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ABSTRACT

In Ethiopia, agriculture is expanding onto the most erosion sensitive sites. The
government has been investing in soil and water conservation (SWC) measures,
mainly farmland terracing and exclosure of degraded lands. However, the general
effects of soil and water conservation on soil moisture content and soil water
availability of these changes have not been well investigated and documented
including Dimma Watershed, Central Ethiopia. Therefore, this study was undertaken
to investigate the effects of soil and water conservation practices on soil physical and
chemical properties, and moisture dynamics there by assessing possible effects on
land productivity. Field survey was conducted to collect the necessary data from 120
sample households, which were selected via purposive sampling in Gogeti and Sombo
micro watersheds. The household survey questionnaire data have been tabulated and
summarized by utilizing the statistical package for social science (SPSS). Laboratory
analysis was done for soil samples collected from the upper 0-20 cm depth from land
utilized for crop cultivation, upper stream, middle stream and lower stream of twin
catchments in order to compare bulk density, total porosity, moisture content, pH,
total nitrogen, available phosphorous, cation exchange capacity, Cations (Ca, Mg, K,
Na), and organic matter. The results revealed that studied soil characteristics, such
as: moisture content, in upper slope position OM, bulk density in the middle, and
porosity in the lower slope position were affected by soil and water conservation and
slope positions. Except for organic matter content in the upper slope position, nearly
all studied chemical characteristics of the soil under the treated farm land of micro watershed were not affected by SWC practices and slope positions as compared to the
other farm land of untreated micro-watershed. These was 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 long period of conservation.

Keywords: Dimma Watershed; Physicochemical Characteristics of Soil; Soil and
Water Conservation; Soil erosion
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CHAPTER ONE

1. INTRODUCTION

1.1 The Problem of Soil Erosion

Preserving cropland and maintaining soil fertility should be the highest importance to
human welfare as humans worldwide obtain more than 99.7% of their food (calories)
from the land. However, each year about 10 million hectares of cropland are lost due
to soil erosion, thus reducing the cropland available for world food production is
crucial (Pimentel and Burgess, 2013).
Soil erosion is one aspect of land degradation that affects the physical and chemical
properties of soils. The consequences of top soil erosion on land productivity depends
on the depth and quality of the topsoil relative to the subsoil. In areas where the
topsoil is acid and the organic matter content is initially low, surface erosion may
temporarily increases crop yields due to the exposure of a more favorable subsoil
(Kjell et al., 2002).
The loss of rooting depth, changes in soil particle size distribution, and associated
changes in water holding capacity are among the greatest impacts of soil erosion on
land productivity (Swan et al., 1987).
Spatially, the effects of soil erosion may be divided into two categories: on-site and
off-site effects. On-site effects consist essentially of reduced future agricultural
productivity. Off-site effects arise from the transport of soil sediment and runoff to another location, such as another farm or a waterway (Ayele et al. , 2014).
1

Soil erosion is one of land degradation components that exert negative impact on
agricultural production, water quality and in general quality of life. It creates strong
environmental impacts and high economic costs by its effect on the production,
infrastructure and water quality (Lal, 1998).
Generally, it causes reduced crop productivity because of degraded physical and
chemical properties of soil (Arriaga and Lowery, 2003). Furthermore, erosion results
in emission of soil organic carbon to the atmosphere in the form of CO2 and CH4,
causing impact on global warming (Lal, 2004). Global warming in turn is expected to
increase erosion rates (Nearing et al., 2004).
Soil erosion is a widespread and serious problem in Ethiopia. Water erosion (sheet,
rill, gully and stream bank erosion) in the highlands and wind erosion in the semi-arid
and arid lowlands are the dominant geomorphic processes in the country (Nyssen et
al., 2004). Soil erosion has caused by loss topsoil. As a result crop roots are exposed
to soil with high clay content, pH, and CEC and lower organic matter, phosphorous,
and nitrogen(Louis, 2011). Soil erosion in Ethiopia can be seen as a direct result of
past agricultural and other related practices in the highlands. The dissected terrain
with steeper slope gradients and the high intensity of rainfall lead to accelerated soil
erosion once deforestation occurs (Badege, 2001).
Soil conservation in Ethiopia is considered to be of top priority not only to maintain
and improve agricultural production but also to achieve food self sufficiency
(Grunder, 1988; cited in Addisu, 2011). The effect of a conservation measure in
reducing soil loss generally varies with soil type, topography, climate and intensity of
the measure, e.g., the distance between terraces or density of vegetation cover (kjell et
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al., 2002). Soil erosion has decreased in many parts of the developed countries by
means of good agricultural practices and soil conservation methods (Louis, 2011).

1.2 Soil Degradation and Agricultural Production

In Worldwide, soil erosion is a major environmental and agricultural problem.
Although erosion has occurred throughout the history of agriculture, it has intensified
in recent years (Lal and Stewart, 1990). Land degradation is one of the major
challenges in agricultural production in many parts of the world, especially in
developing nations including Ethiopia. Even though a number of soil and water
conservation methods were introduced to combat land degradation, adoption of these
practices remains below expectations (Fikru, 2009). Soil degradation is one of the
most serious environmental problems in Ethiopia. The Ethiopian highlands have been
experiencing declining soil fertility and severe soil erosion due to intensive farming
on steep and fragile lands and other factors attributed to population pressure (Tadesse
and Belay, 2004).

The highland of Ethiopia, which provides a living for more than 90% of the human
population and for 75% of livestock population of the country, suffers from severe
soil erosion averaging 42 tons of soils per hectare per year on cultivated lands (Hurni,
1993). Most of the soils show negative nutrient balance; and up to 2% of total crop
production is lost annually due to soil erosion alone. Erosion results in the loss of
valuable soil and its nutrients that are necessary for crops to grow (Koppel, 1995).

The agricultural production in Ethiopia is mainly rain fed in which soil water losses
through surface runoff and evaporation is one of the major limiting factors
(Gebreegziabher et al., 2009). Restricting layers store less water, reduce infiltration
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rate and results in low productivity. The main cause for yield reduction in severely
eroded soil was a deficiency in soil water storage (Mokma and Seitz, 1992). Soil and
water are the most important natural resources in rain fed agriculture. The erosion
affected and degraded lands are both hungry and thirsty. Loss of their productivity
occurs not only due to fertility depletion but also because of moisture stress at
different growth stages. Eroded lands are poor in fertility and moisture retention and
have to be managed skillfully for sustainable crop production. Nutrient deficiencies
can reduce water use efficiency due to reduced yield potential and greater soil
evaporation (Fisher and Turner, 1978; Rhoton and Tyler, 1990).

According to FAO (1976), moisture availability to plants is an important land quality
that is relevant in a wide variety of circumstances. Amount and distribution of
rainfall, potential evapotranspiration, available water capacity of the soil and soil type
are some of the land characteristics, which affect moisture availability to crop growth.

Soil conservation in Ethiopia is considered today to be top priority, not only to
maintain and improve agricultural production but also to achieve food selfsufficiency, which is the long-term objective of the agricultural development program
(Martin, 1988). Soil has to be protected from natural and animal induced erosion
hazard using all methods of land use management. It also involves protection of soil
from damage by machinery or by detrimental changes to its chemistry (Acton and
Richard, 2002; cited in Tekalign, 2011). Gebreegziabher (1988) found that soil bunds
are effective in controlling soil erosion.

4

1.3 Statement of the Problem

In the watersheds under the present study there is intensive cultivation (even in hilly
areas) resulting in the reduction of natural vegetation and forest lands. The reduction
of forest coverage in the up lands and lack of effective conservation measures in the
hillside areas have resulted in the formation of big and active gullies. The pressure of
growing population in these areas has forced landless farmers to cultivate soils
on slopes that cannot be cultivated safely without effective soil and water
conservation measures, and cannot sustain crop production at all.

In the study area effect of soil and water conservation practices on soil moisture and
nutrient content of the surface soil is not investigated. However, examining the effects
of SWC can contribute to develop possible management interventions for the
improvement of soil characteristics such as soil moisture content and soil water
availability. There was lack of awareness among the people to use their lands in a
sustainable manner to sustain soil moisture content of the plow and nutrient content of
the surface layer for the soil.

Soil and water conservation measures mostly implemented on cultivated lands with a
few exceptions are physical structures mainly stone or soil bunds. The efforts put
towards promotion of technologies so far seem below the threshold which has limited
the sustained use of natural resources for a better production (Mulugeta and Karl
2010).

The importance of documenting effectiveness of conservation structures in nutrient
and moisture dynamics could contribute for further improvement of the integrated soil
and water conservation (SWC) measures currently underway and for scaling up
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conservation practices as well as evaluating the two micro-watersheds(treated with
soil conservation measures and untreated) status effect of soil bunds among soil and
water conservation practices on soil moisture and nutrient content of the surface soil
layer to forward possible management interventions for the improvement of soil
moisture content and soil water availability in different slope positions of the
watersheds.

In view of this one may ask questions related to the benefits or outcomes of soil and
water conservation measures implemented. We do not know exactly the amount of
benefits returned to the community and to the environment. The hypothesis here is
that the soil and water conservation measures are benefiting by reducing soil erosion
and changing the soil characteristics for agricultural productivity. Hence, it is valuable
to investigate the effects of soil and water conservation measures on key soil
characteristics to evaluate the benefit of treating lands with soil and water
conservation measures.

So, the present study is focused to investigate and draw conclusions on the effect of
soil bunds (three years old), among other soil and water conservation practices, on
some soil characteristics in sustainable land management project (SLMP) carried out
in Sebeta Hawas Woreda, Central Ethiopia.

1.4 Objectives of the Study

The general objective of this study was to investigate the effect of soil and water
conservation practices mainly three year old soil bunds on soil characteristics in the
Gogeti and Sombo micro-watersheds.
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The specific objectives of the study were:

1. To assess the impacts of

soil bunds conservation on selected soil

characteristics;
2. To compare the nutrient and moisture dynamics of treated and untreated
watersheds of the surface layer for the soil.

1.5 Research Questions

1. What are the impacts of soil bunds conservation on selected soil characteristics?
2. What are the dynamics of nutrient and moisture on treated and untreated
watersheds of the surface layer for the soil?

1.6 Significance of the Study

The study will evaluate the two micro watersheds status effect of soil bunds among
soil and water conservation practices on soil moisture and nutrient content of the
surface soil layer to forward possible management interventions for the improvement
of soil moisture content and soil water availability in different slope positions of the
watersheds. The study will help developing community based integrated watershed
management to create awareness among the people to use their lands in a sustainable
manner to sustain soil moisture content of the plow and nutrient content of the surface
layer for the soil. The study will enrich the existing literature for designing sound and
sustainable soil and water conservation practices in the watersheds under study
mainly from the perspectives of land users. It will also contribute to propose
appropriate conservation technologies as well as proper intervention polices and
strategies for sustainable soil and water conservation practices in the watersheds for

7

government, non-government and development agencies in setting their future
development strategies.

1.7 Delimitation and Limitation of the Study

In Sebeta Woreda, effect of soil and water conservation practices, such as soil bunds
on selected soil characteristics, particularly nutrient and moisture dynamics of treated,
untreated and different slope positions of watersheds of the surface layer for the soil is
not undertaken. This issue requires immediate solution in order to enhance
agricultural productivity and soil fertility. The study mainly focused on the issues
mentioned above in Sebeta Woreda of Gogeti and Sombo micro-watersheds (Dimma
watershed).

8

CHAPTER TWO

2. LITERATURE REVIEW

2.1 Concepts of Soil Erosion

Soil erosion is the deterioration of soil by the physical movement of soil particles
from a given site and a cause for land degradation (Ayele et al. , 2014). Soil erosion is
Ethiopia’s chronic environmental problem and carries off over about 2 billion tons of
topsoil from the highlands (FAO, 1986: EHRS study). Soil erosion by water is the
process of particle detaching and particle transporting by flowing water to downhill
areas (Kunta, 2009). It is a persistent problem, which threatens the fragile economies
of many developing nations, especially those countries where the density of the
population is high and the carrying capacity of the land is being stretched to its limits
(Bee, 1983).

