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Soil degradation is a global challenge for agricultural productivity. To tackle this, the Ethiopian government and different NGOs
launched soil management technologies in different parts of Ethiopia, including the Wera sub-watershed in Anlemo district,
southern Ethiopia. This study was carried out to investigate the effect of soil management practices on soil properties at various
landscape positions in the Wera sub-watershed. To achieve the intended objective, the 27 composite soil samples were collected
from soil bund with desho grass, fanya-juu with desho grass and no management practices (control) with three replications at
three landscape positions from 0 to 30 cm depth whereas, 27 undisturbed soil samples were collected for bulk density analysis. The
collected soil samples were analyzed for soil texture, soil reaction, cation exchange capacity, organic carbon, total nitrogen, and
available phosphorus. The result showed that soil bund with desho grass and fanya-juu with desho grass were significantly
influenced selected soil physico-chemical properties when compared with no management measures. In addition, landscape
position has significantly (p <0.05) influenced the selected physico-chemical properties of soil. Hereafter, soil bund with desho
grass and fanya-juu with desho grass practices were found to be effective in changing landscape positions and advancing soil
productiveness. Therefore, implementing soil bund with desho grass and fanya-juu with desho grass by considering landscape

position is vital for increasing soil productivity via minimizing soil loss.

1. Introduction

Soil degradation, in terms of its quality and productivity due
to improper use, is a major global issue and will remain high
on the international agenda in the 21Ist century due to its
effects on agronomic productivity, the environment, and
food security [1]. Various sources suggest that 5-6 million
hectares of arable land worldwide are being lost annually to
severe degradation [2]. Soil conservation is a requirement for
reducing soil fertility depletion and achieving sustainable
land management in developing countries, where agricul-
ture is the primary source of labor and food for an expanding
population. Although conservation and productivity should
always go hand in hand, this is not always the case. Soil
conservation should increase agricultural output rather than
decrease it. Agriculture is the backbone of the Ethiopian

economy, accounting for roughly 41% of GDP, 84% of total
exports, and 80% of employment [3-5]. However, soil
erosion [6, 7] and declining soil fertility [8, 9] severely limit
agricultural productivity. According to [10], annual soil loss
is estimated to be 1.5 billion metric tons, with 50% of this
occurring on croplands, a problem that is especially severe in
Ethiopia’s highlands [11, 12].

The main challenges of soil management practices in
Ethiopia include an emphasis on physical measures (soil
bunds, Fanya-juu, and so on), implementing uniform
technologies for all agro-ecologies, a failure to integrate
physical measures with biological practices, a top-down
extension approach, and a lack of attention to indigenous
knowledge [13, 14]. Because of the issues presented, soil
management initiatives in Ethiopia, particularly the Wera
sub-watershed, have been less successful. Additionally, there
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was less emphasis on combining physical measures with
biological practices (such as the soil bund with desho grass
and the fanya-juu with desho grass), there was poor public
participation at various stages, and there was less of a push to
preserve indigenous soil conservation practices. As a result,
[15] noted that public and private supporters deploy soil
bunds with desho grass (P. pedicellatum) across the slope in
densely populated highland for sustainable soil and water
conservation programs, including the Wera sub-watershed.

High rates of soil erosion are caused by erosive tropical
rains, steep slopes, extensive deforestation for fuelwood
collection, the expansion of cultivation into steep land areas,
overgrazing, long periods of maladapted agricultural prac-
tices, and high population pressure [16-18]. Many studies in
Ethiopia confirmed the positive impacts of soil and water
conservation practices on soil physico-chemical properties
and crop yields [19]. Soil conservation practices tested in
Simada district, northwest Ethiopia, significantly improved
soil physico-chemical properties [19], with significant dif-
ferences in clay content between soil bund with desho grass,
fanya-juu with desho grass, and control fields. A significantly
higher amount of clay content was also found in fields with
soil management practices compared to fields without
conservation measures. Similarly, significantly lower mean
bulk density was found in fields treated with soil manage-
ment practices than in the untreated fields in Adaa Berga
district, western Ethiopia [20]. Other studies conducted in
Ethiopia also verified the positive impacts of soil and water
conservation practices on soil physico-chemical properties
and crop yields [8, 9, 12, 21]. Moreover, [12] evaluated the
20-year-old soil and water conservation practices on slope
gradient, and found a 2.7% slope reduction on average
because of the trapped sediment. The soil and water con-
servation practices improve the soil physico-chemical
properties [19, 20] and reduce land degradation neutrality
challenges [22, 23] and thereby will help to attain the 2030
United Nations Sustainable Development Goals, such as
ending poverty, ending hunger, good health and well-being,
sustainable economic growth, sustainable production, cli-
mate change mitigation, and halting and reversing land
degradation.

