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Influence of soil erosion and conservation practices
on soil physical properties in Ginaberet, Ethiopia

Abstract

Soil erosion is one of the major factors leading to land degradation that affect the
sustainability of agricultural production in Ethiopia. It resulted in severe soil fertility
and agricultural production decline. In the past, it was time and financial resource
consuming to predict soil erosion. At present, it is possible to use erosion—predicting
models RUSLE cheaply and rapidly to interpret the soil erosion process at watershed
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level. Ginaberet watershed is one of the severely eroded areas in Ethiopia. The

purpose of the study was to assess soil erosion and conservation practices on soil
physical properties. Revised Universal Soil Loss Equation (RUSLE) under ArcGIS
environment was used to predict the spatial soil loss rate. Maps of the five parameters
rainfall erosivity (R), soil erodibility (K), Land use/cover (C),

in RUSLE, i.e.,
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topography (LS) and conservation practices (P) were overlaid. Based on the RUSLE

analysis, the mean annual soil loss potential of the conserved area was 25.59tons/ha/

yr and the non—conserved area was 30.92tons/ha/yr.
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Introduction

Soil erosion is a great worldwide factor for land degradation that
leads to loss of soil properties and reducing soil productivity leading
to food insufficiency.! In the Ethiopian highlands, an annual soil
loss reaches 200-300 tons/ha/yr from farm land.>* Unfavorable soil
physical conditions resulting from erosion can reduce infiltration,
encourage crusting, loss of soil fertility, deterioration of soil particle
aggregation, degrade soil structure and reduce the effectiveness of
root zone thereby reducing soil productivity.* Soil erosion has a great
effect on the change of soil physical properties due to the removal of
the top fertile and organic matter—rich soil and the deterioration of soil
structure or aggregation.’ Several studies in Ethiopia have revealed
that soil erosion has become an alarming problem and the major
factor affecting the sustainability of agricultural production.® Over
the last three decades, several types of soil and water conservation
(SWC) practices have been experienced on different parts of Ethiopia
including Amhara Region and particularly Basonawerana district.
On the other hand, the absence of soil conservation practice can lead
to accelerating soil erosion and affect the components of physical
soil conditions significantly.” Soil and water conservation practices
have the ability to overcome the problem of soil erosion followed by
improvement in soil physical properties. Wise use of soil conservation
practices that are the decisive tool to maintain the productive
potential of the soil help to decreasing the exposure of soil to erosion.
Conservation practices can address both the processes of soil erosion
and possible solutions to conserve the soil in a sustainable way. The
improvement is in soil organic matter content, soil structure and its
aggregate stability, water holding capacity, soil bulk density, soil
porosity, and its workability.® Similarly, low soil porosity, gravimetric
soil moisture content, clay and silt proportion was revealed in the
cultivated land without soil bund as compared with non—conserved
land and reversely highest soil bulk density and sand fraction.’ Soil
erosion has a great negative effect on the change of soil physical
properties including soil structure, soil texture, soil moisture content,
and soil bulk density in a long period of time.

Materials and methodology

The study was conducted in Ginaberet watershed, Ethiopia.

Geographically, the district lies at 9°50”°N latitude and 39°20” E
longitude and it covers about 1,208.17. Ginaberet watershed has an
altitude range of 2906-3230m (Figure 1). It covers 215.85 ha area of
land and it is situated in the Dega agro—climatic zone. Based on Andit
Tid (2017) metrological station, the average annual rainfall of the
watershed is 1498mm. The average yearly minimum and maximum
temperature are 6.2 and 19°C, respectively, while the mean annual
temperature is 12.6°C.

Location map of the study area
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Figure | Map of the study area.