In Ethiopia, erosion averages 42 metric tons per hectare per year on currently
cultivated lands and 70 metric tons per hectare per year on formerly cultivated
degraded lands (Hurni, 1988). About 45 percent of the total annual soil loss in the
country occurs from cultivated fields, which accounts for only 15.3 percent of the
total area (EPA, 2003). The latest land degradation estimates indicate that out of the
52 million hectares of land making up the highlands of Ethiopia, 14 million hectares
are severely degraded, 13 million hectares are moderately degraded and two million
hectares have practically lost the minimum soil cover needed to produce crops (DCI,
1997). According to Teklu and Gezahegn (2003), the rates of soil erosion in Ethiopia
are frighteningly high. Serious erosion is estimated to have affected 25 percent of the
9

highland area. Close to four percent of the highlands are now so seriously eroded that
they will not be economically productive again in the foreseeable future.

In many parts of Ethiopia, the shortage of firewood leads to the utilization of straw
and leaves for fuel. Animal manure is also commonly dried and burned. Very little
organic residues are therefore returned to the soil apart from the roots of annual crops.
As a consequence, soils become low in organic matter after some time of continuous
cultivation. Depletion of organic matter and destruction of soil aggregates lead to
increased rates of soil losses in cultivated areas (Kjell et al., 2002).

Excessive erosion does cause problems, such as receiving water sedimentation,
ecosystem damage and absolute loss of soil, which could result in partial or complete
loss of its productive capacity. “Soil erosion is a three-phase process consisting of the
detachment of individual soil particles from the soil mass and then transport by
erosive agents such as running water or wind. When sufficient energy is no longer
available to transport the particles, a third phase, deposition, occurs’’ (Morgan, 2005).

2.2 Soil Conservation Practices

Soil conservation is the prevention and reduction of the amount of soil lost through
erosion while water conservation is a way of tapping as much water as possible and
storing it in tanks or reservoirs. Soil conservation seeks to increase the amount of
water seeping into the soil, reducing the speed and amount of water running off.
Erosion is prevented by keeping enough vegetation to protect the soil surface and
binds the soil together and maintains soil structure. Water conservation, on the other
hand, allows water to sink into the soil increasing soil moisture levels. It ensures a
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protective cover of vegetation on the soil surface, slowing down the flow of running
water and spreads the water over a large area (SUSTAINET EA, 2010).

2.2.1 Physical or mechanical soil and water conservation measures

Physical soil conservation structures are the permanent features made of earth, stones
or masonry. They are designed to protect the soil from uncontrolled runoff or erosion,
and to retain water where it is needed. In steep land farming, physical structures such
as rock barriers and contour bunds; waterways such as diversion ditches, terrace
channels and grass waterways; and, stabilization structures or dams, windbreaks, and
terraces such as diversion, retention and bench, are often necessary (Morgan, 1981).
The construction of physical structures is often labor intensive since steep slopes
make construction difficult. Thus, both construction and maintenance require longterm collaborative effort by farmers, the local community and the government.

2.2.2 Biological soil and water conservation measures

Biological soil conservation measures are based on covering of land using vegetation
and could be agronomic practice or forest cover (Tideman, 1998). Biological Method
primarily involves stimulation of plants growth (grasses, bushes or trees) over the
denuded area. Roots of these plants securely bind the soil while the crowns of bushes
and trees offer impediments to the flow of air or water currents. Dead plants provide
organic material to the soil which in turn improves soil structure and fertility. It is a
natural protection by growing vegetation in a manner that reduces soil loss (Lal,
1990).
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2.2.3 Agronomic soil and water conservation measures

Agronomic measures include mulching and crop management, which use the effect of
surface covers to reduce erosion by water and wind (Morgan, 1995). Some possible
agronomic measures are strip cropping, mixed cropping, intercropping, fallowing,
mulching, contour plugging, grazing management and agro-forestry. Agronomic
conservation measures help in reducing the impact of rain drops through interception
and thus increasing infiltration rates and thereby reducing surface runoff (Tideman,
1998).

These agronomic conservation measures can be applied together with physical soil
conservation measure. In some systems they may be more effective than structural
measures (Heathcote and Isobel, 1998). Furthermore, it is the cheapest way of soil and
water conservation (Wimmer, 2002). However, agronomic measures are often more
difficult to implement compared with structural ones as they require a change in
familiar practices (Heathcote and Isobel, 1998).

Different types of material such as residues from the previous crop, brought‐in mulch
including grass, perennial shrubs, farmyard manure, compost, byproducts of
agro‐based industries, or inorganic materials and synthetic products can be used for
mulching (Lal, 1990). It is effective against wind as well as water erosion. Some such
plants as maize stalks, cotton stalks, tobacco stalks, potato tops etc. are used as mulch
(a protective layer formed by the stubble, i.e., the basal parts of herbaceous plants,
especially cereals attached to the soil after harvest). Crop residues also reduce the soil
temperature by some degrees in the upper centimeters of the topsoil and provide
better moisture conservation by reducing the intensity of radiation, wind velocity, and
evaporation (Agele et al., 2000).
12

2.3 Importance of Soil and Water Conservation on Soil Characteristics

Soil conservation research in developing countries has changed during the past
decade, from a “technical-fix approach” to an approach where several aspects of land
degradation and restoration are brought into focus (Kjell et al., 2002). It can be
defined as the protection of fertile topsoil from erosion by water and the replacement
of nutrients in the soil, by means of cover crops, terracing, contour farming and crop
rotation. Soil conservation is not restricted to the protection of threatened hillsides or
their rehabilitation by planting of trees. Its scope is much larger in that it involves the
whole agricultural and natural resource conservation (MOA, 1989).

The aim of soil conservation is to facilitate optimum level of production from a given
area of land while keeping soil loss below a critical value (Kjell et al., 2002). Sutcliffe
(1993) concluded that physical soil conservation activities are justifiable in
moisture‐stressed areas of the Ethiopian highlands, where moisture conservation plays
an important role in increasing yield. According to Varsa et al. (1997) soil
management practices such as tillage, cultivation and fertilizer application, usually
increase the crop yields. Deep tillage breaks up the high density soil layers, improves
water infiltration and movement in the soil and increases crop production. Thus,
increase in yield is attributed to increased root proliferation below the plough pan
through greater utilization of soil moisture and nutrients (Sene et al., 1985). Soil
conservation activities can change the physical conditions of the soil like soil organic
matter content, soil structure, water holding capacity, soil bulk density, soil porosity,
soil pH and its workability (Teklu, 2005).

The soil loss acceptance value is defined as the rate of erosion at which soil fertility
can be maintained over at least 25 years (de Graaff, 1993). Generally, SWC measures
13

played a significant role in maintaining and/or restoring soil fertility, maintaining
agricultural production, restoring vegetation cover, and mitigating anthropogenic land
degradation impacts (Shimeles, 2012).

2.4 Effect of Soil Conservation on Soil Physical Properties

The physical characteristics of soils determine their adaptability to cultivation and the
level of biological activity that can be supported by the soil. Soil physical
characteristics also largely determine the soil's water and air supplying capacity to
plants. The soil physical properties such as structure, bulk density, total porosity and
soil water characteristics showed notable variations due to different land use system,
particularly in A-horizon (Wakene, 2001). Many soil physical properties change with
changes in land use system and its management such as intensity of cultivation, the
instrument used and the nature of the land under cultivation, rendering the soil less
permeable and more susceptible to runoff and erosion losses (Sanchez, 1976).

2.4.1 Bulk densities

Measurement of soil bulk density (the mass of a unit volume of dry soil) is required
for the determination of compactness, as a measure of soil structure, for calculating
soil pore space and as indicator of aeration status and water content (Barauah and
Barthakulh, 1997). Bulk density also provides information on the environment
available to soil microorganisms. White (1997) stated that values of bulk density
ranges from < 1 g/cm3 for soils high in OM, 1.0 to 1.4g/cm3 for well- aggregated
loamy soils and 1.2 to 1.8 g/cm3 for sands and compacted horizons in clay soils. Bulk
density normally decreases as mineral soils become finer in texture. Soils having low
and high bulk density exhibit favorable and poor physical conditions, respectively.
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Bulk densities of soil horizons are inversely related to the amount of pore space and
soil organic matter (Brady and Weil, 2002). Any factor that influences soil pore space
will also affect the bulk density. For instance, intensive cultivation increases bulk
density resulting in reduction of total porosity.

The study results of Woldeamlak and Stroosnijder (2003) and Mulugeta (2004)
revealed that the bulk density of cultivated soils was higher than the bulk density of
forest soils. Soil bulk density increased in the 0-10 and 10-20 cm layers relative to the
length of time the soils were subjected to cultivation (Mulugeta, 2004). Similarly,
Ahmed (2002) reported that soil bulk density under both cultivated and grazing lands
increased with increasing soil depth. On the other hand, Wakene (2001) reported that
bulk density was higher at the surface than the subsurface horizons in the abandoned
and lands left fallow for twelve years. The changes in the physical soil attributes on
the farm fields can be attributed to the impacts of frequent tillage and the decline in
organic matter content of the soils.

2.4.2 Total porosity

The total porosity of soils usually lies between 30% and 70%. In soils with the same
particle density, the lower the bulk density, the higher is the percent total porosity. As
soil particles vary in size and shape, pore spaces also vary in size, shape and direction
(Foth, 1990). Coarse textured soils tend to be less porous than fine texture soils,
although the mean size of individual pores is larger in the former than in the latter.
There is close relationship between relative compaction and the larger (macro pores)
of soils (Ike and Aremu, 1992). According to the same authors, tillage reduces the
macro pore spaces and produces a discontinuity in pore space between the cultivated
surface and the subsurface soils. Generally, intensive cultivation causes soil
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compaction and degradation of soil properties including porosity. Macro pores can
occur as the spaces between individual sand grains in coarse textural soils. Thus,
although a sand soil has relatively low total porosity, the movement of air and water
through such soil is surprisingly rapid because of the dominance of macro pores.
Fertile soils with ideal conditions for most agricultural crops have sufficient pore
space, more or less equally divided between large (macro) and small (micro) pores.
The decreasing OM and increasing in clay that occur with depth in many soil profiles
are associated with a shift from macro-pores to micro-pores (Brady and Weil, 2002).

Micro pores are water field; and they are too small to permit much air movement.
Water movement in micro pores is slow, and much of the water retained in these
pores is not available to plants. Fine textured soils, especially those without a stable
granular structure may have a dominance of micro pores, thus allowing relatively
slow gas and water movement, despite the relative large volume of total pore space
(Landon, 1991). Considering the surface soils, Wakene (2001) stated that the lowest
total porosity (36.2%) was observed on the abandoned research field, followed by
(41.6%) under the land left fallow for twelve years and the highest (56.7%) was
recorded on the farmer’s field. Along with the increase in soil bulk density, soil total
porosity showed marked declines in both soil layers (0-10 and 10-20 cm) with
increasing period under cultivation (Mulugeta, 2004). The lowest total porosity was
the reflections of the low OM content.

2.4.3 Soil moisture content (SMC)

Soil moisture is one of the sources of water available to plant growth. Excessive
volumes of water in a soil retard plant growth and make drainage essential. Soil
moisture content can be described in terms of weight of water per unit weight of soil
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or volume of water per unit volume of soil. It is influenced by many factors for
example soil texture, soil depth, soil structure and temperature (Israelsen and Hansen,
1962). MC is the amount of water in a soil during the time of data collection. Soil
texture, structure, porosity, and organic-matter content determine soil moisture.
Though there was no significant difference at 0.05 levels, the moisture content of soil
in the down slope fields was 6% higher than soils in the mid-slope fields and 15%
higher than soils in the up-slope fields (Assefa, 2009).

2.5 Effect of Soil Conservation on Soil Chemical Properties

Soil chemical characteristics are the most important among the factors that determine
the nutrient supplying power of the soil to the plants and microbes. The chemical
reactions that occur in the soil affect processes leading to soil development and soil
fertility build up. Minerals inherited from the soil parent materials overtime release
chemical elements that undergo various changes and transformations within the soil
(Gebeyaw, 2015). Changes in chemical parameters are largely a function of changes
in physical composition (Kjell et al., 2002).

