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Soil is a precious natural resource, forming the basis for sustained ecosystem services for the mankind. Its degradation due to the
ever-increasing anthropogenic influence is, however, threatening food security and quality of the environment in many regions.
&e present investigation was, therefore, undertaken with an objective of assessing the effect of soil and water conservation
practices of soil bund and Fanya juu terrace compared to no conservation practice on cultivated soils of Uwite watershed in
Hadero Tunto District, southern Ethiopia. Soil sampling sites were selected both from the farm fields, where soil conservation
structures were raised for the last 10 years, and from fields where there was no conservation practice. A total of eighteen composite
soil samples (3 conservation practices× 2 depths, 0–15 and 15–30 cm, ×3 replicates) were collected and analyzed for different
physical and chemical soil parameters. &e results were subjected to analysis of variance using the General Linear Model of two-
way ANOVA by RCBD with factorial arrangement using SAS software. Both practices, statistically similar to each other, indicated
significant improvement in soil parameters compared to no conservation practice in higher content of clay, lower bulk density,
higher total porosity, higher moisture content, higher pH, higher soil organic matter, higher percent base saturation, higher cation
exchange capacity, and higher amounts of macro- (N, P, K, Ca, Mg, and S) and micronutrients (Fe, Zn, and Cu). &e surface soil
layer (0–15 cm) was significantly superior to the subsurface layer (15–30 cm) inmost of these soil parameters. Both practices of soil
bund and Fanya juu terrace merit their continuation on the existing lands and upscaling to other degraded areas for sustained land
productivity and socioeconomic-environmental stability in the region

1. Introduction

Soil is an invaluable natural resource, forming the basis for
food and environmental, social, and economic security for
the mankind. Its improper use and overuse result in land
degradation, causing many on- and off-site damages like
decline in soil fertility and crop productivity, disruption in
hydrological functioning of watersheds, increased incidence
of droughts and floods, shrinking water supplies, increased
sedimentation of water bodies and rivers, vulnerability to
climate change, and deterioration in the socioeconomic
status of people [1–3]. &e well-managed healthy soils, on

the other hand, are least prone to either of these problems
and ensure sustained ecosystem services [4].

&ere are estimates that 75% of the land worldwide is
degraded [5] and 5 to 6 million hectares of arable land are
being lost annually to severe degradation [6]. Needless to
say, the severely degraded areas bereft of natural capital,
social capital, and economic capital are home to the most
disadvantaged people, suffering from hunger, malnutrition,
and poverty [7–9].

To fight poverty and secure human well-being, the
United Nations (UN) has adopted 17 Sustainable Devel-
opment Goals (SDGs) in 1975, embracing sustainable use of
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our planet’s resources [10]. &e sustainable development
here implies the development that meets the needs of the
present, while safeguarding earth’s life-support system on
which the welfare of current and future generations depends
[11]. A sound soil-water system is essential for achieving
most of these SDGs [10]. Achieving SDG 15.3, entailing
LandDegradation Neutrality (LDN) and land restoration, by
2030 (the deadline for realizing the SDGs) would, however,
require a holistic approach that integrates environmental,
social, and economic imperatives in different agricultural
settings [10]. Further, the transition towards nature-based
integrated solutions would, obviously, call for new element
of landscape and land-use planning and management.

&e problem of land degradation associated with soil
erosion by water is severe in Ethiopia [3, 12]. A number of
natural and anthropogenic factors that contribute to
accelerated soil erosion are large-scale deforestation, un-
controlled grazing by livestock, high-intensity rainstorms,
cultivation on sloping lands, lack of soil conservation
practices, and low level of soil management [12–15]. &e
annual soil loss from landmass has been estimated to be 1.5
billion metric tons, of which 50% occurred on croplands,
especially in highlands [16–18].&e cultivated lands on steep
slopes are reported to have erosion rates of 20 to 237 t ha−1

[19–22] in severely eroded areas, almost 10–20 times the rate
of soil formation (∼10–12 t ha−1 year−1).&e on-site damages
by soil erosion are manifest in poor soil fertility [23–25] and
reduced crop yields [26, 27]. &e average cereal productivity
at national level is still less than 2 t ha−1. &e direct losses of
productivity from land degradation in the country may be
put minimally at 3 percent of agricultural gross domestic
product (GDP) [28].

Agriculture is the mainstay of Ethiopian economy,
contributing approximately 41% of the GDP, 84% of the total
exports, and 80% of the employment [29–32]. &e agri-
culture-led industrialization is envisaged to provide a fillip to
Ethiopian economy in the near future, with the development
of integrated agroindustrial parks in different agroecologies
[33]. &e continued land degradation, however, poses a
greater challenge to the agricultural sector and realization of
development goals.

