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ABSTRACT
The aim of this study is to develop models for saturated hydraulic conductivity (Ks) in soils under 
different land use types in a tropical environment. The regression models were developed using the 
soil particle size fraction and organic carbon contents.The results indicated that the sand, clay and 
organic carbon content of the soils were sufficient in predicting the Ks. Also, there was a significant 
variation in the R2 values of the prediction models resulting from variations in the soil properties 
used across the land use type. Thus a separate Ks is required for each land use type. The R2 value 
of the models ranged from 37 % to 100 %. 
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INTRODUCTION

 Tropical soils are usually characterized with 
weakly developed structure, crusting, compac-
tion (Busari and Salako, 2014) and this observa-
tion has been linked to the intensity of the soil 
weathering and the low organic carbon content 
which in most cases have resulted into low water 
transmission rate. Apart from the inherent weak-
ness of soil structure, rainfall intensity or erosiv-
ity is very high in the tropics, with intensities 
often exceeding 75 mmh-1 (Salako, 2008). Water 
transmission rate in soil is of great importance 
as it controls nutrient flow and invariably affects 
crop growth and productivity. Saturated hydrau-
lic conductivity (Ks) is one of the most impor-
tant soil properties controlling water infiltration, 
surface run-off, leaching of pesticides from agri-
cultural lands, and migration of pollutants from 
contaminated sites to the ground water (Fasin-
mirin, 2011). Saturated hydraulic conductivity 

(Ks) of soils as reported by Debashis et al. (2006) 
as the most variable quantity, both spatially and 
temporally and this makes it difficult to deter-
mine. It is usually determined in the laboratory 
using constant head method (Klute and Dirksen 
1936). This method is labourious, time con-
suming and data obtained may be often highly 
variable. In recent times, several attempts have 
been made to estimate indirectly soil properties 
from more easily measurable and more readily 
available soil properties especially the routinely 
determined parameters such as sand, silt, clay 
and organic carbon content (Larson and Pierce, 
1991). Models for predicting Ks using soil prop-
erties such as clay, sand, and organic content, as 
well as bulk density using empirical equations 
and multivariate regression analysis had been 
proposed (Brakensiek et al. 1984, Cosby et al. 
1984, Saxton et al. 1986, Vereecken et al. 1990). 
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Also, advanced correlation techniques for pre-
dicting Ks including fuzzy logic and neural net-
work methods have been proposed (Schaap et 
al., 1998). This method relates Ks to soil prop-
erties such as particle size distribution, porous 
structure, and water retention using physical and 
physio-empirical relationships (Bloemen 1980, 
van Genuchten 1980; Campbell and Shiozawa 
1994). The limitation of the latter method is that 
it requires data that are not routinely determined 
in the laboratory (Hipple et al. 2003, Tugel et 
al. 2005). Also most of these models have been 
developed using data obtained from temperate 
soils. Therefore, there is need to develop models 
that will relate routinely determined soil prop-
erties in the laboratory to Ks. Research on de-
veloping such models for tropical soils is rare 
in South western Nigeria. The aim of this ex-
periment was to develop regression models for 
predicting Ks using data obtained from different 
soil taxonomic classes and land use types.

MATERIALS AND METHODS

The study was carried out at the Federal Uni-
versity of Agriculture, Abeokuta, Ogun State 
(Longitude 30 21’E and Latitude 70 91’N) in the 
Derived Savannah Zone of South-western Ni-
geria. The soils under four different land uses 
viz Fadama (lowland), Agro forestry arboretum 
(Gmelina), Plantain and the Oil palm plantation 
were used (Table 1). Two (2) profile pits were dug 
per land use type. The profiles were described 
according to Food and Agriculture Organization 
(FAO) guideline on profile description (FAO, 
2006) and sampled according to pedogenic hori-
zons. Collected soil samples were air dried, and 
sieved using a 2 mm sieve. Particle size analysis 
was done using the hydrometer method (Buyou-
cous, 1962), organic carbon was determined us-
ing the wet oxidation method (Walkley–Black, 

1934), and pH was determined using standard 
glass electrode pH meter (McLean, 1982). Core 
samples were taken using standard cores (5 cm 
in diameter and height). The core samples were 
used for the determination of the saturated hy-
draulic conductivity and bulk density. The Ks 
was determined using the constant head meth-
od (Klute and Dirksen, 1936). The data gener-
ated from the soil analyses were used to clas-
sify the soil type using the guidelines of Smyth 
and Montgomery (1962) and USDA taxonomy 
(2006) and developing the models for estimat-
ing the soil Ks.The linear models was used to 
estimate the Ks using the soil particle size and 
organic carbon. The resulting equation has the 
form:

Y = intercept ± (a×sand) ± (b×silt) ± (c×clay) 
± (d×OC)

Where Y is the dependent variable and a, b, 
c and d are regression coefficients for sand, silt, 
clay, and organic carbon respectively. 