The mixed crop-livestock system is the predominant farming
system in the study. The feed sources are, crop residues, grazing land
and cultivated feeds (Tree lucerne and phalaris). The study area has
two rainy seasons; kiremt (long season) and belg (short season) which
occurs between June and September and between February and April,
respectively. During kiremt season, wheat, faba bean, barley and field
pea are grown and barley is the major crop during belg season. The
dominant soil types in the study area are Eutric cambisols (42%)
and Eutric Leptosols (58%). The three conserved land (A, B, and C)
were selected through reconnaissance survey. Site A was conserved
for Syears; soil and stone bund and with tree lucerne and phalaris
grass were constructed (Figure 2, Plate 1 & plate 2). Site B was also
conserved for Syears; soil and stone bund and with phalaris grass
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and terrace were constructed. Site C was conserved for 7years; soil
and stone bund and with tree lucerne and phalaris grass and terrace
were constructed. The three non—conserved lands (X, Y, and Z) were
selected through reconnaissance survey.

Replicated sites within the watershed three from conserved and
three from non-conserved areas
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Figure 2 Treatment and replication map within the watershed.

Plate 2 Non-conserved areas within the watershed (Photo by Yishak).

Revised universal soil loss equation (RUSLE)

Estimation of soil erosion has been anticipated by means of Revised
Universal Soil Loss Equation (RUSLE). It is a method to estimate the
possible soil loss from splash, sheet, and rill erosions.!” The factors
used in RUSLE were obtained from the meteorological station, field
survey, soil surveys and soil data, DEM and satellite image. The input
factors for the RUSLE model in this study were adapted to Ethiopian
conditions by Hurni''. RUSLE model is more efficient for a small area
because it does not have the capability for routing sediment through
channels.'? The flow chart is indicated in Figure 3.
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Figure 3 Flowchart showing RUSLE parameters for soil loss prediction.

Mathematically, the RUSLE equation is represented as:
A=R*K*LS*C*P @)

Where: A is average annual soil loss (tons/ha/yr), R is rainfall
erosivity factor (MJ.mm/h/ha/yr), K is soil erodibility factor (tons/
ha/MJ/mm), LS is a topographic factor (dimensionless), C is crop
cover factor (dimensionless), and P is soil conservation practice factor
(dimensionless).

Rainfall erosivity factor (R-factor)

The R—factor represents the erosive force of a specific rainfall
event.’ Hurni"' point out the spatial regression analyses derived an
equation from available mean annual rainfall (P) as an alternative
to Ethiopian condition. For this study, mean annual rainfall data
from the year, 2008 to 2017 were collected from two representative
meteorological stations, i.e., Debre Berhan Agricultural Research
Center (DARC) and Andit Tid soil conservation research station. The
recorded data were first interpolated to generate continuous rainfall
data for each grid cell by “Raster Kriging Interpolation” method in
the ArcGIS environment thereby calculates the mean rainfall erosivity
factor (R—value). R—factor was computed for each meteorological
station using the following equation:!!

R=-8.12+(0.562*P) ()

Where; P is the mean annual rainfall in mm; R is erosivity factor. To
produce the R—factor map, the interpolated R—factors were converted
into a raster format with 20 m resolution and extracted for the studied
watershed area.

Soil erodibility (K-factor)

Soil erodibility is strongly related to the physical properties of the
soil and plays an important role in soil conservation strategies.'* In
this study, soil type is found from soil unit map of the study area from
Amhara Region digital soil map developed at a scale of 1: 50,000.'
The soil erodibility factor within the watershed was estimated adapted
from Hurni"' (Table 1). The shapefile of the soil unit map of the
watershed was changed to a raster with a cell size of 20 m x 20 m and
reclassified based on K—values.

Slope and slope length factor (LS-factor)

Slope and slope length (LS—factor) was determined from both the
slope length and slope gradient. Digital elevation model (DEM) with
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20m spatial resolution and GIS technique were used to generate slope
gradient and slope length as referred from Nekhay et al.'® Spatial
Analyst Tool Map Algebra Raster Calculator in Arc GIS 10.3.1
environment was used to multiple slope maps and flow accumulation
and next calculate and generate the topographic factor map. The flow
accumulation was calculated from the Spatial Analyst Hydrology
toolset of ArcMap in ArcGIS environment. The slope of the study area
in percentage was calculated by the Slope tool in the Spatial Analyst
Surface toolset of ArcMap from digital elevation model (DEM) of the
watershed.

