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Abstract: Land use and land cover changes coupled with unplanned agricultural activities have contributed to land
degradation. Hence, this study evaluated land use land cover changes, and effects on properties of soils in the
Sdeyni sub-watershed in Northeastern Ethiopia. Satellite images for the periods of 1984, 2000, and 2020 were
gathered to analyze the land use changes. Crop land, forest land, and bush-land were selected to determine their
effects on soil properties. Eighteen disturbed composite and 18 undisturbed core soil samples were collected from
the selected three land use types at two depths replicated three times. The results showed that within 36 years, the
overall pattern of forest land declined by 1080.49 ha (10.34%) with an annual rate of 0.028%. The LULC analysis
showed that the area of bush-land decreased by 4.27% during the first period (1984-2000), and by 0.91 % during
the second period (2000-2020). Significantly large areas in the watershed are devoted for crop category while the
smallest portion is covered by settlement part. Contrary to this, an increase in the size of cultivated and settlement
lands were detected by 5.1 and 3.6%, respectively, compared to 1984. In all land uses, bulk density increased with
depth, where the highest value was obtained in the croplands. Across land uses, soil pH varied from 5.57 to 6.93
and it was found in a moderately acidic soil reaction. Significantly higher contents of organic matter, total Nitrogen,
and available Phosphorus were obtained on the surface soil of the forest lands. Exchangeable bases and cation
exchange capacity showed significant differences among land use types and soil depths. All the analyzed bases were
more concentrated in the subsoil of the forest lands whereas lowest values were observed on the crop lands.
Generally, forest land declined, while an increase in the cultivated and settlement lands was the major land use land
cover change. Croplands in the watershed were found poor in soil nutrient content. Therefore, immediate policy
interventions are required to protect the forest lands and improve sustainable agricultural productivity.
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1. Introduction needs (Yu et al., 2019). For instance, forest lands are
Land cover involves that the bio-physical cover of converted to agricultural lands due to the alarming
the surface of the land, while land use describes rate of population growth and increasing of human
utilization of the diverse activities on land. Land use demand (Abad et al., 2014). Expansion of lands for
land cover change (LULCC) entails reforms of the farming, and settlements on one hand, and shrinking
land surface applied by man for social and economic of bush and forest lands on the other are observed in
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various regions of Ethiopia (Fisseha et al., 2011;
Gebrelibanos and Assen, 2014) mainly by increased
population pressures demanding more land for
cultivation, and more trees for domestic fuelwood
consumption (Meshesha et al., 2016; Molla et al.,
2022).

In tropical highlands, indiscriminate cutting of trees
for firewood, charcoal production, and construction
purposes caused accelerated soil degradation
(Chidumayo and Gumbo, 2013). Changing forest
lands into cropland affects soil aggregate stability and
that in turn reduces aeration, infiltration, nutrient
movement and biological activities (Rasiah et al.,
2004). Land cover changes cause physical, chemical
and biological degradations of soils, reduced carbon
storage, loss of soil flora and fauna, and eventual
desertification contributing to changing climate
(Mekonnen et al.,, 2018). Increased clearance of
forest areas and weak land management plans have
significantly contributed to increased runoff, soil
loss, and nutrient depletion in most highlands of the
country (Abbasi et al., 2007). Bulk density, hydraulic
conductivity, water-stable aggregates, SOM and total
N decreased when forest land was changed into
cropland (Gol et al., 2010). Many authors agree
deforestation and subsequent cultivation adversely
affect soil quality indicators (Haghighi et al., 2010;
Tellen and Yerima, 2018). In contrast, the
replacement of natural forests with the plantation of
various species such as Cupressus sempervirens, and
Alnus subcordata increased SOC and soil microbial
biomass (Soleimani et al., 2019). In the same way,
SOC, available P, and total N were improved when
the land use was changed from natural forest to tea
plantation (Majaliwa et al., 2010). In general,
reviewed reports suggested that the chemical and
physical properties of soils are the functions of land
management.