In Ethiopia, although many studies confirmed the
positive impacts of physical soil and water conservation
practices on soil physico-chemical properties and crop
yields, farmers frequently destroy soil and water conserva-
tion measures constructed on their fields, claiming that the
practices did not show a positive impact/effect other than
occupying their farmlands and the limitation of integrated
(physical and biological) soil management practices on soil
properties. Such claims need analysis and measured data to
design alternative soil management strategies. Moreover,
understanding how soil management practices reduce soil
erosion and the loss of soil nutrients is important to show
and prove to farmers the effectiveness of such practices.

Therefore, this study examined the effects of imple-
menting soil bund with desho grass, fanya-juu with desho
grass, and no soil management at different landscape po-
sitions on soil properties in Wera sub-Watershed in Anlemo
district, in southern Ethiopia.
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2. Materials and Methods

2.1. Study Area Description. This study was conducted in
Wera sub-watershed which is located in Anlemo District of
Hadiya Zone in southern Ethiopia. The District is 210 km far
from Addis Ababa and 18 km from Hosanna which is capital
town of Hadiya Zone. Geographically, it is located at
7°54'7.7"N latitude and 37°89'38.06"E longitude (Figure 1).
It is also located at North Silte zone, at South Lemo Woreda,
at East Shashogo Woreda and at West Misha Woreda of
Hadiya Zone [24].

The common vegetation in the study area includes:
Croton macrstachys, Cordia africana, and Podo carpus. The
district received 1001 to 1200 mm mean annual rainfall and
average temperature of 15°c to 20°c. The rainfall distribution
is characterized as bimodal and erratic, the small rainy
season from March to April, and the main rainy season from
June to October. On the other hand, the Community of
district depends on mixed agriculture (crop and livestock
production). The annual crops grown are wheat, teff, po-
tatoes, barley, maize, pea, cabbage, carrots, and onions
whereas, perennial grown crops are enset, chat, sugarcane,
and avocados [24].

2.2. Method of Data Collection. In this research, both pri-
mary and secondary data sources were used. The primary
data were obtained from soil analysis and field observation,
whereas the secondary data were obtained from published
sources.

2.2.1. Study Site Selection. The Wera-sub watershed in
Anlemo district was purposively selected due to the presence
of intensive watershed management measures with similar
ages, such as soil bund with desho grass, fanya-juu with
desho grass, and adjacent non-conservation measures,
which are implemented by Sustainable Land Management
Project before 10 years ago. According to the information
obtained from District Agricultural office, among the wa-
tershed management measures implemented by the project,
soil bund with desho grass and fanya-juu with desho grass
were common in the cultivated fields of the sub-watershed.
Hence, the soils treated with soil bund with desho grass,
fanya-juu with desho grass, and adjacent non-conservation
measures as a control were considered for this study. The
details of the conservation measures are described in Table 1.

2.2.2. Sampling Procedure. The purpose of this study was to
analyze the effects of soil management practices (soil bund
with desho grass, fanya-juu with desho grass, and no con-
servation measures) on selected soil physico-chemical
properties at different landscape positions in the study area.
The composite soil samples were randomly taken by using
augur from soils treated with soil bund with desho grass,
fanya-juu with desho grass, and adjacent non-conservation
measures at three landscape positions (upper, middle, and
lower) with three replication at the depth of 0-20cm. In
total, 27 composite soil samples (3 = 3 * 3) (i.e., three soil
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FIGURE 1: Location map of study area.

TaBLE 1: Description of soil management practices in the study area.

Soil management measures

Descriptions

(i) Soil bund with desho grass

This category of cultivated field consisted 10 year soil bund with desho grass

(ii) Fanya-juu with desho grass This category of cultivated field consisted 10 year fanya-juu with desho grass fanya-juu with desho grass

(iii) No conservation measure

This category of cultivated field is no conservation measure at all

management measures * three landscape positions * three
replication) were collected for selected soil physical (soil
texture and bulk density) and chemical (pH, organic carbon,
total nitrogen, available phosphorus, and Cation exchange
capacity) properties analysis. Whereas, undisturbed soil
sample was collected using core-sampling method [25] to
determine soil bulk density. The history of soil management
practices, particularly fertilizer application, was recorded in
all cases, and all key informants interviewed responded that
they use the same type and amount of fertilizer per hectare
on their farm land with soil bund with desho grass, fanya-juu
with desho grass, and no conservation measure. The farm
lands from where the soil samples taken were under wheat
cultivation.