To halt soil degradation and restore the affected lands,
the Ethiopian Government had launched several soil con-
servation programmes in the past with the help of inter-
national aid and development agencies [34] involving NGOs
and local people. &e different programs under Food for
Work Program comprised Land Leveling Programme (LLP),
Sustainable Land Management (SLM), United Nations
Development Program (UNDP), Productive Safety Net
Program (PSNP), etc. One such programme using me-
chanical soil conservation practices like soil bund and Fanya
juu terrace was introduced in the Uwite watershed of Hadero
Tunto District under the auspices of Inter Aide France and
Productive Safety Net Program (PSNP). Both practices are
acknowledged to be more effective for erosion control on
slopes than strip cropping and contour farming, as these
divide the slope into discrete segments and reduce the
gradients of the cultivated parts [35]. &e 20-year-old
SWCPs (soil bund and Fanya juu ridge) have been found to

effect a 2.7% slope reduction on average because of the
trapped sediment in the Minizr catchment, northwest
Ethiopia [18]. Fanya juu is a soil and water conservation
structure that has been widely used in Africa especially in
Kenya, Tanzania, Uganda, and Ethiopia. &e structure is an
embankment made of soil and/or stone with a basin in the
lower part [36]. &e soil and rainwater are conserved be-
tween the Fanya juu bunds. &e land between embank-
ments/bunds levels off and takes the shape of a bench
terrace. If properly maintained, the structure would
eventually lead to the development of bench terraces in the
field over a period of time [37]. &e development would
create better growing conditions for the crop, both im-
mediately, because of an increase in the amount of
moisture available, and in the long term, because the soil is
conserved.

&e soil and water conservation practices (SWCPs) al-
ready in place for many years might have produced positive
effects on soil physical and chemical characteristics and
overall productivity of the lands. &e evaluation may,
therefore, guide us on continuance of soil conservation
practices as such, their midway modifications, or alternative
land management practices are compatible with the local
socioeconomic-environmental imperatives. Monitoring and
evaluation of soil conservation activities at regular intervals
is one of the essential components of watershed manage-
ment programs. &is has great relevance for Ethiopia, where
about 18% the rainfed croplands have so far been treated
with SWCPs and 60% (nearly 12 million ha) still need to be
covered [38].

Many recent studies in Ethiopia in different parts of the
country have confirmed the positive impacts of SWCPs on
soil properties and crop yields [39–44]. &e questionnaire-
based farmers’ survey has also indicated that majority of the
farmers (83.3%) in Mawula Watershed, Loma District,
southern Ethiopia, had perceived the SWCPs as useful and
adopted them [44]. &ere are also reports of either negative
or little impact of SWCPs on soil properties in some areas
[27]. &e farmers have dismantled the structures on the
notion that SWCPs were simply occupying the cultivated
area without accruing any yield benefits. However, we need
to thoroughly establish the reasons for such failures before
undermining the importance of SWCPs in ameliorating soil
environment and enhancing crop yields. For the present, we
need to continue with our concerted efforts of establishing
the benefits of SWCPs in different agroecologies and pro-
viding the required protection to the degraded lands.

&e present study was, therefore, carried out in degraded
Uwite watershed of Hadero Tunto District, southern
Ethiopia, to evaluate the effect of soil bund and Fanya Juu
terrace on improvement of soil properties governing soil
fertility and productivity.

2. Materials and Methods

2.1. GeneralDescription ofArea. &e study was conducted in
the Uwite watershed located in Hadero Tunto Zuria woreda,
Kembata Tembaro zone, Southern Nations, Nationalities,
and Peoples’ Regional State (SNNPRS). Geographically, the
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area lies between coordinates of 7°12′30″ and 7°14′30″N
latitude and 37°39′30″ and 37°42′0″E longitude (Figure 1).
&e watershed covered an area of 295.5 ha and had over 425
households. &e woreda is relatively densely populated with
about 502 people per km2 and shortage of land has con-
tributed to overutilization of the available land and a decline
in soil fertility. &ere are frequent dry spells and declining
livestock ownership, making the woreda an area of acute and
chronic food insecurity. &e area has been looking for
regular food aids in recent years [45].

2.1.1. Topography and Climate. &e altitude of the watershed
ranges from 1741 to 1850m above sea level. &e landform
consists of 5% plain, 30% plateau, and 65% sloping and
rugged terrain. According to report of District Agriculture
and Natural Resources Development Office, the watershed
had 32.5% area under 15–30% slope, 57% under 7–15% slope
and 10.5% under foothill gentle slopes. &e mean maximum
and minimum temperatures were 25.6°C and 14.48°C, re-
spectively. &e Hadero Tunto district has two major agro-
ecological zones, the Dega andWyna Dega, covering 38.46%
and 61.54% area, respectively. &e annual rainfall of the
woreda is 1200–1500mm. Agricultural activity is planned
during the Belg rainy season (between March and May) and
the summer rainy season (falling between June and
September).

