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Abstract

Determining spatial variability and status of selected soil properties is important for the
evaluation of agricultural land management practices and planning of sustainable soil
management of specific land uses types. This research work was carried out in Kiramu district
of Oromia Region, western Ethiopia to investigate spatial variability and status of selected
physico-chemical properties of soils under different land uses. The natural forestland was used
as control group to assess status of soil properties by comparing with the cultivated land, which
was further stratified in to mid high land and semiarid land based on topography and climate.
Representative soil samples (0-30)cm depth were collected randomly from each land uses and
analyzed for the selected soil physico-chemical properties., The particle size distribution sand
was the dominant fraction in all of the soil of the land uses and sand, silt, clay, bulk density and
soil moisture content ranged from 51 to 65%, 15 to 23%, 18 to 28%, 0.96 to 1.38 g cm>and 5.28
to 17.95%, respectively. The soil pH varies from slightly acidic to strongly acidic (6.09 to 5.19,
exchangeable Ca, Mg, K and Na respectively ranged from (6.61 to 13.98cmol (+) kg™*), (2.67 to
6.30cmol (+)kg’1), (0.27to 1.14cmol(+) kg')and (0.03 to 0.13cmol(+) kg™). Moderate to very
high CEC (18.30 to 49.09cmol(+) kg'l), low to moderate PBS (28.52 to 57.33%), low to high in
OM (2.24 to 7.38%) and total N (0.11 to 0.37%), very low to low, Available P (2.35 to4.21) ppm
and Available(6.78 to 18.06) ppm were recorded. Exchangeable acidity ranged from 0.07 to
1.41 while soil C: N ranged from 11.61 to 11.63. The coefficient variability of soil properties
among the land use type were more pronounced in chemical properties than in physical
properties. The spatial variability of soil properties indicates that they were strongly affected by
natural and anthropogenic factors as well as soil management practices. It was recommended
that there is a need for appropriate interventions and special attention to improve on land
management practices for sustainable productivity of soils in different land use types in present
study area.
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Introduction

In Ethiopia, agriculture is long-term capital on
which the nation builds and grows (Sumner,
2000). It provides an employment to 85% of
the population, contributes 90% of the total
export earnings, supplies over 70% of the total
raw materials required by industries and

accounts for 60% of the country’s gross
domestic product (CSA, 2019 This indicates
that agriculture is the main economic sector in
the majority of the countries in the world and
the world’s population (Ahmed, 2002).In order
to maintain the agricultural sector, determining
spatial variability of soil based on their
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physico-chemical properties is important for
ecological modeling, sustainable agriculture
and management of natural resources (Wang,
2009). Spatial variability is a term indicating
changes in the value of a given property over
space (Ettema and Wardle, 2002) Literatures
revealed that the spatial characteristics of soils
depend on climatic conditions topography, type
of vegetation and land uses anthropogenic
factors (Wang et al., 2009;Patilet al.,
2010;Wangand Shao, 2013). Thus, having
information on the spatial variability and the
interactions between soil properties is essential
for understanding these ecosystem processes
and planning sustainable soil management
alternatives for specific land use (Ziadat and
Tamimeh, 2013). Furthermore, conversions of
an area from natural ecosystem to cultivated
land may be the reason of soil degradation and
decreases of quality. Because, land uses have
significant influences on soil quality indicators
particularly at the surface horizons. Several
studies also revealed, intensive cultivation and
use of acid forming inorganic fertilizers for the
past three decades in western Ethiopia affected
soil pH, CEC, total N and OC, different forms
of P and exchangeable bases. This implies that
soil physical and chemical properties are
strongly influenced by management
systems and changes in land use types (Wakene
and Heluf, 2003, Achalu et.al. 2012, Abraham
et.al. 2019, Achalu and Teshome, 2019).

soil

The soils of the present study area have been
continuously cultivated and have great impact
on the soil physical and chemical properties in
different land uses types. Evaluating and
investigating the status of land uses and
management practices requires the knowledge
of soil spatial variability and understanding the
relationship of soil properties under different
land uses. However, there is limitation of
knowledge and detail information about spatial
variability of soil physico-chemical properties
and effects of conversion of natural ecosystem
to cultivated lands that has been increasing in

the recent years in the area. Hence, there is a
critical need to investigate the soil physico-
chemical properties in Kiramu District, East
Wollega, Oromia zone, western Ethiopia.

Materials and Methods

Descriptions of Experimental Sites

The study was conducted at Kiramu district of
East Wollega zone in Oromia National
Regional State, western Ethiopia. It is located
about 470 km away from Addis Ababa, and
about 140 km north of Nekemte town, the zonal
capital of East Wollega in the Nekemte-Bahir
Dar main road.

According to ERA (2013) final ESIA
Document for Nekemte—Bure project, the study
area has two agro ecological zone arid
(Gammoojjii) and due mid altitude agro
ecology (Baddadaree) zone, which accounts
about 42.7% and 57.3%, respectively.
Similarly, its altitudinal difference ranging
between 1500-2300 m.a.s.l., effective mean
annual temperature between 15 - 20 oC, and its
mean annual rainfall is in between 1000 to
1600 mm. The main economic activities of the
study area are mixed farming system that
includes animal rearing and cultivation. Crops
mainly grown in the area are cereals (Maize
and Finger millet), oil seed crops (Niger seed),
and different types of horticultural crops. In
addition to crop production, Cattle, Goats,
Sheep and poultry are also the other income
sources and wealth of farmers. According to
ERA (2013), of soil naming, the dominant soils
in the district are Dystric and Eutric-cambisols
and Dystric, and Haptic Nitisols. Additionally,
the soil type in the study area is that black
cotton accounts 5%, Red clay 15% and lime
accounts about 85%. According to Kiramu
Agricultural Office (2017), an assessment of
the land use in woreda showed that 0.97% of its
land is forestland, 8.24% grazing land, 82.29%
cultivated land and the remaining 8.5%
includes non-cultivated water bodies, swampy
and rocky mountain areas, different services
and others. Nole wetland and Gurangoye
forests (30 hectares) are some of the
biologically important location in the Kiramu
district.
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Figurel.General Location Map of the Study Area.