Table | Estimated K-value for some Ethiopian soils

Soil type Estimated K-value
Andosols, Vertisols, and Leptosols 0.15
Cambisols, Phaeozems, Regosols, and Luvisols  0.20
Lixisols, Nitosols, and Alisols 0.25
Fluvisols, and Xerosols 0.30

Source Hurni''

The equation for topographic factors (LS) by Wischmeier & Smith

t
LS :[%] (0.065 +0.045 S +0.0065 S* (©)

Where X = slope length (m) and S = slope gradient (%)
X = (Flow accumulation * Cell value) 4)

Flow accumulation is the total number of cells, including non—
neighboring cells that drain into a selected cell in the raster—based
analysis. Then we substituted the X value on LS

0.065 + 0.045 S + 0.0065 5°)
(5)
Cell size is 20 m and the value of “t “varies from 0.3 —0.5
depending on the slope value (t=0.5 if S > 5%; t=0.4 if 3%<S<5%;
t=0.3 if 1%<S<3%, t=0.2 if S<1%."”

t
LS= [Flow accumulation*wj (

Land covers (C-factor)

Landsat satellite image was imported into ERDAS 2014 software
in an image format for supervised digital image classification for
land use and land cover mapping. Ground truth data were used as a
reference for accuracy assessment which determines the information
value of the resulting data to the user.' This was obtained through
ground verification using Global Position System; next, compares of
the classified image to an image which is assumed to be corrected by
Google Earth Image, and finaly, interviewing for concerned bodies
these have previous information. The corresponding C—value was
assigned to each land use class for Ginaberet watershed using the
re—class method in Arc GIS as established C—values for Ethiopian
condition by Hurni"' presented in Table 2.

Conservation practice factor (P-factor)

Factor P in the RUSLE is the proportion of soil loss with a
specific support practice to the matching loss by up and downslope
principles (Table 3). The P—factor for RUSLE was mapped using data
from frequent field observations as explained by Tadesse & Abebe,"
According to Atesmachew et al.* management activities are highly
dependent on the slope of the area under consideration. The P—factor
for this study was determined using slope and land cover data as
suggested by Wischmeier & Smith?!. This method categorizes the land
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cover into agricultural land and other land covers. The established P—
value was changed into raster map with a cell size of 20m.

Table 2 C-factor value for different land use management

Land use C-factor values
Grazing Land 0.12
Crop Land 0.37
Built Up Areas 0.01
Rocky Area 0.05
Forest Land 0.05
Water Body 0.00

Source Hurni''

Table 3 Management practice factor, P-value

Land use type Slope (%) P-value
>50 0.33
30-50 0.25
15-30 0.19
Cultivated Land
8-15 0.14
3-8 0.12
0-3 0.10
Built-up Area All 1.00
Forest Land All 1.00
Grazing Land All 0.90
Rocky Area All 0.80
Terraces All 0.60

Source Wischmeier & Smith?'
Soil sampling

Undisturbed soil samples were collected using a core sampler for
the determination of bulk density. The two treatments are a conserved
area with SWC practice of both mechanical and biological measures
and non—conserved (without SWC practice) with three replications
for each. Simple random sampling with zigzag manner was used.
Besides, soil depth in each specific study site was estimated at three
representative points and the average estimated value was used to
estimate the permissible soil loss amount.

Soil loss prediction using RUSLE model analysis

The rate of soil loss of soil due to soil erosion was estimated by
means of revised universal soil loss equation (RUSLE). The maximum
erosion rates recognized in each of the study areas were computed
by multiplying maps of the erosion factors in RUSLE presented in
equation—1 above. The rate of soil loss was estimated factor tables
adapted by Hurni!! for the Ethiopian conditions.

