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Abstract

This study evaluated the effects of integrated biophysical soil and water conservation (SWC) measures on soil properties, soil
loss and maize yield in Daro Lebu district, West Hararghe zone, from 2020 to 2022. The experiment arranged in a randomized
complete block design (RCBD) with three replications, comprised eight treatments: Vetiver with bund, sole Vetiver, Elephant
grass with bund, sole Elephant grass, Brachiaria with bund, sole Brachiaria, sole bund, and a control. Data were collected on soil
properties, soil loss, plant height, number of cobs, and grain yield. The conservation measures improved soil properties relative
to traditional practices. The lowest soil loss was recorded for Elephant grass with bund (4.85 t/ha) and Vetiver with bund (5.88
t/ha). The highest soil organic carbon (1.59%) was observed under Elephant grass with bund, followed by Vetiver (1.55%).
Maize yield was highest under sole soil bund (5570 kg/ha), followed by the control (5416 kg/ha) and sole Brachiaria (5203
kg/ha), with no significant differences among treatments (p > 0.05). Although sole soil bund produced the highest maize yield
in the short term, integrating Elephant grass with bund more effectively reduced soil erosion and enhanced soil properties in a
sustainable manner. Therefore, the integration of Elephant grass with bund is recommended for the study area.
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1. Introduction

Cereal crops are the primary food crops for most poor small-
holder farmers in Sub-Saharan Africa and together with live-
stock, constitute the main source of nutrition and income gen-
eration [1]. Among cereals, maize is the third most consumed
grain worldwide after wheat and rice [2] and ranks as the most
productive cereal by yield [3]. In Sub-Saharan Africa, maize is
a staple food security crop, providing a primary source of food

and livelihood for an estimated 300 million people [4]. It occu-
pies 17% of cultivated land in the region and 21% in East Africa
[5]. In Ethiopia, maize is the second most important crop after
tef in terms of area cultivated and first in grain production [6].
Despite its importance, maize productivity in Ethiopia remains
low, averaging less than 4.2 t/ha. This is attributed to pests such
as the maize stem borer (Busseola fusca) and fall armyworm, as
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well as soil erosion and declining soil fertility [6, 7]. Soil ero-
sion poses a particularly serious threat, with the average erosion
rate from cropland estimated at 42 t/ha/yr [8, 9]. Similar esti-
mates derived from experimental plots and a micro-watershed
also put annual soil loss from cropland at about 42 t/ha [10].
More severe cases have been documented: [11] measured ero-
sion rates of 130 to 170 t/ha/yr on cultivated test plots, while
[12], using the Revised Universal Soil Loss Equation (RUSLE),
reported annual soil losses ranging from negligible levels in flat
plains to over 154 t/ha/yr on steeper slopes in Borkena woreda,
South Wollo.

Beyond erosion, a study in South Ethiopia identified inher-
ent soil fertility constraints, limited access to improved seeds,
pests and diseases, erratic rainfall, deforestation, restricted ac-
cess to credit, weak market linkages, and poor field manage-

ment practices as major factors limiting maize production [13].

Given these challenges, adaptable, resilient, and sustainable
agricultural systems are essential to safeguard food production
against the risks and shocks associated with long-term climate
variability. Climate-smart and resilient agricultural systems
are needed to protect and enhance natural resources and eco-
system services while mitigating future climate change [14].
Achieving sustainable agriculture in this context requires a ho-
listic approach that reflects the multi-functional nature of ag-
riculture and employs resource-conserving technologies and
practices in managing weeds and pests [15].

Integrated soil and water conservation (SWC) technology
offers diversified pathways for mitigating the effects of cli-
mate change [16]. Research indicates that combining physical
conservation structures with biological interventions can en-
hance soil organic matter (SOM), nitrogen, phosphorus, and
water retention [17, 18]. The selection of grass species to be
integrated with soil bunds is therefore highly demanded, given
their wider adaptability, greater economic value, and effec-
tiveness in reducing soil erosion [19]. Despite this recognized
potential, the effectiveness of vetiver grass (Chrysopogon zi-
zanioides), elephant grass (Pennisetum purpureum), and Bra-
chiaria in controlling soil erosion and improving soil proper-
ties has been rarely studied for enhancing physical SWC
measures such as soil bunds in West Hararghe, Ethiopia. The
root and shoot structures of these grasses are inherently well-
suited to soil and water conservation compared with alterna-
tive biological measures [20, 21] reported that vetiver grass
strips can improve the natural resource base in degraded areas,
stabilize physical structures, and sequester carbon. These
technologies also provide additional benefits by supplying
high-quality livestock forage that improves animal health and
milk production, thereby contributing to higher incomes and
better nutritional security among smallholder households.

