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ABSTRACT

The relative influence of land use on soil variability was examined for an extensive group of soils in Kaduna to provide
an understanding of soil variability on dynamic properties of soil for suitable land use and avoidance of environmental
degradation. The study examined the impact and variability in soil chemical properties in the three land use systems.
Soil samples were randomly collected and replicated three times in a pasture, irrigated and arable land uses located
within Zaria and its environs, Kaduna state. Result on impact of the land use systems on soil properties revealed that
while soil pH, organic carbon, exchangeable acidity, exchangeable calcium and magnesium were statistically similar
in pasture and irrigated land uses, they were significantly (P < 0.001) higher in arable land uses. Similarly soils under
pasture was significantly (P < 0.001) higher in total nitrogen, available phosphorus, and soil cation exchange capacity
than those under irrigation and arable land. The result on soil variability between the three land use types showed that
Organic carbon, Total nitrogen, Available phosphorus, Exchangeable magnesium, exchangeable potassium,
exchangeable sodium, total exchangeable bases, exchangeable acidity and cation exchange capacity showed
coefficient of variations (CV) >35% in pasture and irrigated land uses while exchangeable acidity, total nitrogen and
organic carbon were highly variable (CV>35) in arable land use. In conclusion, variability analysis of the sites

indicated that the soil properties examined showed a dynamic relationship between land use types.
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INTRODUCTION

Due to heterogeneous nature of Soils; they exhibit
significant variability in their physical, chemical, and
biological properties. These Variations have been
found to influence crop production as well as soil
management practices significantly (Fasina, 2003). In
addition to intrinsic soil variations, other elements
contribute to soil variability, such as variations in
weathering rates and other soil-forming variables like
climate, parent materials, organisms, relief, and time
(Udoh et al., 2006). Through a variety of land use
practices, fertilizer application, soil management
techniques, and land use changes, man has also
contributed to soil variability (Maniyunda et al., 2013,
Sufiyanu et al., 2022). By transforming the processes
of nutrient transport and its redistribution, land-use
systems and soil management practices affect soil
nutrients and associated processes such as erosion,
oxidation, mineralization, leaching, and so forth (Celik,
2005; Liu et al., 2010). These lead to variability in the
properties of the soil. Uniform field management
generally leads to over application of inputs in low-
yielding areas and under application of inputs in high-
yielding areas because of spatial variation within the
field. (Davis et al., 1996, Ferguson et al., 2002, Sani et
al.; 2023, and Amin et al.; 2019).

Great variability of soil resources had been reported in
dryland areas mainly as a result of plant species
distribution patterns (Wezel et al., 2000; CongJuan et
al., 2010). According to Wezel et al. (2000), different
plant species contribute to the diversity of soil
properties as a result of their varied minerals uptake
and formation of distinct soil horizons. In a similar
vein, Romney et al. (1980) and CongJuan et al. (2010)
linked variations in the content and mineralization of
nutrients found in leaf litter to soil variability.

Spatial variability of soil resources is a common feature
of natural ecosystems and has been recognized as a key
driver of biological processes (Zhou et al., 2008; Li et
al., 2010) as well as an essential element of competitive
or cooperative plant-plant interactions. Thus,
influences the biogeochemical cycles in many
ecosystems and can also generate landscape patterns
(Liuetal., 2010, Abdulkadir et al., 2020). The variation
of soil properties should be closely monitored and
quantified in order to understand the impacts of land
use and management systems on such soils.
MATERIALS AND METHODS

Land Use Selection

The pasture field consisted of a mixture of Brachiaria
decumbens, Digitaria smutsii and a mixture of both
grasses is located on the research fields of the National
Animal Production Research Institute (NAPRI), Shika,

Page | 71


https://doi.org/10.33003/jaat.2024.1002.11
mailto:aabdulkadir@fudutsinma.edu.ng
mailto:alymosses@yahoo.com

Aliyu et. al., (2024)

Zaria, Kaduna State, Nigeria. Grazing is restricted to
the dry season on the pasture lands, and baling takes
place immediately after November's rains. Available
records indicated that the fields have been consistently
covered by the same planted pasture and have not
experienced a fire since 1963. The irrigated field is
situated near Dakace along the Galma floodplain in
Zaria area of Kaduna state. Agriculture is booming in
this floodplain. This floodplain is used for year-round
cropping and cultivation. The Gabari village field was
chosen for arable (rain-fed only) farming.

