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Land degradation caused by improper land use management is a critical worldwide problem that has revived the issue of resources
sustainability. Soil degradation, which involves physical, chemical, and biological degradation, is the key component of land
degradation. Assessment of soil quality (SQ) indicators that distinguish soil degradation in different land use (LU) types is enviable to
achieve sustainable land management strategies. *e objective of this study was to assess the effects of land uses on soil quality
indicators in the Geshy subcatchment of the Gojeb River Catchment, Omo-Gibe Basin, Ethiopia. *e LU types identified for
evaluation included natural forest, cultivation, and grazing lands. Accordingly, a total of 54 soil samples (three LU types× three slope
classes (blocks)× three replications× two soil depths) were collected with an “X” plot design for data analysis. Statistical differences in
SQ indicators were analyzed among LU types, slope classes, and soil depths and tested using univariate analysis of variance and
Pearson’s correlation coefficient, following the general linear model. *e results showed that a number of SQ indicators were
significantly influenced by LU changes and soil depths. *e sand, dry soil bulk density (ρb), volumetric soil water contents (VSWC),
total porosity, water infiltration rates, cumulative infiltration, and total nitrogen showed significant variations between the natural
forest and the other LU types and soil depths (p< 0.05). However, silt, clay, soil pH, SOC contents, carbon-to-nitrogen ratio, and
available phosphorus did not show significant variations between LU types and soil depths (p> 0.05).*e overall qualities of the soils
under the cultivation land were inferior in VSWC, TP, water infiltration rates, SOC contents, and TN soil attributes of the adjacent
natural forest and grazing lands.*e studied soils were found to be dominantly of clays with slightly acidic and low SOC contents and
slow in their infiltration rate. *us, integrated and sustainable land management, aimed at enhancing proper LU systems, is crucial
for the sustainable ecosystem functioning and is the most effective way in reversing of soil quality deterioration.

1. Introduction

Land degradation is a critical worldwide problem that has
revived the issue of resources sustainability. Soil degrada-
tion, the key component of land degradation, involves bi-
ological, chemical, and physical soil degradation [1, 2]. *is
could be resulted from increasing population pressure and
land use (LU) changes, coupled with biophysical, social,
economic, and political factors [3, 4]. Soil degradation is
defined as “a change in the soil health status resulting in the
diminished capacity of an ecosystem to provide goods and
services for its beneficiaries” [5] that provokes soil-quality
deterioration. Soil degradation, which could result in

reduced soil productivity, food insecurity, economic losses,
and recurrent droughts, affects millions of Ethiopian live-
lihood [1]. Soil quality (SQ) depletion, caused by water
erosion due to rugged topography, mismanagement of land
resources, and loss of vegetation cover, is the most critical
type of soil degradation threatening Ethiopian highlands
[6–9]. In Ethiopia, the transformation of natural ecosystem
into an agricultural landscape due to deforestation has
potentially affected the soils’ capability to supply ecosystem
services [10]. *ey also reported that unsustainable and
sedentary farming practices would have a detrimental effect
on SQ.*erefore, the key determinant issues are to maintain
SQ for healthy ecosystem services [11].
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Karlen et al. [12] defined SQ as “the ability of a specific
kind of soil to function withinmanaged or natural ecosystem
boundaries to sustain animal and plant productivity, en-
hance or maintain air and water quality, and support human
health and habitation.” SQ, encompasses biological,
chemical, and physical qualities of soils [13], is crucial to
investigate the extent of soil degradation for identifying land
management technologies [8, 14]. SQ can be categorized as
inherent and dynamic SQ [15]. *e former shows little
change over time and is considered as almost static such as
mineralogy and particle size distribution mainly influenced
by pedogenic processes [16, 17], whereas the later one
changes with respect to land use and soil management [18].

*e central aims of SQ assessment are to maintain quality
environment and biodiversity conservation for agroecosystems
productivity and natural ecosystems health [19]. SQ cannot be
directly determined, but can be inferred by measuring soil
physical, chemical, and biological properties [20]. SQ mea-
surement requires identification of specific “indicators,” called
“soil quality indicators,” that can be quantitatively measured
over time [21]. SQ indicators are those soil properties and
processes that have the greatest sensitivity to the change in LUs
and management practices on a short-term period [13, 16]. SQ
indicators condense an enormous complexity in the soil and
are the measurable soil properties that affect the capacity of a
soil to perform a specified function [22].

Previous studies revealed that severe SQ deterioration
was observed due to soil erosion, LU changes, deforestation,
and overgrazing [8, 14, 23]. *e transition from forest to
another agricultural use leads to a significant reduction and
changes in soil qualities [24, 25]. Studies have also reported
the significant influence of LU changes on SQ indicators [10,
26–28].*e study in Blue Nile Basin of Ethiopia showed that
the change in LUs and management systems influenced the
key SQ indicators significantly [9]. Studies elsewhere [29–
32] revealed that LU changes affected significantly the SQ.
*e most frequently used SQ indicators are soil pH, total
nitrogen (TN), and soil organic carbon (SOC). SOC is a
strong indicator of a soil’s chemical, biological, and physical
processes [27, 32]. Recently, Lozano-Baez et al. [33] showed
relevant results that soil physical and hydraulic properties of
different forest restoration strategies provided the oppor-
tunity to supplying ecosystem functions as rainwater
infiltration.

