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ABSTRACT

" The unsaturated hydraulic conductivity K(6) as a
function of water content (6v) was determinedin some
uniform Coastal Thicket Soils in Ghana using the unif-
gradient assumption of the internal drainage method.
The study showed an exponential relationship be-
tween K(6) and @v for three locaiions investigated.
It was also noted that the exponential K(6) - 6v
relationships could be lumped logether for the dif-
Jferent soil depths up (o the 0.4m depth, suggesiing
i the uniformity of the soils within the zone of study.
" The obtained exponential (K (8) - @ v relationship
dconfirmed the reliability of the unil-gradient assump-
tion in uniform soils.
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INTRODUCTION

The movement of water in soils when the soil pores
are partly filled with water and air is termed unsatur-
ated flow. Unsaturated flow takes place in the move-
ment of water through the soil to the plant roots, and
in the loss of water from the soil through evapora-
tion, The hydraulic constant describing the ability
of the soil to transnut water under unsaturated flow

dition is termed unsaturated hydraulic conductiv-
ity K(8), which depends to a great extent on the soil
water contents and pore geometry.

Both the field and the laboratory metheds for deter-
mining K(B) are available, However, for most ap-
plications in field engineering, K(8) determined in
the field is often preferred.  The most promising ficld
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method for determining K(8)is the internal drainage
method [8, 13]. In this method, the soil profile is
deeply wetted and the water content and the matric
potential are measured as a function of time and soil
depth whilst evaporation of water from the soil surface
is prevented.  This method has been used extensively
to determine K(8) in the field [9, 11].

The internal drainage method is not devoid of limita-
tions. The inappropriateness of the method on slop-
ing lands, the extraction of water by lateral roots and
the potential problem of unequal wetting of the soil
profile due to the possible occurrence of imperme-
able layers in the soil are some of the limitations. An
important drawback of the intermal drainage method
that is often overlooked is the inconsistencies in ten-
siometric data that are obtained in the fild.

To circumvent this problem, the unit gradient assump-
tion that neglects tensiometric data has been devised
as a modification of the intemal drainage method
[1,3,6,12].

There is a paucity of information in K(8) in tropical
soils south of the sahara. However, Bonsu and Lal
(1982) have provided extensive data on K(©) in some
Nigerian soils. Probably the paucity of information
on K(8) in tropical soils south of the sahara could be
due to the lack of simple field methods for K(©) de-
termination. The use of the soil water flow theory 10
describe hydrologic processes such as infiltration,
drainage, and plant-water extraction requires the de-
termination of K(8) as a function of water content or
matric potential, Therefore, this study was under-
taken to test the usefulness of the unit-gradient as-
sumption in the determination of K(©) - 8v relation-
ship in some Coastal Thicket soils within the Coastal
Savanna Ecological Zone of Ghana,
THEORY OF INTERNAL DRAINAGE
METHOD

The one-dimensional flux density of water through
the soil in a vertical dircction can be expressed as:

q= - K(©)dly/dz (h

where q is the flux density, § is the hydraulic poten-
tial, z is the soil depth in the vertical direction, K(8)
is the hydraulic conductivity which depends on the
watcr content @, and dif/dz is the hydraulic potential
gradient.
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By evoking the continuity equation
d6/dt = -dg/dz (2)
and combining it with ¢q (I), the general flow equa-
tion is obtained;
de/dt = d/dz {K(B) dy/dz] 3)

Integration of eq (3) as a function of depth z for the
limts z =0, z = z gives

do/dt 2= K(B) dy/z @)
and K(0) = 2 dOfdt /di/dz )

By the unit-gradient assumption, di/dz = 1, and eq
(5) finally becomes

K(8) = zd6/dt (6)

A further assumption can be made that the change of
water content with time during the internal drainage
is represented as [6, 9}

O=at® (7)

where t is the drainage time, and a and b are para-
meters,

'I:aldng the natural logarithim of both sides of eq (7)
gives

In©=Ina-bint 8)
Thus a plot of In © against In t during interal drain-
age must yield a straight line with the intercept as In
a and the slope as the magnitude of b.
Taking the first derivative of ¢g (7) gives

| d0/d = - abt bl ©)

Combining eq (6) and ¢q (9) gives

K(©)= - z{abtb-ly (10)
The parameters a, and b are simply obtained by re-

. gressing In © on Int.

i MATERIALS AND METHODS

i-' The experiment was carricd out in the Research Farm
 of Lniversity of Cape Coast during the dry season
- from November 1991 through February 1992 Three

fiat plots measured 0.7m by 0 Tm were cleared of all

growing vegetation and roots. Brick dikes of 0.15m
high were made around each plot. The surfac# of
the plots was covered with dry grass mulch and then
ponded with water until the profile was deeply wet-
ted, The brick dikes prevented the water from mov-
wg out laterally. A raised bed would have been
cheaper, but the soils were sandy in nature, As soon
as the water had infiltrated the soil was sampled for
the initial water content at depths 0-10cm, 10-20cm,
20-30cm and 30-40cm using soil moisture sampling
tube. After taking the initial water content, the plots
were covered with transparent polythene sheets to pre-
vent evaporation of water from the plots. The top of
the polythene sheets was covered with dry grass muich
to minimise temperature effects.