The growing size of the population becomes a
national challenge to make use of the available land
resources for efficient agricultural production. In
Ethiopia, the largest segments of the people have
based on farming as one of the most important
economic activities. However, competition of the
existing lands for complex and diverse economic,
social and environmental functions has limited
agricultural development. Natural resource decline,
soil  nutrient  depletion, and  environmental
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deterioration due to the expansion of farmlands on
steep slope areas with improper management
practices are observed in Ethiopia (Aytenew and
Kibret, 2016). Therefore, reversing the situation and
improving production will play a vital role in
ensuring food security, and thereby reducing poverty
in tropical Africa (Qadir et al., 2014). Such
recognized LULC changes without a scientific land
use plan are typical characteristics of Habru District.
Although several pieces of research have been
reported on LULC changes, the available information
on soil properties in relation to land cover changes is
very limited in Habru District. Thus, planning of the
available land to meet the needs of the people, and
intervention of management call for identification,
evaluation, and mapping of the past and the present
LULC changes. Analyzing the time and space
dynamics in land cover change, and its resultant
effects on properties of soils could provide input for
efficient land resource management. Thus, this
analysis was designed to determine the LULC
changes for the years 1984, 2000, and 2020, and the
associated effects on selected physico-chemical
properties of soils in the Sdeyni watershed.

2. Materials and Methods

2.1. Description of the study area

The study area, the Sdeyni sub-watershed is found in
Harbru District, North Wollo Zone of Eastern
Amhara Region (Figure 1). It lies between 11°45°13”
to 11°27°35’North and 39°38°17” to 39°49°22"East
covering about 10450.59 ha with an altitude ranging
from 1347 to 2780 meters above sea level (masl).

Physically, the watershed has mountains (35%), flats
(40%), valleys (22%), and others (3%) shared the
topographic setting of the area. Agro-ecologically,
the area is classified into lowland (kolla) (64.7%),
midland (woina-dega) (32.3%), and highland (dega)
(3%) zones. According to the National
Meteorological Service Agency (2019), the area
receives 700 to 1000 mm of average annual rainfall
with an erratic distribution. The average annual
temperature varies from 15°C to 28°C. October is the
coldest month while May and June are the warmest.
Mixed crop-livestock farming system, where crop
production is dependent on using both rain-fed and
small-scale irrigation is the farming system in the
community. Commonly grown cereals include teff,

Publication of College of Agriculture and Environmental Sciences, Bahir Dar University 19



Fekadu et al.

sorghum, and maize while different vegetables such
as cabbage, pepper, tomato, onion, and fruits like
orange, mango, and lemon are grown by using an
irrigation system. The natural vegetation cover
comprises some tree species that include forest and
shrubs and are mostly found in slopping areas. Most
likely, scattered tree species such as Acacia spp, and
Zizphus spps are practical on the farmlands, while the
upper lands of the watershed are dominantly covered
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with Olia Africana and Eucalyptus species. Soil and
water conservation practices such as trenches, hillside
terraces with trenches, stone-faced soil bunds, and
check dams are commonly found in most parts of the
watershed although there are technical limitations in
design and construction. Diminished productivity
from time to time is mentioned by farmers in the area
because of the observed improper land use systems.
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Figure 1: Location map of Sdeyni sub-watershed

2.2. Field survey
A reconnaissance survey was carried out in
December 2020 in the watershed to acquire an

Low : 1347

overview of the land use types, topographic features
and aspects, and to decide the representative land
uses for soil sampling (Figure 3). Four major land
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uses (cropland, bushland, forestland, and settlement)
were carefully chosen in the watershed following a
reconnaissance survey to evaluate LULC changes
(Table 1). Land uses with a similar aspect and slope
class (5-10%) were purposively selected before

Table 1: Definitions of land use land cover types
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starting the soil sampling operation to avoid
variability due to topographic factors. To validate the
processing and classification of images, Ground
Control Points (GCPs) sample collection was done by
using GPS.

Land use/ land Definitions

cover

Cropland Areas under farming by rainfed and irrigation to produce cereals, pulses, and vegetables with
some trees scattered in some areas of the cultivated fields.

Forest land Areas having closed or nearly closed canopies of trees could be natural forests or plantations.

Settlement Areas of land used for human settlement, commercial, etc either in Urban and /or rural areas
which have different construction modalities.

Bush land Areas having dense and moderate shrubs of vegetation characterized by branches of a canopy.