In the Geshy subcatchment, population growth and
settlement followed by the 1984/85 droughts and famine in
Ethiopia have resulted in massive deforestation, significant
land use changes and soil degradation [23, 34]. *ough the
government has been investing huge finance and labor on
sustainable land management (SLM) to tackle land degra-
dation, scientific evidence on the effects of LU changes on
SQ indicators is lacking. Proper understanding and quan-
tifying changes in SQ resulting from LU changes are im-
perative because it provides information on the success of
different LU options and modifies land management
practices as needed to improve SQ for SLM. Effects of LU
conversions on SQ are highly dependent on the soil type and
inherently site-specific. *us, there is an urgent need to
assess the effects that different LU conversions have on SQ.

However, no study has been conducted to evaluate the LU
changes effects on SQ indicators in the Geshy Subcatchment.
*erefore, the objective of this study was to investigate the
effects of LUs on selected SQ indicators in the Geshy
Subcatchment of the Gojeb River Catchment, Ethiopia.

2. Materials and Methods

2.1. Study Area Description. *e study was conducted at
Geshy subcatchment, which is a part of the Gojeb River
Catchment of the Omo-Gibe basin in Ethiopia and is located
in between Bonga and Jimma towns and about 420 km in
southwest direction of Addis Ababa city, Ethiopia. *e Omo-
Gibe basin, third largest perennial river in Ethiopia next to the
Baro Akobo and Blue Nile rivers, is lied between 5°31′ to
10°54′N and 33°0′ to 36°17′E and covers about 79,000 km2 of
land area in South and Southwest Ethiopia [35]. *e Gojeb
River Catchment is located between 7°00′–7°50′N latitude and
35°30′–37°20′E within Omo-Gibe Basin of Ethiopia and
covers a total area of 6932.345 km2 with altitudinal ranges
from 817 to 2500m. *e Geshy subcatchment, a total
9,628.5 ha, is located between 07°22′–7°26′N latitude and
36°12′–36°24′E longitude within Gojeb River Catchment with
altitude ranges from 1300 to 2000meters a.s.l (Figure 1).

*e small tributaries along with the mainstream, Geshy
River, are from the west, southwest, south, and south-east of
Geshy River that flows to the Gojeb River at its outlet [34].

Agroecologically, the Geshy subcatchment is charac-
terized by the wet/moist (woina dega) regime [34, 36]. *e
coolest months extend from June to August in the middle of
the main rainy season, and the hottest months are from
February to May recorded at Dirri meteorological stations.
*e rainfall is unimodal with low rainfall from November to
February and the wettest months between May and Sep-
tember. *e mean annual and monthly rainfall of 1762mm
and 136.3mm and monthly mean maximum and minimum
temperature of 25.3°C and 15°C (Figure 2), respectively, were
recorded at Dirri meteorological station [34].

Geologically, Geshy subcatchment is included within the
major formations of the Southwestern Highlands of Ethiopia
which are principally of the Precambrian basement complex,
the Tertiary Volcanic Rocks and Quaternary Sediments. *e
Precambrian origin consists of a variety of volcanic, in-
trusive rocks, and sedimentary [37]. *e most important
rocks in the highlands of the Geshy subcatchment are the
Tertiary Volcanic Rocks and they are mainly Alkali Olivine
Basalt and Tuffs that form the rich agricultural soils [23]. In
Geshy subcatchment, the most commonly identified soil are
Cambisols, Vertisols, Regosols, Fluvisols, and Leptosols [36].
*e dominant land use classes are forest land, shrublands,
cropland, woodland, and swamp area (Table 1) [23]. *e
total population of the subcatchment is 14518 of which 7261
are men with a total of number of 3060 households of which
2793 men [34].

2.2. Methods

2.2.1. Soil Sampling and Data Collection. In the Geshy
subcatchment, a reconnaissance survey was conducted to
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determine the representative land use types and soils
sampling plots. Di�erent soil-sampling methods can have
their own merits and draw backs. Judgment sampling has
been suggested to select representative sites [38]. Sample
sites were characterized, and information about LU and
slope classes were recorded following Abegaz et al. [39] and
Winowiecki [40] approaches. Judgment sampling was used
to take representative soil samples from three LUs (natural
forest land (FL), grazing land (GL), and cultivated land (CL);
Table 1), three slope classes (Lower, 3–8%; middle, 8–15%;

and upper slope positions, 15–30%), two soil depth ranges
(0.0–0.20 and 0.20–0.40m), and three replication each LU
type and slope class.�us, a total of 54 soil samples (three LU
types× three slope classes (blocks)× three replications× two
soil depth ranges) were collected with an “X” plot design for
data analysis between January and February 2016.�e upper
5 cm soil layer was removed to exclude debris, litters, and
nematodes. �en, 2 kg of soil samples was taken from four
corners and centre of a square plot of size 15m× 15m lo-
cated near the centre of each land uses. �e soil samples
were thoroughly mixed, composited as a single sampling
point, air-dried, labelled, and bagged for laboratory analysis.