Sites Selection and Soil Sampling
Technique:

Preliminary  field observation and a
reconnaissance soil survey with purposive
sampling method were carried out to identify
representative land use types, topography and
climate in the district. Sampling sites was
stratified in to two major representative land
use types: cultivated land and natural forestland
and cultivated land further classified in to mid
altitude (Baddadaree) its altitudinal difference
ranging between 1990-2211 m.as.]l and
ranging between 1447-1535 m.a.s.] based on
climate and topography (elevation) by using
GPS. Forestland representatives’ sample
(Gurangoye and Gurawatino) covered with
indigenous natural forest and can be used as a
control group. Sampling procedure used
wasfield based or directed soil sampling

method in which 10-15 cores were taken from
every 20 or more acres(> 80,000 m?) of field
(USDA - NRCS, 2017) and composite soil
sample was performed by combining soil from
several locations prior to analysis. Undisturbed
core and disturbed composite surface soil
samples at a soil depth of 0-30cm were
collected from each representative land uses, by
using soil augur in zigzag and random pattern.
Then composite soil sample of about 1Kg was
properly combined and prepared for each
representative land uses and sealed with plastic
bags together with a tag. Totally three
composite soil samples were collected

Laboratory Analysis of Soil physical
and chemical Properties:
The well-mixed soil sample was brought to the

laboratory. The Soil samples collected were air-
dried and ground to pass through a 2 mm size
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sieve in preparation for the analysis of all soil
properties except for soil OM and total N. For
the analysis of soil OM and total N, the soil
samples were further passed through 0.5 mm
sieve. Determination of soil particle size
distribution was carried out by the Bouyoucas
hydrometer method as described by (Okalebo
et al, 2002). Soil moisture content was
determined by the gravimetric method that
must consider the actual soil moisture content
as described by (Sparks et al., 1996).Soil bulk
density was measured from undisturbed soil
samples collected using a core sampler, which
was weighed at field moisture after drying the
pre-weighed soil core samples to constant
weight in an oven at 1050C as per the
procedures described by(Black,1965).Total N
was determined using the micro-Kjeldahl
digestion, distillation and titration procedure as
described by (Bremner and Mulvaney,1982).

Available P was analyzed using Olsen method
as described by (Olsen and Sommers, 1982).
Exchangeable bases (Ca, Mg, K and Na) were
extracted using 1M NH4OAc solution at pH 7.
The extraction of Ca and Mg ions were
determined using AAS while K and Na were
determined by flame photo meter as described
by (Rowell, 1994). To determine the cation
exchange capacity (CEC), the soil samples
were firstleachedwithlM ammonium acetate
(NH40Ac), extracted (ammonium  ion
standard) soil samples with 10% NaCl solution.
The amount of ammonium ion in the percolate
was determined by the Kjeldahl procedure and
reported as CEC (Hesse, 1972).Total
exchangeable acidity was determined by
saturating the soil samples with 1M KCI
solution and titrated with 0.02M HCIl as
described by (Rowell,1994). The effective CEC
is calculated as the sum of exchangeable bases
and exchangeable acidity, the percent acid
saturation (PAS) was calculated as the ratio of
the exchangeable acid and as percentage of
CEC. The percent base saturation (PBS) was
computed from the sum of the exchangeable
bases (Ca, Mg, K and Na) as percentage of
CEC (Baruahand Barthakur, 1997). Finally,
Ca/Mg and Mg/K ratios were calculated by
computation.

Data Analysis

Data analysis was carried out using SPSS
statistics version 20 and subjected to Analysis
of Variance (ANOVA) following the General
Linear Model (GLM) procedure of Statistical
Analysis System (SAS) version 9.2 (SAS,
2008) Pearson’s simple correlation coefficient
and significant means were separated using
Least Significant Difference (LSD) at < 0.05
and < 0.01) was used to compare and
separate for significant means.

Data analysis was carried out using SPSS
statistics version 20 and subjected to Analysis
of Variance (ANOVA) following the General
Linear Model (GLM) procedure of Statistical
Analysis System (SAS) version 9.2 (SAS,
2008) Pearson’s simple correlation coefficient
and significant means were separated using
Least Significant Difference (LSD) at < 0.05
and < 0.01) was used to compare and
separate for significant means.

Results and Discussion

Status of Selected Soil physical
Properties of Different Land Use
Types

Particle size distribution analysis of the top
soils (0-30 cm) from the present study area
revealed that sand was dominant fraction (51-
65%) in all of the land use types (Table 1). This
was followed by silt (23%) and clay (18%) in
forestland whereas it was followed by clay and
silts for cultivated mid high land and cultivated
semi-arid land (Table 1). According to
Hazelton and Murphy (2007), the soils of the
study area are characterized by low-level of
clays in forestland and cultivated mid high
land, moderate level of clay in cultivated semi-
arid land, while low level of silt and very high
level of sand in all land use types. The lower
level of clay fractions in both forest land and
cultivated mid high land of top soil might have
been attributed to relatively higher rate of down
ward erosion or destruction of clay in the top
soil (Siddique et al., 2014) and slow rate of
weathering process. The moderate level of clay
fraction in cultivated semi-arid land might be
due to the climatic variation that is supported
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by the observation of Agoumé and
Birang(2009) that reported a significant
difference on the clay, silt and sand fractions of
the soil and attributed the differences to
variations in climatic condition. There was non-
significant difference on soil particle size
distribution of the soil with respect to land use.
This suggests 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 not influenced in short period of
time. Similarly, Shepherd, et al.(2000)
reported that non- significant effect of land-use
systems on soil particle size distribution.
Following the particle size distribution, the
textural class of the study area were sandy loam

in top (0-30 cm) soil of the forestland and
cultivated mid high land that indicating the
homogeneity of soil forming processes and
their similarity in parent material(Foth,1990)
while sandy clay loam in cultivated semi-arid
land(Table 1).The high sand fraction in the
study locations could be attributed the parent
material dominant in the area, which is sand
since the texture of the soil is highly influenced
by the parent material over time (Oguikeand
Mbagwu, 2009). Negatively and significantly
relationship of clay with sand (-0.67) fractions

were observed, however negative and
insignificant correlation of clay with silt (-0.03)
fractions were observed.

Table 1.Measured mean Values of selected soil physical properties in different land use types of

the study area.

