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Abstract

The decline in soil fertility is being intensified by both human activities and natural phenomena. Therefore, in
order to address the concerns of the agricultural revolution and sustainable land productivity. It is crucial to
examine the influence of land use and land management practices on soil properties across various slope
gradients. The research aimed to examine how different land use and management techniques influence selected
physicochemical properties of the soil across various slope classes. The study employed an experimental design
that included three types of land use and two slope classes, with samples collected from managed and
unmanaged areas. Finally, 36 samples were obtained at a depth of 0-20 cm. Three-way ANOVA was used for
statistical analysis. The results revealed that most soil physicochemical properties were significantly (P < 0.05)
influenced by land use type management practice and slope gradient. Forest land exhibited the highest values for
clay (44.25%), TP (59.03%), pH (5.73), OM (5.03%), TN (0.16%), and Av. P (12.19 ppm), CEC (31.60 cmol(+)
kg-1) and exchangeable bases: Ca*+ (8.94 cmol(+) kg-1), Mg+ (3.10 cmol(+) kg-1), K+ (0.62 cmol(+) kg-1)
and Na+ (0.61 cmol(+) kg-1). In contrast, cultivated land showed the highest sand content (33.42%) and bulk
density (1.25 g cm-3), while grazing land recorded the highest silt content (31.67%). Managed areas recorded the
highest values for clay (43.11%), TP (57.57%), pH (5.65), OM (4.35%), TN (0.15%), and Av. P (11.14 ppm),
CEC (29.25 cmol(+) kg-1) and exchangeable bases: Ca™ (8.37 cmol(+) kg-1), Mg+ (2.48 cmol(+) kg-1), K+
(0.59 cmol(+) kg-1) and Na* (0.52 cmol(+) kg-1) compared to unmanaged areas. With respect to slope gradient,
it was generally noted that most of the studied soil properties increased with decreasing slope gradient.
Generally, the sources of variations in the soils' physicochemical properties were land use type, management
practice, and slope. Therefore, there is a need for appropriate and integrated land management techniques, such
as agroforestry, contour plowing, terracing, conservation tillage, mulching, crop rotation, cover cropping,
controlled grazing, reforestation, and the use of organic amendments, which aim to improve the physicochemical
properties of soils to the different land use and slope classes in Burat Watershed.
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1. Introduction

Soil serves as the basic resource for almost all
land uses and only resource that underpins
sustainable agriculture (Corato et al., 2024). It
provides essential nutrients for plant growth
(Warke & Wakgari, 2024), regulates water
infiltration and storage, supports biodiversity
(Hailu et al., 2021), and plays a crucial role in
carbon sequestration (Xalxo et al., 2025). The
sustainable productivity of the soil is governed
by its physical, chemical, and biological
properties quality level (Kiflu & Beyene, 2013).
The speed of soil fertility degradation varies
with different natural and manmade factors like
land use type, climatic conditions, slope
gradient, land management techniques, etc. (Lal,
2001).

The degradation of soil quality has emerged as a
significant and pervasive threat in Ethiopia,
undermining agricultural productivity, food
security, and the livelihoods of millions of
smallholder farmers (Kahsay et al., 2025). This
degradation is primarily driven by a combination
of factors, including unsustainable land use
practices, climate change, deforestation, and
overgrazing (Huang et al., 2024). The
conversion of forest and grassland into
cultivated areas, often without adequate soil
conservation measures, leads to increased soil
erosion, nutrient depletion, and a reduction in
soil organic matter (SOM), all of which
contribute to declining soil fertility and reduced
crop yields (Assefa et al., 2020). Research
indicates that inappropriate land use systems and
practices can further accelerate the depletion of
vital soil characteristics, leading to a decline in
agricultural potential and increased vulnerability
to environmental stresses (Dixit et al., 2024;
Kiflu & Beyene, 2013). In the Ethiopian
highlands, where rugged terrain and intensive
agriculture are common, soil erosion rates are
among the highest in the world, resulting in
significant economic losses and environmental
damage (Kahsay et al., 2025).