Geshy subcatchment

Gojeb river catchment Ethiopia
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Figure 1: Study map of the Geshy subcatchment, Gojeb River Catchment, Ethiopia.
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Figure 2: Mean monthly precipitation (mm) and mean monthly
maximum and minimum temperature (°C) at Dirri meteorological
station, Geshy subcatchment [34].

Table 1: Land uses description in the Geshy subcatchment,
Ethiopia.

No. LULC classes Descriptions

1 Cultivation
land

Arable and fallow land that grows annual
and perennial crops such as permanent
fruit trees on the small or commercial level

2 Natural forest
land

Natural vegetation area composed of
undisturbed and disturbed, either or mix of
evergreen, deciduous, and semideciduous

with the area exceeding 0.5 ha,
height≥ 2m, and canopy cover ≥20%

3 Grazing land

Land with shrubs/bushes canopy covers
≥10% of bush, shrubs, and trees ≥10%.
Grassland areas with/without scattered
trees (<10 trees/ha), mainly short grasses

used for grazing
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Moreover, 54 undisturbed soil samples were taken at the
centre of sampling plot using a core ring sampler to de-
termine dry soil bulk density and soil water content.

2.2.2. Soil Laboratory. *e dominant LU types (natural
forest land, grazing land, and cultivated land), slope classes
(3–8, 8–15, and 15–30%), and soil depths (0–0.20 and
0.20–0.40m) were independent variables (factors), while SQ
indicators were the dependent variables. A total of 54 soil
samples were air-dried, crushed, and sieved through a 2mm
mesh sieve to remove stones, roots, and large organic res-
idues for laboratory analysis. *e selected SQ indicators
considered were dry soil bulk density (ρb), particle size
distributions (PSD), volumetric soil water contents (VSWC),
total porosity (TP), soil reaction (pH), soil organic carbon
(SOC), total nitrogen (TN), carbon-to-nitrogen ratio (C :N
ratio), and available phosphorus (Av. P). *e ρb was mea-
sured from undisturbed soil samples collected using a core
sampler after drying the core samples in an oven at 105°C
[40] at the soil laboratory centre of Jimma Agricultural
Research Centre, Ethiopia. ρb was calculated as the mass of
oven-dried soil (105°C) divided by the core volume of
102.1 cm3 [41, 42].

ρb gcm−3  �
Ms

Vb
, (1)

where ρb � dry soil bulk density (gcm−3), Ms �mass of
soil after over dry (g), and Vb � bulk volume of the soil
(cm3).

Total porosity was estimated from bulk density and
particle density (assuming, particle density � 2.65 gcm−3).
Hence, total porosity (%) � (1 −Bulk density/Particle
density)∗ 100.

*e gravimetric soil water content (GSWC, %) was
determined following the method described in [43]. Before
the soil was oven-dried, the initial weights were measured
followed by oven-drying for 24 hours at 105°C, and weighing
the oven-dried soil. However, in relation to agricultural and
engineering functions, volumetric is more relevant than a
gravimetric basis to express soil moisture content and was
determined by multiplying the gravimetric soil moisture
content with dry soil bulk density and divided it by 1 gcm−3
density of water [43]. *e GSWC was determined as follows:

GSWC(%) �
Wwet −Wdry

Wdry
, (2)

where GSMC� gravimetric soil water content on a mass
basis (%), Wwet � the weight of the wet soil sample (g), and
Wdry � the weight of the dried soil sample (g).

Soil reaction (pH) and PSD were determined using 1 : 2.5
(w/v) H2O suspension glass electrode and hydrometer by the
Reeuwijk [44] and Haldar and Sakar [45] methods, re-
spectively. *e SOC is determined by the Walkley and Black
[46] method, TN by the Kjeldahl method as described in
Blake [40].*e available phosphorus (Av. P) was determined
following the Olsen procedure [47].*e analysis was done at
National Soils Testing Laboratory Centre following standard
procedures, Addis Ababa, Ethiopia.

2.2.3. Infiltration Measurements. Appropriate field sam-
pling sites, based on microtopography similarity, were
thoroughly identified within three slope classes (upper,
middle, and lower classes) within the ranges of slope gra-
dient from 3% to 20%. Infiltration measurements were taken
from three LU types (natural forest land, cultivated land, and
grazing land) and the three slope classes with three repli-
cations measurements (3 LU types× 3 slope classes× 3
replicates� 27). *e cumulative infiltration, I (L), and in-
filtration rate (L·T−1), t (T) being the time, were measured in
triplicate using the double- or concentric-ring infiltrometer
[48]. *e diameters of the outer and inner rings are 53 and
28 cm, respectively. *e rings are driven approximately
0.05m into the soil using a metal plate and sledgehammer
[49]. Both the outer and inner cylinders were filled with
water at 0.20m above the soil surface at the same time.When
the head level approached 0.05m above the soil surface, the
rings were refilled every time. During infiltration mea-
surement, water level changes are recorded at 0, 01, 02, 05,
10, 20, 30, 45, and 60min of time increments to calculate
cumulative infiltration and infiltration rate [50, 51]. *e
infiltration rate was measured from the beginning of the
experiment until the steady-state infiltration rate (SIR) was
reached during dry and sunny weather condition.

