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ABSTRACT

The internal drainage procedure may be used to measure the soil unsaturated
hydraulic conductivity (UHC) by measuring the soil water content and matric
potential profiles. However, in some cases this method can not be used due to
failure of tensiometer in determination of soil matric potential. Therefore, a
simplified procedure may be applied. In the present investigation a meodified
internal drainage method was used and compared*with the original procedure to
determine the UHC in three different soils. In this simplified method, it was
assumed that a uniform soil water profile or unit hydraulic gradient was assumed.
The simplified procedure only requires the soil water profile to be measured by a
neutron probe or by the gravitational method. The equation of UHC as a function of
soil water content, K( 0 ), obtained by the two different methods was similar for

two of the three soils (Dezful and Mollasani) which contained no gravel. In these

1. Instructor and Professor, respectively.



soils, the soil water profiles were rather uniform and their hydraulic gradients were
about 1.0 and 0.92 which are close to unity. Therefore, it may be concluded that
the simplified method of internal drainage can be applied to homogeneous soils
with a nearly uniform soil water profile and unit hydraulic gradient. The K(8) for
gravelly soil (Jahrom) was different in the two methods due to the nonhomogeniety

of soil and non-uniform soil water profile.
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INTRODUCTION

Unsaturated water movement in soil profile is wusually considered in
irrigation, drainage, deep percolation and seil water pollution. Measurement
of deep percolation in the field is very difficult, but it is required in water
balance studies in the root zone of crops and trees to deterniine
evapotranspiration and irrigation application efficiency. Therefore, deep
percolation in the field may be estimated by measuring the gradient of soil
water potential at depths below the root zone and using unsaturated
hydraulic conductivity (UHC) as a function of soil water content and/or

water potential. However, in the case of unit hydraulic gradient at depths
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below the root zone (uniform soil water profile at or below the root zone in
homogeneous soil) deep percolation is equal to the UHC (6). The UHC as a
function of soil water content, K(8), has been determined by various
laboratory and- field procedures (2,3,5,7). Furthermore, UHC function was
measured in field by sprinkler infiltration method (14) and by infiltration
through an impeding layer (1,4).

Most of the UHC relationships are power or exponential functions.
Recently, these functions have been determined by an empirical method (10},
numerical solution of Richard’s equation (12) and applying the fractal
concept in soil moisture retention curve (11).

The theory of internal drainage with a constant flow through a soil
profile has been proposed by Rose ef ai. (9) and then was used in laboratory
by Watson (13). Hillel et al. (6) applied this theory and proposed a procedure
for measuring UHC in the field. In their method, water content profile and
water potential gradient were determined by neutron probe and tensiometer,
(internal drainage method), respectively. However, in some cases this
method can not be used, therefore, a simplified procedure may be applied.

In the present investigation a modified internal drainage procedure was
developed and compared with the original precedure for measuring the UHC

for three different soils.

Theory

The internal drainage method is valid when water table is not present or
is located deep enough not to influence the vertical flow of water (6). This
method requires that soil volumetric water content (8) and/or matric
potential (h) measurements be_made at frequent time intervals (t) and depths
(z) while evapotranspiration is prevented. General differential equation for
vertical water flow in soil is:

00/t =0(K(0)dH/@z)dz [i]
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in which © is the volumetric soil water content (cm3 em ), tis time (day), z
is the soil depth (cm), K(8) is the unsaturated hydraulic conductivity (UHC)
(cm day') and H is the hydraulic head (sum of matric potential (h) and
gravitational potential (z), cm. Integration of equation [1] between z=0 and
Z will result in the following equation:

