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Abstract

Understanding the effects of different land use types on soil physicochemical properties (PCPs) is essential for the sustainable
management of soil resources and environmental conservation. This study aimed to evaluate the impact of various land use types
on selected soil PCPs in the Dinsho district of Ethiopia. A total of 32 soil samples were collected from four land use types:
forests, agricultural farms, grazing areas, and grasslands, at two soil depths (0-20 cm and 20-40 cm), with three replicates per
type. The mean differences in physical and chemical parameters were analyzed using a two-way analysis of variance. The results
indicated that agricultural land and grasslands exhibited the highest values for sand and clay content. Forested areas showed
significantly higher levels of SOM at 5.05% and TN with a p-value of less than 0.001. The mean available phosphorus ranged
from 2.03 to 5.2 mg/kg, indicating a significant deficiency of available phosphorus in the study area. The mean bulk density and
total porosity of the soils ranged from 1.14 to 1.37 g/cm=and 42.02% to 51.5%, respectively, which are higher than the desirable
limits for optimal soil health. The pH values ranged from 6.06 to 7.25, falling within an acceptable range. Additionally, the
exchangeable basic cations, CEC, and PBS values were classified as high to very high across all land use types. These findings
suggest that inappropriate land use practices significantly affect soil physicochemical properties, leading to detrimental effects
on soil quality. Therefore, it is crucial to implement Land-Use Planning and Environmental Impact Assessment (EIA) strategies
to ensure the sustainable use of soil resources and promote environmental conservation.
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1. Introduction

The term "use of land" often refers to the arrangements,
activities, and inputs that people make in a particular type of
land use to produce, alter, or sustain it [1]. Kiflu and Beyene
(2013) claim that excessive farming, leaching, and soil ero-
sion can cause soil to rapidly lose both its quality and quantity.

Therefore, managing agriculture necessitates a basic com-
prehension of sustainable use and land preservation [2]. For
effective soil management to preserve soil quality throughout
time, one must comprehend how the soil responds to agri-
cultural operations [3]. However, as it promotes relatively
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high crop output and is a necessary component of sustainable
agriculture, maintaining good soil quality is the cornerstone of
sustainable agricultural growth [4]. Food and fibre production,
as well as improvements in local, regional, and global envi-
ronmental quality, has benefited greatly from soil resources
[5]. However, the areas most affected by the growing human
population are the regions in central Ethiopia, where there is
high population density and a significant dependency on land
resources. This is the horrifying problem of depleting soil
resources, which raises concerns about the sustainability of
the land and leads to degradation [6]. Overgrazing and de-
forestation, farming on steep terrain, and unpredictable and
high rainfall patterns are the main causes of land degradation,
the depletion of natural resources, and environmental degra-
dation in Ethiopia [7].

Additionally, because of the interaction between slope and
agricultural practices, the topography of land has a significant
effect on both soil quality and soil depth [8]. Thus, countries
in tropical Africa face significant problems such as decreasing
resource degradation, increasing agricultural productivity,
decreasing poverty, and achieving food security [9]. There-
fore, physical, biological, and socioeconomic factors should
receive all the available attention. An economic setting for the
sustainable use of natural resources to produce food crops,
cattle, wood, and other goods [10]. As the populations of both
humans and livestock have grown, the rapid expansion of
agricultural and grazing areas has affected the characteristics
of the soil [11]. This resulted from the growth of land use
utilization, which is based on converting forest areas that
already exist into pasture and agricultural land [12]. In nations
such as Ethiopia, where the percentage of land covered by
forests has decreased from 40% to less than 3% and the pop-
ulation is growing rapidly, the frequent and ongoing exploi-
tation of the available land has persisted even after the limit on
intensification was reached [13].

On the other hand, current research has revealed that
plantation systems and afforestation are increasing the amount
of forest cover by 15% [14]. To determine how different land
use patterns affect the physical and chemical characteristics of
Ethiopian soil, several studies have been carried out [15-17].
According to Fentie et al., the topsoil layer had higher levels
of total nitrogen (N), exchangeable potassium (K), and ex-
changeable calcium (Ca) after cropland was replanted with a
variety of specious trees than did the subsurface soil layer [15].
When farmland, forestlands, and grazing grounds were eval-
uated [16], total nitrogen and soil organic carbon (OC) de-
creased in agriculture relative to forestlands. The forestland in
the study area has currently undergone significant degradation
due to the production of firewood and lumber and the exten-
sion of farming and grazing areas. These factors can affect
agricultural productivity and decrease soil fertility, both of
which affect the livelihoods of the surrounding communities.
In the research area, the grassland has also been transformed
into grazing land. This is due to the increase in livestock,
which removes palatable bushes and bush trees and causes
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soil compaction. This also exposes the upper layer of soil to
erosion concerns.

Gojera Kebele in the Dinsho District of Southeastern
Ethiopia is characterized by predominantly clayey black soils,
diverse agro-climatic zones, and a mosaic of land-use cate-
gories. Despite this ecological diversity, the area has been
facing persistent declines in agricultural productivity, in-
creasing soil degradation, recurrent soil slides, and progres-
sive dryland expansion, all of which are closely linked to
inappropriate and unregulated land-use practices that have
altered the natural soil system. Although various land-use
types are widely practiced in the district, they are often im-
plemented without proper environmental impact assessments
or scientifically guided management strategies, leaving the
long-term sustainability of soil resources and agricultural
production uncertain. While land-use change is recognized as
a major driver of soil quality deterioration in Ethiopia, no
comprehensive scientific study has been conducted in Dinsho
District particularly in Gojera Kebele to quantify how dif-
ferent land-use types influence soil physical and chemical
properties. Existing regional studies provide general insights
but fail to capture the unique soil characteristics,
agro-ecological variability, and land-use dynamics specific to
this district. The absence of localized data limits the ability of
policymakers, agricultural experts, and local communities to
design evidence-based soil conservation and
land-management strategies, resulting in a poor understanding
of the relationship between land-use practices and soil deg-
radation in this specific landscape. This study aims to provide
the first systematic, site-specific assessment of how major
land-use types in Gojera Kebele affect key soil physico-
chemical properties and agricultural productivity. By inte-
grating field measurements, laboratory analyses, and com-
parative evaluations across land-use categories, the research
generates new empirical evidence for a region where scien-
tific documentation is currently lacking. The study’s novelty
lies in producing baseline soil quality data for a previously
unstudied area, demonstrating how land-use decisions directly
influence soil health and crop productivity in clay-dominated
highland soils, and offering scientifically grounded recom-
mendations for sustainable land-use planning, soil conserva-
tion, and environmental management tailored to the Dinsho
District. This contribution fills a critical knowledge gap and
supports the development of sustainable agricultural and
environmental conservation strategies in Southeastern Ethio-