2.2.4. Statistical Data Analysis. In the Geshy subcatchment,
all statistical analyses were carried out using Statistical
Packages for Social Science (SPSS) version 20 for Windows.
Statistical variations in SQ indicators (PSD, dry soil bulk
density, total porosity, VSWC, infiltration rate, cumulative
infiltration, Soil pH, SOC, TN, Av. P, and C :N ratio) among
the three LU types, three slope classes, and two soil depths
were analyzed by univariate ANOVA following the GLM
procedure. Prior to doing the ANOVA, all datasets on SQ
indicators were tested for normality. When the means
exhibited significant differences, the data were further an-
alyzed using Tukey’s post hoc honest significance difference
test (p< 0.05) to assess variations between the three land
uses. Correlations among SQ indicators were analyzed by
using Pearson’s correlation coefficient.

3. Results and Discussion

3.1. Physical Soil Quality Indicators

3.1.1. Particle Size Distribution (PSD, %). In the Geshy
subcatchment, the particle size distribution was assessed
using the proportion of three mineral particles, namely, clay,
silt, and sand fractions in a soil. Tables 2 and 3 show the
results of soil physical quality indicators with respect to land
uses. *e ANOVA indicated that sand fractions varied
significantly with LU types and depths (p< 0.05), while clay
and silt fractions varied significantly only with depths. *e
overall mean value of sand fractions was significantly lowest
under the cultivated land (25.61%) and the highest in grazing
land (29.89%) (Table 2). *e clay and silt fractions did not
show any statistical variation with LU types (p> 0.05). In the
studied soil, clay fraction was by far the highest fraction
under all LU types. *e particles size classes across all LU
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types are clay, indicating the homogeneity of soil forming
processes and similarity of parent materials [52]. Clay-
dominated soils are an indicator of high SQ because such
soils are described as fertile and higher water-holding ca-
pacity, which is in line with other studies [24]. Clay fraction
was significantly higher in the subsoil surface than the top
surface which might be due to clay translocation from the
top layer to the sublayer [8].

3.1.2. Soil Bulk Density (ρb, gcm
−3), Volumetric Soil Water

Content (%), and Total Porosity (%). *e soil, ρs, an index of
soil quality, is an indicator of soil compaction and a de-
terminant of soil’s mechanical resistance to root growth
[53, 54]. *e ANOVA showed that dry soil bulk density,

VSWC, and TP varied significantly with LU types and soil
depths (p< 0.05). *e overall mean soil ρs under the grazing
land (1.28± 0.026) is significantly higher than that under
the forest land (1.16± 0.033) followed by cultivated land
(1.20± 0.020, Table 2), which might be resulted from
compaction of soil due to excessive livestock trampling and
low SOC. Moreover, ρs is statistically higher (p< 0.05) in the
subsoil surface than that in the top soil layer (p< 0.05,
Table 2), indicating the increasing tendency of ρs with depths
as a result of overlying weight of the soil and the corre-
sponding reduction of SOC content [8]. In the study sub-
catchment, the increasing of ρs with soil depths could be
associated with the reduction SOC concentration in the
subsequent layers. Pearson’s correlation also revealed a
converse association between ρs and SOC (p< 0.01, Table 4),

Table 2: Soil physical quality indicators in relation to the land use and soil depths (mean± SE).

SQI Depth (cm)
Land uses

Forest land Cultivation land Grazing land Overall

Sand (%)
0–20 28.78 (±1.427) 27.89 (±1.427) 33.11(±1.427) 29.93 (±0.824)a
20–40 26.56 (±1.149) 23.33 (±1.149) 26.67 (±1.149) 25.52 (±0.664)b
Overall 27.67 (±0.922)ab 25.61 (±0.784)b 29.89 (±1.194)a

Silt (%)
0–20 27.78 (±1.883) 34.67 (±1.883) 30.33 (±1.883) 30.96 (±1.087)a
20–40 26.22 (±1.856) 24.34 (±1.856) 28.00 (±1.856) 26.18 (±1.072)b
Overall 27.05 (±0.868)a 29.50 (±1.744)a 29.17 (±1.548)a

Clay (%)
0–20 43.33 (±2.262) 37.44(±2.262) 36.56 (±2.262) 39.11 (±1.306)b
20–40 47.22 (±2.222) 52.33 (±2.222) 45.33 (±2.222) 48.30 (±1.283)a
Overall 45.28 (±1.425)a 44.89 (±2.378)a 40.94 (±1.735)a

Textural classes
0–20 Clay Clay loam Clay loam Clay loam
20–40 Clay Clay Clay Clay
Overall Clay Clay Clay

