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INFLUENCE OF SOIL EROSION AND CONSERVATION PRACTICES ON SOIL

PHYSICAL PROPERTIES IN GINABERET WATERSHED, NORTH SHOA ZONE,

AMHARA REGION, ETHIOPIA

Yishak Yiferu (BSc) Debre Berhan University, Ethiopia
Advisors: Girma Taddese (Ph.D.) UzSSR Academy of Science of Institute of

Pedology and Agricultural Chemistry, USSR
Tesfaye Mebrate (Ph.D. candidate) Haramaya University

ABSTRACT

Soil erosion is one of the major factors leading to land degradation that affect the

sustainability of agricultural production in Ethiopia. The study was done in Ginaberet

watershed located in Basonawerana district, North Shewa Zone, Ethiopia. The purpose of the

study was to analyze the dynamics of soil physical properties through erosion and

conservation processes in selected relatively conserved and non-conserved areas with three

replications. Besides, farmers’ perception towards erosion problems and conservation were

analyzed. Revised Universal Soil Loss Equation (RUSLE) under ArcGIS environment was

used to predict the spatial soil loss rate. Maps of the five parameters in RUSLE, i.e., rainfall

erosivity (R), soil erodibility (K), Land use/cover (C), topography (LS) and conservation

practices (P) were overlaid. Armour layer measurement was also used to estimate annual soil

loss and the result was compared with the RUSLE. Based on the RUSLE analysis, the mean

annual soil loss potential of the conserved area was 25.59 tons/ha/yr and the non-conserved

area was 30.92 tons/ha/yr. The mean value obtained from armour layer measurement method

was 44.9tons/ha/yr on conserved site and 58.98 tons/ha/yr on non-conserved areas. Farmers'

perception was positive towards the problem and solutions of erosion matching with the

estimated soil losses. Soil physical properties were analyzed by ANOVA using SAS (9.4

version) software and comparing with LSD, but there was no statistically significant

difference in the two treatments. This result is attributed to the relatively shorter (5-7 years)

duration of erosion and conservation response. The study indicated that the soil loss in both

treatments cannot be tolerated. Therefore, critical effort to reduce soil erosion is mandatory.

Moreover, researchers should focus on the extent of years of conservation and erosion that

can significantly affect the changes in the physical properties of soils.

Keywords: Conserved, Non-conserved, RUSLE, Armour layer, Soil physical property
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1 INTRODUCTION

Land degradation due to accelerated soil erosion is mainly one of the predominant

environmental hitches in global threating both developed and developing countries (Lal,

2014). Soil erosion is a great worldwide factor for land degradation that leads to loss of

soil properties and reducing soil productivity leading to food insufficiency (Parveen and

Kumar, 2012). It is significantly severe in developing countries, largely in Africa, where

almost all populated lands in Sub-Saharan Africa (SSA) are susceptible (Vlek et al.,

2008). The problem of soil erosion for Africa’s condition was estimated about $26 billion

annually and productive soils are damaged caused by it. In the Ethiopian highlands, an

annual soil loss reaches 200-300 tons/ha/yr from farm land (Hurni, 1993). It constrains

the development of the agricultural sector that is the economic backbone in Ethiopia

(Kebede and Mesele, 2014).

Several studies in Ethiopia have revealed that soil erosion has become an alarming

problem and the major factor affecting the sustainability of agricultural production

(Woldeamlak and Ermias, 2009; Girum and Masresha, 2012). Unfavorable soil physical

conditions resulting from erosion can reduce infiltration, encourage crusting, loss of soil

fertility, deterioration of soil particle aggregation, degrade soil structure and reduce the

effectiveness of root zone thereby reducing soil productivity (Valera et al., 2016). Soil

erosion has a great effect on the change of soil physical properties due to the removal of

the top fertile and organic matter-rich soil and the deterioration of soil structure or

aggregation (Tenberg et al., 2014).

