6 1= 0.0200+ ( 0.3008 ) [ 1+ ( 0.1919h ) '693°] 03788 —  (q3)

Table (5): Values of soil moisture retention curve parameters at 45 and
60-cm depth, which calculated according to both van
Genuchten and tensiometric methods

van Genuchten's method Tensiometric method
Paramets 45cm 60cm 45cm | 60cm
M 05077 04914 03918 | 03765
N 20311 19661 16441 16039
o 01231 01021 02098 01919
hy 81256 97924 47660 52120
A : - 06441 06039

Tables (6 and 7) and Figs. (2 and 3) show and illustrate the
calculation of SMRC'’s parameters using tensiometric method in sandy soil at
45 and 60 cm depths.

Table (6): Values of van Genuchten's constants which obtained using
the tensiometric method at 45 cm depth

h. mbar Exp. log h log Se A=0.4388
Ee —L =4 B = 0.6441
20 0.1300 1.3010 0.4398- Log h, = 0.6782
hy =4.7660
35 0.1100 1.5441 0.5252- a =0.2098
A =0.6441
40 0.1070 1.6021 0.5396~ n=1.6441
m=0.3918
48 0.0940 1.6628 0.6082-
48 0.0900 1.6812 : 0.6316~
51 0.0910 1.7076 0.6257-
70 0.0780 1.8451 0.7108-
75 0.0680 1.8751 0.7900~
80 0.0620 1.9031 0.8455-
88 0.0800 1.9445 0.8657-
96 0.0570 1.9823 0.8979~
100 0.0550 2.0000 0.9208-
110 0.0540 2.0414 0.9327-
120 0.0600 2.0792 0.8657-
186 0.0550 2.2695 0.9208-
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t
Table (7): Values of van Genuchten's constants which obtained using
the tensiometric method at 60- cm soil depth |

|_h.mbar Exp log h LogSe |A=0.433
20 01640 130103 0319915, |B= 0.6039
Log hy = 0.7170
1 139794 421373
& il 0421373 |p = 52120 cm
30 01250 1477121 0457089 |y =0.1919
35 01112 1544068 | 0518283 |».=0.6039
38 01080 1579784 | 0528888 | - 1.6039
m = 0.3765
45 01010 1653213 | 0569793 :
50 00960 169897 0597464 !
80 00810 190309 | 0692948, ;
95 00690 1977724 | 0788082 i
110 00680 2041393 ;*'50797037. ’
120 00630 2079181 0844809
160 00610 220412 To 865494.

i

Tables (8 and 9) show calculations

of SMRC'’s parameters using van
Genuchten's method in sandy soil at 45 and ‘

0 -cm depths.

Log Se and Log h. It worthy to mention tha Se parameter is called effective
saturation by Mualem (1976) which equals [(8x - 6;)/ (65 - 6/)]. Se values at 20

(hp) values ange rom .24 o 1.74 bar o
work. They found that (A)parameter was
sandy texture soil as was found in this work.

andy oil s as ound n hi
anged from 0.6039 to 0.649
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0.0 0.5 10 1S 20 Log)hy

45 cm

-1.0 Log Se= -0 6441Logh ~ 0 4368
-1.2 R® = u.90us

0.0 0.5 10 15 2.0 Logh,
0 . :
02
. 0.4 ]
@
an -0.6
08 |

-1 4 LogSe =-0.7811Logh + 0.7279
1.2 R =0.9902

60 cm

Fig. (2): The relationship between effective saturation (Se) and pressure
head (h) at both 45 and 60- cm depths of Inshas sandy soil.

Tables (8 and 9) show the calculations of van Genuchten’s method
parameters to obtain soil moisture content and matric suction (6 ;) the midway
between 6, and 6, where 6, = (65 + 6 /2, at which all parameters (o, n and m)
of van Genuchten’ s model, A (Pore size index) and h , (air entry suction) are
calculated for Inshas soil at the different soil depths.