Laboratory analysis

The composite soil samples were collected and dried, mixed well,
and passed through a 2mm sieve for soil texture analysis at Debre
Berhan Agricultural Research Center soil laboratory. Soil texture was
estimated by using the hydrometer method.”? Besides undisturbed
core samples were collected for soil bulk density, total porosity, and
soil moisture content determination. Soil bulk density was determined
as the ratio of oven dry soil mass to its volume after drying the soil
samples in an oven at 105°C for about 24hours.?
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Ms

b=— 7

Vb (7

Where: pb =soil bulk density (g/cm®), Ms = dry soil mass (g), Vb=
volume of the soil sample (cm?)

The particle density of most soils varies from 2.60 to 2.75g/cm?®.**
A value of 2.65g/cm® is generally assumed as averaged for particle
density, therefore, this value was used for this study. Total porosity
was calculated using equation—8.

Pore space(%) = %*100% 3)

pb
Where: pd = Particle density (g/cm®); = Bulk density (g/cm?®).
Soil moisture content was determined by the gravimetric method and
is analyzed based on the oven dry basis.?

wet soil —dry soil

Soil moisture content (%) = 100 9)

dry soil

Soil structure was described in terms of shape or type in which
crumb, granular, angular blocky, subangular blocky; size (fine,
medium, coarse), and grade (distinctness) of the aggregates (weak,
moderate, strong). Comparing and contrasting between soil structure
conditions between conserved and non—conserved study areas were
also done.

Result and discussion

Soil loss estimation using RUSLE model
Rainfall erosivity factor (R)

The long—term mean annual rainfall did not show differences
among the specific study sites that is 1498 mm similar to the
watershed rainfall. Consequently, the R—factor resulted value was 833
and the spatial distribution of R assumed to be uniform throughout
the watershed area (Figure 4). This is accounted for the smaller size
of the watershed.?
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Figure 4 Map of rainfall erosivity factor (R).
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Soil erodibility factor (K)

Two major soil type categories were identified in the study area.
After assigning K—values for both soil types, the soil map was
reclassified using adopted K—values by Hurni'' with a grid map of
20m x 20m cell size. The value of K—factor was found to be between
0.15 and 0.2 for the study area. Eutric Cambisols and Eutric Leptosols
are the major soil types in the watershed with the covering of 42% and
58% of the land to the corresponding K—value of 0.2 and 0.15 (Figure
5). The overall erodibility range of the watershed was very low.?’
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Figure 5 Soil and soil erodibility factor (K) map.
Topographic factor (LS)

Topographic factor map was generated using the formula in
ArcGIS spatial analysis raster calculator function. Figure 6 showed
that the slope steepness and the slope length factors in the watershed
varied from O up to 41.19 to soil erosion. However, the mean LS
value of the study watershed was 1.44. The majority slope value was
concentrated near to zero implies that topographic factor has less
effect on soil erosion in the study area.
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Figure 6 Map of topographic factor (LS).
Land cover factor (C)

Cover and management factor (C) for Ginaberet watershed was
ranging between 0.01 and 0.37 as indicated in Figure 7. Six land use
classes were recognized in the watershed dominated by cropland
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(176.6ha) followed by grazing land (32.7ha), forestland (5.4ha), rocky
area (1.5ha), built up area (0.25ha), and water body (0.031ha). The
corresponding land cover factor values were found to be 0.37, 0.12,
0.05, 0.05, 0.01, and 0.00 respectively. The higher C—value (0.37)
is an indication that the larger land use (81.7%), i.e., the cropland,
contributes more to soil erosion in the watershed (Figure 7). It was
similar to the work of Morgan®® and Gizachew.?
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Figure 7 Land use and land cover factor (C) map.
Supporting factor (P)