Table 2: Satellite images and their characteristics used in the study

No Image type Sensor Path/row  Spatial Resolution  Number of Bands Sources
1 Landsat5 TM 168/52 30m 7 USGS
2 Landsat7 ETM+ 168/52 30m 7 USGS
3 Sentinel Sentinel-2A  168/52 10m 13 ESA

2.3. Land cover change analysis

The land use and land cover changes have a
significant impact on deteriorating the physical and
chemical properties as well as the biological activity
of the soil (Sebhatleab, 2014). Spatial heterogeneity
in soil properties is closely associated with the LULC
changes and their management practices (Nguyen et
al., 2024). Land use and land cover maps of the area
were generated from satellite image data from 1984,
2000, and 2020. The satellite images were originally
ortho-rectified and therefore did not require geo-
referencing. However, UTM projection and Adindan
datum was used in Ethiopia images with WGS84 re-
projection. This is important because datum and
projection conflict would certainly hinder the use of
various layers. In this study, Landsat TM (path 168
row 52) from the year 1984 and Landsat ETM +
(path 168 row 52) from the year 2020, and Sentinel-
2A (Table 2) were used for the analysis.

Pre-processing image enhancement was done on the
ortho-rectified images. The purpose of this technique
was to increase the visual distinction between

features and extract information. After different
image enhancement schemes were performed, the
remotely sensed data was trained by taking GPS
points and a previous map of the area as primary
datasets and elders’ prior knowledge as ancillary
data. A supervised image classification scheme with
the maximum likelihood classifier algorithm module
of ERDAS 2015 which leads to high classification
accuracy (Ahmad and Quegan, 2012) and ArcGIS
10.8 for mapping and measurements were used.
Thus, the scenes for each year’s data (1984 of TM,
2000 ETM+) and 2020 sentinel-2A of the image
were categorized into different land use and land
covers. The major land use and land cover (LULC)
types found in the sub-watershed area were forest,
bushland, cropland and settlement part and they are
defined in Table 1.

The assessment of accuracy for the classification was
done following the four common performance
criteria: producer accuracy (column total), user
accuracy (row total), overall accuracy and kappa
coefficient (K) (row and column) were analyzed from
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classified images of LULC type. The classification
was finally confirmed using GCPs (Figure 2) to
verify the accuracy of the classified LULC map (Biro
et al.,, 2013; Sabiela et al.,, 2020). The accuracy
assessment data of ground truth points were collected
from the watershed boundary extent using handheld
GPS. There were 199 ground truth points collected
for the study classification accuracy assessment
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based on the land use type area coverage. All the
required corrections were made based on the ground
truth to analyze LULC change. The areas were
presented in hectares (ha), and percentage (%)
changes among the three years 1984, 2000 and 2020
were quantified for LULC changes in the Sdeyni
watershed.

Figure 2: The reference ground control points for accuracy assessment checking (2020)

2.4. Sampling site selection

Among the classified LULC types in the watershed,
only the three main land use types (cropland,
forestland and bushland) were selected for soil
sampling (Assefa et al, 2020). Composite soil
samples from 0-20 cm and 20-40 depths were
collected from each land use following a zigzag
pattern with three replications. In total, 18 disturbed
soil samples were collected, bagged and labeled. In
the same way, 18 undisturbed soil samples were
collected using a core to analyze soil bulk density of
soils. Soil samples were taken to Srinka agricultural
research centre soil laboratory for the determination
of texture, bulk density, pH, OC, total N, available P,
exchangeable bases (Ca**, Mg®*, K*, Na*), PBS, and
CEC.

2.5. Laboratory analysis

Soil particle size proportion was determined using
Bouyoucos hydrometer method as developed by Day
(1965) whereas bulk density (BD) of soils was

calculated from dried soil mass to its bulk volume.
Soil to water (1: 2.5) suspension was prepared and
used to determine soil pH and electrical conductivity
(Van Reewijk, 1992). Soil OC was determined
following the Walkley and Black (1934) methods.
The organic matter content of the soil was then
determined by multiplying the OC percentage by
1.724. Kjeldahl procedures as described by Black
(1965) were employed to determine soil total N
content while Olsen et al. (1954) method was served
to determine available P. Cation exchange capacity
was determined by ammonium acetate distillation
and titration procedures (Chapman, 1965). A flame
photometer was employed to read exchangeable Na*
and K" from the leachate whereas atomic absorption
spectrophotometer (AAS) was wused to read
exchangeable Ca** and Mg®* as described by Rowell
(1994). The percent base saturation of soils was
determined by dividing the sum of exchangeable
bases by the CEC of the soil sample and multiplying
by 100.
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2.6. Statistical analysis