Table (8): Values of van Genuchten's constants for 45 -Cm depth of
Inshas sandy soil using van Genuchten’s method

h. mbar log h Exp.. 6 0,=0.1732
20 1.3010 0.1300 (d-6/d log h) = 0.2748
35 1.5441 0.1100 hp =13.7652
40 1.6021 0.1070 Sp =0.8857
46 1.6628 0.0940 m = 0.5077
48 1.6812 0.0900 n=2.03M1
51 1.7076 0.0910  0.1231
70 1.8451 0.0780 h, = 8.1257
75 1.8751 0.0680
80 1.9031 0.0620
88 1.9445 0.0600
96 1.9823 0.0570
100 2.0000 0.0550
110 2.0414 0.0540
120 2.0792 0.0600
186 2.2695 0.0550
330 2.5185 0.0380

1000 3.0000 0.0250
2000 3.3010 0.0270
3000 3.4771 0.0250
5000 3.6990 0.0220
8000 3.9031 0.0200
10000 4.0000 0.0188
15000 4.1761 0.0180
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!

- |

Table (9): Values of van Genuchten's constants for 60 -cm depth of
Inshas sandy soil using van Genuchten's method. |

h. mbar log h Exp.0 8,=0.1704
20 1.3010 0.164 (d.0/d log h)=0.2542
25 1.3979 0.134 h. =17.4064
30 1.4771 0.125 Sp=0.8450 .
35 1.5441 0.111 m=0'4914 |
38 1.5798 0.10¢ n =1.9661
45 1.6532 0.101 o= 0.1021
50 1.6990 0.0960 hy= 9.7924
80 1.9031 0.081
95 1.9777 0.0690
110 2.0414 0.0680
120 2.0792 0.0630 |
160 2.2041 0.0610
330 i 2.5185 0.0440
1000 .0000 0.0320
2000 3.3010 0.0270
3000 4771 0.0250
5000 3.6990 0.0220
8000 3.9031 0.0200
10000 4.0000 0.0200 i
15000 4.1761 0.0200 B |

include the input h and output 6 of van Genuchten and tensiometric method
at 45 and 60 cm depths of Inshas sandy soil, as well as, the experiment;
data of (.6&h), Brooks and Corey (1964), Campbell (1974). The output
tensiometric method Brooks and Corey (1864) and modified Brooks ar
Corey reveal no significant difference among 45 and 60 cm depths (see
Tables 10 and 11).

Fig. (3) illustrates the behavior of ali
and 60 cm depth for Inshas sandy soil,

Data presented in Tables (10 and 11%:nd illustrated in Figs (3 and)

Corey and Campbell's methods had been separated in Fig (4) because th :;
have high values of soil moisture content. They have abnormal values
saturation points (i.e. 0.8351 and 0.8853 for e

Brooks and Corey and Campbell methods at 60 cm depth, respectively'_'.
These values affect the shape volumes of SMRC of the other methods, whic
are became compacted in small range withaut non-characterization. So the
modification for Brooks and Corey and Campbell via making the soil moisture
content in h, stage constant (equals to saturation point) as was done in
Gendy method (2001). Generally, the output of Campbell and modified
Campbell do not agree with the experimental data and non- significan
effects. As for the output of Brooks and Corey (1964) and the modified oneg
(1985) they agree with the experimental data after hy, stage but there are n
significant in h, stage as shown in Fig. (3) and Fig. (4).
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Fig (3): Values of experimental and predicted SMRC using van .
Genuchten, tensiometric, modified B.C. and modified Campbell
for Inshas sandy soil at 45 & 60 cm depth.
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Fig (4): Values of experimental and predicted SMRC using both using

Brooks.Corey (1964). and Campbell for Inshas sandy soil.

Table (11): Significance test of the variati
data and output of determination methods of SMRC at 4

s between the experimental

cm depth _
V.G(6) | B.C(B) | Camp.(6) | Tensi.( 6) | Mod. B.C () [ Mod. Camp.(.0)
7.063 1.082 8.042 1.489 1.082 8.042
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Table (12): Significance test of the variations between the experimental
data and output of determination methods of SMRC at 60-

cm depth
V.G (6) B.C () Camp.(.8) | Tensi.( 6) | Mod. B.C (8) |Mod. Camp.(.6)
6.429 0.005 14.898 0.4833 0.005 14.898

Underline values are non-significant, where the tabulated t was 2.08 and 2.09 for 45 and
60-cm depth, respectively.

Generally Tensiometric method the accurse method to detect the soil
moisture retention curve in situ until wilting point (15 bar) by using values of
soil matric suction in Tensiometric range. Moreover, it can be used its model
to detect the soil matric potential, which is used in irrigation scheduling,
where there is no direct method in accurately to measure matric suction up to
15 bar in situ. For this propose the model will able to do this as inthe
following phase:

h= (1/0,) [ Se-1lm_1]1ln
h=(1/a) [ ((6-6,)(8s. 87))""™1]"
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