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Abstract

Soil erodibility factor measures the susceptibility of soil
particles to transportation and detachment by erosive agents.
Soil erosion and sedimentation models use soil characteristics
and erodibility as major input. However, in developing country
like Ethiopia including the catchment soil erodibility and soil
related properties data is limited. Due to this different scholars
use different data source which is adopted from large scale and
come up with very varying result. Because of this the study was
designed to avail soil erodibility data of the catchment from
primary data. A total of 80 composite soil samples were
collected from the catchment with a GPS coordinate and
analyzed for soil textural class (hydrometer method) and soil
organic matter (walkley-black method) at Jima Agricultural
Research Centre soil, water and plant tissue laboratory. Sandy
clay loam is a dominating soil textural class covering 65% of
the catchment with 2.46% mean soil organic matter which is
high at mountainous part and less at bottom valley of the
catchment. Medium or coarse granular soil structure dominates
most parts of the catchment covering more than 78% of the
area and 21% of the catchment was covered with fine granular
soil structure at upper parts of the catchment. Similarly, 66% of
the catchment area was covered with slow to moderate soil
permeability followed by slow soil permeability covering 21% of
the area. At the end, soil erodibility value of Gilgel ghibe-1
catchment was resulted as 0.35 ton h MJ-1 mm-1 with a range
of 0.28 ton to 0.41 ton h MJ-1 mm-1. Generally, soils with slow
permeability rates, Soils having high silt content with medium to
fine granular soil structures are most erodible soils. They are
easily detached; tend to crust and produce high rates of runoff.
With this result the soil of the catchment has moderate soil
erodibility value. And the study recommends protect soil cover
and conserve farm lands with proper soil and water
conservation measures on bases of land use planning to
improve soil permeability and soil structure.
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Introduction

Erodibility defines the resistance of the soil to both detachment and
transport. Soil’s resistance to erosion depends in part on topography,
land slope and soil disturbance (2003). It is an estimate of the ability
of soil to resist erosion based on the physical characteristics of each
soil (2017). Soil erodibility varies with soil texture, aggregate
stability; shear strength, infiltration capacity and chemical soil content
(1980). Water erosion is accentuated by soil properties like presence of
clay and de-structured soils with low water permeability; which
influences the hydrological characteristics, soil permeability to water
and air, stability and configuration of porous space. Soil destruction is
determined by natural limiting factors: unbalanced size composition,
reduced amount of humus, continental climate, anthropogenic factors
belonging mostly to conventional agriculture (2013).

Soil erodibility factor measures the susceptibility of soil particles to
transportation and detachment by the amount of rainfall and runoff
input (1997); and it is known that the most easily eroded soil particles
are silt and very fine sand, and less erodible soil particles are
aggregated soils because they are accrued together making it more
resistible (2006).

Many publications consider soil erodibility as a year-around
constant parameter for a given soil (1995) and indicate that soil
erodibility can be determined from stable soil properties (1999). Other
studies have indicated that soil erodibility varied for a given soil as a
function of location, climate change, and human activity (2007).
Therefore, soil erodibility should be considered as a hon-constant term
that varies in space and time; which may mislead the result of soil
erosion rate and sedimentation rate. All soil erosion and sedimentation
models use soil characteristics, soil erodibility, as a major input. Due
to limited data availability regarding soil properties in developing
countries, Gilgel Ghibe-1 catchment, and different scholars use
different data sources that were adopted from a large scale. This may
lead to very varying sedimentation and erosion rate in the catchment,
like 1.1 ton ha-1lyear-1 (2006), 106.68 ton ha-lyear-1 (2008), 0 to
127.73 ton ha-lyear-1 (2013) and 0.43 to 132.08 ton ha-1year-1(2013)
which may be due to lack of soil erodibility data source in the country
as a whole, and specifically in the catchment. Because of these, the
study mainly aimed to analyze some soil properties through detailed
soil survey and map soil erodibility value of the catchment [1-3].

Materials and Methods

Description of the study area

Gilgel Ghibe-1 catchment is situated in Omo Ghibe basin, South
West Ethiopia, with a total area of 4225 km2 at the dam site and
located in between 7°19°07.15>° to 8°12°09.49°N latitudes and
36°31°42.60°" to 37°25°16.05°" E longitudes. The basin is generally
characterized by high relief hills and mountains with an average
elevation of about 1700 m above mean sea level (2013). The
geologyof the catchment is related to the uplifting of the East African
Rift Valley in the Upper Eocene. The major soil types of the catchment
are Nitisols, Fluvisols, Acrisols and vertisols (dominant) (2013).

The catchment is characterized by a wet climate with an average
annual rainfall of about 1347 mm and an average temperature ranging
from 19 °C to 24.78 °C. The seasonal rainfall distribution takes a Uni-
modal pattern with its maximum during the summer and minimum
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during the winter, influenced by the inter-tropical convergence
zone(ITCZ) (2013).
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Figure 1: Wet climate with an average annual rainfall of about 1347
mm in seasonal rainfall distribution.

Soil survey and analysis

A total of 80 composite soil samples were systematically collected
from Ocm-30 cm soil depth using auger on the bases topographic
(slope steepness and aspect), land use land cover, soil color
variability. Collected soil samples were taken to Jimma Agricultural
Research Centre, soil and plant tissue analysis laboratory and
analyzed for soil textural class (hydrometer method), and organic
matter (Walkley black method). Soil structure was determined during
soil sampling on the field using soil survey manual (2017) and soil
permeability rate was derived from the relation between soil textural
classes and permeability rate developed by (1971) [4].
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Figure 2: Distribution of the collected soil samples location in the
catchment is shown.