2.5.1 Soil reaction (pH)

Soil reaction (usually expressed as pH value) is the degree of soil acidity or alkalinity,
which is caused by particular chemical, mineralogical and/or biological environment.
Soil reaction affects nutrient availability and toxicity, microbial activity, and root
growth. Thus, it is one of the most important chemical characteristics of the soil
solution because both higher plants and microorganisms respond so markedly to their
chemical environment (Foth and Ellis, 1997).
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Descriptive terms commonly associated with certain ranges in pH are extremely
acidic (pH <4.5), very strongly acidic (pH 4.5-5.0), strongly acidic (pH 5.1-5.5),
moderately acidic (pH 5.6-6.0), slightly acid (pH 6.1-6.5), neutral (pH 6.6-7.3),
slightly alkaline (pH 7.4-7.8), moderately alkaline (pH 7.9-8.4), strongly alkaline (pH
8.5-9.0), and very strongly alkaline (pH > 9.1) (Foth and Ellis, 1997). The degree and
nature of soil reaction influenced by different anthropogenic and natural activities
including leaching of exchangeable bases, acid rains, decomposition of organic
materials, application of commercial fertilizers and other farming practices (Brady
and Weil, 2002).
In strongly acidic soils, Al3+ becomes soluble and increase soil acidity while in
alkaline soils; exchangeable basic cations tend to occupy the exchange sites of the
soils by replacing exchangeable H and Al ions (Brady and Weil, 2002).

2.5.2 Total nitrogen

Nitrogen (N) is the fourth plant nutrient taken up by plants in greatest quantity next to
carbon, oxygen and hydrogen, but it is one of the most deficient elements in the
tropics for crop production (Mesfin, 1998). The total N content of a soil is directly
associated with its OC content and its amount on cultivated soils is between 0.03%
and 0.04% by weight. The N content is lower in continuously and intensively
cultivated and highly weathered soils of the humid and sub humid tropics due to
leaching and in highly saline and sodic soils of semiarid and arid regions due to low
OM content (Tisdale et al., 1995).

Wakene (2001) reported that there was a 30% and 76% depletion of total N from
agricultural fields cultivated for 40 years and abandoned land, respectively, compared
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to the virgin land in Bako area, Ethiopia. Average total N increased from cultivated to
grazing and forest land soils, which again declined with increasing depth from surface
to subsurface soils (Nega, 2006). The considerable reduction of total N in the
continuously cultivated fields could be attributed to the rapid turnover
(mineralization) of the organic substrates derived from crop residue (root biomass)
whenever added following intensive cultivation (McDonagh et al., 2001). Moreover,
the decline in soil OC and total N, although commonly expected following
deforestation and conversion to farm fields, might have been exacerbated by the
insufficient inputs of organic substrates from the farming system (Mulugeta, 2004).
The same author also stated that the levels of soil OC and total N in the surface soil
(0-10 cm) were significantly lower, and declined increasingly with cultivation time in
the farm fields, compared to the soil under the natural forest.

2.5.3 Available phosphorus

Phosphorus (P) is known as the master key to agriculture because lack of available P
in the soils limits the growth of both cultivated and uncultivated plants (Foth and
Ellis, 1997). Following N, P has more wide spread influence on both natural and
agricultural ecosystems than any other essential elements. In most natural ecosystems,
such as forests and grasslands, P uptake by plants is constrained by both the low total
quantity of the element in the soil and by very low solubility of the scarce quantity
that is present (Brady and Weil, 2002). It is the most commonly plant growth-limiting
nutrient in the tropical soils next to water and N (Mesfin, 1996).

Erosion tends to transport predominantly the clay and OM fractions of the soil, which
are relatively rich in P fractions. Thus, compared to the original soil, eroded sediments
are often enriched in P by a ratio of two or more (Brady and Weil, 2002). According
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to Foth and Ellis (1997), natural soil will contain from 50 to over 1,000 mg of total P
per kilo gram of soil. Of this quantity, about 30 to 50% may be in inorganic form in
mineral soils.

The main sources of plant available P are the weathering of soil minerals, the
decomposition and mineralization of soil OM and commercial fertilizers. Most of the
soils in Ethiopia particularly Nitisols and other acid soils are known to have low P
contents, not only due to the inherently low available P content, but also due to the
high P fixation capacity of the soils (Eylachew, 1987). Oxisols, Ultisols, Vertisols and
Alfisols are generally low in total P while Andosols are generally high in P content
(Mesfin, 1996). According to Mulugeta (2004) the impacts of continuous nutrient
mining owing to restricted external inputs is clearly reflected in the gradual decline of
soil properties such as available P and K after their peaks at 10 years

2.5.4 Cation exchange capacity

The Cation exchange capacity (CEC) of soils is defined as the capacity of soils to
adsorb and exchange cations (Brady and Weil, 2002). Cation exchange capacity is an
important parameter of soil because it gives an indication of the type of clay minerals
present in the soil, its capacity to retain nutrients against leaching and assessing their
fertility and environmental behavior. Generally, the chemical activity of the soil
depends on its CEC. The CEC of a soil is strongly affected by the amount and type of
clay, and amount of OM present in the soil (Curtis and Courson, 1981). Soils with
large amounts of clay and OM have higher CEC than sandy soils low in OM.

Cation exchange is considered to be of greater importance to soil fertility than anion
exchange, because the majority of essential minerals are absorbed by plants as
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cations(Poritchett and Fisher, 1987). The nutrients required for plant growth are
present in the soil in a variety of forms (Kimmins, 1997). They may be dissolved in
the soil solution, from where they can be utilized directly. They may be absorbed onto
exchange sites, from where they inter soil solution or be directly exploited by tree
roots or microorganisms that come in contact with the exchange site. Alternatively,
they may be firmly fixed in clay lattices, immobilized in decomposition resistant OM,
or present in insoluble inorganic compounds. An exchangeable cation is one that is
held on a negatively charged surface and displaced by another cation. The
exchangeable cation is a desirable form of a nutrient being quickly brought into
solution and made accessible to roots by the exchange with proton. Although the
cation nutrients held on the exchange sites form a readily available pool, they do not
represent the cation supplying ability of the soil (Binkley et al., 1992). Cations
removed from the exchange sites often are replenished rapidly from other sources,
such as OM decomposition, mineral weathering, or release of ions fixed within the
layers of clay minerals.

2.5.5 Exchangeable bases
Exchangeable bases in the exchange a complex are Ca2+, Mg2+,Na+ and K+ ions. But
Ca2+is the predominant base accounting for about 80% of the bases (Eyasu, 2002).
Exchangeable Mg commonly saturates only 5 to 20% of the effective CEC, as
compared to the 60 to 90% typical for Ca in neutral to somewhat acid soils (Brady
and Weil, 2002). Research works conducted on Ethiopian soils indicated that
exchangeable Ca and Mg cations dominate the exchange sites of most soils and
contributed higher to the total percent base saturation particularly in Vertisols
(Eyelachew, 2001). Different crops have different optimum ranges of nutrient
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requirements. The response to calcium fertilizer is expected from most crops when the
exchangeable Ca is less than 0.2 cmol (+)/kg of soils, while 0.5 cmol (+)/kg soil is
reported to be the deficiency threshold level for Mg in the tropics (Landon, 1991).
Soils under continuous cultivation, application of acid forming inorganic fertilizers,
high exchangeable and extractable Al and low pH are characterized by low contents
of Ca and Mg mineral nutrients resulting in Ca and Mg deficiency due to excessive
leaching (Dudal and Decaers, 1993).

Exchangeable sodium (Na) alters soil physical and chemical properties mainly by
inducing swelling and dispersion of clay and organic particles resulting in restricting
water permeability and air movement and crust formation and nutritional disorders
(decrease solubility and availability of calcium (Ca) and magnesium (Mg) ions)
(Sposito, 1989). Moreover, it also adversely affects the population, composition and
activity of beneficial soil microorganisms directly through its toxicity effects and
indirectly by adversely affecting soil physical and as well as chemical properties. In
general, high exchangeable Na in soils causes soil sodicity which affects soil fertility
and productivity. Soils in areas of moisture scarcity (such as in arid and semiarid
regions) have less potential to be affected by leaching of cations than do soils of
humid and humid regions (Jordan, 1993).

Potassium is the third most important essential element next to N and P that limit
plant productivity. Its behavior in the soil is influenced primarily by soil cation
exchange properties and mineral weathering rather than by microbiological processes.
Unlike N and P, K causes no off-site environmental problems when it leaves the soil
system. It is not toxic and does not cause eutrophication in aquatic systems (Brady
and Weil, 2002).
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Wakene (2001) reported that the variation in the distribution of K depends on the
mineral present, particles size distribution, degree of weathering, soil management
practices, climatic conditions, degree of soil development, the intensity of cultivation
and the parent material from which the soil is formed. According to Tisdale et al.
(1995) the greater the proportion of clay mineral high in K, the greater will be the
potential K availability in soils. Alemayehu (1990) observed low K under intensive
cultivation. Normally, losses of K by leaching appear to be more serious on soils with
low activity clays than soils with high- activity clays, and K from fertilizer application
move deeply (Foth and Ellis, 1997).

2.5.6 Soil organic matter content

Soil Organic Matter (OM) is defined as any living or dead plant and animal materials
in the soil and it comprises a wide range of organic species such as humic substances,
carbohydrates, proteins, and plant residues (Foth and Ellis, 1997).

In most tropical environments, the conversion of forest vegetation to agricultural land
results in a decline of the soil OM content to a newer, lower equilibrium (Woldeamlak
and Stroosnijder, 2003). Most cultivated soils of Ethiopia are poor in OM contents
due to low amount of organic materials applied to the soil and complete removal of
the biomass from the field (Yihenew, 2002), and due to severe deforestation, steep
relief condition, intensive cultivation and excessive erosion hazards (Eylachew,
1999). Biological degradation is frequently equated with the depletion of vegetation
cover and OM in the soil, but also denotes the reduction of beneficial soil organisms
that is important indicator of soil fertility (Oldman, 1993).
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Uncultivated soils have higher in soil OM (both on surface and in soil) than those
soils cultivated years (Miller and Gardiner, 2001). In the forest, there is a continuous
growth of plants and additions to the three pools of OM: standing crop, forest floor
and soil. In the grassland ecosystems, much more of the OM is in the soil and much
less occurs in the standing plants and grassland floor. Although approximately 50% of
the total OM in the forest ecosystems may be in the soil, over 95% may be in the soil
where grasses are the dominant vegetation (Foth, 1990). This means land
management practices, which reduce soil fertility, will seriously decrease its chemical
activity and also its ability to hold plant nutrients (Assefa, 1978).

Gregorich et al. (1995) reported that the concentration of organic carbon (OC) in the
forest soil decreased with depth by more than 10-fold in the surface 30 cm, from 139
g/kg soil in the 0-15 cm layer to 12 g/kg soil in the 15-30 cm layer. In contrast, the
OC concentration under corn was similar for soil layers within the plow layer, ranging
between 19 and 21 g/ kg carbon of soil. However, the mass of OC in the surface 10
cm of the forest soil was about three times greater than the soil under corn, but below
10 cm, the quantity of OC in the forest was similar to that of the soils cultivated for
corn (Gregorich et al., 1995). Thus, the surface layer is most relevant to assess the
impact of management practices on soil OM, because surface soils are easily modified
directly by cultivation.
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1. Description of the Study Area
The study was conducted in Sabeta Hawas Woreda in Oromia region, Ethiopia. The
woreda is located about 45 km southwest of the capital Addis Ababa in Oromia
Region, Central Ethiopia. It covers 87,532 hectares (SAWRADO, 2014).
Geographically, it is positioned at 8026′03″N to 80 51′27″N and 380 54′54″ E. Figure 1
presents the location map of the study kebeles and woreda.

Figure 1: Location map of the study site, Sebeta woreda

Source: (CSA, 2015)
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Agro-ecologically study area can be divided into two agro-ecological: highland (12%)
and mid land (88%). The rainfall of the areas is bimodal, with unpredictable short
rains from March to April and the main season ranging over June to September
ranging from 1700-2500mm and 1400-2400mm in Sombo and Gogeti microwatersheds respectively. The heavy rains over a short period of time results in mass
movement of soils and formation of gullies on the landscape. The soil type of the area
is Nitisols (red soil) and Ultisols (brown or mixtures of black and red soils). The
dominant is red soil in both micro-watersheds (SAWRADO, 2014).

