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ABSTRACT
Soil physical and chemical properties are strongly influenced by soil management systems and changes 
in land use. The study was carried out in Iseyin LGA of Oyo state which is a derived savannah zone 
under four different land use types’ arable, grazing, fallow and tree crops. A total of twenty four soil 
samples were collected at two depths i.e. 0-15cm and 15-30cm, from the study area using the cluster 
sampling technique, profile pits were also dug on each land use type so as to classify the soil. The sam-
ples were subjected to both physical and chemical analysis to determine the fertility status of the area. 
Soil textural fractions varied with land use with the sand particles having the highest percentage of 76.2 
% and 71.5% under arable and tree crops land use. This was followed by silt and clay fractions with 
values of 27.2 % and 10.64 % respectively in the grazing areas. The soils of the areas are mostly sandy 
loam and it also varied with depth with the top soil having higher particles than the sub soil. With respect 
to the soil chemical properties, the organic carbon content of the soils was generally moderate; it varied 
from 0.91% to 1.68 % for 0-15 cm depth while at 15-30 cm it ranged between 0.40 % - 1.24 %. The pH 
varied significantly with land use while the total nitrogen did not show any significant difference with 
all the land use types and soil depth, it ranged between 0.03 % - 0.08%. Available phosphorus and potas-
sium contents were also not significant across all the land use types and soil depth.
Keywords: Land use, variation, soil depth, soil physical and chemical properties.

INTRODUCTION

Land use can be referred to as the use to 
which a piece of land is put and this centers on 
the human activities that relate to a particular 
parcel of land. Land use varies from one place 
to another be it a Country, State, City or Local 
Government Area. Land use change shows a 
profound impact on the soil and environment as 
a result of the progressive growth of population 
and improvement of living standards which has 
lead the world to the increased demand for food 
and water, The past management of agriculture 

and terrestrial ecosystems has imposed so much 
pressure on the soil capacity and the environ-
mental performance in order to meet the needs of 
the growing human population so as to maintain 
the global balance of matter and energy. Land 
use change affects the global climate via the car-
bon cycle and the water cycle through changing 
evapo-transpiration and hydrological regimes as 
well as biotic diversity, soil degradation, and the 
ability of biological systems to support human 
needs (Lambin et al., 2003). Although, there is 
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a bi-modal rainfall pattern in most South West 
derived savannah ecology, the predictability of 
two planting seasons is becoming unreliable in 
the face of current reality in weather variability.

Majority of land use changes are related to ag-
ricultural use of the land in form of arable lands, 
plantations, cultivated lands including pastures 
and so on. Agricultural activities change the 
soils chemical, physical and biological proper-
ties. Such activities include tillage (mechanized 
or by hand), weeding, terracing, sub-soiling, 
deep ploughing, manure application, compost-
ing and fertilizer applications, liming, draining 
and irrigation (Bridges and de Bakker, 1997). 
All these activities have a positive or negative 
effect on soil fertility which is commonly de-
fined as the inherent capacity of a soil to supply 
plant nutrients in adequate amounts, forms, and 
in suitable proportions required for maximum 
plant growth through sustainable management 
practices. (Von Uexkuell, 1988).

Management practices have a great effect 
on the direction and degree of changes in soil 
properties while soil management systems play 
an important role in sustainable agriculture and 
environmental quality. According to Hulugalle 
et al. (1997) soil physical and chemical proper-
ties are strongly influenced by soil management 
systems and changes in land use. Thus, land use 
practices affect the distribution and supply of 
soil nutrients by directly altering soil properties 
and by influencing biological transformations 
in the rooting zone. For instance, cultivation of 
forests diminishes the soil carbon (C) within a 
few years of initial conversion and substantial-
ly lowers mineralization of Nitrogen (N), and 
these factors are critical for soil health (Murty 
et al., 2002).

The variation of soil properties should be 
monitored and quantified so as to understand the 

effects of land use and management systems on 
soils. The main consequences of inappropriate 
land use changes are land degradation and soil 
quality deterioration through loss of vegetative 
cover, reduced infiltration capacity, low soil or-
ganic matter content, low fertility status and so 
on. Variability of soil properties has been stud-
ied extensively based on remotely sensed and 
field measured data (Famiglietti et al., 1998; Hu 
et al., 2008; She and Shao, 2009).