pia.
2 Materials and Methods

2.1. Description of the Study Area

Gojera Kebele, Dinsho District, Southeast Bale Zone,
Oromia National Regional State, Ethiopia, was the study
location, as shown in Figure 1. It is 400 kilometers away from
Addis Ababa. Its geographic coordinates are approximately
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39°38'0"E longitude and 6°53'30"N latitude, with an altitu-
dinal range of 2532 to 4047 m above sea level (masl) [18].

2.2. Climate of the Study Area

According to statistics on temperature and rainfall obtained
from the Bale Robe meteorological station, the study area
experiences annual rainfall of up to 1060-1150 mm during
some peak years, and the mean monthly maximum tempera-
ture is 15<C, while its mean monthly lowest temperature is
12.5<C. There is little variation in the average annual tem-
perature of 12.5<C from year to year. The seasonal distribu-
tion of rainfall is lowest in December and February, peaks in
July, and then decreases in November and December [18].

2.3. Soils, Vegetation and Topography

Verti soils are the most common type of soil in the research
area. "Biyyee Gurraacha" is the local term for it, and it refers
predominantly to clayey black soil. The three main agrocli-
matic zones of high land, semihigh land, and low land define
the topography of Woreda. The district's variety of vegetation
is typified by trees, shrubs, and scrubs. DWAO in 2022 re-
ported that there is a shortage of natural forests in the study
area across several land use categories [18]. Deforestation has
been a major problem in the study area, as it is in the majority
of Ethiopia. To produce lumber, firewood, and building ma-
terials and to develop cultivated areas, vegetation has been
removed. As a result, the fertile soils have gone, and the wild
creatures have become endangered.
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Figure 1. Map of the study area.

2.4. Farming System (Agriculture)

A mixed farming system is used in the study area to pro-
duce livestock and plant a range of crops in an effort to im-
prove the standard of living and income of the residents. In the
region, mixed farming is a common practice that mostly en-
tails cultivating crops and rearing animals. In addition to the
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pulse crops field pea, house bean, chickpea, and lentil, the
main crops grown are wheat, barley, maize, and sorghum.
One of the main ways that residents in the study area support
their families is by rearing livestock. The livestock population
of Dinsho District is diverse and includes horses, donkeys,
sheep, goats, chickens, and beekeepers for honey production
[18].
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2.5. Site Selection

For this study, the Gojera kebele was purposively selected
from Dinsho district because greater land degradation and
soil erosion problems are commonly observed in this area,
which has harmful impacts on the physical and chemical
properties of the soil under different land use types. Prior to
the collection of soil samples, discussions were held with
woreda agricultural office experts to obtain prehistories and
current information about the utilization of land use types
and lifestyles of the local community in the study area.
Throughout the visual observation of the study area, its
geographic coordinates (latitude and longitude) and eleva-
tion were recorded via a global positioning system (GPS).
Then, to address the intended objective, the treatments were
stratified into four land use types: farm, grazing, forest and
grassland.

2.6. Soil Sampling

The soil sampling procedure was conducted as described by
Ryan et al. [19] with slight modifications. Three replications
for each of the four land use types, farm, grazing, forest, and
grassland soil samples (Figure 2), were taken at two different
soil depths: 0-20 ¢cm and 20-40 cm. Every component was
positioned on different geological, slope, and topographic
factors and slope features. Undistributed soil samples were
collected via a core sampler to determine the bulk density of
the soil, whereas disturbed soil samples were collected via an
auger to determine the specific physical and chemical prop-
erties of the soil. Dead plants, old manures, areas close to trees,
and compost pits were excluded from the soil sample collec-
tion to reduce any differences that might arise from the dilu-
tion of soil organic matter as a result of cultivation and other
causes.

The samples were then taken from five points of the plot by
measuring 100 m <20 m, 150 m %30, 180 m %30, and 170 m
x 25 for forest, farm, grass and grazing, respectively consid-
ering their compactness with quadrant one at the center and
the other four at the corners of the quadrants. These collected
samples were mixed to form a composite to reduce variability
within the quadrants. Therefore, composite sample methods
were used for soil collection to obtain an accurate estimate of
the population mean, reduce cost and analytical time, and
achieve these goals (Jackson, 1958). A total of 32 soil samples
with three replicates were taken from the four selected land
use types. Additional, 32 soil sample from the same sampling
point for the above were collected in core sampling technique
for soil bulk density (BD) analysis for each of the land use
types. Finally, the collected soil samples were combined,
labelled, mixed, and packaged thoroughly in plastic bags, and
500 g of soil sample from each type of soil depth and land use
was obtained for analysis.

For physicochemical investigation, the soil samples were
passed through a 2 mm filter (sieve) after being air dried.
However, to analyse specific soil physical and chemical fea-
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tures, organic carbon (OC) and total nitrogen (N) were first
ground to pass through a 0.5 mm screen.

Figure 2. Soil samples from different land use types: grassland (a),
forestland (b), farmland (c) and grazing land (d).

2.7. Analysis of Soil Physical and Chemical
Properties

The soil texture was analysed via the Bouyoucous hy-
drometer method [20]. After the OM was destroyed or
burned with hydrogen peroxide (H20,), the soil particles
were dispersed and disintegrated with sodium carbonate
(Na2COs3) and sodium hexametaphosphate (NaPQOs) in dis-
tilled water, and amyl alcohol was used to destroy the soil
solution foam. After the percent particle size distributions
were determined, the textural class of the soil was obtained
via the USDA soil textural triangle classification system
(USDA, 2008).