SWC measures are implemented to address soil degradation,
which is a major constraint to maize production in Africa [22].
Land degradation a widespread global phenomenon has led to
crop failure, food shortages and malnutrition, apart from severe
financial hardship [19]. Soil erosion, caused primarily by water
and wind, is among the principal drivers of land degradation,
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resulting in the loss of soil, water, biota, and topsoil nutrients.
In contrast, improved practices promote efficient nutrient recy-
cling, enhance rainwater infiltration, and thereby stimulate plant
growth. Moreover, biological SWC technologies are well suited
to smallholder farmers because they effectively address major
production constraints while remaining economical, relying as
they do on locally available plants rather than expensive exter-
nal inputs.

The Hararghe region is characterized by a high population
density and steep topography, with average landholdings of
only 0.85 ha per household in West and East Hararghe (rang-
ing from 0.125 to 3.75 ha) [23]. Given these constraints, inte-
grating crop-livestock-soil systems represents a more appro-
priate approach to land use, and physical SWC measures inte-
grated with grasses are particularly important. Grasses serve
multipurpose functions for farmers: they provide animal feed,
stabilize physical SWC structures, and reduce soil erosion. In-
formation on the management of integrated physical and bio-
logical conservation measures is therefore crucial for reducing
soil erosion from farmlands and contributing to sustainable
soil conservation. To date, however, scant scientific research
has examined the performance of biological stabilizers in
SWC through animal feed production in a way that explicitly
integrates farmers' needs and environmental objectives in
Eastern Ethiopia. To overcome the challenges of animal feed
scarcity and soil degradation, forage grasses, legumes, crops,
and other processed forages must be addressed through re-
search and development organizations.

Forage grasses such as elephant grass, Brachiaria and veti-
ver grass are among the major improved grass species that
have significantly contributed to livestock production and
have been adopted by the Mechara Agricultural Research
Center for West Hararghe. Biological soil and water conser-
vation (SWC) is an effective and low-cost technology, as it
addresses several major constraints faced by smallholder
farmers [24]. When integrated with physical SWC measures, bio-
logical conservation not only addresses key constraints affecting
maize production including soil loss and feed scarcity, but also sta-
bilizes physical structures thereby reducing maintenance costs [25].
Information on the management of integrated physical and biolog-
ical conservation measures is crucial for reducing soil erosion from
farmlands and in turn, contributing to sustainable soil conservation.
Integrated SWC measures significantly reduce the soil erosion rate
and thereby improve soil properties, leading to enhanced agricul-
tural productivity [26]. Therefore, the objective of this study was to
evaluate the effects of integrating soil bunds with biological SWC
measures on soil properties, soil loss reduction and maize yield in
the study area.

2. Material and Methods

2.1. Description of Study Area

The study was conducted at the on-station of Mechara Ag-
ricultural Research Center in Daro Labu district. The center is
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located 435 km east of Addis Ababa and 115 km south of
Chiro, the zonal capital, along a gravel road connecting the
Arsi and Bale zones. Maize and sorghum are the major cereal
crops cultivated in the area. The altitude ranges from 1040 to
1780 m above sea level, covering a land area of 156,460 ha
[27, 28] (Hailu et al., 2024; Ayala et al., 2022). The area ex-
periences a bimodal rainfall pattern, with a summer (kiremt)
rainy season from June to September and a spring (belg) sea-
son from February to May, receiving an average annual rain-
fall of 1145 mm. Higher rainfall is received in April (188.0

mm) and May (139.5 mm) during the belg season, and in July
(118.0 mm) and August (146.2 mm) during the kiremt season.
The mean annual temperature is 21<C, with minimum and
maximum values of 13<C and 27<C, respectively [28]. The
soils of the study area are predominantly reddish-brown Niti-
sols [1]. They are generally clay-dominated, characterized by
low available phosphorus, and have a pH ranging from 5.3 to
6.0 in the surface soils.
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Figure 1. Map of study area [1].