The elevation of the Sombo micro-watershed ranges 2100-3700masl and Gogeti
micro-watershed ranges 2000-3600masl. The areas are characterized by steep,
undulating and flat topography. All farmers have been using traditional and rain fed
subsistence-oriented farming system. The common farming practices of the area are
intensive and continuous cultivation, livestock keeping; free grazing and overgrazing.
Cultivation is done even on steep slopes (>35%). Wheat and Barley crop productions
are the dominant livelihood strategy of all members of the farming community in the
watersheds (SAWRADO, 2014).

Conservation activities were introduced with the objectives of conserving and
rehabilitating degraded agricultural lands in micro-watershed. As a result, most of the
conservation structures were practiced to protect soil erosion on the farmlands. Soil
bunds are constructed during the dry season that do not interfere land preparation for
cropping. The construction is aimed on reduction and stopping velocity of runoff. It
increases soil productivity by capturing moisture and nutrients over time.
Construction of soil bunds is always started from the top of the watershed area/slope
and from the waterway. If the bund construction is started from the bottom of the
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watershed area and if it is not completed in one season, then all water from the top of
watershed area will destroy the lower one (SAWRADO, 2009).

The main means of livelihood in the micro-watersheds are agriculture which is based
on mixed farming by the small-landholders. Agriculture in the areas is predominantly
rain-fed and the amount, reliability and distribution of rainfall are important
determinants for crop yield. Majority of the farmers are depending on cereals and
pulses. Enset and chat are perennial crops grown in the watersheds used as staple food
and means of income generation for most of the dwellers. Agricultural productivity in
the areas is declining due to loss of fertility, which is caused by soil erosion and poor
land management.

Livestock production is an essential part of the farming system. Most farm households
in the areas kept cattle, sheep, goat poultry, hoarse, donkey and mule. Oxen are used
to plough cropland, Cows for milk, shoats for sale and equines for transport.
Traditionally the farmers are practicing cut and carry system and provide higher
recognition for fattening. Traditional beekeeping is also practiced by some farmers. It
has been blamed for land degradation in Ethiopia in addition to the study areas. As
well as have contribution for soil erosion process and for removing physical
conservation structures. The high livestock number has led to over grazing. This is
mainly due to the graze freely on farm plot after crops harvest. As to animal forage,
communal grazing areas, private pastures and crop residues are the principal source of
feed for their livestock in the watershed. Research has generally shown that as
vegetation cover declines under heavy stocking rates, the water infiltration rate
decreases and sediment production increases (SAWRADO, 2009).
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3.2 Study Methods

3.2.1 Household survey

The study involved a twin-micro-catchments- one treated with soil bunds (three years
old) among other soil and water conservation structures, and the other untreated
control catchment for comparison purposes. Sizes of both watersheds are respectively
Gogeti 525 ha for treated and the other untreated or control was Sombo730ha. Total
households of Gogeti micro-watershed and Sombo micro- watershed were 186 and
224 respectively.

In each catchment, farm households were purposively selected to assess effect of soil
and water conservation, and perceptions on soil moisture and water availability. The
sample households were disaggregated by upstream, middle stream and lower stream
of both micro-watersheds; 20 HHs in each sub-catchment. Focused Questionnaires
which are translated into the local languages (Afan Oromo and Amharic) were
developed (Appendix 1).

The questionnaire was pre-tested by administering it to selected respondents. On the
basis of the results obtained from the pretest, necessary modifications were made on
the questionnaire such as: soil erosion, soil and water conservation, and farmer’s
perception on effect of soil and water conservation and addition to the questionnaire
survey focus group discussions were made with key informants including community
leaders, development workers and representatives of non-governmental organizations.
Moreover, group discussions were made with randomly selected farmers. These
techniques helped to acquire useful and detailed information, which would have been
difficult to collect through the questionnaire survey.
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3.2.2 Soil sampling and analysis

A composite surface soil samples (0-20cm) was collected from upper, middle and
lower streams of both catchments. The slope ranges flat to gentle (<10%) at lower
part, Medium (10-20%) at middle part and Steep (>20%) on the upper part as has
been done by some other researchers (Teshome et al., 2014) . In each slope position
of catchments, three farm fields were used as replications giving a total sample size of
18 surface samples and 18 core samples. The some important information was
gathered during field survey which includes; stone cover, type of crop cultivated
(wheat, barley, bean and pea), soil depth and altitude of sampled sites.

From each slope category, 3 samples were taken at 0-20cm depth, giving a total 18
samples where each sample site is located 30m distant from others. Pits were dug by
auger at the four corners and in the center of the square plots uniformly (Figure 2).

Is the sampling point

20m

20m
Figure 2 Experimental layout of the research site, Sebeta woreda

The soil samples were air-dried, mixed well and passed through a 2 mm sieve for
chemical analysis. Separate soil core samples from the 0-20cm depths were taken
with a sharp- edged steel cylinder of 5cm height and 7.2cm diameter forced manually
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into the soil for bulk density determination. Soil analysis was carried out in Ethiopian
Institute of Agricultural Research Laboratory, Agricultural and Nutritional Research
Laboratory.

The samples were analyzed for some selected soil characteristics. The disturbed
sample was used to analyze; organic carbon (Walkley and Black,(1934), total nitrogen
(TotN) by Kjeldahl digestion method (Black, 1965), available phosphorus (AvP(ppm)
(Olsen et al., 1954) by extraction method , exchangeable cations (K, Na, Mg and Ca)
and cation exchange capacity (CEC) determined by extraction method with
ammonium acetate (Black, 1965) and soil pH (H2O-1:2.5) determined by
potesiometric Methods (Black, 1965). Percent soil OM was obtained by multiplying
percent soil OC by a factor of 1.724 following the assumptions that OM is composed
of 58% carbon. The undisturbed sample was used to determine soil moisture and bulk
density.

Bulk density of undisturbed soil sample was determined using core sampler
(cylindrical metal sampler) (Blake, 1965). Total porosity was calculated from the bulk
density and average particle density of 2.65m3 (Miriti et al., 2013). Porosity is one
mines BD divided by PD times hundred. Soil moisture content at sampling was
determined by the gravimetric method (Blake, 1965).

3.3 Data Analysis

The collected data from household questionnaire survey were entered and analyzed
using SPSS version 20.0 software and the results are presented with descriptive
statistics; tables, graphs and percentages. The qualitative data generated by the focus
group discussions was used to substantiate results from the questionnaires.
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The laboratory data obtained from the soil sample was analyzed with one-way
analysis of variance (ANOVA) using SAS version 20.0 software to detect whether
there was significant effect on soil attributes between the catchments and upper,
middle and lower streams of both catchments. In all the analyses, confidence level
was held at 95% and P<0.05 was set for significance.
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CHAPTER FOUR

4. RESULTS AND DISCUSSION

4.1 Household Characteristics

Family size and characteristics are directly related to the supply and demand condition
of basic human necessities which in turn influence the use of agricultural
technologies. Hence, examining household characteristics is paramount importance.
To this effect, in the following sections of the chapter the household characteristics of
sample households and its effect on soil and water conservation practices are
discussed.

4.1.1 Demographic Characteristics of Respondents

Out of 410 total households lived in the study areas, 120 households were selected
purposively. As it can be observed from table 1, 85% of the respondents are male
while the remaining 15% are females. Fifty point nine percent (50.9%) of the total
family members of the sampled households were adults (>17 years) and the rest
(49.1%) were children.

This means the adult group is the most likely to invest in SWC since they understand
the problem of soil erosion and through experience, farmers perceive and understand
the problem of soil erosion and decline in the fertility of the soil and the use of
improved soil and water conservation technology in controlling soil erosion, and add
available, organic and/or inorganic fertilizer to preserve and/or improve the fertility of
the soil (Addisu, 2011).
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In the study area, 17.5% of the households illiterate whereas the level of education
within literate categories was about 36.0%, 33.3%, 10.8% and 2.5% attained
elementary, sinner secondary, secondary and higher education respectively (Table 1).
In fact, education level of farmers is assumed to increase the ability to obtain and use
of agricultural related information and technology in a better way.
Table 1: Demographic characteristics distribution of respondents of Gogeti and
Sombo micro-watersheds, Sebeta woreda
Character
istics

Sombo Micro-

Gogeti Micro-

Watershed

Watershed

Total

Frequenc

Percent

Frequenc

Percent

Frequenc

Percent

y

(%)

y

(%)

y

(%)

Male

53

88.3

49

81.7

102

85

Female

7

11.7

11

18.3

18

15

Total

60

100

60

100

120

100

≤25

0

0

1

16.7

1

1.0

26-45

51

85.0

46

76.7

97

81

46-65

8

13.3

10

1.7

18

15

≥66

1

1.7

3

5.0

4

3.0

Total

60

100

60

100

120

100

Illiterate

13

21.7

8

13.3

21

17.5

Grade 1-4

29

48.3

14

23.3

43

35.8

Grade 5-8

17

28.3

23

38.3

40

33.3

Grade 9-

1

1.7

12

20.0

13

10.8

Above 12

0

0

3

5.0

3

2.50

Total

60

100

60

100

120

100

Sex

Age

Education
al level

12

Source: (Field Survey, 2015)
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4.1.2 House hold resource endowment

Land is one of the most important factors of agricultural production. Table 2 shows
that about 49.2% of house‐holds have less than 1hectare (ha), 18.3% of sample
households have no land, 15.0% of sample respondents have 1-2 ha and about 17.5%
of sample respondents have greater than 2 ha. Land is the fundamental source of
livelihood in rural Ethiopia. An attempt is made to relate the SWC technologies with
the respondents land size. Once the farmers observe the problems, they become
interested in investing more on conservation technologies in their cultivated field.
Farmers who have smaller farm holding are more likely to remove conservation
structures totally. This is maybe because farmers who have smaller farms are typically
young and lack the required training to maintain structures. This is probably because
farmers who have smaller farms are typically young and lack the required training to
maintain structures. Hence, they remove structures that have not been maintained.

Tesfaye et al.(2013) indicates that some farmers having larger land size (>1.5 ha)
showed interest in investing in conservation technologies especially in maintenance.
However, once the farmers observe the problems, they become interested in investing
more on maintaining conservation technologies in their cultivated field in the original
state. Farmers who have smaller farm holding are more likely to remove conservation
structures totally.
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Table 2: Farm size distribution of sampled of respondents of Gogeti and Sombo
micro- watersheds, Sebeta woreda
Farm

Sombo Micro-

Gogeti Micro-

size

watershed

watershed

Frequency

Percent

Frequency

(%)

Total

Percen

Frequenc

Percent

t (%)

y

(%)

0ha

9

15.0

13

21.7

22

18.3

<1ha

35

58.3

24

40.0

59

49.2

1-2ha

10

16.7

8

13.3

18

15.0

2-3ha

5

8.3

10

16.7

15

12.5

3-4ha

1

1.7

5

8.3

6

5.0

Total

60

100

60

100

120

100

Source: (Field Survey, 2015)

Traditionally, livestock in the study area have been kept for different purposes. The
animals are kept to provide food, as draft and transport, as a means of assets because
farmers regard livestock as a safeguard for sudden cash requirement as they represent
a considerable capital resource. These animals are sold in time of need for food, credit
payment for taxes and others. Oxen are kept both for ploughing and fattening purpose.
Because the animals are used in the farm operations, complimentarily between crop
production and livestock enterprise is a common phenomenon of smallholder farmers
of the study area.

From the table 3 one can conclude that there are many live stocks in the study area.
Sheep (24.6%) and chicken 21.7% outnumbered other farm animals. This is due to the
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climatic factors suitable for raising these animal types. Cooler temperature, due to its
high altitude and topography creates favorable condition for animals like sheep than
the others. Livestock in the area is blamed for removing physical conservation
structures. This is mainly due to the graze freely on farm plot after crops harvest. As
to animal forage, communal grazing areas, private pastures and crop residues are the
principal source of feed for their live stock in the watersheds. In addition to this, some
farmers purchase industrial by‐product to feed their livestock.