2.1.2. Land Use and Vegetation. According to woreda Ag-
riculture and Natural Resources Development Office report
of 2019/20, the cultivated land accounts for an average of
about 72% and the grassland, forest lands, and closure sites
together account for about 18% of the total area of the
watershed. &e remaining 10% of the total area of the
watershed constituted settlements and so on. A rural
household had an average of 0.6 ha of land, compared to the
national and SNNPRS averages of 1.01 and 0.89 ha, re-
spectively. Cultivation is done even on steep slopes (>20%).
&e catchment is suitable for a large variety of crops, such as
enset, maize, teff, and pulses. &e major crops grown during
the main rainy season are maize, teff, haricot beans, sweet
potato, and field pea. &e haricot bean and sweet potato are
the dominant small rainy season crops. &e natural vege-
tation of the watershed comprised trees, bushes, and grasses.
&e trees occurring in the area belong to plantation forests,
including species such as Juniperus procera and Olea af-
ricana. Bushes and shrubs are found on steep slopes and
along river valleys. Meadow grasses and species of Lobelia
are found along the edges of watershed. Currently, refilling
or replantation strategy is being implemented in the study
area by Woreda Agriculture and Natural Resources De-
velopment Office. Soil conservation practices like soil bund
and Fanya juu terraces have been introduced on cultivated
farmlands and communal lands in the watershed. &e
conservation measures are implemented for the last 10
years with the support of Inter Aide France, Productive
Safety Net programs (PSNP), and mass mobilization of the
community.

2.1.3. Soil Type. &e soil types of the study area are dystric
nitisols, chromic luvisols, and pellic vertisols (Figure 2). &e
nitisols occupy large area in the watershed.

2.2. Site Selection and Soil Sampling. &e Uwite watershed,
one of the 59 community micro watersheds in Hadero Tunto
Zuria woreda, was selected purposely for its specific expe-
rience with implementation of SWCPs. &e soil sampling
sites were selected both from the farm fields where soil
conservation structures (soil bund and Fanya juu terrace)
were practiced, and from fields where there was no con-
servation practice, by random sampling method. &e soil
samples were drawn by auger for each soil conservation
practice from the middle of the bench between the structures
at two depths (0–15 and 15–30 cm). A total of 18 composite
soil samples (3 conservation practices× 2 soil depths× 3
replications), each formed on 10 subsamples, were collected
in February 2019. &e soil samples were brought to the
laboratory, air-dried, mixed well, and passed through a
2mm sieve for the analyses of soil properties. Soil core
samples from the two depths for bulk density determination
were taken with a sharp-edged steel cylinder forced man-
ually into the soil. Global Positioning System (GPS) and
clinometer were used to know the geographical location and
slope of the sampling sites, respectively.

2.3. Soil Analysis. Most of soil physical and chemical ana-
lyses were carried out at Wolaita Sodo Soil Testing Labo-
ratory of the SNNPR’s Agriculture Bureau, while
exchangeable basic cations, available sulphur, and micro-
nutrients were analyzed at Arba Minch University Chem-
istry Laboratory. Standard laboratory procedures were
followed for the analyses of the selected physicochemical
properties. &e particle size distribution was determined by
the Boycouos hydrometric method [46]. Soil bulk density
was determined using undisturbed core samples as described
by Black [47]. Total porosity was calculated using general
equation relating bulk density and particle density. Soil
moisture content was expressed on mass basis (Mw).&e pH
of the soil was measured potentiometrically using a digital
pH meter in the supernatant suspension of 1 : 2.5 soil to
water ratio [48]. &e Walkley and Black wet digestion
method [49] was used to determine the soil organic carbon
content (SOC). Soil organic matter was calculated by
multiplying soil organic carbon by a factor of 1.724. Total N
was analyzed using the Kjeldahl digestion method as de-
scribed by Bremner and Mulvaney [50]. Soil available
phosphorus was determined by Olsen et al.’s method [51].
Available sulphur was determined in the soil extract by the
turbidity method (52). Exchangeable bases (Ca, Mg, K, and
Na) were determined after extracting the soil samples with
neutral 1N ammonium acetate. While exchangeable Ca and
Mg in the extracts were analyzed using atomic absorption
spectrophotometer, exchangeable Na and K were analyzed
by flame photometer. &e cation exchange capacity (CEC)
was determined after extracting the soil samples with 1N
NH4OAc at pH 7.0 and distilling ammonium displaced by
leaching with NaCl solution [52]. Percent base saturation
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(PBS) was calculated as the ratio of sum of the base forming
cations (Ca, Mg, K, and Na) to CEC of the soil and mul-
tiplied by 100. Available Fe, Mn, Zn, and Cu were extracted
from the soil samples with DTPA as described by [53] and
measured by atomic absorption spectrophotometer.

2.4. Statistical Analysis. &e soil physical and chemical
properties were subjected to analysis of variance using the
General Linear Model of two-way ANOVA by RCBD with
factorial arrangement using SAS software version 9.0 [54].
&e least significance difference (LSD 0.05) test was used to
separate significantly differing treatment means.

3. Results and Discussion

3.1. Soil Physical Properties

3.1.1. Soil Texture. Both the SWCPs of soil bund (SB) and
Fanya juu terrace (FT) resulted in significantly lower
amounts of sand and higher amounts of silt and clay
compared to the no conservation practice (NC) (Table 1).
&e mean values of sand under SB and FT were 34.8% and
39.8%, respectively, compared to 55.5% under NC. &e
contents of silt were 32.3% and 27.7% for SB and FT, re-
spectively, compared to 22.0% under NC. Likewise, the clay
content was 32.8% and 32.5% under SB and FT, respectively,

compared to 17.8% under NC. Accordingly, the soil textural
class was clay loam for SB and FT and sandy loam for NC.
&ere was, however, no significant difference in the distri-
bution of textural separates among the two SWCPs of SB and
FT. &ere was no significant variation (P> 0.05) between
surface (0–15 cm) and subsurface (15–30 cm) soil depths
(Table 1). Also, the interaction between SWCPs and soil
depth was nonsignificant for soil textural separates.