Land use affects soil fertility and productivity 
and this manifests as changes in soil properties 
such as nutrient content (N, P, K, Ca, Mg, S etc), 
pH, organic matter, CEC, structure etc (Aluko 
and Fagbenro 2000, Akinrinde and Obigbesan 
2000, Akamigbo and Asadu 2001). Therefore, 
knowledge of soil properties is important in 
determining the use to which a soil can be put 
(Amusan et al. 2006). Soil physical properties 
deteriorate with change in land use especially 
from forest to arable. Cropping may lead to ero-
sion and leaching of soil nutrients (Chisci and 
Zanchi, 1981) which in turn adversely affect the 
soil physio-chemical properties.

These changes in the soil properties are usu-
ally influenced by the type of land use as the 
use to which a land is put will either increase its 
fertility status or reduce it and also the further 
you go down the depth the more changes are ob-
served in the soil properties.

The objective of this study therefore, was 
to assess the soil properties under four differ-
ent land use types’ i.e. arable areas, grazing ar-
eas, fallow and tree crops areas in Iseyin Local 
Government Area of Oyo state with the aim of 
quantifying and comparing the changes in the 
soil properties and evaluating its effects on the 
different land use with respect to soil depth.

Variations in Soil Properties as Influenced by Land use and soil depth 
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MATERIALS AND METHODS

Description of study site

The site, Iseyin Local Government Area 
(LGA), is located between latitudes 70 581 N and 
8°001 N, and longitudes 30 151 E and 3° 45’E, 
00 km north of Ibadan (Fig. 1). It covers about 
992 km2 and it falls within the derived savan-
nah vegetation. It is predominantly an agrarian 
area in which the major occupation is farming. 
According to 2006 population census, it had a 
population of 236,000. Crops cultivated include 
food crops such as maize, cassava, tomatoes, 
pepper, banana, garden egg, potatoes, and leafy 
vegetables while some trees crops such as co-
coa, oil palm and cashew are also cultivated by 
some farmers in the area.

Climate, Geology and Soil

The annual rainfall in Iseyin LGA is 
1098.6±62mm. Humidity ranged between 49 
.- 82%, the minimum and maximum tempera-
ture range between 19.0 — 23.2°C and 28.8 — 
35.9°C respectively. Evapotranpiration (ETo) 
ranged from 3.52 — 6.14 mm/day with an av-
erage reference ETo is 4.56 mm/day. This high 
ETo is responsible for very dry environment 
beyond the raining season in the area. Farmers 
therefore find it difficult to cultivate beyond the 
rainy season when average daily rainfall ex-
ceeds ETo

Land use types

Land use in this area is characterized by con-
tinuous cropping under high cropping intensity. 
Most of the farmers in the study area are into 
arable farming because they farm mostly at the 
subsistence level. The identified land use in the 
area includes arable crop, grazing, tree, and fal-
low lands. Farmers cultivated arable crops such 

as maize, cowpea, sorghum etc. and other food 
crops. Tree crops such as cashew, mango and 
cocoa are also cultivated the farmers in the area. 
The grazing land is predominantly grass and is 
open to grazing by animals mostly cows, sheep 
and goats. Grasses found in the area include but 
not limited to Spear grass (Imperata cylindrica), 
Tridax, Siam weed etc. The fallow lands are 
made up of the areas that have once been culti-
vated but now left to fallow for some years due 
to the prevalence of shifting cultivation in the 
area.

Field Soil sampling:

Due to the large area to be covered in the sur-
vey, cluster sampling method was adopted so as 
to be able to get a fairly representative sample 
of the whole area. Four (4) clusters were located 
within the area each cluster having a profile pit 
dug for the representation of the mapping unit. 
The pits were demarcated into different hori-
zons and soil samples were collected from each 
horizon layer. A total of 24 soil samples were 
also collected at 0-15cm and 15-30 em depths 
(i.e. 12 for each depth), and analysed for soil fer-
tility evaluation.

Laboratory analysis:

The soil samples were air-dried, crushed and 
passed through a 2 mm sieve. Soil samples were 
analyzed for soil pH in both water and 0.01 M 
potassium chloride solution (1:1) using glass 
electrode pH meter (Mclean, 1982). Total ni-
trogen was determined by the Macro-Kjeldahl 
digestion method of Jackson (1962), available 
phosphorous (Av.P) was determined using Ols-
en’s extraction method (UV/visible Spectrome-
ter, Lambda EZ 201) (Olsen, 1965). Available K 
is part of the exchangeable bases the exchange-
able bases (Ca2+, Mg2+, K+ and Na+) were meas-
ured by atomic absorption spectrophotometry 
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after extraction with ammonium acetate at pH 
7 (Black et al., 1965).The cation exchange ca-
pacity (CEC) was determined by extraction with 
ammonium acetate (Chapman, 1965); Percent 
base saturation (PBS) was calculated by divid-
ing the sum of the charge equivalents of the base 
cations (Ca2+, Mg2+, K+, and Na+) by the CEC of 
the soil and multiplying by 100.