The study shows livestock production is still traditional and productivity is low.
Animal health, feed shortage and low productivity of the breeds are key problems of
the area, which directly or indirectly contribute to the resources degradation.
However, the diversified livestock has helped farmers to withstand livestock loss due
to health and other problems. The majority of farmers’ stated that livestock have
contribution for soil erosion process. Shimeles (2012) indicated that the high livestock
number has led to over grazing.
Table 3: Livestock population of sampled house hold of Gogeti and Sombo microwatersheds, Sebeta woreda
Species of
Animals

No of Animals

Total

Sombo MicroWatershed

Gogeti MicroWatershed

Oxen/ Bulls

95

71

166

18.7

Cows

42

33

75

8.4

Calves

14

11

25

2.8

Sheep

127

92

219

24.6

Goats

24

35

59

6.6

Horses

5

7

12

1.3
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Frequency Percent (%)

Mules

9

3

12

1.3

Donkeys

33

27

60

6.7

Chicken

87

106

193

21.7

Hives with bees

21

48

69

7.8

Total

433

457

890

100

Source: (Field Survey, 2015)

4.1.3 Assessment of soil erosion /sedimentation

The findings of the household survey revealed that 85% of Sombo micro-watershed
and 65% of Gogeti micro-watershed reported that there were soil erosion/
sedimentation problems in their farm lands, while 15% and 35% said no soil
erosion/sedimentation problems in their farm lands of the Sombo and Gogeti microwatersheds, respectively (Figure 3).
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Figure 3: Soil erosion/sedimentation problem existence of Sombo and Gogeti microwatersheds, Sebeta woreda
Source: (Field Survey, 2015)
According to the finding soil erosion/sedimentation problems is widely perceived as a
problem in the untreated (Sombo) micro-watershed whereas it was not a major
problem in the treated (Gogeti) micro-watershed. However, there were slow but sure
changes in the treated farm lands whereas in untreated the problem rapidly increasing.
The existence of the problem was more in the less area coverage of Gogeti microwatersheds (525ha) than in the large area coverage of Sombo micro- watersheds (730
ha). Thus, due to intensive use of farm land as a result of shortage of farm land. The
problem of erosion induced was greater in less population area of Gogeti (180) when
compared with large population area Sombo (224). This might be because of shortage
of labor to treat the land.
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Figure 4: Soil problem types of Gogeti and Sombo micro- watersheds, Sebeta woreda
Source: (Field Survey, 2015)

The results of the household survey revealed that 80.4% erosion, 19.6% sedimentation
of Sombo micro-watershed and 84.6% erosion, 15.4% sedimentation of Gogeti microwatershed of the respondents reported that there were soil erosion problems in their
farm lands (Figure 4).

As concluded from the findings soil erosion was a severe problem of the study areas
although it was reduced in treated farm land. These due to conservation measure taken
the runoff protected. The erosion problems occurred at upper and middle slope
positions whereas sedimentation at lower level of catchments.

The findings of the household survey revealed that 83.3 and 65 % of the respondents
of Sombo and Gogeti micro-watersheds respectively reported that there were
symptoms of soil erosion/sedimentation in their farm lands. As the study revealed, the
existence of sheet erosion (34%, 38.5%), sediments in ditches and furrows (20%,
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15.4%), rills in the farm (36%, 46.2%) and gullies in the farm (10%, 0%) helped the
respondents whether there was soil erosion/sedimentation or not on their farmlands
(Table 4).

According to the surveyed households were asked about the indicators of soil erosion
problem on their own farm plots, 83.3 and 65 % of farmers of Sombo and Gogeti
micro-watersheds respectively reported that the presence of sheet and rills as a major
indicator on their cultivated plot followed by sediments in ditches and furrows and
gullies in the farm were the indicators of soil erosion in the watersheds.

According to Tegegne (2014) the surveyed households were asked about the
indicators of soil erosion problem on their own farm plots, 45.3% of farmers reported
that the presence of gullies and rills as a major indicator on their cultivated plot and
communal grazing land. The rest, 37.3% and 17.4%, of farmers also reported that the
decline of agricultural productivity of their farm plots and the change of soil color
were the indicators of soil erosion, respectively. This perception of the farmers is
most closely associated with the scientific finding of most researchers.
Table 4: Symptoms of soil erosion/ sedimentation of Gogeti and Sombo microwatersheds, Sebeta woreda

Alternatives

Symptoms of Soil Erosion

Total

Sombo micro-

Gogeti micro-

watershed

watershed

Freque

Percent

Freque

Percent

Freque

Percent

ncy

(%)

ncy

(%)

ncy

(%)

Sheet erosion

17

34.0

15

38.5

32

36.0

Sediments in

10

20.0

6

15.4

16

18.0

ditches and

40

furrows
Rills in the

18

36.0

18

46.2

36

40.4

5

10.0

0

0.0

5

5.6

50

100.0

39

100.0

89

100

farm
Gullies in the
farm
Total

Source: (Field Survey, 2015)

According to the respondents responded that, improper tillage (10%, 25%),
slope/terrain (42%, 47.5%), deforestation (32%, 17.5%) and high rainfall and absence
of its management measures (16%, 10%) were found to be as causes of soil
erosion/sedimentation of Sombo and Gogeti micro-watersheds on their farmlands,
respectively (Table 5).

In relation to this, from the finding of the study that some of the main causes of soil
erosion problems of Dejen district perceived by farmers were the slope of the land,
deforestation, improper farming practice and high intensity of rainfall and absence of
appropriate soil conservation practice (Tegegne, 2014). Moreover, based on the focus
group participates and key informants of the study area farmers perception of soil
problems refers to the perception to relationship and processes of soil erosion, and
fertility of the soil.
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Table 5: Causes of soil erosion/ sedimentation of Gogeti and Sombo microwatersheds, Sebeta woreda

Alternatives

Causes of Soil Erosion /Sedimentation
Sombo

micro- Gogeti

watershed

Total

micro-

watershed

Freque

Percent

Freque

Percent

Freque

Percent

ncy

(%)

ncy

(%)

ncy

(%)

Improper tillage
Slope/terrain

5
21

10.0
42.0

10
19

25.0
47.5

15
40

16.7
44.4

Deforestation

16

32.0

7

17.5

23

25.6

High rainfall and

8

16.0

4

10.0

12

13.3

50

100.0

40

100.0

90

100

absence of its
management
measures
Total

Source: (Field Survey, 2015)

4.1.4 Soil and Water Conservation Practices

The results of the household survey revealed that the agronomic SWC methods
(contour plough, crop rotation (0%, 20.9%), both structural and agronomic SWC
methods (100%, 65.1%) and structural, biological and agronomic SWC methods (0%,
14%) of the Sombo and Gogeti micro-watersheds, respectively were major applied
/adopted soil and water conservation methods on their farmlands (Table 6). Both
structural and agronomic SWC methods applied in large areas of treated farm lands
and no important SWC undertaken in the untreated watershed.
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Table 6: Soil and water conservation methods adopted of Gogeti and Sombo microwatersheds, Sebeta woreda
Alternatives

Soil and Water Conservation Methods
Sombo
microGogeti
microadopted
watershed
Frequen Percen

Agronomic

watershed
Frequen Percen

Total

Frequen

Percent

cy

t (%)

cy

t (%)

cy

(%)

0

0

9

20.9

9

18.8

5

100.0

28

65.1

33

68.8

0

0.0

6

14.0

6

12.5

5

100.0

43

100.0

48

100

SWC
methods
(contour
plough, crop
rotation
Both
Structural and
Agronomic
SWC
methods
Structural,
Biological
and
Agronomic
SWC
methods
Total

Source: (Field Survey, 2015)

Respondents of Sombo micro-watershed revealed that 40% states conservation is high
labor and time demanding and 60% mentioned it is costly. On the other hand, in
Gogeti micro-watershed, 75% choose labor and time demanding, 25% as costly of
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Gogeti micro-watershed of the respondents reported that there were reason for not
taking soil and water conservation measures in their farm lands (Table 7)

In the study area, the implemented SWC technologies were structural conservation
technologies that are labor intensive. A household’s labor supply, therefore,
determines its ability to maintain the SWC measures already established and to
construct new ones. Woldeamlak (2007) stated that farm households with a less labor
constraint can be more able to adopt SWC measures, while households with a greater
labor constraint will be unable.
Table 7: Reason not take SWC practices of Gogeti and Sombo micro- watersheds,
Sebeta woreda
Alternativ
es

Reason Not Take SWC Practices
Sombo

micro- Gogeti

watershed
Frequency

Total

micro-

watershed
Percen

Frequen

Percen

Frequenc

Percent

t (%)

cy

t (%)

y

(%)

It is costly

3

60.0

2

25.0

11

26.2

High labor

2

40.0

6

75.0

31

73.8

5

100.0

8

100.0

42

100

and time
demanding
Total

Source: (Field Survey, 2015)

The common SWC practices practiced in the study sites were soil bunds (0%,60.5%),
stone bunds (0%,7%), cutoff drains (0%,14%),waterways(60%,7%), check dams
(0%,11.6%), and crop rotation (40%,0%) in the farm lands of Sombo and Gogeti
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micro-watersheds in that order (Table 8). The soil bunds were largely practiced/
adopted in treated farm lands of micro-watershed, while in the untreated waterway
was mainly practiced.

Table 8: Soil and water conservation practices regularly practiced of Gogeti and
Sombo micro- watersheds, Sebeta woreda
Alternatives

SWC Practices Regularly Practiced
Sombo Micro-

Gogeti Micro-

Watershed
Freque Percen

Watershed
Frequen Percent

Total

Frequency

Percen

Soil bunds
Stone bunds

ncy
0
0

t (%)
0.0
0.0

cy
26
3

(%)
60.5
7.0

26
3

t (%)
54.2
6.3

Cutoff drains
Waterways
Check dams
crop rotation

0
3
0
2

0.0
60.0
0.0
40.0

6
3
5
0

14.0
7.0
11.6
0.0

6
6
5
2

12.5
12.5
10.4
4.2

Total

5

100

43

100

48

100

Source: (Field Survey, 2015)

The results of the household survey revealed that soil bunds (15%, 43.3%), cutoff
drains (6.7%, 6.7 %), fanya Juu(10%, 1.7%), waterways (18.3%, 8.3%), check dams
(8.3%, 6.7%), bench terraces (11.7%, 5%), trench digging (23.3%, 11.7%) and stone
bunds (6.7%, 16.7%) of the Sombo and Gogeti micro-watersheds, respectively were
more effective types of structural SWC measures on their farmlands (Table 9).
Farmers perception of untreated micro-watershed was indicate that trench digging and
waterways considered as more effective structural SWC measures whereas, in the
treated micro-watershed soil bunds followed by bench terraces and trench were
considered as main effective types of SWC.

45

Table 9: More effective types of structural SWC of Gogeti and Sombo microwatersheds, Sebeta woreda
Alternatives

More Effective Types of Structural SWC

Total

Measures
Sombo MicroGogeti MicroWatershed

Watershed

Frequenc

Percent

Frequenc

Percen

Frequenc

Percent

y

(%)

y

t (%)

y

(%)

Soil bunds

9

15.0

26

43.3

35

29.2

Cutoff drains

4

6.7

4

6.7

8

6.7

Fanya Juu

6

10.0

1

1.7

7

5.8

Waterways

11

18.3

5

8.3

16

13.3

Check dams

5

8.3

4

6.7

9

7.5

Bench

7

11.7

3

5.0

10

8.3

14

23.3

7

11.7

21

17.5

Stone bunds

4

6.7

10

16.7

14

11.7

Total

60

100.0

60

100.0

120

100

Terraces
Trench
digging

Source: (Field Survey, 2015)

Farmers destroy SWC technologies and relate this to construct a new one (6.7%,
18.3%), reducing the bunds height (0%, 6.7%), need to avail more land (1.7%, 75%)
and free grazing (91.7%, 0%) reason for the destruction of structural SWC in the farm
lands of Sombo and Gogeti micro-watersheds, respectively (Table 10). The informant
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mentioned that major basis for the destruction of structural SWC of untreated farm
lands were free grazing.
Table 10: Reason for the destruction of structural SWC of Gogeti and Sombo microwatersheds, Sebeta woreda
Alternatives

Reason for The Destruction of Terraces
Sombo micro-

Gogeti micro-

watershed

watershed

Total

Frequenc

Percen

Frequenc

Perce

Frequen

Perce

y
4

t (%)
6.7

y
11

nt (%)
18.3

cy
15

nt (%)
12.5

0

0

4

6.7

4

3.3

Need to avail

1

1.7

45

75.0

46

38.3

more land
Free grazing

55

91.7

0

0.0

55

45.8

Total

60

100

60

100

120

100

Planned to
construct a new
one
Reducing the
bunds height

Source: (Field Survey, 2015)
4.1.5 Perception of farmer`s on effect of SWC practice on moisture availability

Farmers have developed good perception power of the effect of SWC on soil moisture
availability. Most mentioned that more moisture is available on the conserved farms.
According to the results of the perception, farmers’ response is as: less moisture
available on conserved area than non-conserved ones (3.3%, 0%); the same moisture
availability as the non-conserved area (15%, 18.3%); more moisture available on
conserved than non-conserved area (60%, 70%); and do not know (21.7%, 11.7%)
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,respectively, in the Sombo and Gogeti micro-watersheds (Table 11). Thus, due to
adopted SWC protect runoff and increase water retention capacity result in moisture
availability of the area. Also result of key informant interview on rated lands moisture
content of the soil is increasing from time to time.