Variation in soil physical and chemical properties
among land use types and soil depths was analyzed
by using a two-way analysis of variance (ANOVA)

Reconnaissance survey

Soil Sample Collection

Soil Property Analysis

Soil Texture

Soil bulk density
Soil PH

Soil OM

Total N
Available P

CEC

Bases( Ca®" k>
Na*, Mg™ )

Statistical soil
data analysis

O 6660660

<

Figure 3: Workflow of the LULC, and soil analysis

3. Results and Discussion

3.1. Land use/land cover change for periods (1984,
2000 and 2020)

In all the study periods, lands under the cropland

category have been covering the main land use type

in Sdeyni sub-watershed. From the total land area

1984 landsat
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applied to factorial experiments using R software.
Means for significant values were separated using
Tukey’s Honest test at 5% probability level.

Satellite datasets

2000 landsat
image

image

2020 sentinel
image

1 Preprocessin
Supervised classification 1 B E

‘\ of used
satellite bands

Ground Verification of

Lardl neE EEs Accuracy assessment

Final Land use Map

A\ Change detection and
Result Comparison

classified, cropland accounted for 60.37%, 61.30%,
and 63.82% in the periods 1984, 2000, and 2020,
respectively (Table 3). This showed that areas under
the cropland category were constantly increasing in
the first sixteen years (1984-2000) with an increment
of 96.95 ha (0.93%).
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Figure 4: Land use land cover change analysis in the study periods
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The analysis LULC also indicated that the area of
forest land has covered 2349.95 ha (22.49%),
1584.19 ha (15.16%), and 1269.47 ha (12.15%) in the
year 1984, 2000, and 2020, respectively (Table 3 and
Figure 4). This showed that the area of forest land
declined by 765.76 ha (07.33%) for the first sixteen
years (1984-2000) and by 314.73 ha (3.01%) for the
second study period (2000- 2020).

Within 36 years, the overall pattern of forest land
declined by 1080.49ha (10.34%) from 1984 to 2020
with an annual rate of 0.028% (Table 3). This
occurred as a result of changing lands covered by
vegetation and forest to cultivation and settlement.
Significantly large areas in the watershed are devoted
for crop category while the smallest portion is
covered by settlement part. On the other hand,
compared to the base year of 1984, cropland, and
settlement parts showed an increase of 0.93 and
2.13%, respectively (Tables 3, 4, and Figure 5). For
instance, 22.49% of the area occupied by forest in
1984 declined to 12.15% in 2020. In comparison,
cropland expanded from 60.37% in 1984 to 63.82%
in 2020. The LULC analysis showed that the area of
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bushland decreased by 4.27% during the first period
(1984-2000), and by 0.91 % during the second period
(2000-2020). This is due to the high population
density in the rural areas which depends more on
agricultural activities, than other alternative forms of
employment. Kindu et al. (2013) reported an increase
in croplands from 13,498 ha to 50,317 ha between
1973 and 2012 in Munessa, Shashemene. Similar
reports (Fisseha et al., 2011) also showed the
expansion of cultivated and settlement areas by 20.04
ha (5.19 %) from the year 1982-2008 in the Debre-
Mewi watershed, Ethiopia. In another landscape of
the Ethiopian Highlands, Tara Gedam, there was
observed a decline in forest coverage by 71% with a
1.54% annual rate of deforestation (Molla et al.,
2010). Such significant forest removal was practiced
to search for additional land to grow crops in
protected areas. The decline of bushland might be
due to the result of increasing demand for animal
feeds, crop land and settlements. Such LULC
changes were common in the Northwestern parts of
Ethiopia where bushlands are gradually being
changed to settlement and croplands due to the ever-
increasing population.