Soil and water conservation practices have the ability to overcome the problem of soil

erosion followed by improvement in soil physical properties. The improvement is in soil

organic matter content, soil structure and its aggregate stability, water holding capacity,

soil bulk density, soil porosity, and its workability (Teklu, 2005). Wise use of soil

conservation practices that is the decisive tool to maintain the productive potential of the

soil help to decreasing the exposure of soil to erosion. Conservation practices can address

both the processes of soil erosion and possible solutions to conserve the soil in a

sustainable way. On the other hand, the absence of soil conservation practice can lead to

accelerating soil erosion and affect the components of physical soil conditions
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significantly (World Bank, 2006; Chimdi et al., 2012). Over the last three decades, several

types of soil and water conservation (SWC) practices have been experienced on different

parts of Ethiopia including Amhara Region and particularly Basonawerana district. The

SWC interferences were attentive on both mechanical and biological measures (Babulo et

al., 2009).

Soil armouring is the process of surface coarsening that occurs due to the selective

removal of the finer transportable materials from the soil surface by overland flow. If the

flow continues with time eventually all fines are removed, a stable armour layer is formed

on the surface (Sharmeen and Willgoose, 2006).

Ludi (2004) reported that higher loss of soil from non-conserved cropland when compared

with conserved fields in experimental sites in May bar, Andit Tid, and Anjani, Ethiopia.

Conserved farmland plots generally showed significantly lower bulk density and total pore

volume compared with non-conserved treatment plot (Mihrete, 2014). According to

Wadera (2013), the average content of clay in soils that conserved with bunds stabilized

by vegetation, soil bund, and stone bund was significantly higher than the control plots.

On the other hand, the average content of sand on that study site was significantly lower

than that of control plots. Similarly, low soil porosity, gravimetric soil moisture content,

clay and silt proportion was revealed in the cultivated land without soil bund as compared

with non-conserved land and reversely highest soil bulk density and sand fraction (Behailu

et al., 2016).

Soil erosion has a great negative effect on the change of soil physical properties including

soil structure, soil texture, soil moisture content, and soil bulk density in a long period of

time. Soil physical property change is not seen in the short period of time; however, it

affects the soil nutrient content and its productivity and ultimately reduced the soil quality

(its component). Accordingly, although the long/short duration of erosion and

conservation is not defined, this study was concentrated on the assessment of the erosion

status and its major effects and role of conservation practice on soil physical properties.

There are only a few studies, which would provide information on the status of soil

erosion, the benefit of soil and water conservation practices and the resulting dynamics in
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soil physical properties (Nyssen et al., 2010; Nigussie et al., 2015). But also there are only

a few studies in comparing and contrasting soil physical properties from the reference of

conserved and non-conserved areas. Therefore, the study was designed to address the

specific objectives, i.e., to compare and contrast status of soil erosion and role of

conservation between conserved and non-conserved areas; to assess the effect of soil

erosion in the study areas; and to investigate the change of soil physical properties due to

soil erosion and conservation practices in the study areas. Hence, the result will be existing

as a source of additional information on the effect of SWC practices on reducing soil

erosion thereby loss of soil physical properties through comparing and contrasting of

conserved and non-conserved areas.
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2 LITERATURE REVIEW

2.1 Soil erosion

Globally, above 80% of the current agricultural land degradation is due to soil erosion out

of which 56% is due to the water-induced soil erosion (Rodrigo et al., 2015). Soil erosion

is universal environmental and economic problem causing loss of fertile topsoil and

reducing the productive capacity of the land thereby putting global food security at risk.

Soil erosion is a hazard traditionally associated with agriculture in tropical and semi-arid

areas and is important for its long-term effects on soil productivity and sustainable

agriculture (Morgan, 2005). Soil erosion depends on soil erodibility and erosive factors

like the slope of the land, rainfall characteristics (volume, intensity, and duration), soil

cover and land management (Prasannakumar et al., 2012). Hurni (1993) estimated that soil

loss due to erosion from cultivated fields in Ethiopia amounts to about 42 tons/ha/yr.

Soil erosion with the agent of water contributes to the detachment and transportation of

soil4 particle (Kunta, 2009) and is the greatest factor which restricts humid tropical

regions agricultural productivity (Sunday et al., 2012). Soil erosion by water has been a

challenging and continuous problem in Ethiopia for decades (Kebede et al., 2015). There

are three basic processes in erosion by water, namely, detachment, transport, and

deposition. Detachment occurs when the erosive forces of raindrop impact and surface

runoff exceed the soils’ resistance to erosion. Transport of detached particles is by

raindrop splash and flow. Deposition occurs when the sediment load of a given particle

type exceeds its corresponding transport capacity (Kunta, 2009).