Bd (g/cm3)
0–20 1.07 (±0.033) 1.18 (±0.031) 1.23 (±0.031) 1.16 (±0.019)b
20–40 1.25 (±0.040) 1.22 (±0.040) 1.34 (±0.040) 1.27 (±0.018)a
Overall 1.16 (±0.033)b 1.20 (±0.020)b 1.28 (±0.026)a

VSWC (%)
0–20 37.71 (±2.665) 28.10 (±2.665) 30.62(±2.623) 32.14 (±1.515)b
20–40 48.28 (±2.687) 44.33 (±2.687) 43.49 (±2.687) 45.39 (±1.515)a
Overall 42.99 (±2.760)b 36.22 (±2.187)b 37.06 (±2.337)b

TP (%)
0–20 59.61 (±1.159) 55.46 (±1.130) 53.76 (±1.160) 56.27 (±0.652)a
20–40 52.86 (±1.159) 53.79 (±1.248) 49.30 (±1.159) 51.98 (±0.721)b
Overall 56.27 (±1.285)a 54.62 (±0.582)a 51.53 (±0.994)b

Means within rows and columns followed by different letters are significantly different (p< 0.05) with respect to land use and soil depths.

Table 3:Water infiltration rate (IR, mm/hr) and cumulative infiltration (CI, cm) of soils in relation to slope positions and land use types at 1
min (initial) and 60min (steady state) (mean± SE).

Soil quality indicators Time (min)
Land uses

Forest land Cultivation land Grazing land

IR (mm/hr) 1 60.0 (±0.000)a 60.0 (±0.000)a 53.3 (±4.410)a
60 4.52 (±0.134)a 2.53 (±0.240)c 3.29 (±0.089)b

CI (cm) 1 0.99 (±0.105)a 0.94 (±0.050)a 0.83 (±0.044)b
60 8.87 (±0.461)a 6.72 (±0.188)b 5.71 (±0.230)c

Soil quality indicators Time (min) Slope classes
Upper Middle Lower

IR (mm/hr) 1 60.00 (±0.000)a 53.33 (±4.410)a 60.0 (±0.000)a
60 3.89 (±0.254)a 3.49 (±0.293)b 2.96 (±0.359)c

CI (cm) 1 0.99 (±0.045)a 0.83 (±0.044)b 0.94 (±0.041)ab
60 7.70 (±0.629)a 6.81 (±0.597)b 6.79 (±0.364)b

Means followed by the same letter(s) across rows for each time (minutes) have not a statistically significant difference (p> 0.05) in relation to land use types
and slope positions.
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which may reflects SOC content changes with the change of
ρs value. Consistently, studies have reported the strong
significant association of SOC and ρs [55–57]. In all LU
types, ρs was generally within the optimal range
(1.00≤ ρs ≤1.40 g/cm

3) for maximum crop production and
good root development [54, 58, 59] and rated as low for clay
soils [43, 60] using different soil physical indicators obtained
from soil water retention curve + soil bulk density (BD), and
stepwise discriminate analysis (SDA) showed that ρs had a
high discriminating capability of synthesize part of the data
variability together with the plant available water (PAWC).
*erefore, ρs was specifically suggested in assessing the soil
physical quality of clay soils (fine textured soils).

*e ANOVA indicated that VSWC varied significantly
with LU types (p � 0.027) and soil depths (p � 0.000). *e
VSWC was found to be significantly higher under forest
land than in grazing and cultivation LUs due to higher SOC
and decreased soil bulk density (Table 2). *is is similar
with other studies [61] that higher SOC increases the soil
moisture content through improvements in soil structure.
*e VSWC showed significant difference with soil depths:
higher in subsurface soil because of the relatively higher
fine particle fractions (clay) in the subsurface soil giving a
better water holding capacity. Moreover, the increased
amounts of soil water content with depths could be due to
the downward movement of water through gravity and less
evaporation in the subsoil layer. Similar studies [42, 62]
also reported that the subsoil layer had a higher soil
moisture content than the above layer. *e overall mean
value of the total porosity (TP, %) of the forest, cultivated,
and grazing land soil was 56.27 (±1.285), 54.62 (±0.582)
and 51.53 (±0.994), respectively (Table 2). *e ANOVA
showed an overall significant variation of TP of the soil
with LUs (p � 0.001) and soil depths (p � 0.000). Ac-
cordingly, the overall mean of TP under grazing land is
significantly lower than that under forest and cultivated
lands, but it did not show any significant variation among
forest and cultivated land, though its value in forest land is
relatively higher than cultivation land.

*e high TP of the forest soil could be attributed to
higher OM content, as it is affected by the levels of organic
matter and bulk density [55, 63]. *us, a decline in porosity
and the corresponding rise in ρs are manifestations of re-
moval of organic matter. Pearson’s correlation coefficient

has indicated a positive correlation of organic carbon
(p< 0.01) and a strong inverse association of ρs (p< 0.01;
Table 4) with total porosity, suggesting TP be a function of
SOM content. Generally, in this study, a significant lower TP
and higher ρs of the grazing and cultivated land soil suggests
increasing runoff which enhances erosion, because of the
reduction of water holding capacity and soil infiltration with
increasing ρs [64].