Statistical Analysis

Land use types and soil depth were used as 
independent variables (factors) and the soil pa-
rameters as dependent variables. The signifi-
cance differences among the soil quality indi-
cators with land use types and soil depth were 
tested using the GenStat software and the means 
were separated using LSD at 5% significance. 
A one way analysis of variance (ANOVA) was 
also done to test the significance of each of the 
parameters.
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349

RESULTS AND DISCUSSION

Soil classification

The soils in each of the land use types were 
classified locally to series level according to 
Smyth and Montgomery (1962) and Moss (1957) 
table 1. The soils in the grazing area were found 
to be dark brown loamy sand at the surface with 
an overlay of yellowish red loamy sand. Arable 
land also had dark brown loamy sand at the sur-
face with an overlay of yellowish red sandy clay 
sand. The soils within the tree crops plantation 
had dark brown loamy sand also at the surface 
but with yellowish brown clay sand at the sub-
surface while the fallow area had dark yellowish 
brown loamy sand at the surface and yellowish 
red sand clay at the lower depth.

Soil physical properties:

Soil texture: The particle size distribution 
presented in table 1 shows that the sand and silt 
size fractions varied significantly with land use 
while the clay particles was not significant (P 
< 0.05). However, the distribution of soil parti-
cles varied with depths. The sand fractions were 
higher in the arable land under cultivation and 
tree crops by 76.2% and 71.5%, (Table 2) than 
the other land use while silt and clay particles 
were higher in the grazing area by 27.2% and 
10.64 %, respectively. In the soils studied, clay 
fractions had the lowest values in all the land 
use types and depth, it ranged between 9.97-
10.64 %.

The increase in clay fraction with increasing 
depth and the lowest overall mean proportion of 
clay fraction compared to the sand and silt frac-
tions concurs with the results of other studies 
(Yimer et al. 2006, Sintayehu, 2006). Although 
texture is an inherent property, the textural ob-
servation might be attributed to accelerated 

weathering as a result of continuous disturbance 
during farm management practices. This sug-
gests that the different land use types did not 
have effect on the soil texture of the study area, 
since texture is an inherent soil property that is 
not influenced in short period of time.

The textural class however across all the land 
use types is sandy loam, indicating the homoge-
neity of soil forming processes and similarity of 
parent materials (Foth, 1990).

Soil Chemical Properties

Organic Carbon (OC, %): The organic car-
bon content of the soils was generally moderate, 
it varied from 0.91% to 1.68 % for 0 - 15 cm 
depth while at 15 - 30 cm depth, it ranged from 
0.40 to 1.24 % (Table 3). Significant differences 
(p 0.05) in OC content of soils were observed 
among the different land use systems and within 
depth. The organic carbon content showed sig-
nificant variation with land use types and their 
interaction effects. The organic carbon was 
highest in the grazing area followed by fallow 
and arable land with values 1.68 %, 0.91 % and 
0.82 % respectively. This could be due to the ab-
sence of active cultivation and farming activities 
in these areas making most of the organic car-
bon to be retained; also the presence of grazing 
animals in the grazing area could be responsible 
for its high organic carbon due to fecal depos-
its by the animals. With respect to depth, in the 
top soil, OC was significantly different in all the 
land use (table 3) and higher than in the sub soil. 
The OC content in the tree crops was lowest fol-
lowed by arable land this could be due to the re-
duced amount of organic material being returned 
to the soil system and high rate of oxidation of 
soil organic matter as a result of continuous cul-
tivation for long period of time without fallow-
ing, loss of organic matter by water erosion, and 
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removal of green materials (Yimer et., al., 2006, 
Girmay et al., 2008), Cultivation promotes OC 
loss due to exposure of micro-aggregate organic 
carbon to microbial decomposition by changing 
the moisture and temperature regimes (Reicosky 
and Forcella 1998). Hence, cultivated soils have 
low organic matter content compared to native 
ecosystems since cultivation increases aeration 
of soil, which enhances decomposition of soil 
organic matter. In addition, most of the soil or-
ganic matters produced in cultivated lands are 
always removed.