Depth Land uses Parameters
Sand | Silt | Clay | St:Cy | Texture | SMC | BD
FL 59 23 |18 1.28 SL 17.95 | 0.96
0-30 cm CMHL 65 15 120 0.75 SL 529 | 1.10
CSAL 51 21 | 28 0.75 SCL 17.63 | 1.38

FL=forestland; CMHL=cultivated mid high land; CSAL=cultivated Semi-arid land; BD=bulk
density; SMC=soil moisture content; SL=sandy loam; SCL=sandy clay loam; St: CY=silt to clay

ratio.

Silt clay ratio in the top soil (0-30cm depth)
was low and 1.28, 0.75 and 0.75 for soils of
forest, cultivated arid and cultivated mid
altitude land, respectively (Tablel ).Relatively
higher clay fraction and lower silt to clay ratio
recorded in the cultivated land of both locations
is attributed to the impact of deforestation and
farming practices. This finding is in agreement
with Achalu et al.(2012)who reported that due
to difference in management practices and
selective erosion in cultivated land resulted
higher clay fraction in the cultivated land than
the remaining land use system. The soils under
different land use types and location differed in
their soil moisture content. The variation may
be due to difference in their organic matter
content, which is lowest (5.29%) in cultivated
mid high land and highest in forestland
(17.95%) (Tablel). In line with Ebtisam and

Dardiry (2007) mentioned in (Achalu et al,
2012) that attributed the variation in SOM and
clay contents of land uses. The soil moisture
content was highly positively and significantly
relationship with silt (0.77*), CEC (0.81**) and
OM (0.78%).

The bulk density value of top (0-30cm) soil
ranged from 0.96g/cm3, 1.10 g/cm3 and 1.38
g/cm3 in forest, cultivated mid high land and
cultivated semi-arid land, respectively (Table
2).The lowest bulk density observed in soils of
the forest land could be attributed to the high
organic matter contents as was reported by
Eyayu et al. (2009); Mojiri et al. (2012). In
addition, the bulk density of the studied forest
soils was fallen with the specified range as was
suggested by White (1997) who revealed that
bulk density is < 1 g cm-3 in high organic
matter soils and largely affected by land uses.
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Thus, the mean value of bulk density of the
soils of cultivated semi-arid cultivated mid
highland increased by 43.5% and 15%,

respectively from the soils of forest land
(Table2).

Table 2.Variability in soil physical properties among different land uses. (Mean+SE)

soil physical properties

Land use types
Sand
Forest land 59.00
Cultivated mid high land 65.00
Cultivated semi-arid land 51.00
Range 22
Mean 58.33
Std. error 2.74
B Std. deviation 8.22
S | LSD(0.05) 0.29
S | cvew 14.09

Silt Clay St: Cy BD SMC
23.00 18.00 1.28 0.96 17.95
15.00 2000 0.75 1.10 5.29

21.00 28.00 0.75 1.38 17.62
13 17 1.08 0.45 14.84
19.67 2200 093 1.16 13.62
(47 qsa 011 006 212
4.42 5.52 0.33 0.17 6.35

0.44 0.52 0.92 0.02 0.76

2247  25.09 3548 14.66  46.62

The high bulk density recorded in cultivated
semi-arid land could be attributed to difference
in parent material, soil type, climate and
topography. This is in line with Reuter et al.(
(2005) reported that bulk density and
temperature significantly higher at lower
elevations. The overall bulk density showed
negative but not significant correlation with
soil OM (-0.38).Thus, the study indicated that
as the organic matter increases the bulk density
of soil decreases that is required for the proper
growth of the plants. In agreement with the
findings, Pravin et al. (2013) indicated inverse
relationship between soil organic matter and
bulk density of soil horizons.

Status of Selected Soil Chemical
Properties of Different Land Use

Types:

The average surface soil (0-30cm) pH-H20
values of the soils were 5.19, 5.64 and 6.09 in
cultivated semi-arid land, forest land and
cultivated high land respectively (Table 3).
According to Tekalign (1991) the pH-H20
range of the studied soils results showed that

the soils were slightly acidic, moderately acidic
and strongly acidic in cultivated mid high land,
forest land and cultivated semiarid land,
respectively. The lower pH at the surface layer
of the forestland than cultivated mid high land
could be the presence of higher content of
organic matter in the soil. The lowest pH value
in soils of the cultivated semi-arid land could
be attributed to the removal of basic cations by
harvested crops and surface runoff, the use of
fertilizers especially those supplying nitrogen,
higher microbial oxidation that produces
organic acids, which provide H+ to the soil
solution and, thereby, lowers soil pH. This is in
agreement with Busari et al. (2005) who
explained in warm humid climate, it is likely to
be thoroughly oxidized, well leached, and
comparably low calcium because of leached
out and due to the amount of materials removed
at previous harvests, amount and type of
fertilizer normally used. In line with this
finding, the least significant difference (p<0.05)
test showed significant differences in pH-H20
between cultivated mid high land and
cultivated semi-arid land use types. Thus
together with climate, the nature and properties
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of parent materials are the most significant

factors influence the pH value of the soil.

Table 3. Measured mean values of pH (H20), pH (KCl), Ex. Al and PAS in different land uses of

the study area.

Depth Land uses Soil Chemical parameters
pH- H20 pH -KCl ApH Ex. Al PAS
FL 5.64 4.48 1.16 0.07 0.34
0-30 cm CMHL 6.09 4.61 1.48 0.12 1.09
CSAL 5.19 3.92 1.27 1.41 10.24

FL=forestland; CLMHL=cultivated mid high land; CSAL=cultivated semi-arid land; Ex.
Al=exchangeable acidity; PAS=percent of acid saturation.

In all of the identified land use types of the
representative soil, soil pH-H20 values were
consistently greater than the pH-KCI by about
1.16 to 1.48 units(Table 3), indicating the
existence of net negative charges on the
exchange complex. The lower soil pH-KCI
values could also indicated the presence of
substantial quantity of exchangeable hydrogen
ion as outlined by Mulugeta and Sheleme
(2011). This is related to the presence of
weather able minerals in the soil that indicated
high  potential  acidity  (Heluf  and
Wakene,2006).1t was also explained
differences between pH-H20 and pH-KCI
higher than 1.0 indicated that an acidification
process is in progress in all studied soils
(Ozgoz et al., 2013).