According to Ayele et al. (2014), soil erosion is the diminishing of soil by the physical

movement of soil particles from a particular site and a cause for land degradation due to

the agent of water and wind, each donating a substantial quantity of soil loss all over the

world. Soil erosion is an international phenomenon important to loss of surface soil which

is riches in nutrient, increased runoff from the more impermeable subsoil and reduced

availability of water to plant growth. Erosion due to water runoff is one of the major

factors that lead to poor soil productivity in Sub-Saharan Africa including Ethiopia

(MoARD and World Bank, 2007).



5

The rate of soil loss, depletion of soil organic matter and nutrients, as a result, is so high

and much faster than they can be replaced (Abay et al., 2016). Ethiopian Highlands

Reclamation Study (EHRS) indicated that around 80% of the soil erosion in the Ethiopian

highlands was projected to happen on croplands and the remains on overgrazed grasslands,

wastelands, and newly deforested areas. The annual loss from cultivated land in the

Ethiopian highlands was estimated about 130 tons/ha and this was expected to result in a

loss of 7.6 million ha of cropland to fruitful use in Ethiopia by the year 2010. Rapid

population growth, steep slope cultivation, clearing of vegetation, and overgrazing are the

main factors for soil erosion acceleration in Ethiopia (Lulseged et al., 2008).

2.2 Soil and water conservation practices

Soil conservation seeks to increase the amount of water seeping into the soil, reducing the

speed and amount of water running off. Soil and water conservation practices are a tool for

farmers to use wisely and prevent their land and soil resource from degradation and

building of organic matter that allows water to sink into the soil increasing soil moisture

levels (Wolde et al., 2011). Erosion is prevented by keeping enough vegetation to protect

the soil surface and binds the soil together and maintains soil structure. In order to reverse

soil erosion, several efforts have been exerted since the 1970s (Nigussie et al., 2012).

However, past soil conservation efforts did not bring significant changes to the ongoing

soil degradation problems (Menale et al., 2009). SWC measures 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)

The intervention of soil and water conservation practice in Ethiopia, mostly in the

highland parts focused on both mechanical and biological measures (Babulo et al., 2009).

In the highlands, drought-affected areas such as Harerghe, Wello, Gonder, North Showa,

Tigray and North Omo are the most vulnerable to soil erosion problem (Wolde et al.,

2011). In Ethiopia, there are about six research sites, namely Hunde Lafto, Maybar, Andit

Tid, Anjane, Gununo and Dizy. They were established in 1981 and research has been

taking place there to support the SWC interventions thereby overcome the problem of soil

loss (Hurni et al., 2007). The rural land administration and use policy declared in 2005 is
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an indication of the government commitment to follow up on the previous initiatives. The

aim of the current interventions is not only in-situ soil conservation but also protection of

giant hydropower dams against sedimentation, for example, the dam on the River Abay

(Blue Nile) is the current. Using SWC practices have a positive effect on the productivity

of agriculture definitely where agriculture is in a weak position by drought, erosion, low

soil fertility, and moisture stress (Kirubel and Gebreyesus, 2011).

2.2.1 Mechanical soil and water conservation measures

Mechanical measures of soil and water conservation are constructed to maximize soil-

water infiltration, minimize runoff, and reduce slope length and gradient and to minimize

the force of wind and runoff velocity thereby reduce soil erosion (Wolde et al., 2011).

Including soil and stone bunds, hillside terrace, trenches, hillside terrace with trench and

waterways built on the farm and the like are mentioned under mechanical/physical soil and

water conservation measures (Kabambe, 2006). The construction of physical/mechanical

soil and water conservation structures are often labor intensive since construction process

on a steep slope is difficult.

2.2.2 Biological soil and water conservation measures

Biological soil conservation measures are the action of covering of land by using

vegetation which used to soil erosion protection by water and wind, especially on sloping

land. Some of the biological measures are strip cropping, mixed cropping, intercropping,

fallowing, mulching, contour plugging, grazing management, alley cropping, crop

rotation, agroforestry, afforestation and tree planting at homesteads and in enclosures as

tree enrichment. It can be applied together with physical soil conservation measure and

those are more effective than structural measures alone (Shibru, 2010).