The bulk density (BD) of the soil was measured from un-
disturbed soil samples collected via a core sampler after dry-
ing the core samples in an oven at 105<C (Black, 1965). The
total porosity of the soil samples was estimated from the
values of bulk density (BD) and particle density (PD) (as-
suming that the average particle density of the mineral soil
was 2.65 g cm-3). The total porosity (TP) was subsequently
calculated as follows: TP (%) = (1-Bulk density/Particle
density) * (100).

The pH of the soils was measured in a water (H,O) sus-
pension at a ratio of 1:2.5 (soil: liquid) via a pH meter,
whereas the electrical conductivity was measured via a con-
ductivity meter [21]. The calcium carbonate content of the soil
was determined via an acid neutralization method in which
the soil carbonate was neutralized with a standard 0.1 M HCI
solution and back-titreed with standard NaOH [21].

To determine organic carbon, the Walkley and Black
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method was used, in which the carbon was oxidized under
standard conditions with potassium dichromate (K>Cr,07) in a
sulfuric acid solution. Finally, the organic matter content of
the soil was calculated by multiplying the organic carbon
percentage by 1.724, following the assumption that OM is
composed of 58% carbon. The total nitrogen content in the
soils was determined via the Kjeldahl digestion, distillation
and titration methods by oxidizing the OM in a concentrated
sulfuric acid solution (0.1 N H2SO.) as described by Black
(1965). The C: N ratio was subsequently calculated by di-

viding the organic carbon content by the total nitrogen content.

The available P was calculated via the Olsen method using
sodium bicarbonate (0.5 M NaHCOs3) as an extraction solution
[22].

Exchangeable bases (Na, K, and Ca) were determined after
the soil samples were extracted with ammonium acetate (1 N
NHsOACc) at pH 7.0. The exchangeable Na, K and Ca contents
were analysed via a flame photometer as described by Rowell
[23]. The cation exchange capacity was estimated titrimetri-
cally by distillation of ammonium, which can be displaced
from NacCl solution by sodium [24]. The percent base satura-
tion was calculated by dividing the sum of the charge equiv-
alents of the base-forming cations (Na, K, and Ca) by the CEC
of the soil and multiplying by 100.

2.8. Statistical Data Analysis

To evaluate the variations in the soil physical and chemical
parameters among the land use types and soil depths, a
two-way analysis of variance (ANOVA) was employed. The
treatment means were analysed, and the means for signifi-
cantly different parameters were separated via the least sig-
nificant difference (LSD) test at the 0.05 level of significance
because its greater ability to detect real differences among
treatment means and reduce Type | error strongly [25]. The
data analysis was conducted via SPSS software (version
20.0).

3. Results and Discussion

3.1. Selected Soil Physical Properties Under
Different Land Use Types

3.1.1. Soil Texture

The results of the analysis of variance (ANOVA) revealed
that neither the interactions between the land use categories
nor the different soil depths nor the sand particle sizes varied
significantly. However, Table 1 shows that the type of land
used had a significant (P < 0.05) effect on silt and clay parti-
cles. There was a numerical variance in the distribution of
soils and particles among land use types, although there was
no statistically significant difference. The surface soil layers
of the farmlands and forestlands presented the highest and
lowest levels of sand (36.3% and 23.5%, respectively) as a
result of the interaction between soil depth and land use type.
The soil layer under the surface (20—40 cm) in both the farm
and forestland had the highest percentage of clay (52.2%) and
lowest percentage (38.6%), respectively (Table 1). With re-
spect to soil depth, the topsoil layer (0—20 cm) had the highest
sand content, whereas the subsurface (20-40 cm) soil layer
had the highest silt and clay contents (Table 2).

Typically, the subsurface layer of farmland has more clay
than the nearby grass, forest, and grazing grounds do. The
cause may be related to clay migration, which is the prefer-
ential removal of clay particles and their downwards migra-
tion into the subsurface soil layer. Similarly, Chemada et al.,
reported that longer farming seasons caused the clay content
of cultivated land to increase from the topsoil layer to the
bottom soil layer [12]. Mezgebe noted that agricultural land
had a higher clay content in the subsurface layer and a lower
clay content in the surface layer than other neighboring nat-
ural forests, plantation forests, and grazing areas [26]. Ac-
cording to Abbasi et al., the variations in soil texture between
land use types generally suggest that different land use types'
use and management practices affect soil properties [27].

Table 1. Interaction effects of land use type and soil depth on selected soil physical properties of the Gojjera kebele.

Sand (%) Silt (%)
Land use types  Soil depth (cm) Soil depth (cm)

0-20 20-40 0-20 20-40
Forestland 235 27.35 33.8 39.5m
Farm land 36.3 28.35 24.7 23.8"
Grazing land 285 26.1 29.7 31.6m
Grass land 26.0 24.7 27.0 26.0"
Mean 28.58 26.63 28.8 30.2

Clay (%) BD gm./cm TP (%)

Soil depth (cm) Soil depth Soil depth (cm)
0-20 20-40 0-20 20-40 0-20 20-40
47.0 38.6" 1.23b 1.264 45,420 46.54"
40.1 52.2" 1.39" 1.35M 51.452 50.942
42.7 43.5™ 1.37" 1.34" 50.97¢ 49.572
50.0 51.3" 1.08™ 1.202 39.752 44.28°
44,95 46.3 1.27 1.29 46.90 47.83
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Sand (%) Silt (%)
Land use types  Soil depth (cm) Soil depth (cm)
0-20 20-40 0-20 20-40
SD 5.55 4.86 5.92 4.84
CV (%) 19.3 18.25 20.6 16.0
P Values Ns Ns Ns *

Clay (%) BD gm./cm-3 TP (%)

Soil depth (cm) Soil depth Soil depth (cm)
0-20 20-40 0-20 20-40 0-20 20-40
1.7 5.76 0.0073 0.0085 0.29 0.28
17.1 12.45 0.578 0.65 0.605 0.58
ns * *kk *kk *kk *kkx

The relationship means within a column followed by different letters or letters are significantly different from each other at P < 0.05; *=
significant at P < 0.05; *** = significant at P <0.001; BD = bulk density; TP = total porosity; CV= coefficient of variation; ns= not significant.