Total Nitrogen: In the area studied, total N 
did not show any significant difference across 
all land use types and soil depth. However, the 
distribution of total nitrogen content followed 
a similar pattern to organic carbon distribution 
since organic nitrogen constitutes the bulk of to-
tal N for tropical soils (Noma et a1., 2005). It 
has been reported that fertility of tropical soils 
depends on their organic matter content (Enwe-

zor et al., 1990). The total nitrogen was relative-
ly higher in grazing area followed by tree crops 
while arable land and fallow had lower values. 
Arable land and fallow were both low in total ni-
trogen fractions which could be as a result of the 
farming activities in both areas. Such result is 
expected since most soil nitrogen is bound in or-
ganic carbon. However, studies have shown that 
total nitrogen is not significantly varied with 
land uses (Moges and Holden, 2008). Though 
not statistically significant, the relatively higher 
TN in the grazing and tree crops than in the ar-
able land and fallow area could be associated 
with the relatively higher organic carbon which 
in turn resulted from plant and root biomass as 
well as residues being returned to the soil sys-
tem. It has been observed that the main cause 
of N deficiency in tropical soils is intense leach-
ing and erosion due to the high tropical rainfall 
(White and Reddy 1999, Isirimah et al., 2003). 
The low nutrient recorded under these land use 
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types depicts serious nutrient loss under these 
land uses and this reflects the extent of soil deg-
radation which has occurred under these land 
uses. Generally, the soils in the study area can 
be rated as low to very low in nitrogen content 
(Federal Fertilizer Department, 2012).

Soil pH (H20): The soil pH was highly sig-
nificant across all the land use types at p< 0.05 
and LSD value of 0.34 while there was no sig-
nificant variation between the two soil depths. 
The pH was higher in the fallow area with a val-
ue of 7.85 and lowest at the grazing areas with 
a value of 6.53 (table 2). The soil pH within the 
land use types and depths could be categorized 
as slightly acidic to moderately alkaline follow-
ing the classification described by Brady and 
Weil (2002).

Available P (Av P): The overall available P 
did not show any significant difference across 
all the land use types and soil depth at p> 0.05 
and LSD value of 2.09, however the mean avail-
able phosphorus was higher in the top soil than 
in the sub soil. The fallow area had the highest 
value of 7.13 mgKg-1 followed by grazing area 
6.10 mgKg-1 (table 3) with the least values being 
in arable and tree crops (4.66 mgKg-1 and 4.12 
mgKg-1). The higher available P content under 
the fallow could be associated with increase in 
microbial activity under this land use system. 
Relatively, higher content of available P found 
under grazing land than that of tree and arable 
land soils could be due to the continuous ap-
plication of grazing animal manure. The lower 
values of available phosphorus content in the 
arable land and tree crops may not be uncon-
nected to phosphorus fixation in the soils. Ac-
cording to (Federal Fertilizer Department, 2012) 
rating, available Phosphorus across all the land 
use types was low; several studies (Busari et al., 
2005, Uzoho and Oti 2005, Jubrin et al., 2000, 

Bubba et al., 2003, Aluko et al., 2000) have re-
ported high P deficiency for tropical soils. The 
phosphorus deficiency in the soils of the study 
area may be due to the inherent low-P status of 
the parent material, high weather ability of the 
soils, presence of kaolinite clay as the dominant 
mineral, and soil loss due to erosion.

Exchangeable Potassium: The overall Exch. 
K did not show any significant difference with 
land use and soil depth at p>O.05 and LSD 
value of 0.16, or their interaction (table 3). Al-
though not significant, the mean available po-
tassium was higher under the fallow area (0.45) 
than in the other land use types. Arable land had 
the lowest value at 0.34 followed by grazing 
land and tree crops with values 0.43 and 0.40 
respectively. In terms of soil depth, mean Av. K 
did not show any significant difference also but 
decreased with soil depth. Low exchangeable K 
in 0 - 15 cm under arable land use is likely the 
result of the effect of continuous cultivation and 
crop removal, whereas the high exchangeable 
K concentration in fallow could be due to ac-
cumulation of exchangeable K over time. This 
result indicates that intensity of weathering, 
cultivation and use of acid forming inorganic 
fertilizers affect the distribution of K in the soil 
system and enhance its depletion. According to 
(Federal Fertilizer Department, 2012) rating the 
potassium concentration in all the land use types 
is moderate.