2.2.3. Soil Laboratory Analysis. The collected soil samples
were air-dried, mixed well, and passed through a 2-mm sieve
to analyze the texture and bulk density. Determinations of
particle size distribution were carried out by the hydrometer
method [26]. Hydrogen peroxide (H,O,) was used to

destroy the soil organic matter and sodium hexa meta-
phosphate (NaPOs), as well as sodium carbonate (Na,CO3)
was used as soil dispersing agent and also one or two drops
of amyl alcohol was used for foam reduction.

The bulk density of an undisturbed soil sample was
determined using the core method [25] by weighing the wet
core and determining the mass of solids and water content of
the core by drying it to constant weight in an oven at 105°C
for 24 hours and calculated as given in equation (1).

3 Mcs — Mc

Ve M

BD
where BD = Bulk density in gcm ™, Mcs = the mass of each
core with its dry soil in g, Mc = the mass of each empty core
in g, and Vc = Volume of core in cm®

Soil pH was measured using the glass electrode method
with in a supernatant suspension of a 1:2.5 soil: liquid on a
mass to volume basis. Earlier than use, the pH meter was
calibrated with buffer solutions of pH 7 as its necessity. After
30 minute of stirring, the pH was measured in the
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TaBLE 2: Effect of soil management practices at different landscape positions on soil physical properties.

Soil properties

Landscape positions

Soil management practices

SBD FD NSC Overall
Upper (>30%) 36.00 + 3.4 3533+ 1.15° 46.00 +0.00* 39.11 +5.49*
Middle (15-30%) 21.33+2.3° 21.33+1.15° 34.00 + 2.00° 25.56 + 6.54°
Sand (%) Lower (<15%) 18.00+0.0° 17.33+1.15° 20.67 +2.31° 18.67 +2.00¢
Overall 25.11+8.5° 24.66 + 8.25° 33.56 +11.08%
LSD 5% 1.8282
Upper (>30%) 28.00+1.1¢ 28.67 +2.31¢ 24.00 + 1.15° 26.89 +2.67°
Middle (15-30%) 36.00 + 2.00° 35.33+1.15° 30.67 + 3.05¢ 34.00 +3.16°
Silt (%) Lower (<15%) 36.67 +0.0° 37.33+1.15° 40.67 + 1.15° 382242114
Overall 33.56+4.3° 33.78 +4.17° 31.78 +7.51°
LSD 5% 1.7469
Upper (>30%) 36.00 + 3.46 36.00 + 3.46 30.00 + 2.00° 34.00 + 4.00°
Middle (15-30%) 42.67 +3.05° 4333+ 1.15° 35.33 £4.62° 40.44 +4.70"
Clay (%) Lower (<15%) 4533 +1.15° 4533 +2.31° 38.67 +1.15% 43.11+3.62%
Overall 41.33+4.8 41.56 + 4.94° 34.66 + 4.58°
LSD 5% 2.7223
Upper (>30%) 1.01 +0.03° 0.98 +0.07° 1.13+0.11% 0.99 +0.094
Middle (15-30%) 0.97 £0.07° 0.94 +0.09° 1.08 +0.09* 0.86 +0.11*
BD (g/m?) Lower (<15%) 0.83+0.02¢ 0.78 £0.11¢ 0.98 +0.02° 1.04 +0.07°
Overall 0.94 +0.09° 0.90 +0.12° 1.06 + 0.06*
LSD 5% 0.0621

At p <0.05, mean values followed by different small letters (a, b, ¢) along the same rows and capital letters (A, B, C) along the same column differ significantly.
LSD stands for least significant difference, BD stands for bulk density, SBD stands for soil bund with desho grass, FD stands for fanya-juu with desho grass,

and NSC stands for non-soil conservation practices as a control.

suspension by using a standard pH meter and the liquid was
water.