&e SWCPs of SB and FTmay retard the process of soil
erosion, thereby having more retention of silt and clay in the
fields. Conversely, the land with no conservation practice
may allow more movement of silt and clay along with runoff
down the slope. &at could be the reason for the fields to be
coarse in texture under NC compared to SB- and FT-treated
farm lands.&eNC practice, therefore, showed deterioration
in the soil resource by having more proportion of coarse
sand fraction and less fine fractions of silt and clay. On the
other hand, the soil under SB and FT having higher contents
of fine fraction will have better water and nutrient retention
and soil productivity. Similar results have been reported by
other researchers [55–59] such that the sand fraction was
significantly low while silt and clay contents were signifi-
cantly higher in the conserved than the nonconserved
farmland. For instance, significantly higher amount of clay
content was found in treated fields, i.e., grassed bunds (33%),
soil bunds (28%), and stone bunds (29%), compared with the
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Figure 1: Map of the study area.
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untreated fields (24%) in Simada district, northwest Ethiopia
[56]. Also, the overall mean percentages of clay and silt
contents were significantly higher in the treated fields with
soil bund and stone-faced soil bund than the untreated
fields, while the sand fraction was significantly lower in the
treated than the untreated fields [59]. Further, [43] indicated
significantly higher clay fractions under SWCPs such as soil
bunds and Fanya juu compared to no conservation practice
in Geshy subcatchment, Gojeb river catchment, Ethiopia.

3.1.2. Soil Bulk Density. &e analysis of variance revealed
that there was significant difference (P< 0.01) in bulk
density (BD) between the conserved and unconserved
cultivated lands (Table 1). &e decreases in soil BD for the
conservation practices of SB and FT were to the magnitude
of about 9% and 6%, respectively, compared to the NC.
&ere was, however, no significant difference (P> 0.05)
between the conservation practices of SB and FT. &e result
was in agreement with the findings of [44], who found bulk
density of soil to be significantly lower under soil conser-
vation practice of SB (1.08mg·m−3) compared to practice of
no conservation (1.17mg·m−3) in Mawula watershed,
southern Ethiopia. Similar results were also revealed by
[42, 58–61] for south Gonder, southern Ethiopia, Ginaberet,
Adaa Berga district in western Ethiopia and Lole watershed

Table 1: Effect of soil conservation practices and soil depths on
selected physical properties of soils in Uwite watershed.

Treatment
Sand Silt Clay

STC
BD
(mg
m−3)

TP SMC

(%) (%)

Soil conservation practice
SB 34.83b 32.33a 32.83a CL 1.25b 51.76a 15.33a

FT 39.83b 27.66a 32.50a CL 1.29b 50.74ab 10.21b

NC 55.50a 22.00b 17.83b SL 1.37a 48.54b 7.01c

LSD(0.05) 7.7 4.87 4.38 0.077 2.33 1.93
SEM (±) 2.47 1.54 1.4 0.024 0.74 0.61
Soil depth (cm)
0–15 43.44a 27.55a 28.11a CL 1.27b 51.30a 11.46a

15–30 43.33a 27.11a 27.33a CL 1.34a 49.40b 10.24a

LSD(0.05) 6.34 3.98 3.57 0.062 1.91 1.58
SEM (±) 2.48 1.26 1.13 0.019 0.60 0.51
CP ∗∗ ∗∗ ∗∗ ∗∗ ∗ ∗∗

SD NS NS NS ∗∗ ∗ NS
CV (%) 13.9 13.8 12.27 4.56 3.6 13.8
Figures followed by the same letter within a column for a given variable and
parameter are not significantly different from each other at P≤ 0.05.
LSD� least significant difference; SEM� standard error of the mean;
CV� coefficient of variation; SB� soil bund; FT� Fanya Juu terrace;
NC�nonconserved; SMC� soil moisture content; TP� total porosity;
CP� conservation practices; and SD� soil depth. ∗ and ∗∗ mean significant
differences at 0.05 and 0.01 probability levels, respectively, and NS�means
nonsignificant differences.
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in the northwest highlands of Ethiopia, respectively. &e
lower soil BD under SWCPs may be due to more amounts of
clay and soil organic matter, conditioned by reduced soil
erosion. Testifying the same, the BD showed significant
negative correlation of −0.73∗∗ with clay and −0.68∗∗ with
soil organic matter (Table 2).&e low BD under SWCPs may
favour plant growth by having better soil-water functions
and less mechanical impedance to root growth. &e BD of
the surface layer (1.27mg m−3) was found to be significantly
lower than that of the subsurface layer (1.34mg m−3) (Ta-
ble 1). &is may indicate more amount of organic matter
input from crop residue on topsoil than subsoil layer. Soils
with high organic matter content are likely to have low mass
and more pore space that, in turn, reduces BD of the soils.
&e interaction between SWCPs and soil depth was, how-
ever, nonsignificant (P> 0.05) for BD.