The geology of all sites is basement complex composed
chiefly of coarse-grained granite, fine grained gneisses
and migmatite. The gneisses are weakly floated,
primarily made of quartz and oligoclase (Ugumanin et
al., 2015). All the study sites lie within the Northern
Guinea Savanna ecological zone with monomodal

Soil properties
Particle size analysis
Soil Ph

Soil EC

Bulk density

Exchangeable bases (Ca, Mg, K, and Na)
Cation Exchange capacity (CEC)
Exchangeable acidity

Percentage Base saturation percentage (PBS)

Soil Organic carbon

Total nitrogen (TN)
Available phosphorus (AvP)

Statistical analysis

To determine the Variation in soil properties within and
between the different land use types was measured by
estimating the mean (x), Standard deviation (SD),
variance and the coefficient of variation (CV). Properties
with larger CV values are more variable than those with
smaller CV values. Wilding (1985) and Ogunkunle
(1993) described a classification scheme for identifying
the extent of variability for soil properties based on their
CV values, in which CV values of 0-15, 16-35 and > 36%
indicate low (least), moderate and high variability,
respectively. The extent of soil heterogeneity was
analysed using the general linear model procedure of the
statistical analysis system (SAS, 1999). Analysis of
variance was used to determine the impact of different
land use on soil chemical properties and least
significance difference (LSD) test was used to separate
significantly differences after main effects were found.

annual rainfall of about 1011+161 mm concentrated
almost entirely in the five months (May/June to
September/October), and mean daily temperatures
(minimum and maximum) range between 15°C and
38°C. Unfortunately, the characteristic of this
vegetation is drastically changed due to urbanization,
anthropogenic activities and poor agricultural
management practices such as cultivation, grazing and
associated trampling by animals, fuel wood harvesting
and bush burning by farmers as usually practiced in the
study area. (Ugumanin et al., 2015).

Soil sampling and Analysis

Soil samples were randomly collected from each land
use types and replicated three times. The collected soil
samples were air-dried, gently crushed and sieved to
remove materials greater than 2mm.

Methods used

Bouyoucos hydrometer method (Gee and Bauder, 1986).
1:1.5 soil/water ratio and the saturation extract was also
used to obtain electrical conductivity

Saturated paste extract

Tube core method (Blake and Hartge1986)
Ammonium (NH:OACc) saturation method at pH 7
Ammonium (NH4OAc) saturation method at pH 7
Thomas (1982).

calculation, using proportion of exchangeable bases and
CEC

Walkley-Black dichromate wet oxidation method (Nelson
and Sommers, 1982)

micro-Kjeldahl Bremner and Mulvaney (1982)

Bray | method as described in Estephan et al.; 2013 and
IITA (1979) laboratory manual.

RESULT AND DISCUSSION

Table 1. Shows the results of the impact on different
land-uses on soil chemical properties in the study area.
Soil pH was rated neutral under arable land use and was
found to be significantly (P < 0.001) higher than soils
under irrigation and pasture land use which were both
rated moderately acidic (Table 1). Soil Organic carbon
was all rated low under all the land-uses. Soil Organic
carbon (SOC) under irrigation and pasture land-uses
were significantly (P < 0.01) higher than soils under
arable land. Lower amount of organic carbon under
arable land-use may be as a result of crop residues
removal (Awasthi et al., 2005, Noma and Sani, 2008)
and intensive tillage operation due to continuous farming
which lower nutrient concentration thereby declining
fertility which is in agreement with the findings of
Pandey et al., 2018 and Abdulkadir et al., 2022).
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Table 1. Impact of land-use on soil chemical properties

Land use pH oC TN AvP Ca Mg K Na TEB EA CEC BS
g/kg a/kg mg/Kg cmol/kg %
Pasture 5.69b 6.37a 1.34a 12.83a 7.9la 2.6la 0.48a 0.6la 11.60a 0.87a 17.30a 72.00a
Irrigated 5.85b 9.62a 0.52b 8.49h 752a 1.92a 0.15a 0.48a 10.10a 0.9l1a 10.90b 65.00a
Arable 6.68a 0.48h  0.02c 3.07c 427b 045b 0.14a 0.38a 530b 0.33b 850b 62.00a
P-value 0.0002 0.006 <.0001 0.001 0.003 0.001 0.17 0.67 0.002  0.05 0.009 0.45
LOS SE+ *kk ** *kk ** ** *% NS N S *kxk * ** NS