2.2. Treatments and Experimental Design

The experiment was conducted for three consecutive crop-
ping seasons (2020-2022). In the first year (2020), the soil
bunds and grasses were established, whereas maize was sown
in the second and third years. The combination of biological
soil and water conservation (SWC) measures, both with and
without soil bund structures, along with a control (non-con-
served plot), was evaluated on plots areas of 3.75 m width and
5 m length. The spacing of 2 m between blocks and plots were
used. The experiment was arranged in a randomized complete
block design (RCBD) with three replications. Three grasses
comprised of elephant grass (Pennisetum purpureum), vetiver
grass (Vetiveria zizanioides) and Brachiaria (B. ruziziensis)
were used as biological SWC measures. An early-maturing
maize variety, Melkasa-2, was sown at 75 cm inter-rows and
30 cm within rows. Fertilizer was applied at the recommended
rates of 100 kg/ha Urea and 100 kg/ha NPSZn. Soil bunds
were constructed on the upper part of each experimental plot
with a top width of 50 cm, a berm of 0.20 m, a height of 50
cm and a bottom width of 120 cm. Construction was carried

57

out during sthe dry season to avoid interference with land
preparation. Brachiaria, vetiver and elephant grass were
planted on the bunds both to stabilize the structures and to
slow the flow of surface water. A spacing of 50 cm <30 cm
was used for Brachiaria, while 50 cm x50 cm was used for
both vetiver and elephant grass between rows and plants. Two
rows of each grass species were planted on the soil bund, as
well as in plots without a bund. The land slope was approxi-
mately 5%. Eight treatments namely; vetiver with soil bund,
sole vetiver grass, elephant grass with soil bund, sole elephant
grass, Brachiaria with soil bund, sole Brachiaria grass, sole
soil bund, and a control (no soil bund and no grasses) were
established.

2.3. Types of Data and Method of Data
Collection

2.3.1. Soil Loss Data

To determine the amount of soil loss reduced by each con-
servation measures, graduated pegs were staked below ground
at a depth of 30 cm. Each plot was divided into three sections
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(upper, middle and lower) with pegs placed at 1 m intervals at
the beginning and end of each cropping season. The amount
of soil added or lost was then monitored and measured three
times during the crop season and the mean soil loss per plot
was converted from plot area to a per-hectare basis.

2.3.2. Soil Sampling and Analysis

Composite soil samples were collected from the experi-
mental plots at a depth of 0-30 cm. All samples were air-dried
under shade, ground using a pestle and mortar, and sieved to
pass through a 2 mm sieve before being sent to the laboratory
for analysis. The samples were analyzed at the beginning and
end of each cropping season for pH, organic carbon (OC), to-
tal nitrogen (N), available phosphorus (P), Cation exchange
capacity (CEC) and soil texture. Soil pH was determined in a
1:2.5 soil-to-water suspension following the procedure out-
lined by [29]. Organic carbon content was measured using the
wet combustion method of [30] and soil organic matter con-
tent was calculated by multiplying the organic carbon content
by a factor of 1.724. Total nitrogen was determined following
the Kjeldahl procedure. Available phosphorus was analyzed
using the Bray | method, appropriate for the acidic soils (pH
below 7) of the study area [31]. Cation exchange capacity was
determined using the 1 M ammonium acetate (pH 7) method,
according to the percolation tube procedure described by [31].
Soil texture was determined using the hydrometer method.

2.3.3. Yield and Yield Components

The growth and yield parameters recorded included plant
height, number of heads, head weight, and grain yield. Plant
height was measured from ground level to the apical tip using

a meter tape. Stand count at harvest was recorded by counting
the number of plants per plot. Head weight was measured in
grams. Grain yield, expressed in kilograms per hectare (kg/ha),
was weighed using a balance and adjusted based on seed mois-
ture percentage according to formula (1), with all grain yields
reported at 12.5% moisture content.

Yld kg/plot(100—% moisture)
(100-12.5%)

Adjusted Yield = (1)
where; yld kg/plot = yield in kilogram per plot,% moisture =
grain moisture content in percentage.

2.3.4. Data Analysis

The effects of soil and water conservation (SWC) practices
on soil loss and maize yield were analyzed using R software
(version 4.2). Treatment means were separated using the least
significant difference (LSD) test at the 5% significance level.
The effects of SWC practices on soil properties were analyzed
using descriptive statistics, based on treatment means.