RESULTS

Soil Morphological Properties

Profile pits dug at agroforestry arboretum, oil 
palm and plantain plantation had plinthite at 110 
cm, 94 cm and 83 cm depth (Table 2) respec-
tively while the depth of the profile pits in the 
fadama were restricted by high water table which 
was encountered at 40 cm. The A and B horizons 
of all the profile pits except that of fadama that 
was 5 YR had colour hue ranging from 10 YR 
to 7 YR, colour value between 2 and 6 while 
the colour chroma ranged from 1 to 8 (Table 2). 
However, the lower horizons were subjected to 
seasonal water fluctuation resulting in mottling 
that were few medium common prominent and 
distinct. The mottles vary in colour hue from 
2.5YR to 7.5 YR, colour value between 4 and 
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7 while the colour chroma was 8 (Table 2). The 
lower horizons (B and C) were sticky because of 
the high clay content compared to the A horizon. 
The soil structure ranged from medium crumbs 
to sub angular blocky. 

 Soil Physical and Chemical Properties

The sand contents of all the profile pits were 
higher at the A- horizon but decreased with in-
creasing soil depth (Table 2). Among the land 
use types, the average profile sand content was 
highest in the oil palm plantation. The clay 
contents increased with depth, with horizons 
between 89 and 110 cm depth at oil palm, 62 
and 140 cm depth at agroforestry having high-
er clay content than other depth (Table 2). Silt 
content was similar at various depths of all the 
profile pits across the land uses. Bulk densi-
ties increased with depth in all profile pits of 
the land uses having mean value ranging from 
1.52 gcm-3 at the  agroforestry to 0.95 gcm-3 at 
the fadama and was lower in the A horizons of 
all land use types (Table 3). The soils under oil 
palm plantation had higher saturated hydraulic 
conductivity especially at upper horizons com-
pared to that of fadama land use type (Table 3).  
The Ks was found to vary with soil depth across 
all the profile pits and ranged from  0.76  cmhr-1 
at 83-162 cm depth plantain 2 to 23.37 cmhr-1 

at 0-8 cm depth in the oil palm plantation 1(Ta-
ble 3). The organic carbon content of soils from 
all land uses decreased with soil depth, with the 
A horizons having higher organic carbon con-
tent than all the subsoil horizons. The soil pH 
from all land use types ranges from 5.20 to 6.80 
(moderately acidic to neutral). 

Soil Classification

Based on the observed morphological, physi-
cal and chemical properties of the described 
profile pits, soils under the fadama, agroforestry 
arboretum and plantain plantation were classi-
fied as Hydra aquentic Humaquept, Typic Paul-
estalf and Arenic Hapludalf respectively while 
those under the oil palm plantation were clas-
sified from as Aquic Paleustalf and Oxyicaquic 
Paleustalf. 

The Ks estimation models

The models developed were by linear step-
wise regression using SPSS and was developed 
for each soil type (Table 4). Some of the models 
developed showed that the sand content of most 
of the soils from the land use types did not play a 
significant role for Ks. This could be supported 
with the fact that as sand content of the soil re-
duces down the profile, the silt and clay content 
increases, and the Ks also decreases.  
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DISCUSSSION

The particle size distribution indicated that 
the soils of the different land use examined were 
predominantly sandy in the surface and sub-sur-
face layers. The implication of this is that soils 
would be well drained in the surface, but may 
have poor water and nutrient holding capacity 
(Hillel, 1980). The soils reported in this study 
had coarse to moderate texture, and this resulted 
in poor soil aggregation (Salako et al., 1999; 

Salako and Hauser, 2001). 

It was also observed from the study that the 
bulk density increased with depth for soils from 
all the land use. However, it should be noted that 
the bulk density at the lower depth of each of 
the profiles was significantly higher than that 
obtained from upper depth. This presumably re-
flects decreased biological activity. It could be 
linked to the fact that the organic carbon con-
tent at surface soils is high, which enhances the 
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aggregate stability and thus the soil particles 
were well arranged and could still be further in-
fluenced by the high content of organic carbon 
in such soils as compared to others, as organic 
carbon enhances aggregate stability as reported 
by Caravaca et al., 2004; Pinheiro et al., 2004. 

The saturated hydraulic conductivity of the 
soil of the oil palm plantation was significant-
ly higher than other land uses especially that 
of fadama soils which shows very low ease of 
flow of water. Also, the saturated hydraulic con-
ductivity decreased with depth but this differs 
from what was observed in fadama soils as it 
increased with depth. The reason for this was 
the low activity clay present in the soil (Oost-
erbaan and Nijland, 1994) and that the area is 
water logged.

The parameters used for the development of 
the regression models have been found to be 
largely interdependent such as the silt, sand, 
clay, and organic carbon; this is because they 
play significant role in the ease of flow of wa-
ter and aggregate stability. This is as a result of 
the inverse relationship between the particle size 

classes. From the model developed for Oxyaquic 
Paleustalf, it could be observed that the coeffi-
cient of determination (R2) did not change. This 
implies that the Ks such soil largely depends on 
silt, clay and organic carbon. In addition to this, 
the coefficient of determination for hydraaquen-
tic humaquept remained at 100 %, an indication 
that the silt and clay fraction of the soil played a 
significant role in the ease of flow of water. The 
model also reflected that a universal Ks cannot 
be developed for all the land use types in this 
study as the coefficient of determination was 
0 %, thus suggesting that regression model for 
predicting Ks should be based on soil type. 
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