3.1.2. Bulk Density

Land use and their interactions had a significant (P <0.001)
effect on the soil bulk density value, whereas soil depth had a
significant (P < 0.01) effect (Tables 2 and 3). After the pri-
mary effects were analysed, farmland had the highest mean
bulk density (1.37 g cm®), and grassland had the lowest (1.14
g cm®) mean value (Table 2). The higher clay content and
lower disturbance of the soil under the grassland may be the
cause of the grassland having the lowest soil bulk density. The
higher bulk density of the soil in the farmlands might be due
to the practice of ploughing in the farm soil, which tends to
lower the quantity of organic matter (OM) in that soil through
animal operations and exposes the soil surface to direct strikes
by raindrops. High bulk density is an indicator of low soil
porosity, which may cause poor movement of air and water
through the soil. For mineral agricultural soils, a bulk density
of 1.3 to 1.4 g cm™ is adequate [28]. The average soil bulk
density in this study was within this range. The variations in
clay concentration, organic matter, and total porosity could be
the cause of the variety in land use types. As a result of the
higher pore rates associated with high OM and clay contents,
land use types with high clay and organic matter contents have
lower bulk densities than those with low OM and clay con-
tents. One of the key physical factors considered when as-
sessing the physical fertility of soils is bulk density.

3.1.3. Total Porosity

The results of the analysis of variance (ANOVA) revealed
that the relationships between different land use types and the
total porosity of the soil were significantly (P < 0.001) im-
pacted. However, at P<0.01, the depth of the soil had a sig-
nificant influence (Table 1 and Table 2). Considering the
interaction of land use type with soil depth, the highest
(51.45%) and lowest (47.6%) values of total porosity were
recorded in the surface soil layers of the farmlands and
grasslands, respectively (Table 1). The relatively high value
of soil total porosity in the farmlands implied a high bulk
density of grassland in the area. The mean total porosities of
the forest, farm, grazing, and grass areas were 45.98, 51.20,
50.27, and 42.02%, respectively, in terms of the mean values
under various land use types (Table 2). The subsurface soil
layer presented greater total porosity values at the two soil
depths. The total porosity across adjacent land use categories
was higher and lower, which corresponded to lower and
higher bulk density values for that soil. In contrast, according
to the FAO (2006c¢), which classified total porosity values as
very low (2%), low (>5%), medium (>5%), high (15-40%), or
very high (>40%), the percentage of total porosity of all land
use groups was very high. The total porosity of each land use
type in the present study was greater than the desirable range
(Table 2).

Table 2. Main effects of land use type and soil depth on selected physical properties of the soil in the study area.

Managements Sand (%) Silt (%)
Land uses types

Forestland 254 36.7

Farm land 32.3 24.3

Grazing land 27.3 30.6

Grass land 254 26.5

Soil depth (cm)

17

Clay (%) BD (%) TP (%)
42.8m 1.25m 45.98¢
46.2m 1.37° 51. 20°
43.1m 1.36¢ 50.27°
50.65" 1140 42.02m
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Managements Sand (%) Silt (%)
Land uses types

0-20 27.1 28.5

20-40 25.3 29.1

Land use Ns *

Depth Ns Ns

Clay (%) BD (%) TP (%)
44.45 1.26M 47.8°
4558 1.28" 48 46°
* *k*k *kk

NS ** **

The main effect means within columns followed by different letter(s) are significantly different from each other at P < 0.05; ns=not significant
* = significant at P < 0.05; ** = significant at P <0.01; *** = significant at P <0.001.

3.2. Specific Soil Chemical Characteristics in
Relation to Various Land Use Types

3.2.1. Calcium Carbonate, pH, and Electrical
Conductivity
The results of the analysis of variance demonstrated that

land use category, soil depth, and their interactions signifi-
cantly (P<0.01) affected the soil pH. Under the forestland and

the farmland, respectively, the greatest mean value (7.1) and
the lowest (5.82) soil pH values were found (Table 3). Low
levels of soil management, including severe overgrazing,
continuous cropping, soil erosion, soil deterioration, and poor
soil management, may be responsible for the low soil pH
values. The subsurface (20—40 cm) soil layers of the forest
and agricultural fields presented the greatest (7.1) and lowest
(5.82) values of soil reactions, respectively (Table 3). The
subsurface soil layer had a greater pH value than did the
topsoil layer.

Table 3. Effects of land use type and soil depth on soil, EC, pH and CaCOs in the study area.

pH EC (S/m)

Land use system Soil depth (cm)

Soil depth (cm)

CaCOs (ppm)

Soil depth (cm)

0-20 20-40 0-20
Forestland 7.12 7.2m 0.59"
Farm land 5.82° 6.3% 0.34m
Grazing land 6.8° 7.0" 0.32m
Grass land 6.9¢ 7.1m 0.31m
Mean 6.7 6.9 0.39
St. Deviation 0.28 0.30 0.08
CV (%) 4.2 4.4 20.50
P Values *x * *x

20-40 0-20 20-40
0.47° 10.82 9.09™
0.35% 6.5° 7.12
0.36% 5.2¢ 5.65°¢
0.35¢ 7.82° 9.1m
0.28 7.56 7.74
0.07 0.40 0.33
25.0 5.3 4.3

*kxk

*k*k

The relationships within a column followed by different letters are significantly different from each other at P < 0.05; ** = significant at P <
0.01; *** = significant at P <0.001; * = significant at P<0.05; EC=electrical conductivity; CaCOs=calcium carbonate; ns=not significant.

In comparison with the other proximate land use types,
farmland had the lowest mean value of soil reaction. This
might be caused by the lowering of basic cations during crop
collection. Similar findings were reported by Bore and Be-
dadi, who reported that farmland experiences less soil reac-
tivity than nearby grazing and grassland areas do [5]. The
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findings of Takele et al., who suggested that the soil reaction
was lower under farmland than under forest and grazing
fields at soil depths of 0-20 cm and 20-40 cm, are also
supported by the findings of the current investigation [29].
According to Tekalign’s classification of soil pH, the grass
and forestlands in the research area were rated as having a
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relatively alkaline pH, whereas the agricultural and grazing
fields had a pH that was closer to slightly alkaline [30]. The
presence of less calcareous soil, which is distinguished by
high calcium carbonate (CaCOs) compound contents and
utilizes exchangeable compound sites, was demonstrated by
the low pH values of the soil in the study area. The land use
type significantly (P < 0.01) affected the electrical conduc-
tivity (EC) values of the soils, although the soil depth and
their interaction had no significant effect (Tables 3 and 5).
The maximum (0.59 S/m) and lowest (0.31 S/m) EC values
of the soils were obtained in the forest and the grasslands,
respectively, when the primary influences of land use types
were considered (Table 3). Owing to the low bulk density
and increased total porosity of the grassland, the lowest EC
value may have been caused by the loss of base-forming
cations due to high water separation.