Soil organic carbon was determined by using Walkley
and Black wet digestion method. One Gram of soil was
reacted with a mixture of 10 mL of 1 N K,Cr,O; solution and
20mL of 98% H,SO,. After adding 200 mL distilled water,
10mL of 85% H3PO,, and 1 mL of indicator solution (0.16
percent barium diphenylamine sulfate), the excess dichro-
mate solution was titrated against 1 M ferrous sulfate, and
finally values of soil organic carbon were multiplied by a
factor of 1.724 to obtain soil organic matter using the
standard practice that organic matter is composed of 58
percent carbon [27]. The available phosphorus content of the
soil was analyzed using 0.5 M sodium bicarbonate extraction
solution (pH < 7) of Bray II method [28]. Total nitrogen was
identified by using Kjeldahl digestion procedure [29]. Cation
exchange capacity (CEC) was determined after extracting
the soil samples by ammonium acetate method (IN
NH40Ac) at pH 7.0 [26].

2.3. Data Analysis. The Analysis of Variance (ANOVA) was
performed to test the differences in the soil properties due to
different soil management measures. The difference was
determined following the General Linear Model procedure
at p<0.05 level using SAS 9.2. Mean separation was done
using least significant difference (LSD) at p<0.05. Fur-
thermore, correlation analysis was employed to ascertain the
relationship between the selected soil properties and soil
management measures.

3. Result and Discussion

3.1. Effects of Soil Management Practices on Soil Physical
Properties

3.1.1. Soil Texture. The sand, silt, and clay fractions were
significantly affected (p <0.05) by soil management prac-
tices and landscape positions (Table 2) in the study catch-
ment. The overall mean of sand fraction was higher in the
upper landscape position and lower in the lower landscape
positions. In general, sand content increases as landscape
positions increase, and silt and clay content decreases as
landscape positions increase.

This might be the selective removal and transport of soil
clay and silt by water erosion to the lower landscape posi-
tions, leaving the coarser materials on-site in the upper
landscape positions. Similarly, [8] has reported an increase
in sand and decrease in silt and clay content with an increase
in slope gradient. In addition to this, [30] has indicated sands
are easily detachable but difficult to transport. In contrast,
silt and clay are easily transportable although they are dif-
ficult to detach from runoff.

On the other hand, there was a significant (p <0.05)
difference found in sand, silt, and clay proportion between
conservation practices and without conservation practices.
The overall mean of clay and silt content on land with
conservation measures was significantly higher than on land
without conservation measures, whereas the sand fraction
was significantly lower on land with conservation measures
than on land without conservation measures (Table 2). This
could be due to the accumulation of fine textured clay and



Applied and Environmental Soil Science 5
TABLE 3: Pearson correlation matrix for the selected soil properties in the study area.
BD Sand Silt Clay Av.P TN CEC pH OC
BD 1.00*
Sand 0.05" 1.00*
Silt 0.37* 0.02" 1.00*
Clay -0.24" -0.60" -0.66" 1.00*
Av.P -0.47* 0.00 -0.21% 0.17* 1.00*
TN —-0.30" -0.17" -0.23* 0.32* 0.47* 1.00*
CEC -0.16" -0.71% -0.06" 0.60* 0.39* 0.34* 1.00*
pH -0.04" 0.17" —-0.30" 0.35* 0.04" 0.41* 0.05" 1.00*
OC -0.31" -0.16" -0.30" 0.37* 0.44* 0.99* 0.36" —-0.40" 1.00"

*-stands for significant, n-stands for not significant. BD stands for bulk density, Av.P stands for available phosphorus, TN stands for total nitrogen, CEC
stands for cation exchange capacity, pH stands for potential for hydrogen, and OC stands for organic carbon.

silt fractions behind the implemented conservation mea-
sures. Furthermore, fields with soil and water conservation
practices had higher clay and silt proportions than fields
with no conservation practices [19, 31, 32].

3.1.2. Soil Bulk Density. There was a statistically significant
(p<0.05) difference in soil conservation practices treated
versus untreated fields and landscape positions (Table 2).
The soil bulk density was lower in soil bund with desho grass
and fanya-juu with desho grass than besides no soil man-
agement practices. The higher bulk density in the cultivated
field with no soil management practices could be due to
erosion and runoff removing organic carbon from the
topsoil layer. Similarly, lower soil bulk density [20, 33] was
observed in treated watersheds than untreated watersheds.