(80/8t)z = (K (0)0H /8z) 7 21

in which Z is the soil depth at which soil water content is measured. With
zero flux of water on the soil surface (no evapotranspiration) the vatriation of

soil water profile is related to downward flux and can be shown as follows:
(dw/dt)z=q=(K (8)dH/8z ) 7 [3a]
. .
w= [odz
0
Z
o= _[ (00 / ot)dz B3]
0

in which w is the total amount of water in soil profile at depth of zero to Z
(cm). When water content and soil matric potentials are measured at
different depths and time intervals, (A z) and (A t), the downward flux can
be obtained as follows:

n
q= Y (d6/dt){Az); [41

=1
Therefore, the UHC as a function of soil water content is as follows:
K@) =q/ ((8h/ 8z )+1) [51
in which dh/8z is the matric potential gradient. Equations [4] and [5] are

used to calculate K(0) in the original internal drainage method. When
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variation in soil water content with depth is negligible in a homogeneous

soil, dh/ Dz is also negligible, and equation [5] will be as follows:

K(0)=q=-[d 6/dt]Z 6]

in which © is the average soil water content at depths of zero to Z and the

d 8 dt”" has a negative value. equation [6] is suggested to be used to estimate

the K(6) which is simpler than the equations [4] and [5]. Equation [6] only

needs the measurements of soil water contents at different depths and times.
The relationship between K(8) and 8 may be presented as follows:

K(6) =aExp[ b (0)] [71

in which a and b are constants depending on the soil properties. To calculate

K( ©) from eqation [6], the slope of 6 as a function of time should be

determined accurately. To do this, the following empirical equations may be

obtained from the measured © at various times (t) by regression analysis:

Int=p+q( ) [8a]
or
t=Exp [p+q ( 0)] [8b]
and

D =A+Bln t [8¢c]

Further , it is assumed that the soil water content is relatively constant at
different depths. Differentiating equation [8c] results in :

d @/dt=B/t [9]
Substitution of equations [9] and [8b] in equation [6] results in:

K( 8)=-BZExp[-p-q(6) [10]
which is similar to equation [7] with a = -B Z Exp (-p) and b= -q .

MATERIALS AND METHODS

Measurements were made at Agricultural Experiment Stations at

Mollasani, Dezful (Khuzestan province) and Jahrom ( Fars province ) in
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Iran. Some physical properties of the soils are shown in Table 1(8). The
water tables at Jahrom and Dezful regions were very deep and it was deeper

than 3.5 m at Mollasani region.

Table 1. Some physical properties of the soils studied.

Apparent
Seil bulk
depth  Sand Silt Clay  Gravel density
Sites cm % % % % g cm’?
Jahrom 0-60 38.0 38.5 11.9 11.6 1.48
Dezful 0-60 20.0 49.0 31.0 1.47
Mollasani  0-60 30.6 43.0 26.4 1.53

An iron cylinder (1.5 m 1.D. ) was driven in soil at Jahrom and a
neutron tube was placed in the middle of it to a depth greater than 70 cm.
Water was applied to the soil to make it nearly saturated to a depth of 70 cm.
Soil water content was measured by neutron probe at depth intervals of 10
cm at 0, 1, 2, 5, 9, and 25 days after wetting. Basins of 10x10 m * were
nearly saturated at Mollasani and Dezful sites to a depth of 90 and 120 cm,
respectively. Soil water contents in the middle of the basins were
determined at depth intervals of 20 cm by neutron probe at Mollasani and by
gravitational procedure at Dezful site. The measurements were made on day

0, 1, 2,13, and 24 after wetting at Dezful and on day 0, 1, 2, 5, 10, and 25

at Mollasani. At all three sites, tensiometers were placed at depths of 30, 60,
and 90 cm near the neutron tube or at the soil sampling sites for soil water
content in Dezful. In addition, one more tensiometer was located at the depth
of 20 cm at Dezful site. The tensiometer readings were recorded concurrently
with the soil water content measurements. Soil surfaces were sprayed by
herbicide to prevent weed growth and were covered by plastic sheets to

prevent surface evaporation.
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RESULTS AND DISCUSSION

The variations of soil water content and hydraulic head with respect to
depth for different sites (soils) are shown in Figs. 1 and 2. The soil water
profiles were rather uniform for Dezful and Mollasani sites, but it was not
uniform for Jahrom due to lighter soil and presence of different amounts of
gravel at various depths (Fig. 1). Slopes of the hydraulic head with respect to
soil depth (hydraulic gradient) for soils of Dezful and Mollasani were. 1.0
(0.87-1.33) and 0.92 (0.67-1.25) which are close to unity while the hydraulic
gradient for the soil at Jahrom was less than one with an average of 0.12.