3.1.3. Infiltration Rate. Water infiltration rate (mm/hr) and
cumulative infiltration (cm) varied significantly with LUs,
slope classes, and time as well as their interaction effects
(p< 0.05). Accordingly, both water infiltration rate and cu-
mulative infiltration in the forest lands (4.52mm·hr−1± 0.134,
8.87 cm± 0.461) were significantly higher (p< 0.05) than
cultivated (2.53mm·hr−1± 0.240, 6.72 cm± 0.188) and graz-
ing lands (3.29mm·hr−1± 0.089, 5.71 cm± 0.230) (Table 3
and Figures 3 and 4). Similarly, their values in the grazing
land (4.52mm·hr−1± 0.134, 8.87 cm± 0.461) were signifi-
cantly higher (p< 0.05) than those in the cultivated
land (2.53mm·hr−1± 0.240, 6.72 cm± 0.188), respectively. On
the contrary, water infiltration rate and cumulative infiltra-
tion in the upper slope position (3.89mm·hr−1± 0.254,
7.70 cm± 0.629) were significantly (p< 0.05) higher than that
in the middle (3.49mm·hr−1± 0.293, 6.81 cm± 0.597) and
lower slope positions (2.96mm·hr−1± 0.359, 0.83 cm± 0.044),
respectively. According to Landon [38] rating classification,
the infiltration rate is slow (0.1–8mm·hr−1) soils under all
land uses and slope positions (Table 3), which can be taken as
the normal range for clay soils.

In many cases, the infiltration rate is found to be slow
both in soils under open-grazing and cultivation. *e slow
infiltration rate could result in limited deep percolation,
surface water losses, and yield reduction [38] and the
nature of soil textural class and clay soils. *ese observa-
tions would agree with the view that the reduction in in-
filtration rate which might be due to a change in LU type
from forest to cultivation or grazing may be resulted from
compaction and surface horizon structure degradation
[65].

*e soil shearing and pulverization by cultivation may
reduce the macropore space and produce a discontinuity in
pore space between the cultivated surface and the subsoil

Table 4: Pearson’s correlation coefficient between soil quality indicators of land uses.

pH Sand Silt Clay BD VSWC TP SOC TN C/N
Sand 0.10
Silt −0.31∗ 0.19
Clay 0.18 −0.69∗∗ −0.84∗∗
BD 0.21 −0.46∗∗ −0.23 0.41∗∗
SMC −0.02 −0.17 −0.37∗∗ 0.37∗∗ 0.195
TP −0.21 0.46∗∗ 0.22 −0.41∗∗ −1.00∗∗ −0.192
SOC 0.18 0.61∗∗ −0.06 −0.30∗ −0.42∗∗ −0.30∗ 0.42∗∗
TN 0.24 0.63∗∗ −0.05 −0.314∗ −0.38∗∗ −0.34∗ 0.38∗∗ 0.95∗∗
C/N −0.26 −0.26 −0.09 0.202 −0.06 0.215 0.06 −0.20 −0.46∗∗
Av. P. 0.29∗ 0.02 −0.10 0.058 0.117 −0.091 −0.12 0.02 0.07 −0.17
∗Correlation is significant at the 0.05 level (2-tailed). ∗∗Correlation is significant at the 0.01 level (2-tailed). Values are Pearson correlation coefficient (r)
n� 54.
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surface [64], thereby reducing the infiltration rates [66].
Animal trampling causes increases in ρs by compacting the
soil surface, especially grazing soils [67], influencing the
size, distribution, and amount of pores and infiltration
rates [64]. *e low amount and slow water movement in
the studied soils are good indicators of the effect of land
changes from native forest lands coupled with poor land
management practices on water movement in the soil
system. *e higher VSWC in the forest lands and culti-
vation lands than in the grazing lands could be due to the
lower ρs and higher SOC contents resulting lower surface
runoff, higher water holding capacity, and infiltration. In
line with our findings, for example, Castellini et al. [68]
showed similar results for a conversion of Mediterranean
maquis and/or natural forest into agropastoral lands is a
Mediterranean environment.

3.2. Chemical Soil Quality Indicators

3.2.1. Soil pH (H2O). Soil pH did not show any significant
variation across LU types and soil depths (p> 0.05) but
varied significantly with replication (p � 0.015). *ough not

statistically significant, soil pH was slightly lower in the
forest land (5.98) than in the cultivated land (6.04, Table 5).
*e insignificant difference of soil pH with LU types could
be due to less leaching of base-forming cations [42]. *e soil
pH is higher in the surface than in the subsurface soil layer
which could be due to the higher SOC in the upper soil
surface. Generally, the studied soil was found to be slightly
acidic (6.0–6.6) [38, 69] which could be characterized by the
high rainfall study area which is adequate to remove basic
cations from surface horizons of the soils.