3.1.3. Total Porosity. &e total porosity (TP) was significantly
(P< 0.05) affected by SWCPs (Table 1). &e practice of SB had
a significantly higher value of porosity (51.76%) than NC
(48.54%), while FTwas statistically similar to NC (Table 1).&e
highest TP observed for the conserved farmland with SBmight
be due to more retention of clay and silt fractions and organic
matter, favoring better structural development and mass-vol-
ume relationship. &e role of organic matter on total porosity
has been shown by [39, 62].&e improved soil aggregation can
create more macro- and micropores capable of enhancing
water retention and transmission characteristics of soil. A
significant increase in percent porosity under soil bund
(65.97± 4.61) and stone-faced soil bund (64.63± 3.57) than
control (59.83± 2.43) has also been reported by [59] for Lole
watershed, northwest highlands of Ethiopia.&e study is also in
agreement with finding of [57] who reported a higher mean
value of soil porosity in conserved farm land compared to
nonconserved fields. &is implied that an increase in soil or-
ganic matter content, as a result of high surface residue cover
due to soil conservation practice, increased the total porosity of
soils.

&e TP was also significantly (P< 0.05) affected by soil
depth (Table 1). &e mean value of TP at the surface
(0–15 cm) soil was significantly higher than the subsurface
soil layer (15–30 cm) (Table 1).&e lower value of porosity in
subsurface layer could be due to less accumulation of organic
matter and higher bulk density.

3.1.4. Soil Moisture Content. &e soilmoisture content (SMC)
was significantly influenced by soil conservation practices
(Table 1). Both SB and FT had significantly higher SMC
compared to NC, showing increases of about 119 and 46
percent, respectively, over NC (Table 1). Further, the value of
SMC under SB was significantly higher than FT practice.
Similar increases of volumetric water content have been shown
with SWCPs of soil bund and Fanya juu in Geshy subcatch-
ment, Gojeb river catchment, Ethiopia [43]. Also, [44] have
reported significantly higher soil moisture content under SB
(22.5%) compared to no conservation practice (12.2%) for
cultivated lands in Mawula Watershed, Loma District,
southern Ethiopia. It was indicated by [63] that soil bunds are

used to prevent runoff and provide more opportunity for water
to infilter into the soil profile. Also, higher amounts of clay and
organic matter in SWCPs would help retain more water by the
soils, as revealed by significant positive correlations of SMC
with clay (r� 0.68∗∗) and organic matter (r� 0.73∗∗). &e
stored water in soil profile could be usedmore efficiently by the
crops later in the season.

&e soil moisture was not significantly affected either by
soil depth (Table 1) or by the interaction between soil
conservation practice and soil depth.

3.2. Soil Chemical Properties

3.2.1. Soil Reaction. &e soil reaction (pH) was significantly
(P< 0.01) affected by soil conservation practices (Table 3). It
increased for the farmlands treated with SB and FT by
13.14% and 9.85%, respectively, compared with the NC
(control) (Table 3). Similarly, [39] had reported that soil pH
significantly varied within conservation practices and it was
lower in nonconserved farmland and higher in the Fanya juu
terraced farmland in Goromti watershed, western Ethiopia.
A significant improvement in soil pH under SWCPs of soil
bund and Fanya juu has also been indicated by [43] for
Geshy subcatchment of Gojeb river catchment, Ethiopia.
Further, a significant increase in pH was noticed for the
farmlands treated with soil bund (6.51± 0.32) and stone-
faced soil bund (6.48± 0.26) compared to the unconserved
farmland (5.90± 0.48) in Lole watershed, northwest high-
lands of Ethiopia [59]. &e removal of topsoil due to erosion
under no conservation practice exposes the subsoil to the
surface resulting in lower pH [55]. &e higher value of pH in
the conserved farm land could be credited to the presence of
more content of clay and organic matter that help retain
more basic cations in soil due to their adsorption on col-
loidal surfaces. &e soil pH was significantly (P< 0.05) lower
in 15–30 cm soil layer (5.83) compared to 0–15 cm soil layer
(5.98) (Table 3). Similar trend was shown by [64] that the pH
was slightly decreased with increasing soil depth. &e reason
for such an occurrence could be the decrease of clay and
organic matter contents with depth that retained basic
cations to raise soil pH.

According to the rating of [65], the pH under SB and FT
was slightly acidic, while it was moderately acidic under NC
practice. &e near neutrality soil pH under SWCPs would
favour mineralization of SOM and release of nutrients in soil
besides preventing fixation of nutrients like P, Ca, andMo in
acidic soil range.