Recent studies in Ethiopia have shown that land
management practices significantly improve soil
properties compared to unmanaged areas. For
instance, in the Ojoje sub-watershed of the
Southern  Ethiopian Highlands, integrated
agricultural land management practices over 5 to

10 years increased soil organic carbon, total
nitrogen, available phosphorus, sulfur, boron,
and cation exchange capacity, with the most
significant improvements observed in areas
treated for 10 years (Abera & Wana, 2023).
Similarly, in the East Shewa Zone, the adoption
of soil and water conservation (SWC)
technologies, including soil bunds and
mulching, significantly enhanced soil moisture
content and maize yield (Jelde et al., 2024).
Similarly, research in the Korekore Watershed
indicated that areas under soil and water
conservation measures had improved soil
fertility and crop productivity compared to
unmanaged lands (Fantahun et al., 2024). These
findings underscore the importance of
implementing sustainable land management
practices to enhance soil quality and agricultural
productivity in Ethiopia.

Slope position plays a significant role in shaping
soil properties through its effect on water
movement, erosion, and sediment deposition
(Amare et al., 2024). Steep slopes are highly
vulnerable to surface runoff, which limits water
infiltration and accelerates soil erosion, often
leaving behind shallow and less productive soils
(Deng et al., 2020). Because of their exposure to
gravity, rainfall, and wind, these areas tend to
lose soil material more quickly than gentler
terrains (Balasubramanian, 2017, Wu et al.,,
2024). As a result, upper slope soils generally
contain less organic matter and have lower
water-holding capacity, reducing their fertility
and limiting the range of vegetation they can
support (Schoonover & Crim, 2015). Without
appropriate management, these landscapes face
significant agricultural challenges, as the
continuous loss of topsoil can degrade soil
quality and diminish crop yields over time
(Selassie et al., 2015). In comparison, gentler
slopes and flat terrains slow surface water
movement, which enhances infiltration and
moisture storage (Amare et al., 2024). Such
conditions encourage the formation of deeper
soils and improve fertility through the
accumulation of organic matter and deposited
sediments (Amare et al., 2024). At the foot-
slopes, material transported from higher
elevations, including nutrients and organic
matter, is deposited, creating soils that are
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typically richer in moisture and fertility (Luo et
al., 2024). Furthermore, soils in these lower
slope positions are generally less exposed to
erosion, allowing for the development of stable,
nutrient-enriched layers that support higher
productivity (Seifu et al., 2021).

The Burat watershed was suitable for crop
production, homestead, tree plantation, and
livestock  grazing. = However, increasing
population pressure, steep slope gradients, and
intensive cultivation have led to smaller
landholdings per household and placing
enormous stress on the available agricultural
land. This situation brought disturbance to the
ecosystem, particularly in the soil. Due to this,
the area has been exposed to soil erosion, excess
rills, and some gullies that might decline crop
and forage productivity. Furthermore, poor soil
management practices, coupled with steep
slopes, high rainfall, continuous cultivation with
low external inputs, and overgrazing, have made
the watershed highly vulnerable to nutrient
depletion and land degradation, thereby
threatening the livelihoods of local farmers. As a
result, soil fertility has declined, and agricultural
productivity remains low. Despite these
challenges, the extent, causes, and impacts of
soil fertility decline under different land use
types, management practices, and slope
gradients have not received sufficient research
attention in the Burat watershed. Knowledge-
based soil and land resource management is
therefore essential for sustaining productivity
and ensuring long-term environmental stability.
Hence, this study was undertaken to evaluate the
influence of land use and management practices
on selected soil properties across slope gradients
in the Burat sub-watershed.

2. Materials and Methods

2.1. Description of the study area

This research was conducted in the Burat
watershed, which is situated in Dera District in
the South Gondar zone, which is in northwestern
Ethiopia (Figure 1). It is located nearly 33
Kilometers to the Northeast of Bahir Dar and
602 kilometers to the Northwest direction from
Addis Ababa. Geographically, it lies between
latitudes 11°45'50” N and 11°46'1" N and
longitudes 37°32'41" and 37°34'52", covering
around 670 hectares of land (Figure 1). The
elevation recorded in this region varies from
1882 meters to 1995 m.a.s.l. (Figure 1).

The study watershed is characterized by gentle
to slightly steep slope topography (0 to 44%).
According to Bahir Dar meteorological station
records from 2010 to 2019, between the years
2010 and 2019, the average annual rainfall was
1845.83 mm (Table 3). It has a single rainy
season, which usually starts in May and ends in
October, with July and August receiving the
highest rainfall. The average minimum and
maximum temperatures recorded annually were
10.7 °C and 25°C, respectively (Figure 3).