Exchangeable Acidity and Percent of
Acid Saturation:

There was great variation on exchangeable
acidity and acid saturation of the soils under the
different land use types of topsoil (0-30cm).
The highest exchangeable
obtained from soils of cultivated semi-arid land
(1.41) and followed by cultivated mid high land

acidity  value

(0.12). The high soil exchangeable acidity in
the cultivated semi-arid land might be
associated with the occurrence of lower soil
pH. Reports also indicated that exchangeable
acidity is a function of soil pH composed of
compounds such as AI(OH)2+ and weak
organic acid ions held at the colloidal surfaces
of the soil (Hinrich et al.,, 2001). Strong
negative correlation (r = -0.67) between
exchangeable acidity and soil pH (Table 6).
Significant (p<0.05) differences in
exchangeable acidity among the land use types.
Relatively, the highest acid saturation were
recorded in cultivated semi-arid field (10.24%)
and followed by cultivated mid high land (1.09)
whereas the lowest was in forestland (0.34) that
showed similar trend with Ex.Al (Table 3).
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Table 4.Variability in pH, EC, Ex.A and PAS among different land uses of the study area. (Mean

+SE)
Land use types Soil Chemical Parameters
pH-H,O pH-KCI Ex. Al PAS
FL 5.64 4.48 0.12 0.34
CMHL 6.09 4.61 0.07 1.09
C SAL 5.19 3.92 1.41 10.23
R 5.19-6.09 3.92-4.61 0.07-1.41 0.34-10.23
X 5.64 4.34 0.53 3.82
SE 0.17 021 022 1.700
SD 0.51 0.64 0.67 4.83
E LSD (0.05) 0.20 0.81 0.64 0.78
8 CV (%) 9.04 14.75 126.64 126.64

FL=forestland; CLMHL~=cultivated mid high land; CSAL=cultivated semi-arid land; Ex.Al =
exchangeable acidity; PAS = percent of acid saturation; R=range; X=Mean; SD=standard

deviation;

In general, the differences in level of acid
saturation at both locations of cultivated land
more probably due to topographic condition,
the management factor and the intrinsic
character of the soils. There was a less
significant  (p<0.05) difference in acid
saturation among the land use types. Strong
positive correlation of exchangeable acidity
with PAS (0.99*%*) while strong negative
correlation with PBS ( -0.80%) The inverse
relationship of exchangeable acidity and PAS
with PBS could be due to deforestation and
intensive cultivation, which leads to the higher
exchangeable acidity content in soils of
cultivated lands than the other land use (Baligar
et al., 1997; Achalu et al., 2012).In general, the
highest status of acidity on cultivated semi-arid
field indicated the marked influence of tillage
activities, soil parent material and removal of
basic cations by crop uptake whereas the better
soil condition on cultivated mid high land soils
signify the importance of agricultural
management practices such as supplying
animal manure, dung and crop rotation.

Exchangeable Bases, CEC
Percent of Base Saturation:

and

The exchangeable bases varied markedly due to
differences in land use systems (Table 5).The
highest total exchangeable bases (20.81cmol
(+)’kg) was recorded on forestland soils
followed by cultivated semi-arid land
(12.37cmol (+)/kg) and cultivated mid high
land s0il(10.49 cmol (+)/kg).As per the ratings
of FAO (20006), the exchangeable calcium (Ca)
was high under forest land (13.98cmol
(+)/kg)whereas moderate under cultivated mid
high land (7.44cmol (+)/kg) and cultivated

semi-arid land (6.61cmol (+)/kg). The
exchangeable @ Mg  was  high  under
forestland(6.30cmol (+)/kg) and cultivated
semi-arid  land(4.59cmol  (+)’kg)  while

moderate under cultivated mid high land
(2.67cmol (+)/kg).The exchangeable K was
low, moderate and high in soils of cultivated
mid high land(0.27cmol (+t)/kg),
forestland(0.41cmol  (+)/kg)and  cultivated
semi-arid land(1.14cmol (+)/kg), respectively
while the exchangeable Na was low under all
land use types (Table5). Concentrations of
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exchangeable cations in the study area were
generally in the order of Ca>Mg>K>Na (Table
5). This might have resulted from the strong
energy of adsorption of Ca, making it typically

are Mg, K or Na (Foth, 1990). The finding was
in line with (Bohn et al., 2001) who reported
Ca followed by Mg, K and Na, indicating
productive agricultural soils, dominated the

more abundant as an exchangeable cation than  exchange complex.

Table 5.Measured mean values of exchangeable cations and exchange properties of soil in different
land uses of the study area (0-30 cm).

Land uses Parameters
Ex.Ca ExMg Ex.K Ex .Na TEB CEC ECEC Ca/Mg Mg/K PBS
--------------------- cmol(+)kg! —————ratjo--—m- (%)
FL 13.98 6.30 0.41 0.13 20.81 49.09 20.88 2.22 15.48 42.39
CMHL 7.44 2.67 0.27 0.11 10.49 18.30 10.61 2.79 9.92 57.33
CSAL 6.61 4.59 1.14 0.03 12.37 43.36 13.78 1.44 4.01 28.52
FL=forestland; CMHL=cultivated mid high land; CSAL=cultivated semiarid land;

Ex.Ca=exchangeable calcium; Ex. Mg=exchangeable magnesium; Ex.K=exchangeable potassium;
Ex.Na=exchangeable sodium; TEB=total exchangeable bases; CEC=cation exchange capacity;

ECEC=effective cation exchange capacity; PBS=percent of base saturation.