In addition, soil bulk density showed statistically sig-
nificant (p <0.05) variation at different landscape positions
(Table 2). It was found to be lower in the lower (<15%)
landscape position than in the upper (>30%) landscape
position. As landscape position increases, soil bulk density
increases, which might be associated with low soil organic
carbon content. Similarly, [20] reported lower soil bulk
density was observed in cultivated fields of lower slope
positions than in the upper slope positions. In addition to
this, there was a direct relationship [9, 34] of soil bulk density
and slope gradient. This study discovered a significant and
negative correlation between bulk density and clay fraction
(r=-0.24"); a non-significant and positive correlation be-
tween bulk density and sand fraction (r=0.05); and a sig-
nificant and negative correlation between bulk density and
organic carbon (r=-0.31*) (Table3). The reason might be
related with variations in soil organic matter content, which
has an inverse relationship with soil bulk density. In general,
soil texture and bulk density did not differ significantly
(p>0.05) between two soil management practices (soil bund
with desho grass and fanya-juu with desho grass), which
could be attributed to the practices’ similar ages.

3.2. Effects of Soil Management Practices on Soil Chemical
Properties. In this part, the effects of soil management
practices (soil bund with desho grass and fanya-juu with
desho grass) on soil chemical properties (Soil pH, CEC, OC,
Av.P, and TN) were presented as follows:

3.2.1. Soil pH. The soil pH showed a significant different
(p £0.05) between soil with management practices and soil
with no management practices in the study area (Table 4).
The overall mean of soil bund with desho grass was
(6.51 £0.32), fanya-juu with desho grass was (6.48 +0.26),
and overall mean of no management practices was
(5.90 + 0.48) (Table 4). This might be organic matter removal
by sheet erosion from soil without conservation fields. This
finding was supported by [8] in the Weday watershed,
eastern Ethiopia. Similarly [35], low pH value was observed
in untreated fields due to low base saturation percentages
and low sediment organic carbon content when compared
with soil management practices.

Soil pH variations were significant (p < 0.05) in different
landscape positions. The overall mean value of soil pH was
found to be low in the upper (>30%) landscape position and
high in the lower (<15%) landscape position. As the land-
scape position increases, soil pH decreases. The reason might
be the influence of landscape position by its effect of fa-
cilitating soil erosion and the leaching of soluble base cations
which in turn increased the concentration of H* ion in the
soil solution and reduced soil pH. The difference in soil pH
across the landscape position might be associated with the
distribution of soil organic carbon and cation exchange
capacity as pH is positively and significantly correlated with
soil organic carbon, cation exchange capacity, and clay
fraction (r=0.40*, r=0.05, and r=0.35%, respectively,
Table 3).

3.2.2. Cation Exchange Capacity (CEC). This finding showed
there was significant difference (p < 0.05) between cultivated
fields with soil management practices and without soil
management practices in the study area (Table 4). In the
study, area cation exchange capacity was significantly
influenced by the soil management practices (soil bund with
desho grass and fanya-juu with desho grass) which could be
due to the trapping and accumulation of soil organic matter
via management practices. This was confirmed by the sig-
nificant and positive relationship between soil organic
carbon (r=0.36") and clay content (r=0.60%) and cation
exchange capacity (Table 3). This finding was in line with
[8, 19] reported higher mean values of cation exchange
capacity was found in the treated than in the untreated fields
in central and eastern Ethiopia.
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TaBLE 4: Effect of soil management practices at different landscape positions on soil chemical properties.