The study area encompasses various land use
types, such as cultivated land, bushland, grazing
land, forest land, bare land, and settlement. A
subsistence mixed farming system is practiced
within the watershed. Finger millet (Eleusine
coracana), Teff (Eragrostis teff), Barley
(Hordeum wvulgare), Bread wheat (Triticum
aestivum), and Maize (Zea mays) crops are
grown with rain-fed. The (FAO, 2005) states that
Nitosols are the most common soil type in the
study area.
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Figure 2 Altitude map of the area

2.2. Experimental design and soil sampling:

Following a preliminary survey, three major
types of land uses (grazing land, forest land, and
cultivated land) that dominate in the watershed
were chosen with two slope gradients in both
managed (soil bund) and unmanaged areas. Soil

sampling sites were selected by stratifying the
watershed according to the dominant land use
types, slope gradients, and management
practices.  After site selection, twelve
representative locations were established for
each land use type (calculated as 2 management
practices X 2 slope gradients x 3 replications).
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Composite soil samples were taken using a
sampling auger from each 10m x 10m plot at a
depth of 0-20 cm. Accordingly, a total of 36
sampling plots (3 land uses x 2 management
practices x 2 slope gradients x 3 replication)
were maintained for laboratory analysis.

Additionally, 36 undisturbed soil core samples
were obtained to ascertain BD across all plots,
also in triplicate. Finally, samples were
thoroughly labeled, packed, and delivered to the
soil laboratory for preparation and analysis.
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Figure 3. Annual average rainfall (mm) and mean minimum and maximum temperatures in the study area

2.3. Laboratory analysis

For the examination of selected soil
physicochemical parameters, the samples were
air-dried, ground, and sifted via a 2 mm mesh.
The  Bouyoucos  hydrometer  technique
(Bouyoucos, 1962) was employed to measure
the particle size distribution. Soil bulk density
(BD) was measured using core samples that
were oven-dried at 105 °C for 24 hours (Black,
1965) and calculated according to Equation 1.
Total porosity (TP) was then determined using
Equation 2 (Brady & Weil, 2008). The pH of the
soil was measured in a 1:2.5 soil-to-water
suspension using a pH meter (van Reeuwijk,
1995). The wet oxidation technique was used to
ascertain the amount of organic carbon (Walkley
& Black, 1934). The Kjeldahl digestion,
distillation, and titration process (Bremner &
Mulvaney, 1982) was used to determine TN,
whereas the Olsen extraction procedure (Olsen,
1954) was used to assess the amount of available
P (Assuming that the particle density of soil is
2.65 g/cm?) (Brady & Weil, 2008).

Mass of oven — dry soil @)
BD 3=
(g cm™) Total volume of soil
TP (%) = (1 Bulk density ) 100 2
o)~ Particle density

The exchangeable elements Ca and Mg were
measured using an atomic  absorption
spectrometer (AAS), and the measurements of
potassium (K) or sodium (Na) were obtained
using a flame photometer (Rowell, 1994). The
CEC of the samples was tested by using a 1| M
ammonium-acetate 134 solution with pH 7 as
the washout solution (Chapman, 1965).

2.4. Statistical analysis

Analysis of variance (ANOVA) was performed
using analysis software (SAS) version 9.0 to
examine statistical differences among various
soil parameters across different land uses,
management practices, and slope gradients.
Least Significant Differences (LSD) was used to
separate means for soil parameters that revealed
significant differences (P < 0.05).

3. Result and Discussion

3.1. Effect of land use types, slope, and land
management practices on selected soil
physical properties

3.1.1. Particle size distribution

The sand and clay fraction was significantly (P <
0.01) varied among land use, management
practice, and slope (Table 1). The highest
(33.42%) sand fraction was observed in
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cultivated land, and the lowest (26.92%) was in
forest land (Table 1). Moreover, the lowest
(35.67%) and the highest (44.25%) clay
fractions were noted in cultivated land and forest
land, respectively (Table 1). This is probably
attributed that clay particles were more easily
exposed to erosion than sand particles in free
grazing and cultivated land (due to soil
aggregate disturbance during plowing), rather
than forest land. These results correspond with
the results of (Abate & Kibret, 2016; Assefa et
al., 2020).