Compared to cultivated land the relatively
higher concentrations of exchangeable Ca, Mg,
and Na contents recorded in soils of forestland
(Table 5) could be due to crop harvest, erosion
and leaching of basic cations from top soils of
cultivated land. The highest content of Ca2+in
forestland might be attributed to leaves from
plant falls and microbial activities common in
this land wuse. The concentration of
exchangeable Mg2+in the land use was higher
(sufficient) than the critical level of 0.5 cmol/kg
soil as suggested by (Landon, 1991); a
concentration less than this value would require
an application of magnesium limestone
accordingly. The total exchangeable bases
decline in cultivated mid high land might be
showing the high concentration of the Fe2+
ions in the soil. Similarly, He et al. (1999)
reported that domination of soil by extractable
Al3+ and Fe2+ ions in the top soils of
cultivated land resulted in relatively lower
contents of Ca and Mg ions in the soil. In
addition it might be related to intensive and
continuous cultivation, high level erosion and
removal of base cations during crop harvest
that enhanced the depletion of soil
nutrients.The  higher  concentration  of
exchangeable K in soils of cultivated semi-arid
land might be due to the presence of wood ash
in the soil. However, the lowest value of

exchangeable K in cultivated soil of mid high
land might be related to intensive cultivation,
erosive nature of the soil (sandy soil), and
removal of base cations during crop harvest
that enhanced its depletion. Therefore, in
cultivated fields of mid high land, it is deficient
(0.27cmol(+) kg-1) when compared to
0.38cmol (+) kg-1 which is established to be
critical level of exchangeable K for most crops
(Barber, 1984).This is contrary to the old-age
generalization that Ethiopian soils are rich in K.
Also, Heluf and Wakene (2006) observed that
continuous and intensive cultivation and use of
acid forming inorganic fertilizers affected the
distribution of K in the soil and enhanced its
depletion. Similarly, exchangeable sodium was
almost negligible in all land use types. This
might be because of the small energy of
adsorption of Na, it is more likely exist in the
soil solution and be removed from the soil by
leaching (Foth, 1990).More over since the
concentration of exchangeable Na+ did not
exceed lcmol (+)/kg soil (Landon, 1991), the
soil in the study area would not be regarded as
sodic soil. The pH also showed that the soil is
acidic. Thus, the concentrations of basic cations
in the soil provide a very good assessment of
soil fertility because individual cations are an
indication of nutrient status and balance
(Siddique et al, 2014).Significant

Journal of Science and Sustainable Development (JSSD), 2021, 9(2), 70-91

ISSN: 2304-2702 (print)



Spatial Variability and Status of Selected Physico-Chemical Properties of Soil in... [79]

(p=0.05)differences in total exchangeable bases
among the land use types and forest soils had
significantly  higher exchangeable bases
(p<0.01) than soils under the cultivated land
use types of both locations. Generally,
variations in the distribution of exchangeable

bases depends on the mineral present, particle
size distribution, degree of weathering, soil
management practices, climatic conditions,
degree of soil development, the intensity of
cultivation and the parent material from which
the soil is formed (Heluf and Wakene, 2006).

Table 6. Variability in exchangeable cations and exchange properties of soil among different land

uses of the study area (mean+SE)

Land use types Parameters
ExCa ExMg Ex K Ex.  TEB _ CEC  ECEC CaM PBS
Na g
FL 1398 630 041 0.3 2081  49.09 2093 223 426
C MHL 744 267 027 011 1049 1830 1056 2.87  57.77
CSAL 661 459 1.4 003 1237 4336 1378 145 2870
R 9.06 449 105 014 1158 3706 1161 198  41.I8
X 934 452 061 009 1456 3692 1509 218  43.02
SE 119 054 014 002 161 481 156 024 446
SD 356 1.63 041 005 483 1442 468 071 1338
LSD
0.05) 023 001 010 035 005 006 00l 010 002
E CcV
S |(w) 3812 3606 6721 5556 3317  39.06 31.01  32.57 3110

FL=forest land; CMHL=cultivated mid high land; CSAL=cultivated semiarid land; R=range; X
=mean; SE =standard error; SD =standard deviation;

The average values of cation exchange capacity
were 49.09cmol (+)/kg for soils of forestland,
43.36cmol (+)/kg for soils of cultivated semi-
arid land and18.30cmol (+)/kg for soils of
cultivated mid high land (Table5). According to
the rating suggested by Hazelton and Murphy
(2007), the mean CEC value of the soils of the
study area ranged from moderate for soils of
cultivated mid high land (18.30cmol (+)/kg) to
very high in soil of forest land
(49.09cmol(+)/kg) and cultivated semi-arid
land (43.36cmol(+)/kg).The soils of forestland
and cultivated semi-arid land have higher CEC
than soil of cultivated mid high land probably
because of the presence of higher organic
matter contents of the land use types. This is in

agreement with Adeboye et al.(2011); Yihenew
and Getachew (2013) who indicated that high
organic matter and clay contents increase CEC
in soils. Also, McAlister et al. (1998) justified
that CEC of soils varies with the changes of
clay percentage, the type of clay, soil pH and
amount of organic matter. The observed
reductions in the mean soil CEC values of the
considered land use types due to conversion of
forest lands into cultivated lands accounts
11.69% (for cultivated semi-arid land) and
62.73%(for cultivated mid high land),
respectively in top soils of the study area
(Table 5). This showed that the soil CEC values
in the cultivated land uses of both locations
decreased mainly due to the reduction in OM
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content. In agreement with this, strong positive
and significant correlation (0.86**) of CEC
with soil OM. Similarly, significant (p<0.05)
differences in CEC among the land use types.
Thus, the findings of the present study concur
with Woldeamlak and Stroosnijder (2003) who
reported highest CEC value in soils of
forestland and lowest under cultivated land.

Following the variation in exchangeable bases
and cation exchange capacity, the base
saturation percentage (PBS) of the soils in the
study area showed considerable variability
among the land wuse types (Table
5).Accordingly the highest PBS was recorded
under cultivated mid high land field (57.33%)
followed by forestland (42.39%) and cultivated
semi-arid land (28.52). As per rating of
Hazelton and Murphy (2007) PBS content of
the studied soils was moderate under forestland
(42.39) and cultivated mid high land (57.33)
whereas low wunder cultivated semi-arid
land(28.52) . According to Landon (1991), soils
having greater than 60% base saturation are
rated as fertile and potentially productive soils.
The Ca to Mg ratio in the three land use types
(Table 5) was low with values ranging from
1.44-2.77when compared with a normal range
of 3.1-5.1 for productive soils. This ratio
indicated that the Ca content in the soil solution
is low when compared to the Mg content
irrespective of the land use type. On the other
hand, the Mg/K contents were high (>1.2) with
values ranging from 4.01 (cultivated semi-arid
land) to 15.48 (forestland) when compared with
a critical level of 1.2 for productive soils
(Landon, 1991).