The result of study by Hengsdijk et al. (2005) also confirm that soil conservation can
improve moisture retention during low‐rainfall periods and thereby reduce moisture
stress and enhance plant growth.
Table 11: Perception of farmer`s on effect of SWC on moisture availability of Gogeti
and Sombo micro- watersheds, Sebeta woreda

Alternatives

Perception of Moisture Availability

Total

on Conserved and Non-Conserved
Fields

Less moisture

Sombo Micro-

Gogeti Micro-

Watershed

Watershed

Frequen

Perce

Frequen

Perce

Frequen

cy

nt (%)

cy

2

3.3

0

0

2

1.7

9

15.0

11

18.3

20

16.7

nt (%) cy

Percen
t (%)

available on
conserved area
than nonconserved ones
The same
moisture
availability as the
non-conserved
area

48

More moisture

36

60.0

42

70.0

78

65.0

Do not know

13

21.7

7

11.7

20

16.7

Total

60

100.0

60

100.0

120

100.0

available on
conserved than
non-conserved
area

Source: (Field Survey, 2015)

Farmers also rate moisture availability by slope category or positions of slope.
According to the findings, in Sombo micro-watershed 58.3% rate as low, medium
(33.3%), high (3.3%) and the same (3.3%) of in upper slope position. Whereas in
Gogeti micro-watershed, they rate it as low (61.7%), medium (21.7%), high (1.7%)
and the same (10%) (Figure 5).

Percent

70.0

High

60.0

Medium

50.0
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The same

40.0
30.0
20.0
10.0
0.0
Sombo microwatershed

Gogeti watershed

Figure 5: Dynamics of moisture availability in upper slope position of Sombo and
Gogeti micro- watersheds, Sebeta woreda
Source: (Field Survey, 2015)
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The low moisture availability in upper slope illustrate that SWC is not implemented
and rather there was an observation of expansion of farm lands on steeper slope
removing the available natural forest. Moreover, these slope categories was over
grazed that make the site to be compacted, less infiltrable and low moisture
availability.

A to the middle slope category, moisture dynamics was rated by farmers as low
(23.3%), medium (48.3%), high (11.7%) and the same (16.7%) in the Sombo microwatershed; and low (18.3%), medium (53.3%), high (13.3%) and the same (15%) in
Gogeti micro-watershed (Figure 6).

The perception on moisture availability in middle slope showed that medium moisture
is available at middle slope of untreated farm lands for the reason that SWC were not
implemented in the site. On the hand, moisture availability of treated farm lands was
also rated as medium in middle slope positions, probably suggesting the relatively
recent years of conservation activity being implemented in the study area as well as
the in sufficient conservation structures applied in the slope category.
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The same
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20.0
10.0
0.0
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Gogeti watershed

Figure 6: Dynamics of moisture availability in middle slope position of Sombo and
Gogeti micro- watersheds, Sebeta woreda
Source: (Field Survey, 2015)

Results from the household survey revealed moisture dynamics as high (68.3%),
medium (16.7%), low (13.3%) and the same (1.7%) in Sombo micro-watershed and
high (46.7%), low (25%) medium (15%) and the same (13.3%) in Gogeti microwatershed (Figure 7).

The result of moisture availability in lower slopes indicate that more moisture is
available than in the upper and middle slopes of untreated farm lands. This could be
related to the accumulation of moisture in such sites which is eroded from upper slope
positions.
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Figure 7: Dynamics of moisture availability in lower slope position of Sombo and
Gogeti micro- watersheds, Sebeta woreda
Source: (Field Survey, 2015)

4.2 Effect of soil conservation on soil physical properties

4.2.1 Bulk density

Bulk density value was not significantly (p>0.05) affected by SWC practices.
However, numerically the highest mean (1.47 g/cm3) value of bulk density was
recorded on the non-conserved micro-watershed and the lowest mean (1.36 g/cm3)
value under the conserved micro-watershed. In this study, the relatively lower mean
values of bulk densities of 1.23g cm-3 were recorded on soils taken from the
conserved and non-conserved cultivated lands with slopes of <10 and between 10 20% respectively (Table 12). This implies that more roots of plants, higher organic
matter and sediment are accumulated in this zone of the micro-watersheds. As the
land slope decreases runoff speed also decreases, sediments and organic matter started
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to settle. Root abundance, crop stand, crop production and crop residues are better in
lower slopes of the micro-watersheds compared to its upper slopes as soil depth in
upslope is shallow which limits plant growth due to shallow soil depth even with
similar conservation measures.

According to Mulugeta and Karl (2010), the non-conserved micro-watershed was
found to exhibit significantly higher mean value of bulk density than the micro
watershed treated with SWC measures. The relatively lower bulk densities of 0.92 and
0.93 g cm-3 are recorded on soils taken from the conserved grassland and cultivated
lands with slopes of 6 and 12%, respectively. This implies that more roots of plants,
higher organic matter and sediment are accumulated in this zone of the micro
watershed. As the land slope decreases runoff speed also decreases, sediments and
organic matter started to settle.

4.2.2 Total porosity

The mean total porosity percentages of the conserved and non-conserved micro
watersheds were 48.8 and 44.4%, respectively. The percentage total porosity
increased from the non-conserved watershed (44.4%) to the conserved microwatershed (48.8%). Although this numerical variation was observed, the total porosity
was not significantly (p > 0.05) affected by soil and water conservation practices,
while middle and lower slope classes of total porosity of treated micro-watershed was
significantly (p < 0.05) affected by soil and water conservation practices. The highest
and the lowest mean total porosity were observed in the treated and untreated
watersheds (Table 12). These results showed that SWC practices statistically not
affected soil porosity of micro-watersheds because intensive cultivation without
appropriate soil conservation results in organic matter degradation and soil
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compaction in untreated farm land while in treated due to young age of constructed
structure.

The soil total porosity is a function of the total volume of the soil and the volume of
pore spaces. Coarse textured soils tend to be less porous than fine-textured soils,
though the mean size of individual pores is greater in coarse-textured soils.
Furthermore, in clayey soils, the porosity is highly variable as the soil alternately
swells, shrinks, aggregates, disperses, compacts and cracks (Brady and Weil, 2004;
Indian Society, 2002).

4.2.3 Soil moisture content (SMC)

It is the amount of water in a soil during the time of data collection (Assefa, 2009). It
is influenced by many factors like: soil texture, depth, structure, organic-matter,
porosity and temperature (Israelsen and Hansen, 1962; Assefa, 2009). Moisture
content value did significantly (p<0.05) affected by SWC practices whereas slope
value was not significantly affect SMC. The highest mean (27.1%) value of moisture
content was recorded on the conserved micro-watershed and the lowest mean (12.0%)
value under the non-conserved micro-watershed (Table 12). The moisture difference
between treated and untreated might be for runoff decrease and water stored in the
structure during rainy season. This help water to

infiltrate

in to the soil.

As result of Assefa (2009) depict that there was no significant difference at 0.05
levels, the moisture content of soil in the down slope fields was 6% higher than soils
in the mid-slope fields and 15% higher than soils in the up-slope fields.
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4.3 Effect of soil conservation on soil chemical properties

4.3.1 Soil (pH)

Analysis of variance (ANOVA) revealed that there was no significant soil pH
differences (p>0.05) among conserved and non-conserved micro watersheds.
Likewise, there was no significant soil pH (p > 0.05) difference in slope position of
the conserved and non-conserved micro-watersheds. The pH mean values of soil
taken from farm of conserved micro-watersheds was the highest (5.66) and that of the
farm of non-conserved micro- watersheds was the lowest (5.59) (Table 12).

The degree and nature of soil reaction influenced by different anthropogenic and
natural activities including leaching of exchangeable bases, acid rains, decomposition
of organic materials, application of commercial fertilizers and other farming practices
(Brady and Weil, 2002). The laboratory result of sampled soils is in agreement with
the findings of other similar studies, for instance Million (2003) also found that
indigenous stone bunding had no significant effect on soil pH when compared to the
control treatment (non-conserved plots). The relatively lower pH mean value for the
non-conserved micro-watershed could be attributed to the relatively lower base
saturation percentage and lower soil organic matter content.

4.3.2 Total nitrogen (TotN)

The statistical significant difference was not observed (p> 0.05) in TotN as a result of
the effect of soil and water conservation practices as well as by the slope classification
of streams. The average values of TotN were the highest (0.14%) on the nonconserved watershed and the lowest (0.13%) under the conserved watershed.
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This is due to continuous and intensive cultivation result in highly weathered soil
TotN leach because of moisture and young age of SWC measure low TotN in
conserved area. The mean TotN content decreased considerably from non-conserved
to conserved watersheds which revealed a reduction by about 0.02 % compared to its
amount in the soil.

Considering the interaction of treatment by slope classes, the highest mean value of
TotN (0.15%) was recorded at the middle slope (10-2%) followed by 0.14 % and 0.14
% in the lower (<10%) and upper (>20%) slopes of the non-conserved, respectively.
On the other hand, the lowest interaction mean value of TotN (0.10 %) was observed
in the upper slope (>20) of the conserved watershed. Thus, due to erosion high before
conserved and absence of nitrogen fixation crop rotation and fertilizer application
(Table 12).

Following the rating of TotN, value of > 1% can be rated as very high, 0.5-1% high,
0.2-0.5% medium, 0.1-0.2% low and < 0.1% as very low status (Landon, 1991). Thus,
the surface soils of the non-conserved and the conserved watersheds qualified for low
and the upper slope of conserved watershed qualified for very low status of mean N.
Tisdale et al. (1995) indicate that the TotN content of a soil is directly associated with
its OC content and its amount on cultivated soils is between 0.03% and 0.04% by
weight. It is lower in continuously and intensively cultivated and highly weathered
soils of the humid and sub humid tropics due to leaching and in highly saline and
sodic soils of semiarid and arid regions due to low OM content. Mulugeta (2004)
stated that the levels of soil OC and TotN in the surface soil (0-10 cm) were
significantly lower, and declined increasingly with cultivation time in the farm fields,
compared to the soil under the natural forest.
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4.3.3 Available phosphorus (AvP)

The available phosphorus (AvP) was not significantly (p > 0.05) affected by soil and
water conservation practices and slope classification streams. The mean content of
AvP in the non-conserved watershed was higher than the conserved. Even though,
the highest (5.21ppm) and the lowest (4.83ppm) AvP contents were observed under
the non-conserved watershed and the conserved respectively the both watersheds
values lie on low rate of AvP. As a consequence, due to erosion is high before
conserved and absence of continuous application of mineral P fertilizer. The results
also revealed that AvP mean was higher (6.75ppm) in the upper slope (>20) of
conserved than in the non-conserved. But, the value lie on medium rate AvP and
result in proportion of mineral P fertilizer application (Table 12). The results of
Worku et al.(2012) also showed that available phosphorous did not significantly
varied (p > 0.05) both with the treatments and slope gradients. The mean value of
AvP within treatments as well as slope gradients showed a slight difference.