The higher silt and sand fractions were recorded
in unmanaged areas, while the higher clay
fraction was shown in the managed areas (Table
1). This trend may be attributed to soil erosion,
which carries away the finer soil particles in
unmanaged regions. Similar conclusions were
noted by Gadana et al. (2020) and Mohammed et
al. (2020), who find the highest sand fraction in
unmanaged areas and higher clay content in
managed areas in various parts of Ethiopia.
Conversely, Table 1 showed an increase in sand
and a decrease in clay fractions with an increase
in slope gradient. The reason for this outcome
can be explained by the loss of finer particles
from the upper slopes and their subsequent
deposition in lower areas  coarser-textured
classes dominated on the upper slopes. The
higher clay content and lower sand content
observed in the soils at the lower slopes may
result from the transport of finer particles from
the upper slopes, where they accumulate in the

lower areas (Endalew et al., 2025). This finding
is consistent with (Mohammed et al., 2020;
Mulugeta Aytenew, 2015) who reported that a
lower slope typically exhibits a higher clay
fraction and lower sand fraction.

3.1.2. Bulk density (BD)

Soil BD revealed a significant (P < 0.01) effect
in land use type, management practice, and slope
gradient (Table 1). The highest (1.25 g cm-3)
BD was reported in cultivated land, and the
lowest (1.09 g cm-3) was recorded in forest land
(Table 1). The lower BD recorded in forest land
may be attributed to the higher organic matter
content found in these soils. Whereas the higher
BD in cultivated soils is likely a result of
compaction caused by regular farming practices
and the reduced organic matter content (Abate &
Kibret, 2016; Tufa et al., 2019; Yitbarek, 2013).
BD was higher in the soils of the unmanaged
area (Table 1). This could be due to the
relatively lower SOM content, topsoil erosion,
and higher compaction effect due to the absence
of land cover and overgrazing, in agreement
with different authors (Gadana et al., 2020).
Regarding slope, it increases with an increase in
slope gradient (Table 1). The reason could be
attributed to the parallel decrease in SOM
content with an increase in slope gradient in
consent with the findings of (Gadana et al,
2020; Mohammed et al., 2020; Mulugeta
Aytenew, 2015).

Table 1. The effects of land use type, slope gradient, and land management practice on selected soil physical

properties
- —
Land use, management, and slope }S)Z:(lide s1z|e (Shiitrlbutlori (CAE Y Textural class BD (g cm ) TP (%)
Land uses
Grazing land 30.83° 31.67 37.50° Clay loam 1.202 54.720
Cultivated land 33.422 30.92 35.67° Clay loam 1.252 52.89°
Forest land 26.92° 28.83 44.25° Clay 1.09° 59.032
MSD(0.05) 2.51 NS 2.25 0.05 1.95
P- Value 0.00%** 0.07™ 0.00%** 0.00%**
Management
Unmanaged 31.67% 33.16% 35.17° Clay loam 1.232 53.520
Managed 29.11° 27.77° 43.11° Clay 1.12° 57.57°
MSD (0.05) 1.70 2.31 1.52 0.05 1.32
P- Value 0.04** 0.00%** 0.00%** 0.00%** 0.00%** 0.00%*
Slope

Lower (2-5%) 29.06° 30.00 40.94* Clay 1.15% 56.39%
Higher (5-10%) 31.722 30.94 37.33% Clay loam 1.202 54.70°
MSD(0.05) 1.70 NS 1.52 0.04 1.32
P- Value 0.05%* NS 0.00%** 0.02* 0.02%%*
CV 9.50 12.79 10.83 5.48 4.39
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Mean values within a column followed by the different letters are significantly different from each other at **P <

0.01 and *P < 0.05. NS = Not significant

3.1.3. Total Porosity (TP)

Total porosity showed a reverse trend to bulk
density and also exhibited highly significant
differences (P < 0.01) among land use types,
management practices, and slope gradients
(Table 1). It was highest in forest land (59.03%)
and lowest in cultivated land (52.89%) (Table 1).
The highest TP under forest land could be due to
increased accumulation of organic matter, higher
biological activity, and improved soil structure.
Conversely, the lower TP in cultivated soils
reflects compaction and structure degradation
caused by continuous cultivation and reduced
organic matter. Similar findings by Assefa et al.
(2020) reported higher TP in the forest land
compared to other land uses. Additionally,
Kebebew et al. (2022) and Asmare et al. (2023)
observed that TP was highest in forest land and
lowest in cultivated land.