Organic Matter, Total Nitrogen and
Carbon to Nitrogen ratio:

The organic matter (OM) contents were 7.38,
420 and 2.25%in the soils of forestland,
cultivated semi-arid land and cultivated mid
high land respectively (Table 7). As compared
to the soil of forestland, the amount of soil OM
in cultivated mid high land and cultivated semi-
arid land has depleted by 69.59 and 56.87%,
respectively (Table 4). As per the rating of
Tekalign (1991) the OM contents of the soils in
forest, cultivated semi-arid land and cultivated
mid high land use types were rated as high,
moderate and low, respectively. Higher
quantity of OM in forestland soil is mainly due
to the addition of more plant residues on its
surfaces, as compared to the cultivated land use
types of both locations.

The low content of organic matter in the
cultivated mid high land fields might be
associated ~ with  increased  rates  of
mineralization of OM mainly caused by the
continuous and intensive tillage activities,
increased soil temperatures due to exposure of
the soil surface, and the removal of plant
residue. The result was in agreement with
Yihenew and Getachew (2013) who reported
that lowest organic carbon was registered in
cultivated land and highest in the natural
forestland. Continuous and intensive cultivation
reduced the organic matter content of the soil to
a larger extent and increasing SOM
decomposition rates, as reported by Gebyaw
(2015). Forest clearing followed by conversion
into grazing and agricultural land uses in
tropical ecosystems brought about remarkable
decline of the soil OM stock (Achalu et al.,
2012).

Table7. Measured mean value of organic matter, total N, available P and available K of soil in

different land uses of the study area.

Depth Land uses Parameters
OC(%) OM (%) TN (%) C/N Av.P Olsen(ppm)  Av.K (ppm)
0-30 cm FL 4.28 7.38 0.37 11.61 2.36 6.78
CMHL 1.30 2.25 0.11 11.63 4.21 6.95
CSAL 2.44 4.20 0.21 11.60 2.35 18.06
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FL=forest land; CMHL=cultivated mid high land; CSAL=cultivated Semi-arid land; OC=organic
carbon; OM=organic matter; C/N=carbon nitrogen ratio; Av. P=Available phosphorus; Av.

K=Auvailable potassium

Also, Yihenew (2002) reported that most
cultivated soils of Ethiopia are poor in their
organic matter content due to low amount of
organic materials applied to the soil and
complete removal of the biomass from the
field. Soil OM contents under the land use
types were significantly (p<0.05) varied. In
general, the highest organic matter content was
recorded at the surface layer of the natural
forestland soils, while the lowest was observed
on the cultivated land soils. In line with the
variations in OM content, total nitrogen also

exhibited some degree of variability among
soils of the land use types. Consequently, the
total N content in the surface of the soils of the
study area were: 0.37% for soils of forest land,
0.21% for soils of cultivated semi-arid land and
0.11% for soils of cultivated mid high land
(Table 7). According to Tekalign (1991), the
total N content of the soils is categorized under
low for soils of cultivated mid high land,
medium for soils of cultivated semi-arid land
and high for soils of forest land.

Table 8.Variability in organic matter, total N, available P and available K of soil among different

land uses of the study area (mean+SE).

OM TN (%) C:N Av.P (ppm) Av.K (ppm)
Land use types (%)
Forest land 7.38 0.37 11.63 2.36 6.78
cultivated mid high land 2.25 0.11 11.62 4.21 6.95
cultivated semi-arid land 4.20 0.23 11.63 2.35 18.06
Range 6.04 0.30 0.05 2.40 13.49
Mean 4.61 0.23 11.63 2.97 10.60
SE 0.77 0.04 0.01 0.32 1.89
SD 2.31 0.12 0.02 0.95 5.66
E LSD (0.05) 0.01 0.01 0.72 0.98 0.85
8 CV (%) 50.10 52.17 0.17 31.99 53.40

The principal cause for lower contents of total
N in the cultivated mid high land could be
attributed to intensities of erosion, intensive
and continuous cultivation, the N leaching
problem, biomass removal during crop harvest
and insufficient replenishment through manure
or fertilizers. In consent with Bahami et
al.(2010); Heshmati et al. (2011); Taye
(2011);Mojiri et al.  (2012)  reported
considerable loss of total nitrogen from soils
following conversion of land from forest to
cultivated land due to harvest removal,

leaching, and humus losses associated with
cultivation. In contrast, greater TN contents of
the forest soils are probably due to
decomposition, higher litter production and N
fixation by the leguminous acacia species. This
is in line with Hall (2008)explained that the
highest total N under forestland might be
because of decaying plant and animal matter
and nitrogen compounds produced by
thunderstorms. The trends of total N generally
showing the strong relationship between OM
and total N as indicated by the positive and
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very highly significant (1.00*%*) correlation
(Table 11), indicating the strong influence of
organic matter on TN content. Therefore,
organic matter (OM) and the TN were highly
affected by the different land use systems
particularly in the surface horizons. In consent
with Meysner et al. (2006) indicated that as
much as 93 to 97% of the total N in soils is
closely associated with OM. In supporting of
this finding, the least significant difference
(p=0.05) test has shown significant differences
in OM and TN among the land use types.

The average carbon nitrogen ratio values
recorded in the soil of the study area were 11.6,
11.61and 11.63 for soils of cultivated arid land,
forestland and cultivated mid high land,
respectively (Table 5).According to Brady and
Weil (2008) the C: N ratio in soils of arable
soils commonly ranges from 8: 1 to 15: 1 and
the average is between 10:1 to 12:1. Thus, the
obtained C: N ratio values of the soils could be
considered within the range reported averagely
10:1 to 12: 1. In line with this, the C: N ratio
was fall in the range of medium in all land use
types of the study area (Gavilak, 1994).
Relative to forestland, the narrow carbon to
nitrogen (C: N) ratio at the cultivated semi-arid
land may be due to the effect of higher
microbial activity that result in relatively fast
decomposition of OM due to increased
temperature and more CO2 evolution than in
the high topographic position. Regarding this,
similar results were observed by (Abbasi et al.,
2007; Achalu et al., 2012). In line with this,
correlation analysis has also shown positive
(r=0.20) of C: N with OM.