The calculated values of K(O) based on equations [4] and [5] (original
internal drainage) were correlated with © and the values of a and b of
equation [7] were obtained. The values of a and b in equation[10] (simplified
method) were also calculated (Table 2). The values of b are similar in two
different methods (original and simplified internal drainage) of K(8)

determination for soils of Dezful and Mollasani sites with relative values of

Table 2. The values of a and b obtained by original and simplified methods

for different soils.

Correlation

Sites Methods a(cmd?) b coefficients
Dezful Original 14 x 10° 35.1 0.810
Simplified 4.0 x 10°® 38.4 0.960
Jahrom Original 24x10° 21.9 0.892
Simplified 7.1 x 10°7° 27.3 0.991
Mollasani Original 2.2 x 107 31.4 - 0.842
Simplified 5.2 x 107 29.6 0.990
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Fig. 1. Soil water content as a function of depth at various times, a: (1-24
days at Dezful site), b: (1-25 days at Mollasani site), ¢: (1-25 days
at Jahrom site).
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Fig. 2. Hydraulic head as a function of soil depth at various times, a: (1-24
days at Dezful site), b: (1-25 days at Mollassani site), ¢: (1-25 days

at Jahrom site).
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0.91 and 1.06. However, the ratio value of b at two different methods was 0.8
for soil at Jahrom. The a values are in the same order of magnitude
at two different methods of K(0) determination for soils of Dezful and
Mollasani (Table 2), while their values for soil at Jahrom differs one order of
magnitude at two different methods. These results indicated that the values
of K (8) for soil at Jahrom, based on simplified procedure of internal
drainage are not compatible with those obtained from the original procedure
of internal drainage.

Comparison of calculated K(6) from the two different procedures (the
original and the simplified internal drainage, Fig. 3) indicated that the
average differences between them at soil water contents from less than field
capacity to near saturation were about 19, 82, and 33% for soils at Dezful,
Jahrom and Mollasani sites, respectively. The main reason for the large
difference for Jahrom site is non-uniformity in soil water content with depth
{Fig. 1). Therefore, the simplified procedure of internal drainage can be used
to estimate K (8) in homogeneous soils with uniform soil water profile.

The variations in soil water content with respect to depth below 25 cm
are 4.0, 2.5, and 9.9 % for soils at Dezful, Mollasani and.Jahrom sites,
respectively, which resulted in average hydraulic gradients of 1.0, 0.92, and
0.12, respectively. Differences in hydraulic head gradient may be due to
differences in soil moisture retention curves of these soils. It is evident that
the hydraulic head gradient in soil at Jahrom site is much less than unity.
Similar results were reported by Hillel er a/. (6) in which, with a 10%
variation in soil water content at a depth of 0-135 cm, a hydraulic head

gradient of about 0.26 was obtained which is less than unity.

CONCLUSION

The internal drainage method is a valuable procedure for field
measurement of vertical unsaturated hydraulic conductivity as a function of
213
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soil water content , K(6), by using tensiometers and neutron probe. However,
in some cases, tensiometers fail to function or the soil matric potentials fall
below 0.08 MPa (functional limit of tensiometer). Therefore, the original
procedure of internal drainage equation [5] can not be used to estimate K(9).
In such cases , the simplified internal drainage method (equation [6] or [10])
can be applied as it only requires that the soil water profile be measured by a
neutron probe or by the gravitational procedure. However, the simplified
method of internal drainage was shown to be applicable only to soils™ with a
nearly uniform soil water profile or a nearly unit hydraulic gradient, but not

to gravelly soils which may not be homogeneous.
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