Additionally, this conclusion is consistent with findings
from [31], who reported that grasslands have poorer electrical
conductivity than nearby croplands, bush lands, and bushed
grasslands at soil depths between 0 and 20 cm. Except in
forestland, where it declined from the surface (0.59 S/m) layer
to the subsurface layer, the EC of the soil increased with depth,
that is, from the surface (0-20 cm) layer to the subsurface
(20-40 cm) layer (0.47 S/m). Land use type and its interaction
with soil depth had a significant (P< 0.001) impact on soil
calcium carbonate (CaCQgs), whereas soil depth had no sig-
nificant (P < 0.001) impact (Tables 3 and 5). The surface (0—
20 cm) soil layer of forest and grazing had the greatest (10.8

ppm) and lowest (5.2 ppm) CaCOs values, respectively, when
the interaction of land use type with soil depth was taken into
account. In accordance with the categorization of Landon
(1991), soil is considered calcareous when its CaCOs level is
0.5% or above and not calcareous when it is less than 0.5%.
According to this classification, my results were distinguished
by high CaCOs content across all land use classes, which
suggests that calcareous soil is present in the research area.
This leads to phosphorus precipitation in the form of
Ca-phosphate, which in turn reduces the amount of P that is
available in the soil.

3.2.2. Soil Organic Matter

The findings of the analysis of variance revealed that the
type of land use, soil depth, and interaction of those two
factors significantly (P < 0.001) affected the soil OM content
(Table 4 and Table 5). Overgrazing and the dense soil in
which animals walk may be responsible for the low OM
content of the soil in grazing areas. This might block the
buildup of soil OM at both the surface and under soil layers.
Farmland has relatively greater soil OM at the surface and in
deeper soil layers than do grazing areas. This may be be-
cause farming land contains large, long roots of crops,
whereas grazing land has fine, short roots, which can greatly
contribute to the improvement of OM and soil microbial
function [32].

Table 4. Interaction effects of land use and soil depth on total TN, SOC, SOM, and C: N and Av. P of the soils in the study area.

TN (%) TOC (%)

Land use system Soil depth (cm) Soil depth (cm)

0-20 20-40 0-20 20-40
Forestland 0.27% 0.22mn 3.21° 2.702
Farm land 0.21° 0.20m 2.350 1.90°
Grazing land 0.20° 0.162 2.19¢ 1.65°¢
Grass land 0.25° 0.20° 2.872 2.19¢
Mean 0.23 0.20 2.67 211
St. Deviation 0.03 0.02 0.14 0.27
CV (%) 13.0 10 5.24 12.80
P Values ekl e ** *

The interaction means within a column followed by dif-
ferent letters are significantly different from each other at P <
0.05; TOC- total organic carbon, TN- total nitrogen,
SOM-soil organic matter, C: N- carbon to nitrogen ratio, Av.

SOM (%) C: N (%) Av. P (%)

Soil depth (cm) Soil depth (cm) Soil depth (cm)

0-20 20-40 0-20 20-40 0-20 20-40
5.7m 4.40 11.85 10.80¢ 6.80b 3.602
3.7m 3.30 11.75 10.65°¢ 4.75° 3.05m™"
3.6M 2.74 10.5 10.30° 2.742 1.83m
4.6" 3.60 115 10.95¢ 3.32 2.08"
4.4 3.51 11.52 10.51 3.44 1.94
0.24 0.47 0.96 0.91 0.72 0.20
5.5 13.39 8.33 866 20.9 10.3
Hokk * * Ns ke *

P-available phosphorous; * = significant at P < 0.05; *** =
significant at P < 0.001; ** = significant at P < 0.01; ns = not
significant.

On the other hand, the maximum value of soil OM was at-
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tributed to the excess biomass and plant remnants on the
surface layer of the forestland. The soil OM content of the
research area decreased with increasing soil depth, i.e., from
the surface soil layer (0—20 cm) to the subsurface soil layer
(2040 cm) (Table 4). This showed that there was enough soil
OM in the topsoil layer, which contained both plant and an-
imal remnants, to support a wide variety of soil organisms. In
the process of mineralization, this ingredient has a long his-
tory. As a consequence, the analysis of variance findings
support the finding that, with respect to the soil depth of the
research area, the soil OM value was greater (4.4%) in the
topsoil layer than in the subsurface (3.5%) soil layer (Table 5).
This result is consistent with the findings of other researchers
[29, 33, 34], who reported that soil organic matter (OM) de-
creases with increasing soil depth, with greater addition to the
upper surface soil layer.

3.2.3. Soil Organic Carbon (SOC)

This result is consistent with the findings of other re-
searchers, such as Chibsa and Ta'a [33], Duguma et al. [34]
and Takele et al. [29], whose were reported that soil organic
matter (OM) decreases with increasing soil depth, with
greater addition to the upper surface soil layer. With signifi-
cantly higher mean values (3.0%) under forestland and lower
mean values (1.92%) under intensively grazed land, the soil
organic carbon content was significantly (P < 0.001) influ-
enced by the type of land used (Table 5). The significant
variance can be explained by intensive land usage, which
accelerates the oxidation of organic matter and the complete
clearance of harvest waste for use as animal feed and a source
of domestic energy [35].