OC=organic carbon, TN=Total nitrogen, AvP=Available phosphorus, Ca=exchangeable calcium, Mg=exchangeable magnesium,
K=exchangeable potassium, Na=exchangeable sodium, TEB=Total exchangeable bases, CEC=cation exchange capacity, BS=Base

saturation
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Total nitrogen was rated low under all the land uses,
but soils under pasture was found to be significantly (P
< 0.001) higher total nitrogen than those under
irrigation, and irrigation was also significantly (P <
0.001) higher than arable land.

The result supports the findings of Dunguma et al.
(2010) who reported higher total nitrogen in pasture
land compared to agricultural lands. In addition, Yimer
et al. (2006) also reported that soil organic carbon
(SOC) and total nitrogen content were significantly
lower in arable land use compared to grazing and forest
land. Land use significantly (P < 0.01) influence the
soil available phosphorus. Available phosphorus was
significantly (P < 0.01) higher and rated medium under
pasture, those under irrigation was also significantly (P
< 0.01) higher than arable land was both rated low.
Higher available phosphorus values under pasture
could be due to litter accumulation as reported by Sani
et al.; 2024a, Gong et al.; (2022) and DeBano (1991)
and the increased availability of plant materials such as
lignin (Zhang et al., 2017).

The application of manure and fertilizer, among other
things, and various soil management techniques can
both affect the variation in soil nutrients within
agricultural land (Sherchan and Gurung, 1995).
Furthermore, tillage, crop residue collection, and
reduced carbon inputs can all result in a decrease in soil
nutrients in agricultural soils (Wang et al., 2001).
Exchangeable calcium and magnesium levels in
pasture and irrigation areas were considerably (P <
0.01) higher and classified high compared to arable
lands, which were rated medium and low, respectively.
Arable and irrigated soils received poor ratings for
exchangeable potassium, but grazing land received a
high rating. The salt concentration of every land use
was rated high. The exchangeable acidity and cation
exchange capacity of soils under pasture and irrigation
were substantially (P < 0.05) greater than those under
arable land. Base saturation was rated high under all the
land uses and were statistically similar. Low
concentration of exchangeable cations in the arable and
irrigation land could be as a result of nutrient mining
through continuous cultivation and crop residue
removal to feed farm animals.

Higher exchangeable cations in pasture could be due to
low disturbance and higher organic matter under the
land use as compare to arable land. Additional organic
carbon stocks in the soil increases the soil cation
exchange capacity (CEC), which in turn reduces the
leaching rate of exchangeable bases (Mbah, 2008).

Similarly, the leaching of soil nutrients as a result of
rainfall or irrigation water, limited or no recycling of
crop residue, continuous cropping, and soil erosion
have contributed to the depletion of these essential
basic cations on agricultural lands compared to
agroforestry (Akbas et al., 2017, Dawaki et al., 2019).
The measures of central tendency used were mean and
median, standard deviation and CV were used as
estimates of variability (Table 2). The mean and
median values were similar, with median either greater
than or less than the mean for most soil properties
(Table 2).

This showed that the outliers did not dominate the
measures of central tendency. Shukla et al. (2004) also
reported a similarity of means and median for several
soil physical, chemical, and biological properties.
Large proportion of the soil properties were highly
variable under the land uses (Table 2). High variability
was observed for organic carbon, total nitrogen and
exchangeable acidity across all the land use (CV >35
%) as shown in Table 3. Exchangeable potassium,
sodium and cation exchange capacity were highly
variable (CV >35 %) in pasture and irrigated field
(Table 3). These high spatial variabilities in these soil
properties may be as a result of decomposition and
mineralization of leaf letters and management practices
such as application of manure or fertilizers in irrigation
and arable farming. Maniyunda et al. (2014) reported
that large proportion of soil properties under Nigeria
savanna to be highly variable. They also attributed the
extent of these variabilities may be due to variation in
land-use types, management and cultural practices
applied.
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Table 2: Soil Variability in chemical properties under the land uses