According to Tisdale et al. (1997), the rating of AvP level of soil less than 3.00 ppm
as very low, 4.00-8.00 ppm as low, 8.00-11.00 ppm as medium and >12.00ppm as
rich. The AvP of the soils of in the present study watersheds was belonging to low
range for non-conserved, conserved watersheds and all slope classes. It is normally
strongly bonded to soil particles and therefore easily transported down slope during
erosion, giving higher concentrations of available P in the soil accumulation zone of
lower slope positions. The bunds were only three years old or younger. More time
will probably lead to greater differences in available P between soil groups due to
prolonged erosion, particularly between non-conserved land and soil accumulation
zones on treated land.
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4.3.4 Cation exchange capacity (CEC)

The CEC values of the soils in the study area were not significantly (p >0.05) affected
by SWC practices and the slope positions. Considering the numerical values the
lowest mean value of CEC (19.6(Cmolckg-1) and the highest mean value of CEC (19.8
(Cmolckg-1) were observed under the cultivated lands of untreated and treated microwatersheds, respectively. Thus, may be due to presence of amount of clay mineral and
slight change in OM.

Considering the numerical values by slope position, the lowest CEC mean value
(18.7(Cmolckg-1)was recorded at the middle slope position of the untreated cultivation
land of micro-watershed, whereas the highest (21.2(Cmolckg-1) was observed at
middle slope position of the cultivated land of treated micro-watershed. Thus, the
difference is due to middle soil accumulation caused by erosion from the upper slope
position of the micro-watersheds (Table 12).
According to Landon (1991), the top soil having CEC of > 25, 15-25 Cmolckg-1, 5-15
Cmolckg-1 and < 5 Cmolckg-1 are classified as high, medium, low and very low,
respectively. Based on the above ratings, the surface soils of the forest (high), the
grazing (medium) and the cultivated lands (low) qualify for status of CEC. Curtis and
Courson, (1981) the CEC of a soil is strongly affected by the amount and type of clay,
and amount of OM present in the soil. Both clay and colloidal OM are negatively
charged and therefore can act as anions (Kimmins, 1997). As a result, these two
materials, either individually or combined as a clay-humus complex, have the ability
to adsorb and hold positively charged ions (cations). Soils with large amounts of clay
and OM have higher CEC than sandy soils low in OM (Brady and Weil, 2002)
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4.3.5 Exchangeable bases

The content of exchangeable calcium (Ca) was no significantly (p >0.05) affected by
SWC practices and slope positions. The mean values of exchangeable calcium (Ca)
under the untreated and treated micro-watersheds were 5.16 and 6.36 Cmolckg-1,
respectively. Considering the interaction of micro-watersheds by slope positions, the
highest mean value (8.46Cmolckg-1) exchangeable Ca was recorded at the lower slope
position (<10 %) of the treated micro- watershed, and the lowest mean value
(4.29Cmolckg-1) was obtained at the upper slope position (>20) of the untreated
micro-watershed (Table 10). Gebeyaw (2015) reported similar status of exchangeable
Ca++ reduction in land use conversion from forest to cultivated land. The lowering of
exchangeable Ca++ in the cultivated land might be attributed to excessive leaching
because of high rainfall of the study area.

Exchangeable magnesium content (Mg) was no significantly (p > 0.05) affected by
SWC practices and slope positions. Considering the main effects of SWC practices,
the mean exchangeable Mg value was highest (7.35 Cmolckg-1) under the untreated
micro-watershed and lowest mean value (7.31 Cmolckg-1) on the treated microwatershed (Table 12).The result of Birhanu, (2011) indicated that the forest/
plantation land was significantly different having higher exchangeable magnesium
Mg++ content than the other land use types. The lowest value obtained on the
cultivated land could be also be related to influence of intensity of cultivation and
abundant crop harvest with little or no use of input as reported by Alva et al. (1999).

The content of exchangeable sodium (Na) was no significantly (p >0.05) affected by
SWC practice and slope position. Considering the main effects of SWC practice,
exchangeable Na content was the highest mean value (0.31 Cmolckg-1) under the
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treated micro-watershed and lowest mean value(0.28 Cmolckg-1) in the untreated
micro-watershed. Similarly, the highest mean value (0.73 Cmolckg-1) and the lowest
mean

value(0.27 Cmolckg-1) of exchangeable Na contents as affected by the

interaction of SWC practice and slope position were recorded at the lower slope
positions of the untreated and the treated micro-watersheds, respectively (Table 12).
The lower exchangeable K contents in the cultivated and the grazing lands than in the
forest land might be due to its continuous losses in the harvested and grazed parts of
the plants from the cultivated and grazing lands, respectively. Previous findings have
also considered these factors and the application of acid forming fertilizers as major
factors affecting the distribution of K+ in soil systems mainly enhancing its depletion
especially in tropical soils (Baker et al., 1997; Wakene, 2001).

Exchangeable Potassium content (K) was not significantly (p >0.05) affected by
SWC practices and slope positions. The highest mean value (0.76 Cmol ckg-1) was
recorded in the untreated micro-watershed and the lowest mean value (0.74 Cmolckg1

) in the treated micro-watershed. Considering the interaction effects of SWC practice

by slope position, the highest mean value (0.95 Cmolckg-1) and the lowest mean value
(0.29 Cmolckg-1) of exchangeable K contents were recorded at the lower slope
(<10%) positions of the treated and the untreated micro-watersheds respectively
(Table 12).

The study of Alemayehu (1990) observed low K under intensive cultivation.
Normally, losses of K by leaching appear to be more serious on soils with low activity
clays than soils with high- activity clays, and K from fertilizer application move
deeply (Foth and Ellis, 1997).
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4.3.6 Soil organic matter (SOM)

Differences in soil organic matter between upper slope positions of the conserved and
non-conserved micro-watersheds were statistically significant (p < 0.05) while, this
differences between the conserved and non-conserved micro-watersheds were not
statistically significant (p>0.05). The variations in mean value of OM can be
attributed to the effect of SWC measures implemented. Moreover, the leasing of crop
residue has better effect in soil organic matter accumulation (Table 12).

In many parts of Ethiopia including Sebeta, the shortage of firewood leads to the
utilization of straw and leaves for fuel. Animal manure is also commonly dried and
burned. Very little organic residues are therefore returned to the soil apart from the
roots of annual crops. As a consequence, soils become low in organic matter after
some time of continuous cultivation. Depletion of OM and destruction of soil
aggregates lead to increased rates of soil losses in cultivated areas (Kjell et al., 2002).

Likewise, Mulugeta (2004) reported that the decline in SOC and TotN, although
commonly expected following deforestation and conversion to farm fields, might
have been exacerbated by the insufficient inputs of organic substrate from the farming
system due to residue removal and burning on the farm fields. On the other hand, the
greater OM in the forest/plantation soils was due to higher production, accumulation
and decomposition of litters and low physical soil loss.
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Table 12: Effects of SWC on selected physicochemical properties of the soils between slope classes, Gogeti and Sombo micro watersheds Sebeta woreda
Treatment

Slope class

BD

Porosity
3

SN

GC

SN

GC

SN

Moisture

PH H2O

TotN

AvP

CEC(Cmo
-1

Na(Cmo
-1

K(Cmo
-1

Mg(Cmo

Ca(Cmo

-1

-1

OM%

(g/cm )

%

%

(1:2.5)

%

%

lckg )

lckg )

lckg )

lckg )

lckg )

1.89

28.7

14.3

5.65

0.18

6.13

21.2

0.16

1.29

6.47

4.44

2.79

1.52

42.6

9.44

5.76

0.09

4.46

18.4

0.32

0.72

7.15

4.77

2.09

1.19

55.1

12.2

5.50

0.14

4.46

21.1

0.23

0.45

6.81

3.67

2.50

Mean value

1.53

42.1

12.0

5.64

0.14

5.02

20.2

0.24

0.82

6.81

4.29

2.46

Upper

1.02

61.5

39.2

5.80

0.08

4.65

15.7

0.33

0.70

6.76

3.33

1.81

1.55

41.5

18.9

5.48

0.11

7.62

19.9

0.35

0.56

6.00

5.56

1.60

1.46

44.9

23.0

5.62

0.11

7.99

18.6

0.34

1.28

7.97

4.93

1.84

Mean value

1.34

49.3

27.1

5.63

0.10

6.75

18.1

0.34

0.85

6.91

4.61

1.75

P-value

0.64

0.64

0.10

1.00

0.39

0.40

0.40

0.14

0.96

0.90

0.71

0.04*

Middle

1.44

45.7

37.6

5.67

0.09

4.28

20.3

0.40

0.15

8.00

0.89

1.60

0.98

63.0

8.76

5.55

0.18

4.65

15.9

0.17

1.11

8.46

5.01

3.15

1.28

51.7

7.05

5.52

0.18

2.42

20.1

0.38

0.93

9.16

13.1

2.52

Mean value

1.23

53.5

17.8

5.58

0.15

3.78

18.7

0.32

0.73

8.54

6.35

2.42

Middle

1.72

35.1

36.7

5.76

0.15

5.02

21.7

0.32

0.60

7.08

8.31

2.57

1.26

52.5

20.9

5.67

0.13

4.46

19.9

0.49

0.33

6.41

6.57

2.14

1.53

42.3

22.8

5.55

0.13

1.86

21.9

0.20

0.35

7.88

3.14

2.38

Mean value

1.50

43.3

26.8

5.66

0.14

3.78

21.2

0.34

0.42

7.13

6.01

2.36

P-value

0.00*

0.00*

0.21

0.10

0.78

1.00

0.10

0.91

0.50

0.05

0.95

0.92

Lower

1.69

36.2

10.1

5.58

0.11

5.21

19.5

0.23

0.34

7.11

4.35

1.66

1.46

44.9

13.8

5.53

0.14

5.21

19.6

0.22

0.79

6.99

4.97

2.48

Upper
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1.81

31.7

14.5

5.59

0.18

10.0

20.5

0.41

1.06

6.04

5.16

2.41

Mean value

1.65

37.6

12.8

5.57

0.14

6.82

19.8

0.73

0.29

6.71

4.83

2.18

Total Mean

1.47

44.4

14.2

5.59

0.14

5.21

19.6

0.28

0.76

7.35

5.16

2.36

1.19

55.1

19.0

5.86

0.12

5.58

20.1

0.26

1.11

6.59

6.75

1.71

1.22

54.0

24.4

5.63

0.15

2.60

21.1

0.27

0.69

7.49

7.05

2.26

1.28

52.0

18.6

5.60

0.14

3.72

19.7

0.28

1.05

9.63

11.6

2.17

Mean value

1.23

53.7

20.7

5.70

0.14

4.00

20.3

0.27

0.95

7.90

8.46

2.05

P-value

0.04*

0.04*

0.06

0.24

0.90

0.30

0.58

0.76

0.51

0.44

0.12

0.28

Total Mean

1.36

48.8

24.3

5.66

0.13

4.83

19.8

0.31

0.74

7.31

6.36

2.05

0.36

0.36

0.03*

0.18

0.28

0.71

0.76

0.45

0.91

0.94

0.40

0.15

value
GC

Lower

value
Total

P-

value

SN- stands for Sombo micro-watershed which is non-conserved and GC- stands for Gogeti micro-watershed which is conserved with soil and
water conservation measures, Each slope have three number of samples,*= significant (p<0.05), BD =bulk density, TotN= total nitrogen, AvP=
available phosphorus, Na = sodium, K = exchangeable potassium, Mg = magnesium, Ca = calcium, CEC= cation exchange capacity, OM=
organic matter.
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CHAPTER FIVE

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Generally, the SWC structures had shown positive impacts on the soil conditions,
measured by the various soil physical and chemical properties. Considering the
advantages of SWC structures towards improving the soil quality and thereby
sustainable agricultural productivity, there should be a continuous awareness creation
mechanism and a follow up process on the proper maintenance and management of
the structures along with integrating agronomic measures using appropriate plant
species. Majority of the conservation measures have been adopted on cultivated fields
and all of them are physical and biological conservation measures.

In this study, the researcher tried to see effects of soil and water conservation
practices mainly three year old soil bunds on the selected soil characteristics of farm
lands and slope positions of watersheds. The major findings of the study are
summarized as here under.