The soil was sampled daily for a period of 6 days for
the changes in water content as internal drainage took
place without evaporation from the soil surface. Af-
ter 6 days, the soil was sampled once a week continu-
ously for 4 weeks to monitor the changes in soil wa-
ter content.  Afier the 4th week the bulk densities of
the sail at the various depths were determined by the
core method.  Using the bulk densities, the changes
in water content was converted from mass basis to
volume basis.

It must be cmphasized that the soil within the dikes
was not disturbed since diking was done while stand-
g outside the plot.

Furthermore, small plot sizes were chosen 80 a3 to
reduce the amount of water required to wet the soil
profile as decp as possible. Also since gravimetric
sampling was used, the depth of sampling was lim-
ited t0 0.4:n because there was no long sampling tubes
to go beyond 0.4m.

RESULTS AND DISCUSSION

The texture and the bulk densities of the soils for the
various depths are presented in Table 1. The texture
varivd from sandy loam to sandy clay loam, The
bulk deasity increased directly wigh depth, and it
value varied from 1.3 to 1.8g ¢m *°.  Sample plots
for the variation of water content () with depth (2)
at different drainage times is presented in Fig.l, Fig,
1 shows that the water content decreased with drain-
agetime.  Also, irrespective of the drainage time, the
water content increased with depth, giving the indi-
cation that the soil profile was deeply wetted. Sample
plots of In © against Int for the different depths is
illustrated in Fig. 2.

In Fig. 2 approximate straight lines with negative
slopes could be fitted through the points indicating a
good agreement with the empirical eq 8.
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The K(B©) values calculated by the unit-gradient
assumption were plotted as a function of Gv using a
semi-log scale.  The semi-log plots of K(B) as a
function of Bv for plots 1, 2 and 3 are shown in Figs
3, 4, and 3 respectively. The scatter indicated that
for each plot, K(©) and Bv relationships for the dif-
ferent layets could be lumped together and represented
by a single exponential function, The correlation co-
efficients between In K(©) and ©v for the three
respective plots were highly positive and signifi-
cant (r=0.9999; P <0.1%). The fact that In K(©)
and Ov relationships for the different depths of the
plots could be represented by single exponential func-
tions indicated that the soil was uniform up to a depth

of 0.4m, even though there was a slight change in the.

texture at the 0.4m depth (Table 1).

The exponential relationship between K(©) and Bv
has been extensively documented, for example [2, 4,
5,412, 14]. - Therefore the exponential functional re-
lationship between K(©) and ©v obtained in this study
suggests that the unit-gradient assumption in deter-
mining K(8) in the ficld using the internal drainage
method is valid for uniform soils. However, in com-
plex stratified soil profiles the unit-gradient approxi-
mation may not be adequate.  Studies carried out
elsewhere [1, 11, 15] showed that the hydraulic po-
tential gradients were strongly influenced by the com-
plexity and nature of the soil profiles. The hydraulic
potential gradients could vary with both time and soil
depth in stratified soil profiles and could be either
smaller or greater than unity [1]. The hydraulic po-
tential gradient during the infomnal drainage process
in uniform soil profiles has been noted to be nearly
equal to unity [3, 7].

CONCLUSION

The study confirms that the unit-gradient assumption
of using the intemal drainage method for K(©) de-
termination in the field is valid for uniform soils, and
simple direct soil moisture sampling can be employed
with the method for the determination of K(8) - Bv
relationship which is required in modelling hydro-
logic processes in soils. In stratified soit profiles,
tensiometric data may be required in order to deter-
mine K(©) - ©v relationship in the field, since the
hydraulic potential gradient may not be unity. How-
ever, when the sil profile is sufficiently wet, the unit-
gradient assumption is approached in non-uniform
soils. Therefore, for modelling hydrologic processes
in the field that do not require very accurate K(6)
values, the unit-gradient method can be employed for
K(6) determination because it is simple and suffi-
ciently accurate.
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Table 1. Some pertinent physical properties of

the soils.

Plat Deph  Samd St Clay Textwe Bulk
Ne. (cm) (%) % &) clow’ inm!')

1 610 7786 400 1812 SL 127
' 1020 7588 400 2002 SL 145
2090 7588 400, 212 SL. 167

3040 M2 384 2212 SCL 184

2 010 782 364 1812 SL 127
1026 7588 400 2012 SL 146
o) 7588 200 2212 SCL 1%
040 TIE8 400 2212 SCL 182

! ol0 7788 600 &2 SL 128
160 7588 600 M1 SL 150
030 7MHE 60 212 SL L8
V40 WH 40 2202 SCL 183

*S.L.
S.CL.

sandy loam
sandy clay loam.
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