2.3 Soil loss estimation

2.3.1 Revised universal soil loss equation (RUSLE)

Erosion modeling’s are categorized into three groups due to the nature of the basic

algorithms which are empirical, conceptual, and physical models (Kinnell, 2010). The

simplest models among them are an empirical model which is based on extensive

experimental fallouts (site-specific observations) and input-output relationships (Bonilla et
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al., 2010). The data and computational requirements for empirical models are usually less

than for conceptual and physical-based models. Empirical models have constraints of

applicability to regions and ecological conditions other than from which data were used in

their development (Xu et al., 2008).

Universal Soil Loss Equation (USLE) is one of the empirical models and the most widely

used for assessing the sheet and rill erosion and supporter tool for soil conservation

practice developed by Wischmeier and Smith in 1965 (Ganasri and Ramesh, 2016). It is

designed to predict a long-time average soil loss in runoff from a specific field area in

specified cropping and management systems (Anissa et al., 2011). Soil erosion is a

function of five independent parameters: Erosivity depends on rainfall characteristics;

erodibility related to soil property of detachability and transportability; topography, which

is the property of land related to slope steepness and slope length and management of land

which related to land use and crop management.

The RUSLE is updated from USLE, has been widely adopted and used to estimate soil

loss from watersheds having different or similar land uses elsewhere (Gelagay and Amare,

2016) in Ethiopia. A principal modification is in R factor which includes rainfall and run-

off erosivity (R) factors. There is also changes in land use (C) factor which is based on the

computation of sub-factors called soil loss ratios. The soil loss ratio depends on sub-

factors; prior land use, surface cover, canopy cover, surface roughness and soil moisture.

The RUSLE model is flexible, time and cost effective and practical in areas of scarce

measured data which can be used for watershed conservation. However, the RUSLE

model has also limitations in terms of reliability and its spatial coverage especially for

large areas and over-estimate K values (Prasannakumar et al., 2011).

2.3.1.1 Rainfall erosivity factor (R-factor)

Rainfall erosivity factor is a function of the dropping of raindrops and the rainfall intensity

on the surface of the soil. Rainfall erosivity factor importantly influences soil loss patterns

(Fang et al., 2012). When the intensity and duration of the rainstorm become higher, the

R-factor also becomes higher to cause splash erosion; thereby the erosion potential

becomes higher (Anissa et al., 2011). Rainfall erosivity factor can quantify the effect of

rainfall impact and can reflect the rate and amount of soil loss with runoff associated with
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the event of precipitations (Xu et al., 2008). Loss of soil rate is closely related to rainfall

partly through the detaching power of raindrop arresting the soil surface and partly

through the contribution of rain to runoff (Gizachew, 2015). Therefore, a large proportion

of annual soil loss occurred during a few rainstorm periods.

2.3.1.2 Soil erodibility factor (K-factor)

Soil erodibility factor is a measure of the vulnerability of soil particles to detachment and

transport by rainfall and runoff. It is determined by the cohesive force between the soil

particles and may vary depending on the soil moisture content, the presence or absence of

plant cover and the development of soil structure. Erodibility depends essentially on the

amount of organic matter in the soil, the texture of the soil, the structure of the surface

horizon and permeability. Soils become of low erodibility if the silt content is low,

regardless of corresponding high content in the sand and clay fractions (Assefa, 2009).

2.3.1.3 Topographic factor (LS-factor)

A topographic factor which is a function of both the slope steepness (S) and the slope

length (L) of the land combined together through ArcGIS for RUSLE model analysis

(Prasannakumar et al., 2012). In RUSLE, the LS factor represents a ratio of soil loss under

given conditions to that at a site with the "standard" slope steepness of 9% and a slope

length of 22 m plot. As slope length increases, total soil erosion and soil erosion per unit

area increase due to the progressive accumulation of runoff in the downslope direction.

Slope gradient factor (S-factor) indicates the effect of slope steepness on soil erosion in

RUSLE model. When we compare the effect of slope steepness and slope length on the

loss of soil, slope steepness has a great impact than slope length. Steeper the slope, the soil

erosion becomes greater (Alexakis et al., 2013).