Soil properties

Landscape positions

Soil management practices

SBD FD NSC Overall
Upper (>30%) 6.36 +£0.06° 6.35+0.11° 5.30 £0.10° 6.01 +0.54€
Middle (15-30%) 6.27 £0.75° 6.41+0.32° 6.06 +0.09° 6.25+0.23"
pH Lower (<15%) 6.81 +0.12° 6.77 +0.36% 6.35+0.07° 6.65 +0.29%
Overall 6.48 +0.26° 6.51 +£0.32° 5.90 +0.48"
LSD 5% 0.1769
Upper (>30%) 30.40 + 0.87° 2110 £1.27° 18.88 +2.00° 23.46 + 5.44€
Middle (15-30%) 38.53+1.39° 28.40 +4.95° 21.47 +3.92¢ 29.47 +8.10°
CEC (cmolkg™) Lower (<15%) 40.60 +3.07° 40.69 + 8.94% 28.24 +4.69" 36.51 + 8.14*
Overall 36.51 +4.98° 30.06 + 10.0° 22.86+5.28°
LSD 5% 4.1688
Upper (>30%) 1.39 + 0.06° 1.25+0.15° 0.92 +0.16° 1.18 +0.24¢
Middle (15-30%) 2.42+031° 1.82+0.21¢ 1.58 +0.19¢ 1.94+0.43"
OC (%) Lower (<15%) 2.79+0.07° 2.21+0.31° 1.81 +0.30° 2.27+0.48%
Overall 220+ 0.65° 1.76 +0.47° 1.44 +0.45°
LSD 5% 0.2157
Upper (>30%) 0.29 + 0.00¢ 0.21 +0.02° 0.14 +0.01° 0.22+0.01€
Middle (15-30%) 0.32+0.0° 0.30 +0.00° 0.17 +0.01° 0.26+0.07°
TN (%) Lower (<15%) 0.43 +0.03° 0.42 +0.03° 0.26 + 0.06° 0.37+0.10%
Overall 0.35+0.07° 0.31 +0.09° 0.19 +0.06°
LSD 5% 0.0279
Upper (>30%) 6.64+0.13¢ 6.62 % 0.45° 5.54 +1.45° 6.27 £ 0.94¢
Middle (15-30%) 14.66 + 3.64¢ 10.96 +1.09° 7.17 £0.30° 10.93 +3.76°
Av.P (mgkg™) Lower (<15%) 17.56 + 1.40° 19.60 +0.74° 1112 +2.90° 16.09 +3.94%
Overall 12.95 £5.27° 12.4+5.76° 7.94+2.63°
LSD 5% 1.4833

At p<0.05, mean values followed by different small letters (a, b, ¢) along the same rows and capital letters (A, B, C) along the same column differ significantly.

Even though, the cation exchange capacity showed a
significant (p <0.05) difference at different landscape po-
sitions, it was discovered to be low in the upper (>30%)
landscape positions and high in the lower (<15%) landscape
positions. As the landscape positions increased, the CEC
value decreased. This could be due to the removal of basic
cations from the upper (>30%) landscape positions, and
accumulation in the lower (<15%) landscape positions. This
finding was in line with [8, 19] reported higher CEC values
in the lower (<15%) landscape positions than those in the
upper (>30%) landscape positions in central and eastern
Ethiopia.

3.2.3. Soil Organic Carbon (OC). The organic carbon con-
tent was significantly (p < 0.05) affected by soil management
practices when compared with adjacent no management
practices (Table 4). It was significantly lower under no
management practice (1.44 +0.45) compared to soil bund
with desho grass (2.20+0.65) and fanya-juu with desho
grass (1.76 +0.47) (Table 4). The soil organic carbon also
showed a significant variation (p <0.05) between the dif-
ferent landscape positions (Table 4). The higher soil organic
carbon was observed at lower landscape position than upper
landscape positions. It showed an inverse relationship with
landscape positions that means as landscape position in-
creases, soil organic matter decreases. This might be asso-
ciated with the removal of organic matter from upper
landscape positions and its subsequent deposition in the
lower landscape positions via eroding agents. This finding

was consistent with the findings of [36, 37] who found that
tertile soil deposition at lower slopes favored high biomass,
residue, and soil organic carbon in northern and northwest
Ethiopia. The lands with management practices that provide
mechanical barriers to the runoff water would have reduced
the loss of fine soil fractions and organic carbon, that is,
because clay particles have large exchange surface areas, they
adsorb and stabilize OC in soils. That means soil manage-
ment practices such as soil bund with desho grass and fanya-
juu with desho grass might add organic matter to the soils
through biomass besides controlling soil erosion.

3.2.4. Total Nitrogen (TN). The total nitrogen was signifi-
cantly affected (p<0.05) by different soil management
practices and landscape conditions. It was significantly lower
with no management (0.19 +£0.06) compared to soil bund
with desho grass (0.35+0.07) and fanya-juu with desho
grass (0.31+£0.09) (Table 4). This might be due to integrated
use of desho grass with physical soil management practices
which improves soil organic carbon and reduced soil loss via
soil erosion.

The soil management practices reducing runoff and soil
loss and enhancing profile water storage would contribute to
soil organic matter and nitrogen input in the soil. For in-
stance, non-conserved land had the smallest mean value of
total nitrogen compared to the conserved land [21, 32]. The
Pearson correlation coefficient also revealed that TN sig-
nificantly and positively correlated with soil organic carbon
(r=0.99*) (Table 3). This is because SOM is the main source
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TaBLE 5: Effect of soil management practices on inter-terrace slope of the study watershed.