The value of P factor depends upon the measures of soil
management, which is associated with the slope of the area. In the
study area, most part of the area has been treated with different soil
and water conservation practices including soil and stone bund and
soil and stone bund with tree lucerne and phalaris, and terrace but not
a long period of time (less than fiveyears). The management factor
value of each land cover class was determined in the watershed based
on the adapted values' for Ethiopian condition. After Hurni, the
cultivated lands are classified into six slope categories and assigned
the corresponding P values.’® The result revealed that from the 127.9
ha cultivated land 106.74 ha (59.2%) have a slope range of 0-30%
with P value ranging between 0.1 and 0.19 (Figure 8). In terms of P
value, another land use (built—up area, forestland, grazing land, rocky
area, and terraces) was more contributor to the soil erosion with the
area coverage of 87.93 ha (40.7%) within the watershed. It implies
P—factor was the most contributors to soil erosion next to rainfall (R)
factor Table 4.
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Figure 8 Map of management factor (P).
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Based on the principles of RUSLE model, the spatial soil erosion
rate was computed through the cell by cell multiplication of the six
thematic parameters in Raster calculator of ArcGIS spatial analysis
function. The result revealed that the mean and the total annual soil
loss rate of the study watershed were found to be 25tons/ha/yr and the
annual volume of soil loss 1394.44 tons Table 5. This is comparable to
the average soil loss rate reported by Hurni'' for the highlands (18tons/
ha/yr). The current result also agrees with similar findings in Ethiopia
as reported by Tadesse & Abebe! for the Jabi Tehinan watershed in
the northwestern highlands (30.4tons/ha/yr) and in Amare et al.’! for
the Wondo Genet watershed of the eastern highlands (26tons/ha/yr).
In Koga watershed of the Blue Nile basin the average soil erosion rate
was 47. tons/ha/y.?

Table 4 Soil loss rating and area coverage of Gina beret watershed

Class  tons/halyr Descriptions Ha %

| 0-5 None to slight 147.02 68.1

Il 15-May Slight 17.45 8.2

1] 15-30 Slight to moderate 13.68 6.3

\% 30-50 Moderate 12.9 5.9

\ 50-100 High 11.58 54

Vi 100-200 Very High 8.74 4

\ >200 Very High 441 2
Total 215.85 100
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Figure 9 The final result of spatial soil loss rate.

From the five factors used for analyzing soil erosion using
RUSLE model, rainfall factor (R) was the most dominant factor to
contribute soil erosion (Figure 4); the result implies that conservation
management factor (P) was the dominant factor next to rainfall factor
(Figure 8) and the next was C factor (Figure 7). Topographic factor
(LS) (Figure 9) and soil erodibility factor (K) (Figure 5) were less
contributors to soil erosion respectively. The soil loss rate with respect
to the area coverage is presented in Table 6. With soil loss rate range
of 0—5tons/ha/yr (none to slight) was covered the large area of the
watershed of 147.02 ha (68.1%) and the next 5—15tons/ha/yr (slight)
was covered 17.45ha (8.2%) of the watershed. Similar result was
reported by Gizachew? in Zingin watershed.
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Soil loss rating on conserved and non—-conserved fields
from RUSLE

The soil loss rate in the specific study areas are presented in Figure
4. In conserved areas, the average soil loss rates are found to be 52,
15.59 and 8.56 tons/ha/yr respectively in area A, B, and C. Similarly,
the average soil loss rates in the specific non—conserved areas are
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found to be 19, 30 and 43.6tons/ha/yr respectively in area X, Y, and
Z. The overall mean soil loss rating was 25.59tons/ha/yr and 30.92
tons/ha/yr, respectively for conserved and non—conserved areas. That
implies a relatively greater amount of soil particle was removed in
case of erosion from non—conserved land rather than conserved areas
(Table 4) (Figure 10).
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Figure 10 Spatial soil loss rate in conserved and non-conserved areas.