3.2.2. Soil Organic Carbon (SOC, %). *e SOC content is the
major soil biological and chemical quality indicator and
strongly and indirectly affects soil physical quality [54]. *e
SOC content did not show significant variation with LU
types (p � 0.183) but varied significantly with soil depths
(p � 0.000). *ough not varied statistically (p> 0.05), SOC
content in the forest land (2.88%) is relatively higher than
that in the cultivated and grazing land. *e SOC content is
decreased significantly with increasing soil depths (Table 5).
In the upper soil layer, SOC contents were significantly
higher in the forest land (3.36%) and grazing land (3.16%)
than in the cultivated land (2.88%). In the subsoil layer,
the SOC content showed no significant variations across all
LU types (p> 0.05, Table 5). *e lowest SOC in the culti-
vation lands could be because of organic material reduction
and cultivation of farm land continuously for long years
which resulted in high oxidation rate of SOM and green
materials removal [6, 8, 70]. In consistence, other studies
[8, 70, 71] reported significantly lower SOC content in the
croplands than in the forest and grazing land. Cultivation
promotes SOC loss due to exposure of microaggregate or-
ganic carbon to microbial decomposition by changing the
moisture and temperature regimes [8]. *e SOC content is
higher in the forest land than cultivated land which might be
because of the higher accumulation of SOM [6, 8] and
anthropogenic factors such as removal of animal and plant
organic sources [55]. *e reduction of SOC in the grazing
land could be due to loss of OM input because of browsing
by animals and uncontrolled livestock grazing [8, 70].
According to Landon [38] rating, the studied soil is low
(2–4%) in SOC content across all LU types or depths which
might be due to intensive agricultural production systems,
heavy animal encroachment, and human interference.

3.2.3. Total Nitrogen (TN, %) and Carbon-to-Nitrogen Ratio
(C : N Ratio). *e ANOVA revealed that TN (%) content
varied significantly with LU types (p � 0.042) and soil
depths (p � 0.000). *e overall mean TN under forest land
(0.26%) followed by grazing land (0.23%) was statistically
higher than cultivated land (0.22%; Table 5). Moreover, the
overall mean value of TN in the top surface (0.28) is sta-
tistically higher than the lower surface layer (0.19). Similarly,
in the top surface layer, TN under forest land (0.31) followed
by grazing land (0.29) is statistically higher than cultivated
land (0.25; Table 5). However, in the lower surface layer, no
significant variations were recorded across all LU types. *e
higher TN content in the forest land is the result of higher
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SOM content and the presence of leguminous plants which
have the capacity of nitrogen fixation [42]. An addition of
a relatively higher plant residue and a minimal rate of de-
composition might be responsible for the higher amount of
TN in forest soil [72]. *e soil TN content has revealed
variations among the LU types with a similar pattern of
distribution as that of SOC content (Table 5). Pearson’s
coefficient of correlation also has indicated an overall sig-
nificant positive correlation between the soil TN and SOC
contents under different LU types (r� 0.953; p< 0.01; Ta-
ble 4). *e decline of SOC and TN content in the cultivated
land could be due to the burning and removal of the biomass
above ground by harvesting crop residue, insufficient re-
plenishment through manure or fertilizers and overgrazing
by livestock. *e studied soil is rated as medium (0.2–0.5) in
TN content [69]. Similar findings elsewhere [55] revealed
that the low level of SOC and TN in the cultivated land soil
suggests degrading effects due to a long history of crop
cultivation. Other authors [14, 73] also reported that TN
content of soils under cultivation was lower compared to
contents in the natural forest soils.

Carbon-nitrogen (C : N) ratio, an indicator of nutrient
immobilization and mineralization [74], measures the rel-
ative nitrogen content of organic materials [43]. In the
Geshy subcatchment, the C :N ratio has shown no signifi-
cant difference with LU types (p � 0.120) and soil depths
(P � 0.059). Yet, the numerical values for land uses are
highest for cultivated soils and lowest for forest soils which
might be attributed to the rapid loss of TN in the former. In
the top surface layer, C :N ratio is significantly higher in
cultivated land (11.78) followed by grazing land (11.00) than
forest land soils (10.67) (Table 5). *us, the impacts of LU
types and depths were more prominent in soil TN than SOC.
*e Pearson correlation result confirmed a significant
converse association of SOC with TN (r�−0.464, p< 0.01,
Table 4). Other studies [14, 71] also revealed that C :N
ratio did not show a significant variation with land uses.
In the study subcatchment, the C :N ratios were higher

than the normal range 10 :1 on average [69] that indicates
organic matter is not fully decomposed through various
microbial activities. Logsdon [75] reported higher C : N
ratios indicating that nitrogen is immobilized at higher C : N
values because of the formation of only slightly bio-
degradable complexes.

