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ABSTRACT

An efficient soil classification system in agricultural development constitutes an essential element in soil
surveys since it provides the framework for inventorying land resources. Based on this hypothesis, a
detailed soil survey was conducted at the Federal University of Agriculture, Abeokuta. Modal profile pits
were dug at the soil variations observed, described and sampled following standard guidelines. These soil
samples were subjected to physical and chemical analyses. The results showed that the soil colour varied
from reddish yellow to reddish brown at the crest but greyish at the valley bottom. The structure varied
from single grain at the top horizon to sub-angular blocky at the sub-horizon. The consistency when wet
varied from friable to very sticky. The organic carbon, available phosphorus and exchangeable bases were
low across all the profiles. At the same time, the total nitrogen was only moderate at the surface but low

as the soil depth increased. The soils fall within the soil order Alfisols in the USDA Soil Taxonomy.
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INTRODUCTION

According to Buol et al. (2015), soil characterization involves the examination of soil in the field and
determining physical and chemical characteristics in the laboratory. A great deal of inference can be drawn
from the soil's morphology as seen on the field, and interpretations and predictions about its qualities can
be made. Buol et al. (2015) further explained that for accurate interpretation and prediction, especially for
modern agriculture and non-agricultural uses of soils, quantitative data on the composition of the soils are
needed for characterization. Soil characteristics in any place result from five genetic factors: climate,
organisms, relief, parent materials and time, and the effect of man's use. Soil is a combination of
characteristics resulting from a combination of factors. Its future potentialities, as well as its previous
history, are reflected by these characteristics (Schoonover and Crim, 2015). Okafor and Fabiyi (2011) listed
soil depth, texture, structure, and consistency, among other morphological properties of the soil, that are
very useful, while particle size analysis, bulk density, total porosity, infiltration rate, and soil moisture
parameters are some of the physical properties useful for soil characterization. Key chemical parameters
include pH, organic matter, cation exchange capacity, exchangeable cations, base saturation and free iron
oxide (Buol et al., 2015). Akinde et al. (2020) also affirmed that examining the physical and chemical
characteristics of the soils would provide an in-depth knowledge of their productive capacities for long-
range agricultural development, planning, and management. This is because the amount of nutrients in the
soil is usually taken as an index of fertility—common properties of the soil help in grouping the soil into
various classes. An efficient soil classification system in agricultural development is essential in soil
surveys since it provides the framework for inventorying land resources (Obi and Ogunkunle, 2022). This
study characterized and classified the soil of the different land use types in the Federal University of

Agriculture, Abeokuta.

MATERIALS AND METHODS

Description of the Study Area: The study was conducted at the Federal University of Agriculture,
Abeokuta (FUNAAB), Ogun State. The area is located between latitude 70 15' N and 70 23' N, Longitude
30 20' E and 30 24' E and on Elevation 108 m. The vegetation, which various agricultural practices have
modified over time, is a derived savanna. The climate of Abeokuta falls between the humid and sub-humid
tropics, with a mean annual rainfall of about 1120 mm, with two peaks in the distribution pattern and five

dry months in the year. Temperature ranges between 25°C and 28°C. The soil temperature, which is
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relatively higher than the air temperature, is highest at Scm depth (34°C to 35°C) and decreases with the
depth from 10 cm to 50 cm from the surface, remaining above 300 C. The relative humidity is highest
between July and September, ranging from 86 % to 88 % and lowest between January and February at 66
% to 68 % in most years (Basil et al., 2023b). The major land use types in the area are cashew, oil palm,

arboretum, and fallow.

Field Survey: Four different land use types were considered for this study, namely: Arboretum (Land use
1), Cashew (Land use 2), Oil palm (Land use 3) and Fallow (Land use 4). For each land use type, an area
of 4 hectares was demarcated for the study. A representative profile pit (2 * 1 * 2 m) was dug at each land
use type or slope segment, and soil types/mapping units were encountered at each of the chosen land use
types viz: crest, middle slope and valley bottom. The oil palm and the arboretum had 3 profile pits; each
dug based on the slope segments of the top sequence. Cashew and the Fallow had 2 profile pits each, based
on the soil types encountered on the sites. The general site description was determined, including climate,
vegetation, land use, slope gradient, drainage type, soil surface form, type and degree of erosion, and soil
texture by feel. The profile pits were described morphologically after FAO (2006) guidelines. The profile
soils were sampled, placed in labelled bags, and processed in the laboratory after air-drying. Soil colour

was determined using the Munsell colour chart.