Managed areas showed higher TP (57.57%) than
unmanaged areas (53.52%) (Table 1). This may
be due to the presence of soil bunds that reduce
erosion, promote moisture retention, and
enhance organic matter buildup, thereby
improving soil pore and soil structure. Variations
in TP can also be influenced by bulk density,
clay content, organic matter, and cultivation
intensity. Lower BD, together with higher clay
and OM content, likely contributes to the higher
TP observed on managed areas (Gadana et al,
2020). In agreement with this, Assefa et al.
(2020) reported higher TP on managed land
compared to unmanaged land, with even treated
cultivated land showing higher TP than
untreated forest land. This highlights the impact
of management practices on soil porosity.
Regarding slope gradient, TP was higher on the
lower slope (56.39%) than on the upper slope
(54.70%) (Table 1). In the Burat watershed, TP
generally increases as slope decreases. This
pattern is likely due to the accumulation of clay
particles and organic matter washed down from
upper slopes, while the lower porosity on steeper
slopes may result from greater erosion, runoff,
and soil compaction. In consent with this
finding, Mulugeta Aytenew (2015) and Assefa et
al. (2020) reported that soils at lower slope

positions had higher TP compared to soils at
upper slope positions.

3.2. Effect of land use types, slope, and land
management practices on selected soil
chemical properties

3.2.1. Soil pH (H;0)

Soil pH (H20) was significantly (P < 0.01)
influenced by all factors, such as land use type,
slope, and management practice (Table 2). The
forest land has the highest (5.73) soil pH, while
cultivated land recorded the lowest (5.20) soil
pH (Table 2). Therefore, soil pH in the studied
areas ranges from moderately acidic to strongly
acidic, according to the classification by Tadesse
et al. (1991). The lowest soil pH recorded in
cultivated land may result from the removal of
exchangeable bases during crop harvest, erosion,
the presence of Al3+ and H+ in the solution, and
improper use of ammonium-based fertilizers.
Correspondingly, Selassie et al. . (2015) found
the lowest and highest soil pH values in crop
land and forest land, respectively. The lower
mean soil pH was observed in unmanaged areas
(Table 2). The low soil pH in these unmanaged
areas could be a result of the leaching of basic
cations caused by erosion. This finding aligns
with the results of (Mohammed et al., 2020),
which indicated the lowest soil pH in
unconserved plots. Similar to the above authors
(Gadana et al., 2020; Selassie et al., 2015) also
showed the same scenario. A clear trend of
decreasing soil pH was noted with increasing
slope gradients. This phenomenon can be
explained by the accumulation of basic cations
in lower slope areas, which are transported from
upper slopes through erosion processes
(Endalew et al., 2025). This observation is
supported by findings from Abate & Kibret
(2016) and Mulugeta Aytenew (2015), who
reported similar patterns in their studies.

3.2.2. Soil organic matter (SOM)

Land use, management practice, and slope
gradient had a significant (P < 0.01) impact on
SOM (Table 2). The highest SOM (5.03%) was
found in forest land, while the lowest SOM
(3.27%) was observed in cultivated land (Table
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2). This difference is due to the contribution of
fallen plant materials in forest land, which helps
increase SOM and reduces soil erosion risk.
Conversely, the lowest SOM in cultivated land
could be related to the removal of SOM through
oxidation because of intensive cultivation, low
application of external inputs, and its removal
with harvested plant biomass. These findings are
consistent with those of Abate & Kibret (2016)
and Assefa et al. (2020), which indicated soil
organic matter (SOM) was lowest in cultivated
areas and highest in forested regions. Soils of the
managed areas had higher SOM (Table 2). This
could be due to the influence of management
practices applied and the accumulation of OM.
This aligns with the research conducted by
Gadana et al. (2020) and Selassie et al. (2015).
Besides, SOM increases as the slope gradient
decreases (Table 2). This accumulation in the
lower slope might be due to its transportation to
the lowest slope from the upper landscape by
runoff and erosion (Mulugeta Aytenew, 2015).
3.2.3. Total nitrogen (TN)