3.2.4. Available Phosphorus (Av. P, ppm). *eAv. P contents
did not show any significant difference between various
LU types and depths (p> 0.05). Numerically, Av. P appeared
to be higher in the cultivation (8.04 ppm) than the other
LU types which could be resulted from the application of
organic (e.g., compost, manure, and household wastes),
and inorganic fertilizers (e.g., urea (CO(NH2)2) and dia-
mmonium phosphate (DAP)) on the cultivation land.
Hence, the lowest (0.91 ppm) and highest (8.04 ppm) Av. P
contents were observed in the forest and cultivation land,
respectively (Table 5). Similar findings [8, 70] revealed that
Av. P is significantly higher in the farmland than forest and
grazing lands which might be due to the application of
compost, animal manure, and household wastes. *e reason
for the lower Av. P content in the forest land could be
phosphorus fixation. According to Landon [38] rating, the
overall Av. P was low (<5 ppm) under forest and medium
(5–15) under cultivated and grazing land. In the Geshy
subcatchment, the deficiency of available P in the forest
lands might be resulted from the inherent low-P status of the
parent materials and erosion losses by water. *e available P
is found to be low in the majority of Ethiopian soils as
consequences of crop harvest, soil erosion, and P fixation [8].

4. Conclusions

In Geshy subcatchment, most soil quality indicators are
significantly varied among land uses soil depths and slope
classes. Soil quality indicators such as sand fractions, dry soil
bulk density (ρs), VSW contents, TP, water infiltration rates

Table 5: Soil pH, SOC, TN, C :N ratios, and Av. P in relation to the land use types and depths (mean± SE).

PSQI Depth (cm)
Land uses

Forest land Cultivation land Grazing land Overall

pH-H2O
0–20 6.04 (±0.096) 6.07 (±0.096) 6.00 (±0.096) 6.04 (±0.054)a
20–40 5.92 (±0.107) 6.01 (±0.107) 6.03 (±0.107) 5.99 (±0.060)a
Overall 5.98 (±0.064)a 6.04 (±0.027)a 6.02 (±0.100)a

SOC (%)
0–20 3.36 (±0.143) 2.88 (±0.143) 3.16 (±0.143) 3.13 (±0.088)a
20–40 2.40 (±0.202) 2.21 (±0.202) 2.06 (±0.202) 2.22 (±0.115)b
Overall 2.88 (±0.154)a 2.54 (±0.128)a 2.605 (±0.202)a

TN (%)
0–20 0.31 (±0.014) 0.25 (±0.014) 0.29 (±0.014) 0.28 (±0.009)a
20–40 0.21 (±0.017) 0.19 (±0.017) 0.18 (±0.017) 0.19 (±0.010)b
Overall 0.26 (±0.014)a 0.22 (±0.012)b 0.23 (±0.019)ab

C :N ratio
0–20 10.67 (±0.301) 11.78 (±0.301) 11.00 (±0.301) 11.15 (±0.190)a
20–40 11.56 (±0.415) 11.89 (±0.415) 11.67 (±0.415) 11.70 (±0.232)a
Overall 11.11 (±0.241)a 11.83 (±0.326)a 11.33 (±0.198)a

Av. P (ppm)
0–20 0.80 (±4.934) 10.95 (±4.934) 8.27 (±4.934) 6.67 (±2.864)a
20–40 1.02 (±2.666) 5.13 (±2.666) 4.94 (±2.666) 3.69 (±1.525)a
Overall 0.91 (±0.23)a 8.04 (±2.835)a 6.61 (±3.844)a

*e overall means within rows and columns followed by different letters are significantly different (p< 0.05) with respect to land use and soil depths.
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and cumulative infiltration, and TN varied significantly with
soil depths and LU types. However, silt and clay fractions,
soil pH, SOC contents, carbon-to-nitrogen ratio, and
available P did not show any significant variations with LU
types and soil depths. *e overall qualities of the soils under
the cultivated land were inferior in VSWC, TP, water in-
filtration rates, SOC contents, and TN soil attributes of the
adjacent natural forest and grazing lands. In Geshy sub-
catchment, the studied soils were characterized by domi-
nantly of clay fractions, slightly acidic, low SOC contents,
and slow infiltration rate. *e significantly higher values of
ρs in grazing land and top surface might be attributed to
excessive livestock trampling and its tendency to increase
with depth soil and the corresponding decrease in SOC
content. *e increasing of VSW contents with soil depth
could be attributed to the higher clay fractions in the
subsurface soil and downward water movement coupled
with the presence of less evaporation from the subsoil. Soils
under all land use and slope classes are slow (low) in their
infiltration rate which may indicate high surface water losses
and limited deep percolation. *e low amount and slow
movement of water are good indicators of the effect of land
use changes from native forest lands to grazing and culti-
vation lands coupled with lack of appropriate land man-
agement practices on water movement in the soil system.

*e slightly acidic nature of the studied soils could be
resulted from the high rainfall which is adequate to remove
basic cations out of the surface horizons of the soils. *e low
SOC content, TN, C :N ratio, and available phosphorus across
all LU types or depths indicated the threatened of soil quality
by various factors such as the human interference, continuous
animal encroachment, and intensive agricultural production
systems. *e decline of TN and SOC content in cultivation
lands could be caused by the burning and removal of the
biomass, insufficient replenishment. *us, integrated and
sustainable land management, aimed at enhancing proper
land use system, is vital for the sustainable ecosystem func-
tioning and is the most effective way in reducing soil erosion
and reversing of soil quality deterioration.
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