Laboratory Analysis: The air-dried soil samples were ground and sieved with a 2 mm mesh sieve, and
sub-samples were further sieved with a 0.5 mm sieve for the organic carbon and nitrogen determination.
The Organic Carbon was determined using the Walkley and Black method (1934). Soil pH in water and
0.01M potassium chloride solution (1:1) was determined using a glass electrode pH meter (Mclean, 1965).
Exchangeable cations were extracted with IM NH4OAc (pH 7.0), sodium and potassium were determined
using a flame photometer, and exchangeable Mg and calcium by an atomic absorption spectrometer (Spark,
1965). Available P was extracted using Bray-1 extractant followed by Molybdenum blue colourimetric.
Exchangeable acidity was determined by the KCI extraction method (Mclean, 1965). Percentage Base
saturation was determined, and adequate cation exchange capacity (ECEC) was calculated from the sum
of all exchangeable cations. Total nitrogen was determined by Jackson's Macro-Kjeldahl digestion method
(1962). The bulk density was determined by the core method. Soil porosity was estimated from the bulk
density data at an assumed particle density of 2.65 gm->. The Bouyoucos hydrometer (1951) method used

a Calgon as a dispersing agent to determine particle size distribution analysis.
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Soil classification: The soil classification was done using the USDA Classification System of 2022 and
the FAO/UNESCO (2010) Classification System.

RESULTS AND DISCUSSION
Results
Morphological Properties of the soils under different land use types

The morphological properties of the soils presented in Table 1 varied from one land use type to another in
all four Land Use Types with respect to colour, texture, structure, consistency, boundary and root
concentrations. It was observed that pedons at the crest and middle slopes in Land Use Types 1 and 3 (i.e.
arboretum and oil palm plantation) were well-drained, while the pedons at the valley bottom were poorly
drained. The soil colour at the crest varied from reddish yellow to reddish brownish but greyish at the valley
bottom in Land uses 1 and 3. The colour ranges from 5YR4/2 to 7.5YR8/6 (Reddish brown to grey) across
all the profiles. The texture varied from sandy to grave from the top horizon down to the sub-horizon in the
arboretum. In the Oil Palm, the texture varied from silty to clayey from the top horizon to the sub-horizon
in all the profiles. In cashew (Land Use 2) and fallow (Land Use 4), the texture varied from sandy to grave
and silty, respectively. The soil structure across all the profiles in all the land use types varied from single
grain at the top horizon to sub-angular blocky at the sub-horizons. The pedons varied from friable to very
sticky in terms of consistency. The root concentration varied from very fine roots to many coarse roots.
Iron and Mn concretions were present at the valley bottom in the arboretum (Land Use 1), cashew (Land
Use 2), and fallow (Land Use 4). The soils are generally deep. The boundary was clear in some profiles

and abrupt in some of the different Land uses employed.

Physical and Chemical Properties of the Soil Profile

The physical and chemical properties of the profile soils are shown in Table 2. The sand contents ranged
from 840 g/kg at the surface to 630 g/kg at the sub-surface in Land Use 1. It ranged from 850 g/kg at the
surface to 473 g/kg at the sub-surface at Land Use 2, while in Land Use 3, it ranged from 760 g/kg at the
surface to 596 g/kg at the sub-surface. In Land Use 4, it ranged from 850 g/kg at the surface to 660 at the
sub-surface. The clay contents ranged from 127 g/kg at the surface to 300 g/kg at the sub-surface in Land
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Use 1. In Land Use 2, the clay contents ranged from 142 g/kg at the surface to 432 g/kg at the sub-surface.
In Land Use 3, however, the clay contents ranged from 182 g/kg at the surface to 308 g/kg at the sub-
surface, while in Land Use 4, it ranged from 131 g/kg at the surface to 300 g/kg at the sub-surface. Although
the sand contents decreased as the depth increased, the clay contents increased as the depth increased, but
the silt contents did not show any specific pattern in its distribution. The pH of the soils was neutral at both
the surface and sub-surface in Land Use 1. In Land Use 2, it ranged from slightly acidic to moderately
acidic, while in Land Use 3, it ranged from somewhat acidic to moderately acidic. In Land Use 4, it ranged
from neutral at the surface to slightly acid at the sub-surface. The organic carbon was moderate at the
surface in Land Uses 1 and 4 but very low at the sub-surface in other Land Uses. The total nitrogen was
mild at the surface in Land Uses 1 and 4 (profile 10) but low in all other surface and sub-surface profiles.
The available phosphorus was low in all the Land Uses. The exchangeable bases were not excluded in these
variations. The potassium content was very high and very low in some profiles. It ranged from 5.22 cmol/kg
to 0.01 cmol/kg at the surface across the profiles and 4.58 cmol/kg to 0.01 cmol/kg at the sub-surface.
Sodium content followed the same trend as potassium as the values fluctuated across the profiles. It was
very high on some surfaces and shallow on some profiles. This cut across all the profiles. The calcium
content was low in all the Land Uses, while the magnesium content was moderate across all the profiles.
The ECEC was also moderate in profiles 1, 2, and 3 and very low in profiles 4,5, 6,7,8,9,10. The percentage