&e reason for such a phenomenon could be the decrease
of SOM and basic cations such as Ca2+, K+, andMg2+ along
soil depth which decreases soil pH from top to down the soil
layers, showing strong positive and significant correlation
with SOM (r� 0.92∗∗), TN (r� 0.88∗∗), Av.P (r� 0.90∗∗),
CEC (r� 0.87∗∗), Ca2+ (�0.89∗∗), and exchangeable K+
(r� 0.85∗∗) (Table 2).

3.2.2. Soil Organic Matter. Soil organic matter (SOM)
content was significantly (P< 0.05) affected by interaction
between SWCPs and soil depths (Table 4). A significant
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increase in SOM was recorded under SB and FT both for
surface (0–15 cm) and subsurface (15–30 cm) layers com-
pared to NC (Table 4). &e SOM contents were statistically
similar for SB and FT. A number of studies
[39, 44, 58, 60, 64] have indicated the increases in SOM
under different SWCPs compared to nonconserved farm-
lands. For instance, [39] found soil organic carbon (SOC)
content to be significantly higher under Fanya juu structure
maintained for 5 years (2.21%) and 10 years (2.17%) com-
pared to control condition (1.96%) in Goromti watershed,
western Ethiopia. Likewise, the SOC was significantly higher
under soil bund (2.08%) compared to no management
(0.51%) in Mawula watershed, southern Ethiopia [44].
Further, in a recent study [43], the farmlands treated with
SWCPs (soil bund and Fanya juu) had significantly im-
proved SOC (3.21%) than the farmlands without SWCPs

(3.03). In another recent study [59], the percent SOC in
farmlands treated with soil bund (1.76± 0.47) and stone-
faced soil bund (2.20± 0.65) was significantly higher than
untreated farmlands (1.44± 0.45).

&e presence of SWCPs would reduce surface runoff and
soil loss, retain more water and nutrients, enhance crop
growth, and contribute to soil organic matter build-up in
soils. If maintained properly for long, the practices like SB
and FT would, eventually, develop to bench terrace, having
marked influence on reduction of soil erosion and en-
hancement of SOM and soil productivity.&e required SOM
level in soil governs favorably all physical and chemical soil
quality indicators [43] influencing soil-water functions and
nutrient availability. &e SOM has been rated as a key at-
tribute of soils to illustrate its importance for soil functions
and ecosystem services and overall realization of Sustainable
Development Goals of the UN [4].

Based on rating of [65], the SOM content under SWCPs
of SB and FT was medium, while it was low under NC.
&erefore, the farmlands without adequate protection
through SWCPs would suffer SOM depletion and conse-
quent decline in soil and crop productivity.

3.2.3. Nutrient Contents. &e total nitrogen (TN), available
phosphorus (Av. P), and available sulphur (Av. S) contents
of the soils were significantly (P< 0.01) affected by SWCPs
(Table 3) and both the practices of SB and FT were having
significantly higher contents of TN, Av. P, and Av. S
compared to NC practice. &e increases under SB and FT
compared to NC were 91 and 82% for TN, 167 and 174% for
Av. P, and 50 and 57%, for Av. S, respectively (Table 3).
Similar increases in nutrients under SWCPs compared to no
conservation practice have been indicated in some recent
studies. For instance, [59] found a significant increase in %
TN under soil bund (0.31± 0.09) and stone-faced soil bund
(0.35± 0.07) compared to control (0.19± 0.06) in Lole

Table 4: Effect of soil conservation practices and soil depths on
chemical properties of soils in the Uwite watershed.

Soil conservation practice
Depth

Ex. Ca Ex. Mg
cm SOM

(%) cmol (+) kg−1

SB 0–15 4.07a 13.40a 3.40a

15–30 3.56b 9.66b 2.35b

FT 0–15 3.95a 14.16a 3.10a

15–30 3.62b 9.76b 2.56b

NC 0–15 2.01c 3.23c 0.52c

15–30 1.89c 2.30dc 0.33c

LSD (0.05) 0.17 0.98 0.35
SEM (±) 0.05 0.31 0.11
P value ∗ ∗∗ ∗∗

CV (%) 3.01 6.40 9.45
Figures followed by same letter(s) within a column are not significantly
different from each other at P≤ 0.05. LSD� least significant difference;
SEM� standard error of means; CV� coefficient of variation; SB� soil
bund; FT� Fanya Juu terrace; and NC�non-conserved land. ∗ and ∗∗ mean
significant differences at 0.05 and 0.01 probability levels, respectively.

Table 3: Effect of soil conservation practices and soil depths on selected chemical properties of soils in Uwite watershed.