3.2.4. Total Nitrogen (TN)

The different land use categories had a significant (P<
0.001) effect on the total nitrogen (TN) level of the soils. On
the other hand, soil depth had a significant effect (P< 0.01),
and the interactions between land use and soil depth had a
significant effect (P< 0.05) (Tables 5 and 6). As one moves
from grazing, farm, grass, and forestlands, the nitrogen con-
tent of the soils is typically in the low to medium range and
follows the pattern of the organic matter levels. This conclu-
sion is consistent with that of Yadda [36], who revealed that
continuous and intense cultivation accelerated the oxidation
of OC and reduced TN. However, the total nitrogen content
was greater (0.27) in the forestland and lower (0.20) in the
grazed land. The variations in the total N content among the
different land use types were similar to those in the OM con-
tent, which decreased with increasing soil depth (Table 5).
While the low total N content in grazing land may be caused
by the use of animal dung as fuel in homes rather than leaving
it in the field, the greater total nitrogen content in the soils of
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forestland may be related to the high OM levels of the soils.
Additionally, the removal of vegetation by livestock grazing
and the direct exposure of the top layer of grazing land to
raindrops may generate more surface overflow, which may
remove the remains of the animals and plants from the topsoil
layer and result in a reduction in the amount of nitrogen in the
soil overall.

In forests and grazed with a thick layer of natural flora,
organic matter frequently returns to the soil, increasing the
SOM concentration and, as a result, the overall nitrogen
content of these soils. Tekalign [30], gave the grassland and
forest areas a high rating while giving the total N in the study
area's grazing and cultivated lands a middling grade.

3.2.5. Carbon to Nitrogen Ratio (C: N)

The analysis of variance revealed that the various land use
patterns had a significant (P< 0.05) impact on the carbon:
nitrogen ratio (C: N) of the soils in the study area. However,
neither the effects of the interactions nor the depth of the soil
had a significant effect (Tables 5 and 6). When the principal
effects of soil depth were taken into consideration, the mean C:
N value for the surface (0-20 cm) soil layer was greater (10.5).
This shows that total N decreased with soil depth at a rate that
was significantly greater than the pace at which carbon de-
creased. In particular, the soil C: N ratio decreases as the soil
depth increases. This ratio only very rarely increases with
increasing soil depth, possibly because the deposited soil has a
higher C: N ratio in the subsurface soil layer than in the sur-
face soil layer as a result of sedimentation processes. The
optimal C/N ratios, which offer more nitrogen than is required
by microorganisms, are between 10:1 and 12:1 [37].

The findings of this investigation, however, revealed that
the C: N ratio decreased as the soil depth increased. The sur-
face soil layers of the forest and grazing fields presented the
greatest (11.85) and lowest (10.5) C: N values, respectively,
when the interaction effects were taken into account (Table 2).
While the lower C: N ratio in the surface soil of grazed and
farmlands may be caused by greater microbial activity and
more CO; growth and CO; loss to the atmosphere in the sur-
face (0-20 cm) soil layer than in the subsurface (20-40 cm)
soil layer, the higher C: N ratio in the forest soil indicates the
occurrence of optimal biological activities.

This finding is consistent with findings of Gebrelibanos and
Assen, who reported that forest areas have a greater C: N ratio
than nearby plantations, grazing areas, and farmlands do [32].
He reported that the ideal C: N ratio is between 10:1 and 12:1,
which provides nitrogen for extra microbial activity. As a
result, the C: N ratio of the soil in all the land use types within
the research area was within the ideal range. This suggests
that there are suitable systems in place for soil organisms to
mineralize.
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Table 5. Main effects of land use type and soil depth on selected chemical properties of the soil in the study area.

EC CaCOs
Treatments pH

(S/m) (ppm)
land use types
Forestland 7.252 0.52" 9.952
Farm land 6.06° 0.34m 6.8°
Grazing land 6.9° 0.34m 5.43¢
Grass land 7.0¢ 0.31mn 8.46¢
Soil depth (cm)
0-20 6.70? 0.39 7.58
20-40 6.90° 0.37 7.74
Land use system faleded faled faieied
Soil depth il Ns Ns
CV (%) 4.10 20.26 45

TOC SOM TN C:N Av.P
(%) (%0) (%0) (mgkg™)
3.00" 5.05% 0.25° 11.33 5.2
2.13" 3.5 0.21 11.35% 3.9°
1.92¢ 3.17° 0.18° 10.4° 2.30°
2.53m 4.1¢ 0.23 11.23° 2.7
2.70° 4.4 0.23" 10.7 4.40°
2.11° 351°  0.20m 105 2.64°

*k*k *k*k *k*k * *k*k

*% *% *% NS *kx

9.5 1010 9.6 8.48 275

The main effect means within a column followed by different letters are significantly different from each other at P < 0.05; **= significant at P
<0.01; ***=significant at P <0.001; *= significant at P < 0.05; ns=not significant.

The findings of the analysis of variance revealed that the
different land use types had a significant (P < 0.05) impact on
the carbon: nitrogen ratio (C: N) of the soils in the study area.
However, neither soil depth nor the impacts of the interactions
had a significant impact (Table 5 and Table 6). Given the
primary influence of soil depth, the surface (0-20 cm) soil
layer presented the highest (10.7) mean C: N ratio.

3.2.6. Available Phosphorus

According to the results of the analysis of variance, the
study area's available P was considerably (P < 0.001) in-
fluenced by the different types of land use, the depth of the
soil, and how those two factors interacted (Tables 5 and 6).
Compared with that in the underlying soil layer, the acces-
sible P was greater in the surface soil layer (Table 6).
Broadly speaking, differences in the amount of accessible P
in soils may be linked to the rate of soil weathering or dis-
turbance under various land use types. The forest area had
the highest accessible P concentration (5.2 mg kg*), and the
grazing land had the lowest (2.30 mg kg*) when the primary
consequences of different land use types were examined
(Table 6).

The maximum (6.80 mg kg?) and lowest (2.74 mg kg?)
available P concentrations were observed in the surface soil
layer of the forest and subsurface soil layer of the grazing
areas, respectively, due to the interaction effect of land use
type with soil depth (Table 5). Unlike previous studies by
Aytenew and Kibret [7] and Chemada et al. [12], which re-
vealed that agriculture had higher levels of available phos-
phorus than nearby grazing and forestlands did, this study
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revealed that forestland had higher levels of available P at
both the surface and deeper soil layers. The high level of
accessible phosphorus in the forestland may be caused by the
high level of soil organic matter (OM), which causes the
release of organic phosphorus and therefore increases the
level of phosphorus in the forestland. Abad et al. reported that
the available phosphorus was greater in forestland than in
grassland and farmland at the 0—30 cm soil depth [38], which
is also in agreement with this conclusion.