base saturation was >90% in all the profiles.

Soil Classification: The classification of the pedons is given in Table 3. The soils fall within soil order
Alfisols in the USDA Soil Taxonomy (Soil Survey Staff, 2022). All the pedons with argillic B horizons
and high base saturation (>50%) were classified as Alfisols or Luvisol (FAO/UNESCO, 2006). The pedons
at the crest and middle slope of Land Use 1 were classified as Typic Eutrudalf (Soil Survey Staff, 2022)
and Rhodic Luvisol (FAO/UNESCO 2006). At the valley bottom, it was classified as Plinthic Eutruaqualf
(Soil Survey Staff, 2022) and Plinthic Luvisol/Plinthosol (FAO/UNESCO, 2006).

The pedons at the crest, middle and valley bottom of Land Use 2 were classified as Rhodic Plinthiudalf
(Soil Survey Staff, 2022) and Plinthic Luvisol (FAO/UNESCO, 2006). The pedons at the crest and middle
slope of Land Use 3 were classified as Typic Paleudalf (Soil Survey Staff, 2022) and as Eutric Luvisol
according to (FAO/UNESCO, 2006). At the valley bottom, it was classified as Typic Paleaqualf (Soil
Survey Staff, 2022) and Eutric Luvisol (FAO/UNESCO, 2006).
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DISCUSSION

The variations in the soil's colour could result from the drainage pattern experienced in the soil, according
to Senjobi (2007). The drainage pattern of the soils also suggests that the soils were well drained in some
land uses. This is due to the differences in the clay contents and regional water table, according to Senjobi
(2007). The sand content of> 800 g/kg at the surface indicated that the particle size was dominated by sand.
The implication of this is that the infiltration rate and the rate of leaching would be high. This was evident
in the exchangeable bases. This result was similar to the report of Senjobi et al. (2019). Basil ef al. (2023a)
also reported a similar result, indicating that the high percentage of sand indicates a high infiltration rate.
Senjobi et al. (2010) further implied that soils of this quality can be eroded. The increase in clay content as
the depth increases might result from a process known as argilluviation. This trend was similar to the result
reported by Basil ez al. (2023a). The clay movement down the profile is also a result of the leaching of clay
materials caused by the downward movement of water and depositing them in the following profile
horizons, according to Basil ez al. (2023b). The low organic carbon observed in all the profiles could result
from micro-organism activity, which aids the decomposition of organic materials favoured by the high
temperature of the tropics. This is similar to the result reported by Senjobi (2007). Murphy et al. (2021)
reported that organic carbon increase was not noted in oil palm plantations due to the uneven redistribution
of recycled fronds. This was also supported by Rahman et a/. (2020). Available phosphorus was low across
the profiles. This suggests that all the land use types comprising tree plantations are heavy feeders of
phosphorus, according to Onyekwelu et al. (2008). The parent materials of the soils could be poor in
phosphorus minerals, according to Aiboni (2001). The results of soil classification show that all the soils,
irrespective of their position along toposequence, are Alfisols. However, the lower slope and valley bottom
pedons were expected to be mostly inceptisols and entisols, as reported by Ibrahim et al. (2020). The pedons
of the lower slope and valley bottom are mature soils with their horizons developed beyond the stage of
young soil. This is evidenced in the clay illuviation, with no indication of soil materials' recent or

continuous deposition. There is also strong evidence to support their classification as Alfisols.
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Conclusion

It is concluded that the soil characteristics, physical and chemical, varied across the pedons. The organic
carbon was found to be low, available phosphorus was also low, and total nitrogen was moderate at the
surface. The soils were slightly acidic, as the exchangeable bases had been used up or leached away. This

claim was confirmed in the soil pH. The soils are of the soil order Alfisols.
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