Table 5 Soil loss rating and area coverage for each specific conserved and non-conserved area

Soil loss rating Site A Site B Site C

Class  tons/halyr Descriptions Ha % Ha % Ha %

| 0-5 None to slight 399 732 7.3 69 16.51 76.5

1l 15-May Slight 0.I5 28 0.42 4.1 1.79 83

1] 15-30 Slight to moderate 0.11 2 0.43 42 1.39 6.4

v 30-50 Moderate 0.07 1.3 0.78 7.6 1.07 4.9

\ 50-100 High 0.31 5.7 0.69 6.7 0.71 33

\ 100-200 Very High 0.51 9.4 0.57 5.5 0.11 0.5

Vil >200 Very high 029 53 0.32 3.1 - -
Total 5.45 100 10.33 100 21.58 100

Soil loss rating Site X SiteY Site Z

Class  tons/halyr Descriptions Ha % Ha % Ha %

| 0-5 None to slight 1.69 633 13.61 68.6 12.23 70.7

1l 15-May Slight 0.41 154 2.6l 132 052 3

1] 15-30 Slight to moderate 0.12 45 1.47 74 0.86 4.9

\% 30-50 Moderate 0.29 109 0.86 4.3 0.94 5.4

\ 50-100 High 0.05 1.9 0.69 35 1.04 6

\ 100-200 Very High 0.07 26 0.42 2.1 0.74 42

\l >200 Very high 0.03 1.1 0.23 1.2 0.99 5.8
Total 2.67 100 19.83 100 17.32 100
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Table 6 Comparing soil loss with soil loss tolerance limit
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Estimated soil loss

Treatment Replication Soil depth(cm) Remark on tolerance limit
RUSLE (ton/halyr)

A 52 50-100 not permissible

B 15.59 25-50 not permissible
Conserved

Cc 8.56 50-100 Permissible (RUSLE)

Average 254 50-100 not permissible

X 19 50-100 not permissible

Y 30 25-50 not permissible
Non- conserved

z 43.6 25-50 not permissible

Average 30.86 25-50 not permissible

Table 7 Area coverage of permissible soil loss for each soil depth classes of the study area

Permissible Soil depth (cm)

soil loss (ton/halyr) 0-25 25-50 50-100 100-150 >150 Area(ha)
0-2 97.52 97.52

2-5 22.15 22.15

5-7 14.78 14.78

7-9 13.88 13.88
9-11 10.55 10.55
Area under the tolerable soil loss ~ 97.52 22.15 14.78 13.88 10.55 158.88

The soil loss rate of conserved and non—conserved areas with
respect to the area coverage is presented in Table 7. In suite A, B, and
C, soil loss rate range of 0—5Stons/ha/yr (none to slight) was covered
the large area of 73.2%, 69.0%, and 76.5% in conserved areas (Table
7). The next 100-200tons/ha/yr (very high) was covered 9.4% in site
A; 30-50tons/ha/yr (moderate) covered 7.6 % in site B and 5—15tons/
ha/yr (slight) covered 8.3% in site C in conserved areas. In site X,
Y, and Z, soil loss rate range of 0—5tons/ha/yr (none to slight) was
covered the large area of 63.3%, 68.6%, and 70.7% in non—conserved
areas. The next 5—15tons/ha/yr (slight) was covered 15.4% in site X
5—15tons/ha/yr (slight) was covered 13.2% in site Y and 50—100tons/
ha/yr (high) covered 6.0% in site Z in non—conserved areas within the
watershed (Table 5).

These values were higher than the mean value from RUSLE,
which were 25.59tons/ha/yr and 30.92 tons/ha/yr in conserved and
non—conserved areas. When the result compared to results from
other areas, it is not the least or the highest in both conserved and
non—conserved. Several results were reported as 23.7tons/ha/yr, 32.
Temesgen® in Geleda watershed, Blue Nile basin, Ethiopia; 9.10tons/
ha/yr at Zingin watershed in Awi Zone.”” The estimated average soil
loss from croplands in the Ethiopian highlands as a whole was 100
tons/ha/yr by Mati et al.** The average of 20 tons/ha/yr was estimated
by Hurni' in the highland of Ethiopia and measured amounts of more
than 300 tons/ha/yr on specific plots. Hurni® estimated mean soil loss
from cultivated fields as 42tons/ha/yr. A study by Kebede et al.** in
the central rift valley watershed reported a relatively high rate of soil
erosion as 45 tons/ha/yr. The average annual soil loss from the test
plots in Anjani watershed without conservation measures was reported
to 110tons/ha/yr.’ Thus, our estimated soil loss rate was generally
realistic on both conserved and non—conserved areas, compared to
results from previous studies but greater on non—conserved when
compared from conserved areas in this study within the watershed.