Total nitrogen (TN) varied significantly (P <
0.01) by land use, management practice, and
slope gradient (Table 2). Correspondingly, the
highest TN (0.16%) was recorded in forest land,
while cultivated land showed the lowest TN
(0.11%) (Table 2). Based on the ratings from
(Tadesse et al., 1991), TN ranges from low to
medium levels. The higher TN content in forest

areas is likely due to major organic matter
accumulation from the decomposition of fallen
plant materials. In contrast, the lower TN in
cultivated land can be attributed to factors such
as soil erosion, the rapid mineralization of SOM,
continuous cultivation without external inputs,
and the complete removal of crop residues. This
finding concurs with the results of (Fetene &
Amera, 2018; Gadana et al., 2020; Selassie et
al., 2015), which emphasized the lowest TN in
cultivated land and the highest in forest land.
Managed area showed higher TN across all land
use types (Table 2). This may be related to the
accumulation of OM, reduction of runoff off and
soil loss. This finding is supported by Wolka et
al. (2011), who reported higher TN in managed
areas. Similarly, (Belayneh et al., 2019; Gadana
et al., 2020; Mohammed et al., 2020) also
reported higher TN in conserved areas. Across
different slope gradients, TN levels increased in
lower slopes compared to upper slopes across all
land uses (Table 2). This trend may be attributed
to the accumulation of SOM due to runoff in the
lower slope gradient. In line with this result,
Mulugeta Aytenew (2015) reported the highest
TN in the gentle slope at Dawja Watershed,
Amhara Region. Similarly, Gadana et al. (2020)
and Mohammed et al. (2020) noted higher TN in
lower slope gradients in different parts of
Ethiopia.

Table 2. Effects of land use, slope, and management practice on selected soil chemical properties.

pH Exchangeable bases (cmol) kg™)
Treatment moy M N Av.P o Ca Ex.Mg Fx.K__ Ex.Na  CFC
Land uses
Grazing land 5.43b 3.41° 0.14° 9.10° 7.120 1.83° 0.47° 0.38° 25.98°
E;g“’ated 5.20° 3.27b 0.11¢ 8.16b 6.25¢ 1.47° 0.36b 0350 2344
Forest land 5.732 5.03? 0.16 12.19* 8.94* 3.10* 0.622 0.61* 31.60*
LSD(0.05) 0.12 0.47 0.013 1.66 0.71 0.45 0.07 0.05 2.48
P-value 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.00**
Management

Unmanaged 5.26" 3.46° 0.12° 8.50° 6.51° 1.78° 0.38" 0.37° 24.77°
Managed 5.65% 4.35° 0.15% 11.14* 8.37% 2.48° 0.59¢ 0.52% 29.252
LSD(0.05) 0.1 0.32 0.01 1.12 0.48 0.30 0.05 0.04 1.67
P-value 0.00** 0.00** 0.00** 0.00** 0.00** 0.00** 0.09" 0.00** 0.00**
Slope gradients

2-5% 5.57% 4.12° 0.15% 11.022 8.322 2.51¢2 0.59¢ 0.528 28.46*
5-10% 5.33" 3.69° 0.12° 8.60° 6.55° 1.75% 0.38" 0.38° 25.55°
LSD(0.05) 0.1 0.31 0.01 1.12 0.48 0.30 0.05 0.03 1.67
P-value 0.00** 0.01** 0.00** 0.00** 0.00** 0.00** 0.00** 0.03** 0.01**
CV 3.55 15.69 11.84 19.94 13.52 25.55 25.68 21.11 9.36
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Mean values within a column followed by the different letters are significantly different from each other at **P <

0.01 and *P < 0.05. NS = Not significant

3.2.4. Available phosphorus (AP)

ANOVA analysis indicated that Available
Phosphorus (AP) was significantly influenced (P
< 0.01) by land use, management practices, and
slope gradient (Table 2). The AP was found to be
highest (12.19 ppm) in forest land and lowest
(8.16 ppm) in cultivated land (Table 2).
According to Olsen (1954), the AP content in the
study area is considered very low (<15 ppm).
The increase in AP content in natural forests can
be attributed to the higher organic matter levels
found in forest soils. The lower AP levels in
cultivated land could result from intensive
farming, minimal application of external inputs,
and erosion and fixation of phosphate anions by
aluminum. This finding is consistent with the
result reported by Assefa et al. (2020), who also
noted lower AP levels in cultivated areas. AP
was higher in managed areas across all types of
land use (Table 2). These could be attributes due
to OM accumulation and low soil erosion as
compared to unmanaged areas. Similarly,
Selassie et al. (2015) and Endalew et al. (2025)
report higher AP in managed areas. Regarding
slope, AP decreases with an increase in slope
gradient (Table 2). This could be attributed to
the removal of AP from higher slopes and its
deposition in lower slopes. Likewise, (Gadana et
al., 2020) reported higher AP values in lower
slope gradients.