The Gojjera kebele farmland adjacent to the forestland
had a greater amount of available phosphorous, similar to
the other land use types. This might be because the farm-
lands in the research area employ fertilizers such as ni-
trogen, phosphorous, and sulfur (NPS) and di ammonium
phosphate (DAP). Although the available phosphorus can
precipitate in the form of calcium phosphate in calcareous
soil, the lack of available phosphorus in the study area is
generally assumed to be caused by the high CaCOs content
of the soil. This outcome is also consistent with that of
Melese et al., who reported that the precipitation of calcium
phosphate reduced the amount of accessible phosphorus in
calcareous soil [31].

3.2.7. Cation Exchange Capacity

The findings of the analysis of variance revealed that the
different types of land use had a significant (P < 0.05) impact
on the cation exchange capacity (CEC) of the soils in the
study area. The mean CEC values for forest, farm, grazing and
grassland were 42.50, 28.74, 34.85, and 38.53 cmolc kg?,
respectively (Table 6). The higher and lower CEC values in
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the forestland and farmlands might be due to the presence and
absence of soil organic matter or high soil organic matter in
the forestland, but the values were lower in the grazed land. In

addition, the quantity and nature of clay particles affect soil
CEC depending on the type of land use.

Table 6. Interaction effects of land use type and soil depth on Na, K, Ca, CEC and PBS in the study area.

Na* K* ca?*
¢ molc kg %

Soil depth (cm) Soil depth (cm)

'S‘;SQS;:‘? 020  20-40 0-20 20-40  0-20
Forestland 0.45 0.49 1.62¢ 13 26.5°
Farm land 0.43 0.47 0.742 0.85 17.8°
Grazing land  0.43 0.44 0.45° 0.49 16.2¢
Grass land 0.44 0.47 0.652 0.69 24.32
Mean 0.44 0.47 0.87 0.83 21.2
St. deviation  0.08 0.07 0.19 0.11 0.74
CV (%) 18.2 14.89 21.80 13.25 3.49
P values Ns Ns ** Ns falaied

Soil depth (cm)

CEC PBS

Soil depth (cm) Soil depth (cm)

20-40 0-20 20-40 0-20 20-40
22.3 44.50 40.42° 67.23° 78.5°
21.8% 345 35.202 59.0d 78.6°
17.4¢ 28.12 29.35¢ 55.14¢ 74.722
25.70P 37.43 39.62° 64.8° 80.2¢
21.8 36.14 36.08 61.54 78.01
1.17 1.28 24 1.07 2.3
5.37 3.54 6.65 1.7 2.95
* e *% ek *

The means of the relationships within the columns followed by the different values are significantly different from each other at P < 0.05; * =
significant at P < 0.05; *** = significant at P < 0.001; * = significant at P<0.01; ns=not significant.

The findings of Yitbarek et al., who reported that the CEC
of soil was greater in forestland than in nearby grazing and
farmland areas, are supported by this result [39]. The effects
of the interactions between the land use categories and the soil
depth on the CEC of the soil in the research area were sig-
nificant (P < 0.05) (Table 6). The surface soil layer (0—20 cm)
of forestland had the highest amount of CEC (44.40 cmolc kg~
1), whereas the surface soil layer of the grazing field had the
lowest value (28.12 cmolc kg™2).

Considering the soil depth, such as the interaction of
land use type with soil depth, the CEC values of the soil
under different land use types were not significantly af-
fected by soil depth. However, statistically, a relatively
high CEC value was found in the surface (0-20 cm) soil
layer (Table 6). Therefore, Kiflu and Beyene [40] reported
that soil depth at depths of 0—15 cm and 15-30 c¢cm did not
significantly affect the soil CEC under neighboring maize,
enset, or grasslands.

Additionally, Abebe and Endalkew [41] reported that the
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underlying soil layer under nearby forests, farmlands, and
grazing fields had greater CEC values. According to the CEC
ratings by Hazelton and Murphy, the soil under grass, farm,
and grazing land had a high rating, whereas the soil under
forestland had a very high rating [42].

3.2.8. Exchangeable Bases

The findings of the analysis of variance revealed that land
use type, soil depth, and the interaction between land use
type and soil depth all significantly (P <0.001) impacted the
exchangeable Ca (Tables 6 and 7). Such a large range in
exchangeable Ca could result from various management
techniques, methods for using land, and various imbalances
related to OM and soil texture. The mean values of ex-
changeable Ca among the forest, farm, grazing, and grass
areas were 24.4, 19.8, 16.8, and 25.0 cmolc kg%, respectively,
considering the primary effects of the land use categories
(Table 7).
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Table 7. Main effects of land use type and soil depth on selected chemical properties of the soil in the study area.

Treatments Na* K*
cmolc kg-1%

Land use system

Forestland 0.46 1.46
Farm land 0.45 0.80
Grazing land 0.43 0.47
Grass land 0.44 0.67
Soil depth (cm)

0-20 0.43 0.88
20-40 0.46 0.83
Land use Ns falad
Soil depth Ns Ns
Land use*depth Ns Ns

Ca? CEC PBS
244 42.50 74.40
19.8 28.74 66.93
16.8 34.85 66.80
250 38.53 74.0
21.2 36.1 61.5
20.8 36.15 78.0
Hokek * Hkk
*ke Ns *
Hokek Ns Hkk

The main effect means within columns followed by different letters are significantly different from each other at P<0.05; ns=not significant; *
= significant at P <0.05; ** = significant at P < 0.01; *** = significant at P < 0.001.

When the exchangeable Ca at the two soil depths were
compared, the surface soil depth had a greater amount of
exchangeable Ca than did the subsurface soil depth (Table 7).
There may be an opportunity because there was more richness
in the animal and plant remains on the surface of the soil layer
than under it because of the high exchangeable Ca that was
present. Similar findings were reported by [40], who reported
that biological accumulation from plant residues and biolog-
ical activity were correlated with higher soil exchangeable Ca
levels in the surface soil layer than in the subsurface soil layer.