Comparing soil loss rate with soil loss tolerance limit

Result from RUSLE model, site C was under permissible (8.56ton/
ha/yr) but sites A and B it was greater than the permissible limit and the
mean of the three sites also greater than the permissible limit (Table
6). Based on the level of soil loss tolerance limits in Table 1 referenced
from soil depth, 158.88 ha falls below the tolerable soil loss limit and
the remaining 56.97 ha was found to be higher than the tolerable soil
loss limit. Soil loss rate of 9-11 tons/ha/yr with the corresponding
area coverage of 10.50ha in the deeper soil range was the maximum
tolerable soil loss tolerance. The majority of the watershed area has
soil loss tolerance 0—2tons/ha/yr with corresponding area coverage of
97.52ha (Table 7).

Soil physical properties affected by soil erosion and
soil conservation

Higher OM resulted from conservation measures and decay of plant
residues in the treatments. Similar results were reported by Haweni®’
and Solomon et al.*® Contrasting results were also reported.?®**° The
soil physical properties in the study areas were not affected by SWC
practices as compared to the non—conserved areas. These are attributed
to the young age of SWC measures (since Syears). The result depicts
that significant changes or effects of SWC on soil characteristics can
be achieved only over a long period of conservation practices.?’

This soil texture did change as a result of soil erosion and
conservation within a short period of time. However, there was a slight
numerical variation of sand, silt, and clay fraction between areas with
and without conservation. Jamala & Oke* reported that soil texture
is an intrinsic soil property, but intensive cultivation could contribute
to the variations in particle size distribution at the surface horizon of
cultivated and natural fallow land. The sand fraction was relatively
high value in the non—conserved area (27.67 %) than the conserved
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(12%) numerically. The silt content was higher in the conserved areas
(50.67%) than in the non—conserved areas (36%). Similarly, higher
mean silt proportion in woodland and fallow land than in cultivated
land without soil bunds was reported.” However, the result of the
silt content was not in concurrence with Daniel et al.*> who reported
higher silt content in non—conserved areas than conserved lands.

The proportion of clay content in both the conserved and non—
conserved areas was below 50% with slightly increment (1%) in
conserved than non—conserved. The result implies that this may be
due to the direct result of the chemical weathering of silicate minerals
from the prevalence sedimentary rocks in the study area. The
numerically greater value of mean soil moisture content was observed
in conserved areas rather than non—conserved areas although do
not show the statistically significant difference. This may be due to
the level of conservation and level of soil erosion and lack of full
vegetation cover of the land throughout the year.?

The numerically highest mean bulk density (BD) was recorded
in the non—conserved field rather than the conserved field. The
numerical variation of soil bulk density is expected due to the absence
of soil conservation leading to the removal of soil organic matter
and weakness in the natural stability of soil aggregates making it
susceptible to erosion.’® According to Landon the soil with a mean
of 1.5 g/cm? in the non—conserved land of bulk density ranges with
soils showing root restriction which reduces the plant’s ability to
exploit the plant environment. In this study, 1.55g/cm? resulted in
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non—conserved areas which imply the presence of root restriction in
the non—conserved study areas.