The study showed that majority farmers in the watershed construct soil bund, cut off
drain and water way among the physical structures and crop rotation and fallowing
from agronomic conservation methods applied in their farm plot. The findings of the
study also indicated that the constricted soil conservation measures contributed in
increasing farm water availability through retaining moisture content of soil and are
effective in retention of nutrients in the area. As with any agricultural production
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system, the soil conservation also requires different conservation methods for long
time to achieve more production levels. Many farmers in the study area did not
implement in this way. This is mainly because much awareness creation was not done
regarding the impacts or farmer’s perception in implementation of different
conservation method has misleading in the study.

Land conversion to cultivated land took place even on steeper slopes in the study
watersheds. The expansion, continuous and intensive cultivation of soils of cultivated
land at the expense of forest and grazing lands was the main cause for soil erosion,
sedimentation, soil fertility loss and a resultant reduction in crop and livestock
production in the watershed under study.

Most of the important soil characteristics indicators were significantly influenced by
soil and water conservation practices, particularly at the physical property of surface
layer soil. The moisture and in upper slope position OM, and middle and lower slope
position bulk density and porosity was affected due to soil and water conservation
practices and slope positions. Except for the OM of upper slope position, nearly all of
the studied chemical characteristics of the soil under the treated farm land of microwatershed were not affected by SWC practices and slope positions as compared to the
other farm land of untreated micro-watershed. These was 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 long period of conservation.

In general, the continuous intensive cultivation in hilly area without appropriate soil
management has affected most of the important soil characteristics. Therefore,
reducing intensive cultivation in hilly land, and integrated use of soil and water
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conservation practices could replenish the degraded soil characteristics for sustainable
agricultural production and productivity in the study area.

5.2 Recommendations

The following recommendations are important and need to be considered to enjoy
more effects by addressing the constraints of the farmers.

Construction of mechanical or physical and agronomic conservation structures should
be followed up by other inputs, such as fertilizer, improved seeds, biological
conservation and other farming practices. If no additional improvement is offered, the
promised yield increase from conservation measures is likely to be insignificant and
unsustainable.

The result the study indicated that the cultivation expanded to all corners of the study
area including to steeper and marginal parts. Thus, it should be advisable to introduce
appropriate land use planning in the area by giving due consideration to farmers
preference.

There is also a need to grow more indigenous trees mainly to conserve water and to
reduce soil erosion / sedimentation and soil moisture depletion problems. Introducing
fodder tree species and shrub species are also needed to be grown to meet nutritional
requirements of the grazing animals in the area.
The farmers’ practice like application of farmyard manure, compost, cow dung and
other organic wastes in homestead areas should be mobilized to a distant cultivated
land as well. Proper land use separation need to be implemented so as to use the land
according to its natural suitability.
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APPENDIX: 1

1. Household Survey Questionnaire

Title of the study: Effect of soil and water conservation practices on selected soil
characteristics in Dimma watershed, central Ethiopia. questions on effects of soil and
water conservation practices on the selected soil characteristics of the surface soil
layer in Gogeti and Sombo micro-watersheds; Sebeta woreda
General Directions: Pay attention to those of codes assigned by different symbols.
 From the given alternative choice, circle the one that the answer.
Part one: General Information
1. Survey Area: Region: _______Zone: _______Woreda:_________ PA: _________
Watershed:__________ Village:___________ Date of interview: ________________
2. Name of head of Household: __________________Sex: ________ Age: ________
3. Respondent’s Name (if different from the head): ____________Sex: ___ Age: ___
Part two: Household characteristics
1. Household ID code______________
2. Marital status: a) Single b) Married C) Divorced d) Windowed
3. Family size_______ number of adults (> 17 Years.) _________children _________
4. Education a) Illiterate b) grade 1-4 c) grade 5-8 d) grade 9-12 e) above 12
5.Occupational status: a) Farm work b) Off-farm work (skilled & unskilled)
c)Domestic work (in the house) d) If the person is still studying, put a mark‘s along
with his grade.
6. For how long have you lived in this village? (Years) ______________________
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Part three: Livestock ownership
1.Total farm size: 1) 0ha; 2) <1ha; 3) 1-2ha; 4) 2-3ha; 5) 3-4ha; 6) >4ha
2. Could you tell me what type and number of domestic animals you have?
Type of animals
Oxen/ Bulls
Cows
Calves
Sheep
Goats
Horses

Number

Type of animals
Mules
Donkeys
Chicken
Hives with bees
Others (specify)

Number

Part Four: Soil Erosion
Section A: Soil erosion/sedimentation and conservation
1. Is there any soil erosion or sedimentation problem in your farmland? 1) Yes, go to

after taking the measures? 1) Yes, 2) No

10. Did you see any change or improvement

9. How did you learn these methods?(Code d)

4)>15years

(year) 1)<5years 2)5-10years 3)10-15years

8. When did you start taking these measures?

Yes, Code c; 2)No, go to # 12

7. Did you take any protection measures?1)

6. What do you think are the causes? (Code b)

1)<5years 2)5-10years 3)10-15years

5. When did you observe the problem? (year)

observe?(Code a)

4. What symptoms or indicators did you

Sedimentation

3. What is the problem?1) Erosion,2)

1)Wheat 2)Barley 3)Pea 4)Bean 5)Others

2.On which Farm land, by croup type

ques. #2; 2) No, go to ques. #14

Code a: 1) Sheet erosion; 2) Sediments in ditches and furrows; 3) Rills in the farm; 4)
Surface pans; 5) Gullies in the farm; 6) Others (specify)
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Code b: 1) Improper tillage; 2) Slope/terrain; 3) Deforestation; 4) High rainfall and
Absence of its management measures; 5) I don’t know; 6) Others (specify)
Code c: 1) Bench Terraces; 2) Ditches/trenches; 3) Contour planting; 4) Stone bunds;
5) Check dams; 6) Soil/earthen bunds; 7) Others (specify)
Code d: 1) From parents (inherited); 2) From neighbors; 3) From extension agents
(training); 4) From NGOs; 5) From school; 6) Others (specify)
11. If No for Q10, why do you think you couldn’t observe change? ______________
12. Why didn’t you take measures? ___________
1) It is costly; 2) High labor & time demanding; 3) I don’t know how; 4) Other
(specify)
13. Was there a similar problem after take protection measure? 1) Yes, 2) No
14. What do you think will happen to your farm in the next 5-10 years if you don’t
take protection measures?
1) I will loss portion of my land by erosion; 2) Productivity will decrease as a result of
top soil erosion; 3) Nothing more will happen; 4) I don’t know=4; 5) Others (specify)
15. Do you discuss soil erosion problems with your neighbors, local authorities,
extension agents or other community members? 1) Yes, 2) No.
16. Have you ever participated in any soil and water conservation work initiated by
the abovementioned agents? 1) Yes, 2) No.
Section B: Soil moisture stress and nutrient depletion and conservation
1. Is there any soil moisture stress and nutrient depletion problem in your farm?
1)Yes, Q. #2, 2) No.
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improvement?1) Yes, 2) No

8. Did you see any

these methods?(Code d)

7. How did you learn

(Code c)

practices have you applied?

6. What management

main causes(code b)

5. What do you think the

observe?(Code a)

4. What indicators did you

4)>15years

2)5-10years 3)10-15years

problem? (years) 1)<5years

3. When did you realize the

4)Bean 5)Others

1)Wheat 2)Barley 3)Pea

2. Farm land by croup type

Code a: 1) Yield decline; 2) Soil structure and color change; 3) Increased input
demand;4) Stunted crop growth; 5) Others (specify)
Code b: 1) High rain fall followed by leaching and erosion; 2) Continuous cultivation
and removal of crop residues; 3) Absence of the addition of manure; 4) Absence or in
appropriate application of inorganic fertilizer; 5) Others (specify)
Code c: 1) Fallowing; 2) Crop rotation; 3) Inter cropping; 4) Manure; 5) Fertilizer;
6) Legume trees; 7) Others (specify)
Code d: 1) From parents (inherited); 2) From neighbors; 3) From extension agents
(training); 4) From NGOs; 5) From school; 6) Others (specify)
Part five: Soil and water Conservation
5.1. Do you perceive that the yield be increasing with soil and water conservation
practices?
1) Yes,

2) Never,

5.2. If your answer for question ‘5.1’ is ‘Yes’, have you been practicing soil and water
conservation?
1) Yes,

2) No

5.3. If your answer for question ‘5.2’ is ‘No’, what is the reason behind?
1) It is costly; 2) High labor & time demanding; 3) Other (specify)
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5.4. If your answer for question ‘5.2’ is ‘Yes’, what kinds of soil and water
conservation methods do you apply? (More than one answer is allowed)
1) Structural soil and water conservation methods (soil bunds, stone bunds, Fanyajuu,
cutoff drains, check dams, waterways, bench terraces…)
2) Biological soil and water conservation methods (crop cover, mulching,
aforestation...
3) Agronomic soil and water conservation methods (contour plough, crop rotation…
4) Both structural and Biological soil and water conservation methods
5) Both Structural and Agronomic soil and water conservation methods
6) Both Biological and Agronomic soil and water conservation methods
7) Structural, Biological and Agronomic soil and water conservation methods
5.5. Which structural soil and water conservation measures do you practice regularly?
(More than one is allowed)
1) Soil bunds 2) Fanyajuu 3) Stone bunds 4) Cutoff drains 5) Waterways 6) Check
dams 7) Bench terraces 8) Trench digging 9)Others (specify)
5.6. If you do not practice structural soil and water conservation methods in your land,
what is the reason?
1) It is costly; 2) High labor & time demanding; 3) Other (specify)
5.7. How do you perceive structural soil and water conservation methods?
1) Very cheap and easy 2) Cheap

3) Expensive

4) Expensive and labor intensive

5) Do not know
5.8. How do you perceive the effectiveness of structural methods to control soil
erosion?
1) Less effective 2) Effective 3) More effective
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4) Do not know

5.9. Which types of structural soil and water conservation measure is more effective?
(Rank from more effective to less effective)

No

Items

1
2
3
4

Soil bunds
Cutoff drains
Fanya Juu
Waterways

Rank

No

Items

5
6
7
8

Check dams
Bench Terraces
Trench digging
Stone bunds

Rank

5.10. Do you get training on soil and water conservation technologies?
1) Always 2) Sometimes 3) Never
5.11. Where did you get information on soil and water conservation practices?
1) Traditionally 2) From neighbors 3) From DAs and experts
4) From other non-governmental organizations 5) Other sources specify
5.12. If you have made any form of destruction of terraces, what is reason for the
destruction?
1) Search for fertile soil 2) Planned to construct a new one 3) To avoid rodent and
other pests 4) Reducing the bunds height 5) Need to avail more land 6) Lack of values
from the bunds 7) To construct house 8) Other specify
Part Six: Farmer’s perception on effect of soil and water conservation practices
6.1. How do you perceive moisture availability on conserved and non-conserved
fields?
1) Less moisture available on conserved area than non-conserved ones
2) The same moisture availability as the non-conserved area
3) More moisture available on conserved than non-conserved area 4) Do not know
6.2. How do you observe the productivity of structural soil and water conservation
measures implemented to the treated area compared to the untreated ones?
1) Less productive that than treated ones 2) The same as the untreated area
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3) More productive that the untreated ones
6.3. How do you recognize the dynamics of moisture availability in different slope
position of the catchments?(Mark ‘X’).
Slope position

Moisture availability
high

Medium

low

The same

Do not know

Upper stream
Medium stream
Lower stream

APPENDIX: 2

1. Figure during sampling in the watersheds under study

Figure 1: Sample taking from farm field of Gogeti micro-watershed with core
sampler
Source: (Field Survey, 2015)

Figure 2: Sample taking from farm field of Gogeti micro-watershed with auger
Source: (Field Survey, 2015)
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Figure 3: Degraded farm field of Sombo micro-watersheds from which sample was
taken.
Source: (Field Survey, 2015)

Figure 4: Treated farm field but with free grazing of Gogeti micro-watersheds from
which sample was taken.
Source: (Field Survey, 2015)

Figure 8: Sampled household survey of micro-watersheds.
Source: (Field Survey, 2015)
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