564000 568000 572000 576000 580000

Sdeyni Watershed 1984 Land use map

£k X

Sdeyni Watershed 2000 Land use map

Sdeyni Watershed 2020 Land use map

Coordinate System: WGS 1984 UTM Zone 37N
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Datum: WGS 1984 Bush land
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Legend
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Figure 5: Land use land cover change map in the study periods
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3.2. Accuracy assessment of the classification

Accuracy assessment determines the quality of the
information derived from the remotely sensed data. It
is most reliable when used along with ground
reference data or data derived from aerial
photographs at or near the time of satellite overpass
(Biro et al., 2013). An error matrix was employed to
compare the classified maps with the referenced data
and ground truth. The overall accuracies for 2020
image classification were 83.25%, with the Kappa

J. Agri. Environ. Sci. 9(2), 2024

coefficient of 79.54% respectively (Table 6). The
user’s accuracy assessment showed that in 2020 the
highest class accuracy was obtained settlement part
(87.8%) while the lowest belonged to bushland
(79.55%). The producer’s accuracy assessment
showed that forest land, and cropland settlement part
have correctly classified map value of 88.37%,
86.96% and 81.82% accuracy values in 2020
supervised classification results respectively. The
lowest accuracy was bushland (81.40%).

Table 6: Digital Image classification confusion matrix (2020)
Reference field GCP points
Bush | Crop Forest Settlement Row User accuracy

Land use type land | land land part total (%)
g | Bushland 35 4 3 2 44 79.55
g€ | Crop land 60 2 5 70 85.71
& | Forest land 38 1 44 86.36
% Settlement part 0 36 41 87.80
O | Column total 43 |69 43 44

Producer accuracy 81.40 | 86.96 88.37 81.82 199

Overall accuracy 83.25%

Kappa coefficient 79.54%

3.3. Effects of land use types on soil physical
properties

Soil particle size distribution was not affected by land
use types, soil depth, or their interaction (Table 7).
However, numerical variations existed among the
studied land uses. Looking at sand particles on the
surface layers of each land use, the highest (25.56%)
and the lowest (18.0%) values were obtained on the
crop, and forest lands, respectively. In contrast, the
highest (56.57%) and lowest (52.92%) proportion
clay were obtained in the subsoil of the forest, and
croplands, respectively (Table 7). Generally, the clay
content increased with depth in all land use types,
and the reverse was observed in the silt content

The relatively higher proportion of sand particles on
the surface layer might be associated with clay
movement to the subsoil, and its removal from the
land surface by heavy runoff that led to an increased
concentration of sand on the soil surface (Fekadu et
al.,, 2018). Similarly, non-significant results of

particle size distribution were reported for LULC
types (Biro et al., 2013).

Soil bulk density showed significant differences
among land use types, and soil depths (Table 7)
where higher bulk density was found in the
subsurface layer of each land use type. The highest
bulk density was measured in the subsurface layer of
the cropland. Tufa et al. (2019) reported the highest
bulk density value on the surface soil of the cropland
in comparison with other land uses. According to
Kolay (2000), the values of bulk density obtained in
the watershed are in the suitable ranges for
agricultural activities (1.1 to 1.5 g cm™). The higher
content of OM accumulated from litterfall and
limited livestock movement could contribute to the
lower bulk density values in the soils of the forest
land. The same findings were also reported in various
areas (Abate and Kibret, 2016; Molla et al., 2022). In
contrast, ploughing might favour higher bulk density
in the soils of croplands. It tends to hasten the rate of
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OM decomposition thereby decreasing aggregations
of soil particles. Likewise, Abad et al. (2014) and
Lechisa et al. (2014) indicated higher bulk density on
croplands at 0-30 cm depth as compared to forest and
grazing lands.

3.4. Effects of land use types on selected soil
chemical properties

3.4.1. Soil reaction (pH)

Soil pH varied (P < 0.05) significantly across land
use types and with soil depths. Bushland soils were
obtained with a slightly higher pH mean value while
cropland soils were the lowest (Table 8). The
increase in soil pH in the subsoil may be related to an
accumulation of basic cations through leaching. As
per the rating criteria suggested by Hazelton and
Murphy (2016), the soil pH in the watershed ranged
from 5.57 to 6.93 and was classified as moderately
acid soils. Compared to the other land use types, the
lowest soil pH was found in the cropland. In
agreement with this finding, Mulat et al. (2021)
reported the soil pH was the lowest in the soils of the
cropland.