Slightly higher mean value of soil porosity was recorded in the
conserved areas (47.67%) rather than non—conserved (42.8%), but
also no statistically significant difference at (p<0.05) levels. This
in-significance level of difference is attributed to the selected extent
of land degradation and level of conservation and selection of planting
tree which is best to contribute to the soil organic matter thereby
improve soil porosity. The soil physical properties can be altered by
the management practices through a longer period of time rather than
over a short period. Moreover, accumulation of plant litter produced
by the various trees and grasses allows greater infiltration of rainwater
thereby preventing the quick loss of soil moisture and increasing
the soil water holding capacity in a long period of time.** Longer
time is needed to fully understand the impact of soil conservation
on soil physical properties.* Based on the field observation and the
remote sensing data analysis results, noticeable vegetation cover
improvement has been observed in the 30years’ period.*® Similarly,
Jay et al.® showed that tillage effect after 22years of treatment
imposition not effectively altered soil BD and soil moisture content.
In contrast, soil physical properties were affected significantly by
soil conservation.’*® These were related to the young age of the
constructed SWC measures, implying that significant changes or
effects of SWC on soil characteristics can be achieved only over a
long period of conservation.?’

Table 8 The mean difference of soil physical properties between conserved and non-conserved areas

Treatments BD(g/cc) PPs(%) SMC(%) Sand(%) Silt(%) Clay(%) Textural class
Conserved 1.37a 47.67a 20.4a 12a 50.67a 37.3a Silt clay loam
Non-conserved 1.5a 42.8a 17.8a 27.67a 36a 36.3a Clay loam
LSD 0.28 9.15 7.47 18.64 15.97 15.11
CVin% 4.64 5.7 .13 26.7 10.49 11.67
Mean values followed by the letter “a” is for conserved and non-conserved land statistically not different at P <0.05
Table 9 Soil structure description of soil samples from the two treatments
Structure A B C X Y z
Shape/type  Granular Sub angular blocky Granular Sub angular blocky ~ Blocky Sub angular blocky
Size Fine Medium Medium Medium Medium Medium
Grade Moderate  Moderate Strong Moderate Moderate  Moderate

A, B, and C were replicated from conserved and X,Y and Z were replicated from non-conserved areas within the watershed

A soil with a well-developed structure has a significant proportion
of large pores that promotes aeration and accommodates infiltrating
water, resulting in reduced erosion due to decreased runoff (Table 8).
The soil in site A, B, and C were described as having a “moderately
developed, fine, granular structure”; moderately developed, medium,
subangular blocky structure, and strongly developed, medium,
granular structure respectively in the conserved areas. The soil in site
X,Y and Z was described as having a “Moderately developed, medium,
subangular blocky structure”; moderately developed, medium, blocky
structure and moderately developed, medium, subangular structure in
the non—conserved area within the watershed (Table 9). Similar result
was reported by Wheaton.*” The granular structure was the result of
soil conservation fostering the presence of root in conserved areas (A
and C) in Table 9.

Granular or columnar structure may be obtained due to the effect
of conservation, while blocky or sub angular blocky structure may be

expected in case of soil erosion.”® However, the result indicated that
there was no great difference between conserved and non—conserved
areas in terms of size (except site A, and C), shape, and grade of
the structure. Long period of time is required to see changes in soil
structure, whereas in the short term (e.g. fiveyears), the effects of
erosion and conservation on structure—forming/disappearing may be
small.*’

Conclusion

The mean annual soil loss rates of the conserved and non—
conserved landscapes using RUSLE were 25.59tons/ha/yr and
30.92tons/ha/yr, respectively. This variation may occur due to the
scale effect since runoff and soil loss rates from smaller areas are
expected to be large. The result from RUSLE depicts that rainfall
factor (R), conservation management factor (P) and land use factor
(C) were the most dominant factor to contribute soil erosion.
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Soil physical property analysis between the two treatments did
not show a statistically significant difference at p <0.05 confidence
level using LSD. This is due to the inherent property of soil physical
properties that need long—term (greater than 5—7years) erosion or
conservation duration to change significantly. Generally, irrespective
of the numerical variation, soil loss rates in both methods coupled with
farmers’ real perception has confirmed the soil loss in both treatments
cannot be tolerated. Therefore, critical effort to reduce soil erosion
in the study watershed is mandatory. Moreover, researchers should
focus on the extent of years of conservation and erosion that can
significantly affect the changes in the physical properties of soils.>’
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