Available Phosphorus and Available
Potassium:

The concentration of available phosphorus
recorded in the soils of the study area under
different land use were4.21ppm (the highest)
under cultivated mid high land, 2.36ppm for
forestland and2.35ppm (the lowest) under
cultivated semi-arid land (Table 7).The
available phosphorus in the present study was
very low under forest land and cultivated semi-
arid land while low under cultivated mid high
land(Havlin et al.,1999).Tekalign and Haque
(1991)also supported this finding by indicating

that the critical values for Olsen P were
established to be 8.5ppm for some Ethiopian
soils.  Consequently, the available P
concentration of the soils in the study area was
below the critical level, which exist in low
proportions and it is below the requirements
even for the low demanding crops. Even
though the OM content of the cultivated mid
high land was lowest, Av.P content was highest
under the cultivated mid high land than the
other land use types relatively. This could be
due to the application of animal manure and
Di-ammonium phosphate (DAP) fertilizer on
the cultivated mid high land in line with the
explanation made by Woldeamlak (2003);
Gebeyaw (2007).The very low available P
status in the cultivated semi-arid land and
forestland soils could be associated with the
low pH, high exchangeable acidity and
phosphorus fixation. Hence, these soils with
relatively high exchangeable acidity can have
the acidic cations such as exchangeable Al, H,
and oxides of Al and Fe that could fix the
soluble P in the soil solution. Positive
correlation ( 0.61) of available P with soil pH
but negative correlation ( -0.50) with soil
exchangeable acidity (Table 11).To summarize
the Available P deficiency in soils of the study
area may be due to the inherent low-P status of
the parent material and erosion loss. Gebeyaw
(2006) also reported that the Available P in
most soils of Ethiopia is low due to P-fixation,
crop harvest, and erosion by water.

Available K significantly varied with land use
types, higher in soil under the cultivated semi-
arid land (18.06ppm) followed by the cultivated
mid high land (6.95ppm) and forestland
(6.78ppm) use types (Tables 7and 8). As
described by Marx et al.(1996) the available
Potassium in all land uses were below the
critical level (<150ppm).Relatively, the lowest
available Potassium was registered on
forestland could be probably due to soil losses
by leaching and lower levels of Av. K in sandy
soils. The observed highest concentration of
Available K under the cultivated semi-arid land
was attributed to relatively high in clay and
organic matter and the burning of wood, which
resulted in, increased of the available K.

Variability in Soils
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Physico-Chemical Properties: The results in
(Table 2, 4, 6, 8 9 and 10) showed the
variation of the physical and chemical
properties of the soil among the different land
uses. As a standardized measure of the
variance, the coefficient of variation (CV) was

used to describe the shape of a frequency
distribution of the observation (Nielsen and
Wendroth, 2003).Variation among soil physical
properties of the different land use types were
summarized and presented using coefficient of
variation in Tables 2 and 9.

Table 9.Variability of physical properties among different land uses of the study area

No Group CV (%) Soil physical properties
1 Least variable <15 sand and bulk density
2 Moderate variable 15-35 silt and clay

> 35

3 Highly variable

silt clay ratio and soil moisture content

According to (Wilding, et.al., 1994) coefficient
of variance (CV) ranking (Table 9) the soils of
the study area indicated that silt- clay ratio and
soil moisture were the highly variable soil
physical properties, observed silt and clay
fractions were moderately variable, whereas
sand and bulk density were the least variable
among different land uses. The results in
Tables 4, 6, 8 and 10 showed the variation of
the chemical properties of the soil among the

land use types. According to Wilding, et
al.(1994) coefficient of variance (CV) ranking
(Table 10) the soils of the study area analyses
revealed that pH (H20), pH (KCI) and carbon-
nitrogen ratio had the least variation
(CV<15%). Similarly, Sun et
al.(2003)documented that pH the least CV. In
addition, previous researches also depicted low
coefficients of variation for pH compared to the
other soil properties (Abu and Malgwi,2011).

Table 10.Variability of chemical properties among different land uses of the study area.

No  Group CV (%) Soil chemical properties
1 Least variable <15 pH (H,0), pH (KCI),C/N
2 Moderate variable 15-35 EC, TEB, ECEC, Ca/Mg, PBS, Av. P
Ex. A, PAS, Ex.Ca, Ex. Mg, Ex. K, Ex. Na, CEC, clay
3 Highly variable =35 (CEC), MgK, OM, TN,Av. K
The moderately variable soil chemical some soil physicochemical properties due to

properties with CV (15-35%) were: EC, TEB,
ECEC, Ca/Mg, PBS and Av. P; whereas, the
highly variable soil chemical properties with
CV>35% were: Ex.A, PAS, Ex. bases (Ca, Mg,
K, Na), CEC, Mg/K, OM, TN and Av. K
among the different land use types of the study
area (Table 10). These are mostly properties
that can easily be altered by varied land use
types and management practices occurring
within the study area. Similarly, Udoh et al.
(2007) reported the significant variability in

influence of land use, cultural and management
practices. Generally, variability of soil
properties among the land use types were more
pronounced in chemical properties than in
physical properties. The least varied physical
property was found to be sand (CV=14.09%)
and C: N ratio (CV=0.17%) had least
variability in chemical properties (Table 2).
The physical and chemical properties that had
the highest variability within the soils are SMC
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(CV=46.62%) and PAS
respectively (Table 9 and 10).

Relationships  of Soil  Physico-Chemical
Properties: This relationship among the soil
physico-chemical properties with different land
uses in pearson correlation matrix (Table 11).
The clay content had a significant positive
correlation with BD (0.82%%), Ex. A (0. 83*%),
PAS (0.85*%*%), Av.K ( 0.83**) and Ex. K
(0.78*) and negatively significantly correlated
with sand(-0.67*) fractions and Ex. Na (r= -
0.82**), however, negatively non-significant
relationship with silt ( -0.03), pH-H20 (r=-
0.67), Ex.Ca (r=-0.59) and PBS (r=-0.62). The
silt had a significant positive correlation with
SMC(0.77%), Ex. Mg ( 0.77%), CEC (
0.86**),TN (0.71*) and OM ( 0.72%*)and
insignificant ~ positive  correlation  with
EC(1r=0.63) and TEB(r=0.59).However it had
significant negative correlation with Av. P( -
0.86**) and non-significant positive relation
with PBS(r=-0.63).Sand fraction had positive
and significant correlation with pH-H20 (
0.84**)and PBS ( 0.69%), however positive
non-significant correlation with
porosity(0.50),Ex. Na (0.58) and Av. P(0.50).
Moreover, it had negatively and significantly
relationship with Ex. K ( -0.70%), Ex. A(-
0.68%), PAS(-0.68*%) and Av. K (-0.65%),
however negatively insignificantly related with
BD (-0.50), SMC (-0.58) and CEC (-0.50).
Significant negative correlations of bulk
density with Ex.Ca ( -0.75*%) and Ex. Na ( -
0.94*%),  however, significant  positive
correlation with clay ( 0.82**), Ex. K ( 0.88*%),
Av. K (0.94%%), Ex. A (0.94**) and PAS
(0.94*%) of soil as in (Table 11).While
correlation between bulk density and pH-H20
(-0.52) was negative but not so significant. This
is in line with Shaffer (1998) that observed
highest correlation between pH and BD at 0 to
15 cm, but he did not indicate the reasons.
From correlation analysis (Table 11) it was
observed that soil moisture content highly
positively and significantly relationship with
silt (0.77%), EC (0.81**), Exch. Mg (0.87*%),
CEC (0.95*%), TEB (0.66*), Ex. K (0.60%),
OM (0.78%), however negatively and
significantly related with Available P (-0.93**)
and PBS ( -0.79*%).