3. Results and Discussions

3.1. Effect of Soil and Water Conservations on
Soil Physico Chemical Properties

Pre and post planting soil samples were collected and ana-
lyzed using different methods. A composite pre-sowing soil
sample was taken to characterize the initial status of the plots
before the study, as presented in Table 1.

Table 1. Soil Physico chemical characteristics of soils for treatments.

Av. P Av. K CEC (meq/100
Treatments H EC (dS/cm OC (% TN (% ) Texture
P (@Sfem)  (opm) o) TN (mgikg)  gmsoil)
Brachariaonly  5.36 0.036 422 1.39 0.11 198.1 22.69 Isoznnfy clay
Elephantonly  5.37 0.033 6.77 1.55 0.13 127.2 22.22
Bracharia 5.44 0.039 3.43 1.46 0.12 196.4 21.1
+Bund
Control 5.42 0.046 4.96 1.43 0.12 194.7 21.86
Bund only 5.4 0.046 4.04 1.39 0.13 214.2 17.21
Vetiver only 5.43 0.033 10.56 1.55 0.13 182.6 22.95
Vetiver+bund ~ 5.43 0.043 6.74 1.42 0.12 233.7 19.19
Elephant+ bund ~ 5.45 0.036 41 1.59 0.12 136.6 22.29
Mean 5.42 0.04 573 1.49 0.12 184.01 21.16
Pre soil sample  5.41 0.045 4.96 1.42 0.11 1935 21.80
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3.1.1. Soil Texture

The soil texture of the experimental area was sandy clay
loam, which is characterized by low water holding capacity.
The textural classes of the cropland sites treated with the dif-
ferent SWC measures were found to be the same (Table 1),
consistent with the findings of [26], who reported that
cropland sites treated with different SWC measures retained
the same texture as the pre-sampled soil from the same site. In
this study, soil texture was less affected by soil and water man-
agement practices. This finding agrees with [17] but is con-
trary to [18] and [32], who reported that the implementation
of biophysical SWC measures improves soil texture by trap-
ping fertile soil particles. Soil texture is an inherent physical
property that determines numerous physical and chemical
properties of soils. It influences water infiltration and soil wa-
ter retention, soil aeration, nutrient absorption, microbial ac-
tivity, the ease of tillage, and irrigation practices, and ulti-
mately affects soil fertility [33]. For this soil type, conserva-
tion practices can improve water infiltration, soil organic mat-
ter, structure, and bulk density [34].

3.1.2. Soil pH

The mean values of pre soil pH was in range of slightly acidic
(pH=5.41) on Table 1. The post-harvest soil pH is ranges be-
tween 5.3-5.5 for all treatment (show slightly acidic). There are
slight changes in soil PH and the highest soil pH was found on
the treatments of elephant with soil bund and bracharia with soil
bund. This was because of the integrated soil bunds with grasses
hinder water passing and increasing leaching of basic cations,
leaves of grasses decomposed to increase soil organic matter
and soil deposition comes from upper part of the soil bund con-
taining different nutrients. These findings agree with those of
[35], who reported an increasing trend in soil pH under inte-
grated SWC measures, attributing this to a reduction in the loss
of soil organic matter and exchangeable bases through soil ero-
sion and runoff. The results are also consistent with [36], who
stated that soil and water conservation measures improve soil
health by increasing soil organic matter content, reducing soil
erosion, and conserving soil moisture.

3.1.3. Electrical Conductivity (EC)

The mean electrical conductivity (EC) values for all treat-
ments were below 0.15, indicating no adverse effect on plant
growth. Soil EC measures the soil's ability to conduct an elec-
trical current, which is influenced by moisture content, texture,
salinity, and temperature. Water conservation practices, such

as contour plowing, can positively affect soil EC by improving
moisture retention and reducing salinity. This creates a more
stable environment for microbial activity and nutrient availa-
bility, ultimately enhancing soil health.

3.1.4. Cation Exchange Capacity (CEC)

The pre-trial soil mean CEC was 21.8 cmol/kg, which falls
under the medium category and indicates moderate soil fertil-
ity. Across all treatments in the study area, the overall mean
CEC values ranged from 17.21 to 22.95 cmol/kg. According
to [37], a CEC below 5 cmol/kg is classified as low, 5-25
cmol/kg as medium, and above 25 cmol/kg as high. Based on
this classification, the results of this experiment fall within the
moderate range, indicating medium soil fertility.