In terms of how different land use types interact with soil
depth, the surface soil layers of grazing lands and forests had
the highest exchangeable Ca concentrations (26.5 cmolc kgt)
and the lowest exchangeable Ca concentrations (16.2 cmolc
kg1), respectively (Table 6). According to FAO report in 2006,
the soil in the research area had exchangeable Ca concentra-
tions that were rated as high under farm and grazing areas and
very high under grass and forest lands [43]. Consequently, at
this point, the study area was distinguished by a high ex-
changeable Ca content.

The different land use types had a significant (P < 0.001)
impact on the exchangeable K of the soil in the study area.
However, neither soil depth nor the relationship between
different land use types and soil depth had a significant effect
(Table 6 and Table 7). The mean exchangeable K values for
forest, farm, grazing and grass fields were 1.46, 0.80, 0.47,
and 0.67 cmolckg™?, respectively, when the major effects of
land use categories were considered (Table 7). Given the soil
depth of the research area, the surface (020 cm) soil layer
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contained the highest exchangeable K levels (Table 7).

In the surface soil layers of the forest and grazing lands, the
highest (1.62 cmolc kg?) and lowest (0.45 cmolc kg?) ex-
changeable K contents, respectively, were recorded (Table 7).
The availability of surface biomass through litterfall and the
lack of surface soil disturbance by raindrops, surface runoff,
and other severe erosion agents may be the causes of the
increased exchangeable K in the surface layer of forestland. In
the case of the surface layer of grazing land, the derivative of
this phenomenon is the cause of lower exchangeable K, which
is worsened by greater disorder. The findings of Yitbarek et al.
[39] and Duguma et al. [34] who reported that the ex-
changeable K of soil is greater in forestland than in farmlands
and grazing lands, are consistent with these results. The ex-
changeable K contents of the research area's grass and farm-
lands were classified as high, whereas those of the grazing and
forest areas were evaluated as medium and very high, re-
spectively, by the rate of exchangeable K stated by FAO in
2006 report [43].

The findings of the analysis of variance revealed that the
land use type, soil depth, and interactions between the two
variables had no discernible effects on the exchangeable Na of
the studied region (Table 6 and Table 7). This conclusion is
consistent with that of Gebrelibanos and Assen, who reported
that exchangeable Na did not show any considerable variation
under neighboring diverse land use types or across the soil
depth by the time the exchangeable Ca and K did [32]. The
findings of the analysis of variance revealed that the land use
type, soil depth, and interactions between the two variables
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had negligible impacts on the exchangeable Na in the studied
area (Table 6 and Table 7). This conclusion is consistent with
that of Gebrelibanos and Assen [32], who reported that the
exchangeable Na content did not show any considerable var-
iation under neighboring diverse land use types or across the
soil depth by the time the exchangeable Ca and K did.

The average values for exchangeable Na, forest, farm,
grazing, and grasslands in the research area were 0.46, 0.45,
0.43, and 0.44 cmolckg™ respectively. The surface soil
layer (0-20 cm) presented higher exchangeable Na levels
than did the deep soil layer (20-40 cm) (Table 7). The
maximum exchangeable Na concentration (0.49 cmol kg™)
was found under the subsurface soil layer of forestland,
whereas the lowest concentration (0.43 cmol ckg?) was
found in the surface soil layer of both farm and grazing
lands (Table 6).

The increased exchangeable Na in forestland may be
caused by the availability and buildup of plant residues
caused by the abscission of leaf trees and biological pro-
cesses, although there was no statistical variance in its values.
The clearance of crop residues through harvesting activities
was responsible for the lower exchangeable Na in agricul-
tural and grazing fields, but livestock grazing may have
reduced the lower exchangeable Na in grazing land. This
result is also connected to that of Chemada et al. [12], who
reported that agricultural and grazing grounds have lower
exchangeable Na contents than nearby forestland does. The
exchangeable Na of the research area, according to a grading
system FAO, was in the range of a medium rate under all
land use patterns.

3.2.9. Percent Base Saturation

The land use categories and their interactions with soil
depth had a significant (P < 0.05) effect on the percent base
saturation (PBS) of the research area, as shown in Tables 6
and 7. The surface (0-20 cm) soil layers of forestland and
grazing land vyielded the greatest (67.23%) and lowest
(55.14%) values of PBS, respectively, when the interplay of
land use types with soil depth was considered. The highest
(74.40%) and lowest (66.80%) values of PBS were reported
under the forest and grazing fields, respectively, considering
the primary influences of land use categories (Table 7).

Generally, processes that influence the concentration of
basic cations also affect the percent base saturation of the soil.
The PBS in the research area was evaluated as high in the
grass, farm, and grazing fields, whereas it was classified as
extremely high in the forestland, according to the PBS rate
reported by Hazelton and Murphy [42]. This suggests that the
research area's soil contains large amounts of exchangeable
bases. The subsurface soil layer had a greater pH value than
did the topsoil layer.

4. Conclusions

In conclusion, the study revealed that soil physical and
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chemical properties, varied significantly across different land
use types in the Gojera kebele, Dinsho district, southeastern
Ethiopia. The results indicated that agricultural land and
grasslands exhibited the highest values for sand and clay
content. Grazing and farmlands, forestlands presented greater
soil organic matter and total nitrogen contents. The mean
available phosphorus ranged from 2.03 - 5.2 mg/kg, indicat-
ing a significant deficiency of available phosphorus in the
study area. The mean bulk density and total porosity of the
soils ranged from 1.14 to 1.37 g/cm3and 42.02% to 51.5%,
respectively, which are higher than the desirable limits for
optimal soil health. Additionally, the exchangeable basic
cations, CEC, and PBS values were classified as high to very
high across all land use types. Farmlands most degraded land
use almost in all PCPs. These findings suggest that inappro-
priate land use practices significantly affect soil physico-
chemical properties. Therefore, it is crucial to implement
Land Use Planning and Environmental Impact Assessment
(EIA) strategies to ensure the sustainable use of soil re-
sources and promote environmental conservation. Future
researchers should investigate the long-term effects of spe-
cific land use practices on soil health and productivity in the
Gojera kebele to develop targeted management strategies
that promote sustainable soil resource use and environmental
conservation.
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