Soil erodibility value for each soil sample locations was
calculated with the NOMO model with the equation proposed by
Wischmeier using the following formula and spatial soil erodibility
map with generated through interpolation by “kriging” method in
Arc GIS environment. Similarly, spatial maps of soil textural class,
soil organicmatter, soil structure and soil permeability rating of the
catchment was also generated through interpolation in Arc GIS
environment with 30m cell size resolution [5].

[2.1 M114* 104(12 - a) + 3.25(b - 2) + 2.5(C - 3)]

100

K

Where, K=Soil erodibility; M=Particle size parameter: (percent
silt+percent very fine sand) (100—percent clay), a=Percent organic
matter, b=Soil structure code used in soil classification: (very fine
granular=1, Fine granular=2, medium or coarse granular=3, blocky,
platy or massive=4) and c=Soil permeability class: (rapid=1, moderate
to rapid=2, moderate=3, slow to moderate=4, slow=>5, very slow =6)

Result and Discussion

Soil textural class

Soil texture (which refers to relative proportion of sand, silt and
clay) is an important property contributing to soil’s erodibility. Soils
with more sand particles are prone to erosion when compared to soils
with more clay content. Sandy clay loam covers more than 65% of the
catchment followed by sandy loam (32%) and sandy clay covers less
than 3% of the total catchment.

et el

Soil Textural Class

)

Figure 3: Sand, sandy loam and loam-textured soils tend to be less
erodible than silt, very fine sand and certain clay-textured soils.

Soil erodibility is low for clay rich soils with a low shrink-swell
capacity because clay particles mass together and form large
aggregates that resist detachment and transport process (2006).

Soil organic matter

Soil Organic Matter (SOM) is an aggregating agent that binds
mineral particles together to develop soil structure, and soils with high
SOM are more resistant to erosion. Soil organic matter affects soil
erodibility, infiltration, and water detention and shear strength of soil,
which influenced soil erodibility.

Soil organic matter ranged from the lower of 2.487% (at upper part
of the catchment) up to the highest of 5.15% (near the outlet of the
catchment). Then mean SOM of the catchment was resulted 3.82 with
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a standard deviation of 0.49. Soils with less than 2% organic matter
can be considered erodible. Soils with higher levels of organic matter
and improved structure have a greater resistance to erosion. Soils of
the catchment are resistance to erosion since the minimum soil
erodibility value of the catchment was resulted 2.46% which is greater
than 2%. Spatial distribution of SOM of the catchment is shown in
(Figure 4) and it is high on the hill parts covered with forest and coffee
based agro forestry and, less at bottom valley of the catchment [6,7].
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Figure 4: Spatial distribution of SOM of the catchment.

Soil structure and permeability

Soil structure refers to the arrangement of soil particles in the soil.
Soil with poor soil structure near the soil surface has a high risk of
generating runoff. Permeability describes the capacity of soil to
transmit water which depends upon the pores in the soil and how they
are connected.

Slow to moderate soil permeability covers 66% of the catchment
area and 21% of the catchment area was covered by slow soil
permeability. And only 12.7% of the catchment area has moderate soil
permeability. Medium or coarse granular soil structure dominates most
parts of the catchment area (at high elevation and around the bottom
valleys) by covering more than 78%. Similarly, fine granular soil
structure covers about 21% of the catchment mainly upper part of the
catchment [8].
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Figure 5: Slow to moderate soil permeability covers 66% of the
catchment area and 21% of the catchment area was covered by slow
soil permeability.
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Soil erodibility

The soil erodibility expresses an inherent resistance to particle
detachment (degradation) and transport by the rainfall. It is determined
by the cohesive force between the soil particles; that may vary

depending on the presence or absence of plant cover, the soil water
content and the development of its structure. Mean weighted soil
erodibility value of Gilgel gibe-1 catchment was 0.35 ton hMJ-1mm-
1 with a range of 0.28 t0 0.41 ton h MJ-1 mm-1.
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Figure 6: The soil erodibility factor ranges in value from 0.02 to
0.69 whenall factors remain constant.

Accordingly, Gilgel ghibe-1 catchment had moderate soil
erodibility value with 0.35. Because they are moderately susceptible to
detachment and they produce moderate runoff. Soils having high silt
content are most erodible of all soils. They are easily detached; tend to
crust and produce high rates of runoff. Values of soil erodibility for
these soils tend to be greater than 0.4.

Conclusion and Recommendation

Soil erodibility is so complicated because many factors effects on
spatial and temporal variability of soil losses. Soil texture, organic
matter content, soil structure, and permeability were major soil
properties that could influence the soil erodibility. The spatial soil
erodibility map and value was an important contribution to the
estimation of soil erosion from at Gilgel Ghibe-I catchment, as the K-
factor was very crucial among the input factors used to estimate soil
erosion. The effect of these factors in reducing erodibility of the soil is
due to its role in creation of aggregates and their stability. Gilgel
Ghibe-I catchment has shown Sandy clay loam (65%) dominating the
catchment area followed by sandy loam (32%) which made soils of
the catchment moderately erodible. Soil organic matter of the
catchment was resulted greater than 2%. Permeability rate found slow
to moderate covering 66% of the catchment area. And 78% of the
catchment area was covered with medium or coarse granular soil
structure. Gilgel Ghibe-l1 catchment has found K-values varying
between 0.28 and 0.41 with a mean value of 0.35. It is therefore
concluded that the soil of the catchment have poor permeability/
infiltration rate, high soil organic matter and high silt with coarse
granular soil structure which leads to the occurrence of surface runoff
during which fine soil particles are carried away; resulting with
moderate soil erodibility of the catchment. Because of this, land
management practice (bio-physical soil and water conservation
measures and agronomic practices) is needed to reduce surface runoff
and improve soil infiltration rate. Also secondary soil data adopted
from large scale is needed to be validated with primary soil data
before using it for further analysis [9,10].
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