Soil management practices

Mean inter-terrace slope (%)

Height of bunds(cm)

Soil bund with desho grass
Fanya-juu with desho grass

No conservation practices (control)
LSD

CvV

7.16° 80.0°
8.00° 67.0°
19.50° 00.00°
11.64 9.08
49.67 9.28

At p<0.05, mean values followed by different letters (a, b, c) are significantly different and CV, coefficient of variation.

of TN. Because of increased biomass production, litter
quantity, and organic matter decomposition, TN also cor-
related positively with SOC. In general, TN was low in the
untreated fields and medium in the treated fields which
indicates that nitrogen is a limiting plant nutrient in the
study area. This might be due to the limited use of nitrogen-
containing inputs.

3.2.5. Available Phosphorus (Av.P). Soil management
practices and landscape positions had a significant (p < 0.05)
effect on soil available phosphorus (Table 4). The highest
(12.95+5.27mg/Kg) and the lowest (7.94+2.63 mg/Kg)
Av.P contents were observed under the soil bund with desho
grass and no soil management practices, respectively (Ta-
ble 4). The reason might be due to the fact that the inte-
gration of physical and biological soil management (soil
bund and fanya-juu with desho grass) practices add mineral
and organic fractions in soil, besides intensity of soil
weathering and P fixation as a result of decreased soil
erosion. Whereas, low available phosphorus in no soil
management practice was due to continuous cultivation and
high erosion. This finding was supported by [8, 21] reported
fields without soil and water conservation has extractive
crops biomass harvest and soil erosion in eastern and
southern Ethiopia. Besides, Av.P of the soil was positively
and significantly correlated with total nitrogen (r=0.47*)
and organic carbon (r =0.44") (Table 3). Also, [21] reported
significantly higher contents of available phosphorus in
conserved compared to non-conserved fields which means
that the main effect of slope range also revealed that available
P was significantly higher in the lower slope than in the
upper slope because of its removal from the upper slope and
deposition in the lower slope.

As presented in Table 4, available phosphorus was sig-
nificantly (p<0.05) affected by landscape positions in the
study area. The highest available phosphorus (16.09 + 3.94)
was found in the lower (<15%) landscape position, while the
lowest (6.27+0.94) mean value was found in the upper
(>30%) landscape position. The reason for this could be due
to the washing away of topsoil and organic matter from
higher landscape positions and their subsequent accumu-
lation at lower landscape positions, as [8] found in the
Weday watershed in eastern Ethiopia.

3.3. Effect of Soil Management Practices on Landscape Position
Change. The mean inter-terrace slope position showed a
significantly (p <0.05) difference between the plots with soil
management practices and no conservation practices. The
mean inter-terrace slope position in the soil management

practices was found to be low compared with the no con-
servation practices (Table 5). However, the mean inter-
terrace slope positions between soil bund with desho grass
and fanya-juu with desho grass did not show a significant
(p>0.05) difference. The deposition of soil materials and
debris on the upper position of soil bund with desho grass
and fanya-juu with desho grass (usually called accumulation
zone) causes the height of the bunds to improve year after
year, thereby reducing the inter-terrace slope position be-
tween two successive structures.

4. Conclusion

In the study area, soil bund with desho grass and fanya-juu
with desho grass was implemented at different landscape
positions by communities with the aid of a Sustainable Land
Management project to minimize soil loss and enhance soil
productivity. Therefore, this study was carried out to see the
performance of soil bund and fanya-juu with desho grass on
soil properties at different landscape positions. Accordingly,
soil properties were positively influenced by soil bund with
desho grass and fanya-juu with desho grass when compared
with no soil management practices. Clay, sand, silt, bulk
density, total nitrogen, available phosphorus, soil organic
carbon, soil pH, and cation exchange capacity, for example,
showed a significant difference in the different landscape
positions between soil with management practices (soil bund
and fanya-juu with desho grass) and soil with no man-
agement practices. The fields with a lower landscape position
have high mean values of clay, silt, total nitrogen, available
phosphorus, soil organic carbon, soil pH, and cation ex-
change capacity) except for bulk density and sand content.
In conclusion, implementing soil bund and fanya-juu with
desho grass in the appropriate landscape position improved
selected soil physico-chemical properties in the study areas.
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