3.2.5. Exchangeable bases (Ca, Mg, K, Na)

Exchangeable bases were significantly (P <
0.01) influenced by land use, management
practice, and slope gradient (Table 2). The
highest values for exchangeable bases were
found in forest land, while the lowest were
found in agricultural land (Table 2). This
difference may be related to the higher pH, clay,
and soil organic matter (SOM) content in forest
land, and the relatively lower levels in cultivated
land, as indicated by Antenech & Mohammed
(2020). Soils of the managed areas showed
higher exchangeable bases than unmanaged
(Table 2). This might be due to SOM and clay
accumulation in the conserved area. The lower
content of exchangeable bases in unmanaged

areas may be due to leaching and higher rates of
soil erosion compared to managed fields
(Gadana et al., 2020). There was a noticeable
decrease in exchangeable bases as the slope
gradient increased (Table 2). This finding is
supported by (Gadana et al., 2020; Yimer, 2017),
which reported that higher levels of
exchangeable bases were present in lower
slopes, likely due to runoff and erosion
transporting materials from higher elevations to
lower gradients. According to the FAO (2006)
rating, the contents of Ca, Mg, and Na were
categorized as medium across all types of land
use, while K was high in forest land and medium
in other land uses.

3.2.6. Cation exchange capacity (CEC)

The result of AVOVA showed that Land use,
management practice, and slope all influenced
CEC in a significant (P < 0.01) way (Table 2).
The highest CEC measured was 31.60 cmol(+)
kg-1 in forest land, while the lowest value
recorded was 23.44 cmol(+) kg-1 in cultivated
land (Table 2). The low CEC in cultivated land
may be due to the depletion of organic matter
from continuous cultivation, disturbances from
high soil erosion, and the removal of crop
residues (Fetene & Amera, 2018). Managed
areas recorded higher CEC values (Table 2).
This could be due to low soil erosion, high
SOM, and clay fraction in managed areas (G.
Selassie & Ayanna, 2013; Selassie et al., 2015).
Besides, (Mohammed et al., 2020) also reported
higher CEC in managed areas. Regarding slope
gradient, CEC showed an increasing trend with
decreases in slope gradients (Table 2). This
pattern could be due to the removal of clay
particles and SOM from the upper slopes by
runoff, which are then deposited on the lower
slopes. This result is consistent with the
observation of Rezaei et al. (2015), who reported
that CEC is higher in lower slope gradients
compared to other gradients. Consequently, the
distribution of CEC across different slope
gradients reflects the trends of clay and organic
matter distribution, indicating that CEC is
influenced by both soil organic matter content
and clay levels (Bayle et al., 2023; Molla et al.,
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2022; Mulugeta Aytenew, 2015). The CEC of the
examined soils was classified as medium to high
according to Hazelton and Murphy (2007).

4. Conclusion

The soils of the Burat watershed in northwestern
Ethiopia have displayed significant variation in
selected physicochemical properties based on
land use types, slope classes, and management
practices. The findings of this study indicated
that soil quality in cultivated areas was lower
compared to the soils in adjacent forest and
grazing lands. Specifically, the average values
for clay fraction, organic matter, total nitrogen,
phosphorus, exchangeable bases, and cation
exchange capacity were higher in forest soils
and lower in those that are cultivated. Soil
fertility parameters were consistently higher in
managed areas and in lower slope positions,
underscoring the positive role of conservation
practices, organic matter inputs, and careful
slope management, while poor cultivation
practices and unmanaged steep slopes
accelerated degradation. Nevertheless, this study
was limited to one watershed, surface soils (0—
20 cm), and a single point in time, without
considering seasonal variations, deeper soil
horizons, or biological indicators, which restricts
the broader applicability of the results. To
combat soil degradation, the adoption of organic
amendments such as compost, manure, and crop
residues, along with afforestation, agroforestry,
terracing, and slope-appropriate cultivation
methods, is strongly encouraged. In addition,
strengthening farmer education and awareness
on sustainable land management practices is
essential to enhance implementation and long-
term effectiveness. Future research should cover
diverse watersheds, include long-term and
deeper soil assessments, and integrate biological
indicators for a fuller picture of soil health.
Evaluating the socio-economic feasibility of
conservation practices is also essential to ensure
sustainable  adoption and resilience in
agriculture.
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