pH ocC TN AvP Ca Mg K Na TEA EA CEC BS
Land use
Pasture Median 5.79 3.26 1.40 1225 7.74 3.14 0.28 0.36 12.04 0.70 16.20 73.40
Mean 5.69 6.37 1.34 12.83 7.91 2.61 0.48 0.61 11.60 0.87 17.30 72.00
sD 0.58 4.98 0.77 5.44 1.91 1.78 0.41 0.55 3.47 0.55 6.50 14.40
cv 954 169.6 10580 69.11 31.27 113.20 178.60 149.50 40.03 96.77 48.20 21.60
Irrigated Median 6.07 7.60 0.40 5.95 5.66 1.53 0.07 0.47 7.98 0.60 8.40 61.90
Mean 585 9.62 0.52 8.49 7.52 1.92 0.15 0.48 10.10 0.91 10.90 65.00
sD 0.44 3.06 0.34 4.00 2.79 0.56 0.13 0.20 3.22 0.35 3.50 16.80
cv 742 3711 7910 5412 4337 3311 9192 4379 37.01 46.19 37.30 29.40
Rain fed Median 6.70 0.38 0.01 2.98 3.97 0.46 0.18 0.38 5.08 0.40 8.40 59.80
Mean 6.68 0.48 0.02 3.07 4.27 0.45 0.14 0.38 5.30 0.33 8.50 62.0
sD 0.26 0.22 0.01 0.73 0.60 0.03 0.05 0.09 0.69 0.18 1.60 7.80
oV 3.87 48.19 4161 2458 1412 5.66 29.43 2213 13.20 4845 19.10 1250

SD = standard deviation CV = Coefficient of variability
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Soil properties with moderately and highly variable
includes: Organic Carbon (OC), TN, Ap, Mg, Ca, K,
Na, TEB, EA, CEC and BS (Table 3) and are also
attributed to land use types, cultural and management
practices as cropping systems, weeding, fertilizer
applications, fallowing and bush burning (Maniyunda
et al.,, 2014). Soil pH was least variable with
Coefficient of variability (< 15 %) across all the land
uses (Table 3) and the findings corroborates reports by
(Sani et al.; 2024b, Ogunkunle, 1993; Mulla and
McBratney, 2001, Oku et al., 2010). The Low CV for

pH was attributable to the measurement unit, which
was the log of the proton (H) concentration but not the
concentration of H. The lower CV for pH has been
reported in several other studies (Tsegaye and Hill,
1998; Shukla et al., 2004; Maniyunda et al., 2014).
Base saturation which was moderately variable under
pasture and irrigation land use types. This findings was
in agreement with the report of Oku et al. (2010) who
reported base saturation was moderately variable under
Udalf toposequnce in southern Nigeria.

Table 3: Variability grouping of soil chemical properties under the land uses

Land use Variability CV (%) soil chemical properties
Pasture Least <15 pH
Moderately 15-35 Ca, BS
Highly > 35 OC, TN, AvP, Mg, K, Na, TEB, EA, CEC
Irrigated Least <15 pH
Moderately 15-35 Mg, BS
Highly > 35 OC, TN, AvP, Ca, K, Na, TEB, EA, CEC
Arable Least <15 pH, Mg, TEB, BS, Ca
Moderately 15-35 AvVP, K, Na, CEC
Highly >35 EA, TN, OC
CONCLUSION of Soils at Bichi Local Government Area, Kano

Results from the present study demonstrate that
different land-use systems have a profound influence
on the variability of chemical properties in soils.
Pasture field contributes more Soil organic carbon,
total nitrogen, available phosphorus, exchangeable
calcium, exchangeable magnesium, exchangeable
potassium and exchangeable acidity to the soil than
other land use types. The comparison between soil
properties in the different land use systems shows that
arable land use type contributes to the decline in soil
chemical properties and this decline may be interpreted
in view of the degradation of the soil. Soil pH is the
least variable soil parameter and organic carbon, Total
nitrogen and exchangeable acidity are the most highly
variable soil properties. Similarly, pasture and
irrigation land use types contributed more to the
variability of soil properties than arable land use types.
Therefore, from these study, it can be confirm that
different land use types had a significant influence on
the distribution of soil chemical properties. It also
acknowledges that knowledge of the factors and extent
of variability of soil properties within any land uses
helps to assess and monitor soil degradation so as to
achieve a sustainable management of soil resource in
the future.
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