3.4.2. Organic matter, total N, and available P

Land use types and soil depths caused significant (P
< 0.05) differences in soil OM content (Table 8).
Soils in the upper layer of the forest lands were the
highest while the subsurface soils of the croplands
were the lowest in soil OM content. The highest soil
OM found on the surface of the forest land could
result from the addition of litterfall and the lower
decomposition rate (Khresat et al., 2008). In the same
way, different researchers (Duguma et al., 2010;
Mengistu and Dereje, 2020) explained reduced OM
content with soil depth in different land use systems
because of reduced root biomass, and lower biomass
turnover.

Total N content of soils was significantly affected (P
< 0.05) by land use types and soil depths (Table 8).
The highest soil total N content was found on the
surface layer of forest land. In contrast, the lowest
was in the subsoil of the cropland. Based on the rate
suggested in Ethiopian soils (Tadesse et al., 1991),
total N content was medium under croplands while it
was in a high rating in the soils of bush and forest
lands. The total N content of the soil followed a
similar pattern with soil OM along depths and land
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uses. The surface soils of forest lands were rich in
total N as compared to other land use types. This
could be due to the observed high soil OM content.
The removal of residues for household fuel
consumption, intensive tillage, and lack of optimal
fertilizer use and feed for animals might have caused
the low total N content of the croplands (Getahun et
al., 2022). Livestock grazing and indiscriminate tree
cutting also cause the soil to produce more surface
runoff, which may remove residues of plants that in
turn expose the soil to total N depletion (Tufa et al.,
2019). Bore and Bedadi (2015) reported higher
amounts of total N in the forest soils due to the
addition of plant residues and minimum
decomposition rate in Loma District, Southern
Ethiopia. Soil available P content in the watershed
was significantly influenced by land uses and soil
depths (Table 8). The highest mean available P
content was measured on the surface soils of the
forest land while the lowest was obtained in the
subsoil of the croplands.

More than half of the total soil P is derived from soil
OM. Hence, forests and bushlands have got higher
available P due to the decomposition of organic
debris as compared to the croplands. The noted low
available P content in the cropland soils may be
ascribed to repeated ploughing for production, and
biomass removal with little residue left in the soil.
Similar studies (Mengistu et al., 2017; Tufa et al.,
2019) also noted more available P concentration in
soils of cropland than in forest and grazing lands. It
may be believed that in crops and bushlands, the
available P taken up by plants would be returned with
a very low amount as most of the residues are
removed from the farm system by man and animals.
Moreover, due to many years of cultivation, the
observed acidity of the soil might also cause P
fixation and low P availability in the croplands
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Table 7: Effects of land use types and soil depth on selected soil physical properties
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Soil property Soil depth Land use types CV (%)
(cm) Crop land Bush land Forest land
Bulk density (gcm®)  0-20 1.05%0.02) 0.84°(0.05) 0.79°(0.03) 4.67
20-40 1.10%(0.08) 0.95°(0.01) 0.82°(0.04) 5.58
Clay (%) 0-20 45.75%(4.82) 49.58%(2.88) 53.08%3.54) 7.75
20-40 52.92%0.57) 54.24%(2.64) 56.57%(0.28) 2.87
Silt (%) 0-20 28.75%(5.00) 27.92%(3.82) 28.91%2.75) 13.89
20-40 25.66%(0.57) 24.47%(2.64) 22.08(0.28) 6.57
Sand (%) 0-20 25.5%(9.26) 22.5%(2.64) 18.0%(2.64) 217
20-40 21.42%(0.08) 20.94%(0.41) 21.34%(0.27) 1.36
Table 8: Soil pH, OM, total N, available P, and CEC on different land uses, and soil depth
Soil property Soil  depth Land use types CV (%)
(cm) Crop land Bush land Forest land
pH (H,0) 0-20 5.57%(0.04) 5.84°(0.10) 5.59%(0.18) 2.16
20-40 5.60%(0.04) 5.93°(0.06) 5.62%(0.05) 0.93
OM (%) 0-20 2.98°(0.28) 3.91°(0.23) 6.60%(0.83) 11.75
20-40 2.69°(0.16) 3.69°(0.27) 6.53%0.22) 5.19
Total N (%) 0-20 0.20°(0.01) 0.43°((0.01) 0.54%(0.03) 5.79
20-40 0.18°(0.01) 0.39°(0.01) 0.48%0.22) 5.19
Available P (mg kg?)  0-20 12.315(1.12) 23.85°(1.58) 39.36%(3.67) 9.53
20-40 11.03%(0.26) 20.89°(0.62) 35.48%(2.74) 7.26
CEC (cmol ¢ kg™) 0-20 24.26°(2.44) 32.60°(3.00) 40.06%(2.04) 7.81
20-40 26.06°(2.44) 37.4°(38.8) 45.4%(3.66) 8.37
Note: means with the same letter are not significantly different at P < 0.05
Table 9: Effects of land use types and soil depth on exchangeable Na* K*, Mg?*, Ca®*, and PBS
Soil property Soil  depth Land use types CV (%)
(cm) Crop land Bush land Forest land
ca®* (cmol, kg 0-20 6.85%(0.64) 7.79%(1.11 9.02%(0.79) 11.06
20-40 7.27°(0.31) 7.88%(0.52) 9.92%(0.55) 6.80
Mg” (cmol, kg™ 0-20 2.42°(0.17) 3.02°(0.04) 4.01%(0.23) 7.93
20-40 2.75°(0.08) 3.43°(0.32) 4.26%(0.34) 5.47
K* (cmol, kg™?) 0-20 0.68°(0.03) 0.67°(0.02) 0.83%(0.04) 3.84
20-40 0.79°(0.03) 0.84°(0.04)) 0.97%(0.02) 5.04
Na* (cmol, kg™ 0-20 0.56°(0.01) 0.83°(0.04) 0.92%(0.04) 4.77
20-40 0.64°(0.03) 0.86%0.03) 0.93%0.03) 3.77
PBS (%) 0-20 43.32°(0.42) 37.76°(0.07) 36.89%0.76)  6.92
20-40 43.93b(0.42) 34.70%°(1.34) 35.41%(1.01)  4.85