Exchangeable Calcium (Ca) and Magne-
sium (Mg): The concentration of exchangeable 
calcium varied significantly with land use types 
and soil depth at p<O.O5 and LSD value of 0.03 
(table 4), however the mean Ex. Ca was higher 
in the top soil than in the sub soil. The grazing 
and fallow area had the highest Ex. Ca2+ value 
of 0.123 cmol/kg and 0.136 cmol/kg followed 
by Arable land at 0.089 cmol/kg (table 3) with 
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the least values in the tree crops (0.069 cmol/
kg). The exchangeable calcium in all the land 
use types falls below the critical limit expected 
in soils as described by (Agboola and Ayodele 
1985, FMANR, 1990), it can be rated as low and 
this can be attributed to the removal of vegeta-
tion cover as a result of human and animal in-
terference.

Low values of Ca, Mg and K, have howev-
er been reported for most Nigerian soils (Ak-
inirinde and Obigbesan, 2000) and could be at-
tributed to leaching losses by the high tropical 
rain fall as well as low content in the parent rock.

Magnesium on the other hand was not signifi-
cant across all the land use type and depth but 
was higher in the top soil than in the sub soil. 
Though not significant the grazing area had the 
highest magnesium concentration with a value 
of 2.272 cmol/kg (table 3) while the other land 
use types ranged from 2.228-2.184 cmol/kg. 

Generally, the concentration of exchangeable 
Mg2+ was higher (sufficient) than the critical 
level of 0.28 cmol/cg soil as suggested by (Ag-
boola and Ayodele 1985, FMANR, 1990).

Exchangeable Sodium (Na): The concentra-
tion of exchangeable sodium in the study area 
was not significant at p>O.05 and LSD value of 
0.10 across the land use type and soil depth. The 
highest exchangeable Na value was recorded in 
the grazing area (0.82 cmol/kg) while the least 
was in tree crops (0.52 cmol/kg). The Ex. Na 
content was higher at the top soil than at the sub 
soil and also significant. Although there were 
differences in available Na concentration of the 
soils of the different land use systems, their ESP 
values were above the critical level (15%).

Cation Exchange Capacity (CEC) and 
Base Saturation (PBS): CEC did not show any 
significant variation across all the land use types 
at p>O.05 and LSD value of 0.22 it was not also 
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significant between the depths (table 4). How-
ever at depth of 0-15 cm the grazing area had 
the highest CEC value at 3.73 cmol/kg followed 
by the fallow area while tree crops and arabic 
land were lower with values 3.37 cmol/kg and 
3.25 cmol/kg respectively. In accordance with 
the organic carbon content, CEC values of the 
soil decreased consistently from grazing land to 
fallow, tree and arable (table 3). This was also 
evident from the positive correlation (r0.89) of 
CEC with organic carbon. The depletion of or-
ganic carbon as a result of intensive cultivation 
had, therefore, reduced the CEC of the soils un-
der arable land use.

With respect to depth, the CEC content was 
higher in the top soil than in the sub soil.

The percentage of base saturation (PBS) of 
soils under different land use systems showed 
significant differences. In 0 - 15 cm depth, the 
highest PBS was recorded under fallow land 
(99.45 %) followed by arable land (98.85%), 
while tree (97.97 %) and grazing (97.77%) 
followed respectively. Whereas in 15 - 30 cm 
depth, the highest value was found under fallow 
(99.16 %) followed by that of arable (99.00 %) 
while grazing (97.83 %) and tree (97.82 %) fol-
lowed (Table 4). The highest PBS found under 
fallow land at both depths indicates that the fer-
tility status of fallow land is higher as compared 
to that of the other land use systems. According 
to Urioste et al. (2006), addition of organic mat-
ter increases the amount of exchangeable bases.

CONCLUSION

Variations in soil physical and chemical prop-
erties with respect to land use and soil depth 
were investigated in Iseyin Local Government 
Area which is a derived Savanna zone in South 
West Nigeria. Soil textural fractions varied with 
land use with the sand particles having the high-

est percentage followed by silt then clay, the 
soils of the areas are mostly sandy clay loam and 
it also varied with depth with the top soil having 
higher particles than the sub soil. With respect to 
the soil chemical properties, organic carbon and 
pH varied significantly with land use while the 
total nitrogen, available phosphorus and potassi-
um contents were not significant. This could be 
as a result of human management such as lack 
of sustainable farm practices, erosion problems, 
overgrazing, inadequate fallow periods and so 
on. Therefore, in order to improve soil quality, 
reverse deterioration, and maintain long-term 
productivity of the arable land the following 
practices are suggested: (I) integrating existing 
cultural management practices with appropriate 
technologies such as controlling soil erosion in 
the area; (2) strengthening and expanding exist-
ing fertility management practices such as usage 
of organic fertilizer (household wastes, manure, 
composts) to sustain agricultural production; (3) 
provision of technical support and assistance to 
the concerned farmers.
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