Treatment pH TN (%) Av. P Av. S Ex. K Ex. Na CEC PBSmg kg−1 cmol (+) kg−1

Soil conservation practice
SB 6.20a 0.21a 9.07a 1.82a 0.83a 0.12b 26.36a 58.78a

FT 6.02a 0.20a 9.33a 1.90a 0.85a 0.12b 27.03a 58.3a

NC 5.48b 0.11b 3.40b 1.21b 0.23b 0.17a 10.5b 25.36b

LSD(0.05) 0.17 0.02 0.87 0.12 0.18 0.03 2.69 5.83
SEM (±) 0.05 0.01 0.38 0.04 0.057 0.0087 0.95 1.85
Soil depth (cm)
0–15 5.98a 0.18a 7.83a 1.81a 0.68a 0.13a 24.55a 47.67a

15–30 5.83b 0.17a 6.70b 1.49b 0.58a 0.15a 18.05b 47.29a

LSD(0.05) 0.14 0.015 0.71 0.10 0.15 0.02 2.25 4.76
SEM (±) 0.045 0.047 0.22 0.03 0.05 0.01 0.77 1.51
CP ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

SD ∗ NS ∗∗ ∗∗ NS NS ∗∗ NS
CV (%) 2.3 8.24 8.9 5.85 22.0 15.29 10.93 9.55
Figures followed by the same letter with in a column are not significantly different from each other at P≤ 0.05. LSD� least significant difference;
SEM� standard error of the mean; CV� coefficient of variation; SB� soil bund; FT� Fanya juu terrace; NC�nonconserved farm land; CP� conservation
practices; and SD� soil depth. ∗ and ∗∗ mean significant differences at 0.05 and 0.01 probability levels, respectively, and NS� nonsignificant.
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watershed, northwest highlands of Ethiopia. In the same
study, the Av. P (mg kg−1) also increased significantly under
soil bund (12.4± 5.76) and stone-faced soil bund
(12.95± 5.27) compared to control (7.94± 2.63). Likewise,
[44] found significant increases under practices of SB and
SB+ FYM compared to no management by 67 and 133% for
TN and 77 and 182% for Av. P, respectively, in Mawula
watershed, southern Ethiopia. &e increases with SWCPs in
TN and Av. P, although nonsignificant, have also been
indicated by [43] in Geshy subcatchment, Gojeb River
catchment, Ethiopia. A significant increase in N content
from 0.17% in control to 0.24% under Fanya juu-treated
farmland for 10 years has also been reported by [39] for
Goromti watershed, western Ethiopia. Some earlier studies
bib61[56, 60, 64] have also shown the increased nutrient
contents with SWCPs compared to no conservation practice
on farmlands.

&e increased nutrient availability under SWCPs could
be related to higher amounts of SOM in them. A bulk of
nutrient elements like N, P, and S occurs in soil as part of
organic molecules, which gets mineralized to become slowly
available to plants. &e SOM having large bearing on the
availability of nutrients in soils was reflected in having highly
significant positive correlations between SOM and TN
(0.96∗∗), Av. P (0.97∗∗), and Av. S (0.92∗∗) (Table 2).

&e soil depth had no significant effect on TN content,
but it was significant for Av. P and Av. S (Table 3). &e Av. P
decreased from 7.83mg kg−1 in surface layer to 6.70mg kg−1

in subsurface layer.&e Av. S decreased from 1.81mg kg−1 in
surface layer to 1.49mg kg−1 in subsurface layer. A signif-
icant difference for Av. P in top and subsoil layers has also
been found by [66] in a study on Anjeni watershed, central
highlands of Ethiopia. &e difference in nutrient level in
surface and subsurface layers could be explained to SOM
levels which decreased with soil depth.

According to the rating given by [65] for N and by [51]
for P, the N and P contents under SB and FTwere moderate/
medium and low under NC. &e Av. S, although, higher
under SB and FT, was at critical level for all the practices.
&is was obvious as soils belonging to Nitisols in Rift valley,
Ethiopia, are reported to be having lowest soluble sulfate
content, which is below the critical level for crop production
[67].

3.2.4. Exchangeable Cations and Cation Exchange Capacity.
&e interaction between conservation practices and soil
depth showed significant (P< 0.01) variation for ex-
changeable Ca and Mg, which decreased significantly with
soil depth except for NC (Table 4). &e SWCPs of SB and FT
showed significantly higher values of exchangeable Ca and
Mg both for surface and subsurface soil depths compared to
NC practice. &e exchangeable K was also significantly
higher under SB and FT (Table 3). &e overall trend of
availability of basic cations under SWCPs was SB� FT>NC.
&e cation exchange capacity (CEC) was also significantly
higher under SB (26.36 cmol kg−1) and FT (27.03 cmol kg−1)
compared to NC (10.5 cmol kg−1) (Table 3). &e higher
contents of exchangeable basic cations and CEC under

SWCPs of SB and SB+ FYM have been reported by [44] for
Mawula watershed, southern Ethiopia. Similarly, signifi-
cantly higher values of CEC are reported for soil bund
(30.06± 10.00 cmol kg−1) and stone-faced soil bund
(36.51± 4.98 cmol kg−1) compared to control condition
(22.86± 5.28 cmol kg−1) for Geshy subcatchment, Gojeb
river catchment, Ethiopia [43].&e same study also recorded
significantly higher contents of K under the SWCPs com-
pared to control.

&e higher values of basic cations and CEC under
SWCPs could be credited to higher amounts of clay and
organic matter in them. Conversely, the low contents of
exchangeable cations and CEC under NC could be due to
more erosion of clay and organic matter fractions that retain
nutrient cations. &e influence of clay and SOM on ex-
changeable cations and CEC is very well depicted in having
highly significant positive correlations between them. &e
“r” values for the relationship between clay and exchange-
able Ca, Mg, K, and CEC were 0.88∗∗, 0.88∗∗, 0.88∗∗, and
0.83∗∗, respectively (Table 2). Likewise, the “r” values for the
relationship between SOM and exchangeable Ca, Mg, K, and
CEC were 0.97∗∗, 0.98∗∗, 0.92∗∗, and 0.95∗∗, respectively.