3.1.5. Soil Organic Carbon

Soil and water conservation (SWC) practices influenced the
soil organic carbon (OC) content of farmlands. The mean OC
(%) across all treatments ranged from 1.39% to 1.59%, a range
classified as moderate [1, 38] similarly categorized OC as very
low (<0.6%), low (0.6-0.99%), moderate (1-1.59%), high
(1.6-1.99%) and very high (>1.99%). The highest OC values
were recorded on plots combining elephant grass with soil
bunds (1.59%) and on vetiver and elephant grass treatments
(1.55%), as shown in Table 1. This finding aligns with [39],
who reported higher soil OC on lands conserved with soil and
water conservation measures compared to non-conserved sites.
Most cultivated soils in Ethiopia are poor in SOC content,
largely due to the limited amounts of organic materials applied
and the complete removal of biomass from fields. In this study
area, however, grass litter falling on the land returned organic
matter and biomass to the soil, contributing to a suitable range
of SOC. The highest SOC was observed under the integrated
soil and water conservation structures.

3.1.6. Available Phosphorus (P)

Available phosphorus (P) varied considerably across the
different SWC practices. Pre-intervention soil available P was
low at 4.96 ppm, while post-harvest mean values across the
study area ranged from 3.43 to 10.56 ppm (Table 1). Accord-
ing to [40], who classified available P as very low (<3 ppm),
low (4-7 ppm), medium (8-11 ppm), and high (>12 ppm),
these values range from low to medium. The highest available
P was recorded on the vetiver grass-only treatment (10.56
ppm), followed by the elephant grass-only treatment (6.77
ppm), both exceeding pre-trial soil P and control treatments.
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Notably, available P on the vetiver grass treatment was two-

fold higher than that of both the control and pre-soil treatments.

3.1.7. Total N and Available K

The pre soil sample soil total nitrogen (TN) mean was
0.11%, which is categorized as low status. Post-harvest TN
content across all treatments ranged from 0.11% to 0.13%
(Table 1), also classified as low according to [40], who cate-
gorized total N as very low (<0.05%), low (0.1-0.15%), me-
dium (0.15-0.25%), and high (>0.25%). Total nitrogen in the
study area was therefore categorized as low across all treat-
ments, whereas available potassium, ranging from 150 to 250
mg/kg, was categorized as medium [40]. In terms of soil phys-
icochemical properties, all measured properties fell within the
medium range for plant growth, with N being the only excep-
tion [40]. In summary, the implementation of integrated soil
and water conservation (SWC) measures significantly im-
proved key soil chemical properties, including organic matter
(OM), total nitrogen (TN), available phosphorus (available P)
and soil pH. This improvement is attributed to the accumula-
tion of organic residues and enhanced vegetation cover in con-
served areas [17].

3.2. Effect of Soil and Water Conservations on
Yield and Yield Parameters of Maize

Table 2 presents the effects of different soil and water con-
servation (SWC) structures on selected growth parameters and
yield of maize. The ANOVA results showed a significant dif-
ference (p<0.05) in maize yield (kg/ha) among treatments,
whereas no significant differences were observed in plant
height or the number of cobs per plot. The highest maize yield
(5570 kg/ha) was recorded on the soil bund-alone treatment,
followed by the control (5416 kg/ha) and bracharia-only (5203
kg/ha) treatments, though these did not differ statistically from
the other treatments. This suggests that integrated SWC
measures may not improve crop production in the short term,
likely because vigorous grasses competed with maize for nu-
trients and thereby reduced yield compared with sole soil
bunds and the control. This short-term effect is consistent with
[36], who noted that the capacity of SWC practices to restore
soil properties and enhance yield depends on the age of the
structures. The finding also aligns with [18], who highlighted
that biophysical SWC practices can markedly increase wheat
yield through improved water retention, reduced runoff, and
greater nutrient availability. Elephant and vetiver grasses, in
particular, grow vigorously and compete with maize for nutri-
ents, negatively affecting maize yield more than bracharia
grass. This likely explains why the highest maize yields oc-
curred on the soil bund-alone and control treatments in the
short term.

Table 2. Combined mean of growth and yield of maize in 2021-2022 years.