Note: means with the same letter are not significantly different at P < 0.05
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3.4.3. Cation exchange capacity and exchangeable
bases

The cation exchange capacity of soils in the
watershed showed significant variation with land use
types and depths (Table 8). Considering the depth of
each land use, higher CEC was observed in the
subsoil. Such an increase in CEC with depth could be
associated with an increase in clay content (Abate
and Kibret, 2016). Comparing land use types,
significantly higher CEC was found in the forest
lands. These CECs could be obtained from the
presence of higher OM in the soils of natural
vegetation land whereas the cropland had low soil
OM content. Similar results were reported by Sabiela
et al. (2020). Generally, the forest land was high in
CEC while the crop and bush lands were in a medium
rating (Hazelton and Murphy, 2016).

Exchangeable Ca”* was significantly affected (P <
0.05) with soil depths; however, it did not vary with
land use types (Table 9). A higher value of
exchangeable Ca*" was scored in the subsoil of the
forest land. The higher concentration of this ion is
associated with leaching by rainfall. Exchangeable
Mg®* followed a similar pattern with exchangeable
Ca’* and showed significant (P < 0.05) difference
with soil depths and land use types (Table 9).
Exchangeable Mg?* was higher in the subsurface
soils of the forest land.

The exchangeable K* of soils in the studied
watershed was affected (P < 0.05) significantly by
land uses and soil depths (Table 9). The highest
exchangeable K* content was found in the subsoil of
the forest land. Percent base saturation was affected
significantly by land uses and soil depths in which a
higher value for each land use was obtained in the
subsurface soil. The overall highest PBS was
measured in the subsoil of the forest land. The
percent base saturation (PBS) is one of the indicators
of potential soil fertility; it was obtained in moderate
value for cropland while it was low for other land
uses.

4. Conclusion

Soil degradation has been increasing due to
unplanned land use, and becoming a major challenge
of agricultural development and its sustainability.
The LULC showed a decline in the size of forests and
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bushlands, with the expansion of settlement and
croplands. The present land use showed significant
variation in the physical and chemical soil properties.
Most of the chemical properties were better in the
forest lands as compared to the crop, and bushlands.
Relatively higher OM, total N, and available P were
found in the surface soils as compared to the
subsurface soils. Exchangeable bases were higher in
the subsoil in all land uses although the forest lands
were obtained with relatively higher bases and CEC.
The overall finding indicated significant replacement
of forest lands by crop cultivation and settlement.
Land users should take into account not only the
immediate economic and social benefit in the area
but they should also consider the sustainability of the
land. Policy intervention should be put in place to
protect forest lands and improve agricultural
productivity.
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