(CV=126.44%),

The soil pH-H20 was positively significantly
correlated with sand (0.84**), PBS (0.66%),
available P ( 0.61*) and Ex.Na (0.72*) which
indicated that availability of P and Na+ were
dependent on soil acidity, however negative
and significant correlation was observed with
Ex. A ( -0.67%), PAS ( -0.67%), Exch. K ( -
0.69*%) and Av. K( -0.62*%). The EC had a
positive significant correlation with silt (0.63%),
SMC (0.81**), Ex. Ca (0.80**), Ex. Mg
(0.92*¥%), TEB (0.91**), CEC(0.86**) and
OM(0.97**) and a negative significant
correlation with Av. P(-0.72*).PAS had a
significant positive correlation with clay
(0.85**), BD ( 0.94**), Ex. A (0.99**), Ex.K (
0.98**) and Av. K (0.99%*) whereas a
significant negative correlation with sand, (-
0.68%), pH-H20 (-0.67*),Ex.Na( -0.94**) and
PBS( -0.80**).Organic matter was correlated
positively significantly with most of soil
properties (Table 11) such as silt (0.72%*), SMC
(0.78Ex. Ca (0.84**), Ex. Mg (0.96**), TEB
(0.95**), TN (1.00**) and CEC (0.86**) under
different land uses. It, however, negatively
significantly correlated with Av. P (-0.75%).
Expectedly, OM was highly positively
correlated with TN (1.00%*), indicating the
availability of nitrogen as influenced by the soil
organic matter. Similarly, CEC was correlated
positively significantly with most of the soil
properties silt (0.86*%*), SMC ( 0.95), Ex. Mg (
0.89%%*), TEB (0.73%) and oM
(0.86**),however, it negatively significantly
correlated with PBS (-0.77**) and Av. P (-
0.95*%*%). Ex.Ca was correlated positively
significantly with EC(r=0.80%), TEB (0.96*%*)
and OM (0.84*%), while it was negatively
significantly correlated with bulk density (-
0.75*%*). Furthermore Ex. Mg was correlated
positively significantly with silt (0.77*), SMC (
0.87**), EC (0.92**), Ex. Ca (0.75**), TEB
(0.91*%), CEC (0.89**) and OM ( 96**),
however negatively significantly correlated
with Av. P (= -0.81*%*).Av.P was correlated
positively significantly with PBS (0.83*%),
however it correlated negatively significantly
with Ex. K (-0.58%).Available K had positively
significantly correlation with Ex. A (r= 1.00*%*)
whereas it had negatively significantly
correlation with Ex.Na (-0.92**) and PBS ( -
0.80**).In general, the correlation matrix
analysis showed that Av. P, Av. K, pH, TN,
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OM, CEC, PBS, SMC, EC, Mg+2 and Ca2+
are fundamental elements since they are
significantly correlated with most of soil
properties (Assefa and Van Keulen, 2009). The
negative correlation of most of selected soil
properties with clay and sand fraction may be
attributed to the parent materials from which
sand and clay fractions are formed (Thapa
andYila, 2012).

CONCLUSIONS

The assessment of soil spatial variability is very
important to know what and where proper
corrective action and site-specific management
is needed for future generation to sustain life.
Particle size distribution of the soil revealed
that sand was the dominant fraction (51-65%)
in all of the soil of the land use types.. The bulk
density value of top soil in the study area
ranged from 0.96g/cm3, 1.10 g/cm3 and 1.38
g/cm3 in forest, cultivated mid high land and
cultivated semi-arid land, respectively that
showed variability with respect to land use type
and location. The average pH-H20 values of
the top soils were 5.19, 5.64 and 6.09 in
cultivated semi-arid land, forestland and
cultivated high land, respectively. The highest
exchangeable acidity value obtained from soils
of cultivated semi-arid land (1.41) and the
lowest exchangeable acidity was registered in
soils of forestland (0.07). The high soil
exchangeable acidity in the cultivated semi-arid
land could be associated with the occurrence of
lower soil pH. With regard to exchangeable
bases, Concentrations of exchangeable cations
in the study area were generally in the order of
Ca>Mg>K>Na. The CEC varied within a range
of 18.30(for soils of cultivated mid high land)
to 49.09cmol (+) kg-1(for soils of forestland) at
the surface layers of the soil. Similar to
exchangeable bases and cation exchange
capacity, the base saturation percentage of the
soils in the study area showed considerable
variability among the land use types. The
average carbon nitrogen ratio values recorded
in the soil of the study area were varied from
11.60(cultivated arid land) to 11.63(cultivated
mid high land). The C:N ratio was fall in the
range of medium (average) in all land use types
of the study area. The available P concentration
was below the critical level, which exists in low

proportions. Generally, as the comparison has
been made among the land use types, the
selected soil physico-chemical properties vary
regularly and irregularly from place to place.
The assessments made on spatial variability
and status of selected soil properties from
different land use types and topography, the
variation is observed at surface layers of the
soil as indicated by quantitative values
discussed in the results and discussion section.
The variation in soil properties caused by both
intrinsic and extrinsic factors is resulted in
variation to crop yield. Therefore, having the
knowledge of spatial variability and status of
selected soil properties is very important for
sustainable farming, site-specific management
and sustainable crop production.
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