Treatments No of Cobs/plot
Vetiver 66.83
Elephant 64.33
Bund alone 715
Bracharia +bund 70.83
Bracharia 72.67
Elephant+bund 66.0
Vetiver +bund 64.33
Control 68.83
Mean 68.2
LSD (0.05%) 13.28
CV (%) 11.1

3.3. Effect of Soil and Water Conservations
Measures on Soil Loss

The effect of soil and water conservation (SWC) measures

60

Plant height (cm) Yield (kg/ha)

203.3 48752
198.3 45702
196.1 55702
203.1 4820
199.5 52032
198.4 4353°
198.7 4693
194.5 5416%
199 4937

10.74 1003.8
3.1 11.6

on mean soil loss (t/ha) is presented in Table 3. Although there
was no statistically significant difference in soil loss among
treatments, clear numerical trends emerged. The lowest soil
losses were recorded on the elephant grass with bund (4.85
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t/ha) and vetiver with soil bund (5.88 t/ha) treatments, fol-
lowed by bund alone (5.9 t/ha), while the highest soil loss oc-
curred on the control (without structure). The elephant grass
with bund and vetiver with soil bund treatments effectively
reduced soil erosion, as the root systems of elephant and veti-
ver grasses help stabilize the soil bund and soil structure.

Table 3. Impact of soil and water conservation measures on soil loss.

Treatments Soil loss (t/ha/)
Vetiver 6.6
Elephant 6.69
Bund alone 5.9
Bracharia +bund 7.18
Bracharia 8.19
Elephant+bund 4.85
Vetiver +bund 5.88
Control 13.2
Mean 7.64
LSD (0.05%) 11.01
CV (%) 19.37

Therefore, the elephant grass with soil bund and vetiver
with soil bund treatments performed well in reducing soil loss
on cultivated land compared to the control. This finding agrees
with [19], who reported that soil bunds combined with ele-
phant grass reduced soil loss and runoff by 63% and 40%, re-
spectively, relative to the untreated control plot. The higher
efficiency of elephant grass can be attributed to its relatively
faster growth rate and denser rooting structure, which trapped
sediment and runoff. It should be noted, however, that this ac-
tivity was carried out over only two years, and soil and water
conservation measures may not significantly reduce soil ero-
sion in the short term. Indeed, [19] found that vetiver grass
required at least three years of establishment to conserve soil
and water effectively. Beyond erosion control, the companion
plants also provide high-value animal fodder, increasing milk
production and diversifying farmers' incomes.

3.4. Relationship Between Maize Yield and
Soil Loss

As shown in Tables 2 and 3, the mean maize yield and yield
components obtained under integrated biophysical soil and
water conservation (SWC) measures were lower than those
under the sole soil bund treatment. However, the lowest mean
soil loss (t/ha) was recorded under the integrated biophysical
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measures compared to the sole soil bund. This can be at-
tributed to the fact that integrated SWC measures may not im-
prove crop production in the short term: the grasses grew vig-
orously and competed with the surrounding maize for nutri-
ents and soil moisture, thereby reducing maize yield compared
to plots without bunds and plots with sole soil bunds.

3.5. Limitations of the Study

In this study, graduated erosion pins were used to measure
soil loss from the plots. To improve the precision and reliabil-
ity of the measurements, each plot was divided into three sec-
tions: upper, middle, and lower. Erosion pins were installed at
1 m intervals, with each pin inserted 30 cm into the ground.
This systematic setup helped minimize measurement error and
enhance the accuracy of the soil loss estimates.

4. Conclusion and Recommendation

Based on the results obtained, elephant grass combined
with soil bunds significantly reduced soil loss and improved
soil physicochemical properties compared to the other treat-
ments. In terms of maize grain yield (kg/ha), however, the
highest yield were observed under the sole soil bund treatment,
followed by farmer practice (control) and the sole bracharia
grass treatment. Although the highest maize yields were rec-
orded on the sole soil bund and farmer practice (control), the
combination of soil bund with elephant grass significantly re-
duced soil erosion and enhanced soil properties, moisture con-
servation, and sustainable soil management compared to the
other methods over the short term on small plots. Therefore,
elephant grass combined with soil bunds is recommended for
long-term implementation to support sustainable soil manage-
ment in the study area and similar agro-ecologies, given its
benefits in reducing soil erosion and improving soil properties.
Since this study was conducted over only three years and the
full effects of soil and water conservation measures require
long-term data, future research should evaluate these practices
over extended periods and across multiple locations.

Abbreviations

SWC Soil and Water Conservation
PH Power of Hydrogen

Ccv Coefficient of Variation
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