As per ratings given by [68], the status of exchangeable
Ca, Mg, and K was high, medium to high, and high, re-
spectively, under SWCPs and low under no conservation
practice. &e CEC as per rating by [69] was high under
SWCPs and low under no conservation practice. &e higher
CEC in soils under SWCPs will ensure greater and sus-
tainable supplies of nutrients to growing crops.

3.2.5. Percent Base Saturation. &e percent base saturation
(PBS) is a measure of saturation of soil exchange complex
with basic cations and is an important indicator of soil
fertility status of soils. It was significantly higher under SB
(58.78%) and FT (58.3%) compared to NC (25.36% (Table 3).
&e PBS under NC far below 50% could be due to intensive
soil erosion removing fine fraction of soil as well as SOM
retaining bases on exchange complex, as also suggested by
[70]. &e influence of clay and SOM on PBS is evidenced by
highly significant and positive relationship between them.
&e coefficient of correlation (r value) between clay and PBS
and between SOM and PBS was 0.90∗∗ and 0.95∗∗, re-
spectively (Table 2). As per rating by Hazelton and Murphy
[69], the soils under SWCPs were moderate in PBS status
and low under no conservation practice.

&e PBS was not affected by soil depth as well as by the
interaction of conservation practice and soil depth.

3.2.6. Micronutrients. &e contents of micronutrients, viz.,
Fe2+, Mn2+, Zn2+, and Cu2+, were significantly affected by
the soil conservation practices and soil depths. Both the
SWCPs of SB and FT recorded significantly higher contents
of micronutrients compared to NC; the increases over NC
were 35–38% for Fe, 40–55% for Zn, and 43–57% for Cu
(Table 5).

Similar significant increases in micronutrient contents
(Fe, Mn, Zn, and Cu) under SWCPs (SB and SB+ FYM)
compared to no management practice have been reported in
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a recent study [44] in Mawula watershed, southern Ethiopia.
&e increased solubility and availability of micronutrient
cations under conservation practices were probably due to
increases in the SOM amounts in them, as evidenced by
significant and positive correlations of SOM with Fe
(r� 0.95∗∗), Zn (r� 0.88∗∗), and Cu (r� 0.86∗∗) (Table 2).

&e organic matter decomposition products act as
chelating agents with micronutrient cations as central
atom, preventing their precipitation and increasing
availability in soils. &e 0–15 cm soil depth indicated
significantly higher micronutrient contents than 15–30 cm
soil depth. &e effect was, obviously, due to higher SOM
levels in surface layer.

&e widespread land degradation in the study area has
brought significant reductions in the SOM levels and
availability of micronutrients. &e emergence of micro-
nutrient deficiencies in the Hadero Tunto Zuria woreda is
confirmed by the soil fertility and fertilizer map prepared for
the area by ATA [25]. &erefore, under no soil conservation
practice, the soils need to be replenished with deficient
micronutrients besides the primary nutrients like NPK. &e
Ministry of Agriculture, Ethiopia, has already taken the
initiative of popularizing blended fertilizers with micro-
nutrients specific to different areas. However, such a con-
tingency may not arise, should the lands be provided with
appropriate SWCPs maintaining adequate levels of SOM
and micronutrients in soils.

From the foregoing, it was evident that farmlands
without any protection were impoverished and required
appropriate SWCPs for the maintenance of soil fertility and
crop productivity. In a recent study [59], the crop yields have
been shown to be increased under SWCPs maintaining
higher soil fertility.

4. Conclusion

&e soil and water conservation practices of soil bund and
Fanya juu terrace implemented for the last ten years on
Uwite watershed in Ha-Chacho kebele, Hadero Tunto dis-
trict revealed positive effect on various soil physical and
chemical properties of soil. Both the practices, at par with
each other, indicated significantly higher content of clay,
lower bulk density, higher total porosity, higher moisture
content, higher pH, higher soil organic matter, higher
percent base saturation, higher cation exchange capacity,
higher amounts of macro- (N, P, K, Ca, Mg, and S) and
micronutrients (Fe, Zn, and Cu) compared to no conser-
vation practice. &e surface soil layer (0–15 cm) was sig-
nificantly superior to the subsurface layer (15–30 cm) in
terms of most of these soil properties. &erefore, both the
existing practices merit their continuation and upscaling to
new degraded areas in the watershed to ensure sustainable
land productivity and quality of environment. &e findings
may be validated further by ascertaining crop yield and
socioeconomic variables related to soil and water conser-
vation practices. Also, the awareness on the potential ben-
efits of conservation practices in realizing the Sustainable
Development Goals of United Nations (more relevant for
African continent) should be created among various
stakeholders, including government organizations, devel-
opment agents, NGOs, and farming community.
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