Slope length factor is the distance from the starting point of the overland flow to the point

where either the slope gradient decreases enough that deposition begins. Soil loss per unit area

generally increases considerably as slope length increases with the means of the greater

accumulation of runoff on the longer slopes increases its detachment and transport abilities

(Tadesse and Abebe, 2014).
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2.3.1.4 Crop and management factor (C-factor)

Management factor is the most important factor in reducing soil erosion activities,

especially in mountainous watersheds. Cover management factor (C) is a crucial factor in

the erosion because it is a readily managed condition to reduce erosion (Beskow et al.,

2009). In the soil loss equation, crop and management factor (C) is the ratio of soil loss

from land cropped under specified conditions to the corresponding loss from clean-tilled

and continuous fallow land. Land cover (C-factor) characterizes the proportion of soil loss

under a given crop to that of the bare soil. This factor measures the combined effect of all

the interrelated cover and management variables. Soil loss is very sensitive to land cover

in addition to relief. The satellite image data provide up to date information on land cover,

the use of satellite images in the preparation of land cover maps is widely applied in

natural resource surveys (Deng et al., 2008).

2.3.1.5 Conservation practice (P-factor)

In the RUSLE, the conservation practice factor is the ratio of soil loss with a specific

support practice to the corresponding loss with up-and-down-slope culture. This factor

also reflects the impact of support practices on the average annual soil erosion rate. P

factor indicates the fractional amount of erosion that occurs when any special practices are

used compared with what would occur without them (Dabral et al., 2008). The

conservation practice which affects soil erosion, primarily by modifying the flow pattern,

grade and Soil Loss Estimation using RUSLE Model direction of surface runoff and by

reducing runoff amount and rate. The P-value range from 0-1 depending on the soil

management activities employed in the specific plot of land. Whereby the value 0

indicates very good man-made erosion resistance facility and the value 1 represents the

absence of man-made erosion resistance facility (Wischmeier and Smith, 1978).

2.3.2 Armour layer measurement

Armouring is the process of surface coarsening caused by the removal of fine material

from the top layer. Soil armouring occurs when a mixture of fine and coarse particles is

exposed to overland flow which, over time, preferentially erodes the fine particles. When

all transportable material has been removed a stable armour layer is formed (Sharmeen

and Willgoose, 2006). The concentration of coarse material which remains on the surface
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usually indicates that finer soil particles have been selectively removed by erosion

(Quiquereza et al., 2008). This method is a novel, simple and inexpensive means of

quantifying sheet erosion by measuring differences in the textural composition between a

coarser armour layer in the topsoil and the presumably undisturbed subsoil. It is

recognized that the basic requirement of this methodology is that top and subsoils are

homogenized and mixed, prior to the onset of the erosion events (Illangasinghe and

Hewawasam, 2015). Stones on the surface may arise for other reasons not by the

intervention of erosion; the depth of the armour layer will most likely be measured to the

nearest millimeter; the calculations rely on a subjective assessment of the proportion of

coarse material occurring in the topsoil and as well as the erosion process itself and

repeated shallow tilling of the soil, especially in weeding operations, may concentrate

more stones near the surface are potential for error during armour layer measurement

(Phillips, 2007).

Figure 1. Conceptual diagram showing stage of erosional processes forming armour layer

2.3.3 Soil loss tolerance

Soil loss tolerance is the occurring of the maximum annual soil erosion rate but the value

establishes the capability of soil to maintain the dynamic equilibrium of soil quantity in

any site and circumstances. It considers the loss of soil is balanced by soil formation

through weathering of rocks. The tolerated value also links to the performance of a

particular soil function which permits to obtain a high level of crop productivity with no

occurring of the deterioration of one or more soil function (Verheijen et al.,2009). Soil

loss tolerance is different for different soil types with the related depth of soil and soil
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organic matter content. Generally, maximum permissible soil loss limit is considered as 2-

11.2 ton/ha/year.

Table 1. Maximum permissible soil loss tolerance with soil depth (Ayenaw, 2008)

Soil

Depth (cm)

Permissible Soil Loss

(tons/ha/yr)

0–25 2

25–50 2-5

50–100 5–7

100–150 7-9

>150 11

Very erodible areas 25

2.4 Effect of soil erosion and role of conservation on soil physical properties

Soil erosion has a great effect on the change of soil physical properties due to the removal

of fertile topsoil, degraded soil structure, reducing of soil organic matter and soil

microorganism thereby disturbed soil physical properties and soil productivity (Valera et

al., 2016).

Soil and water conservation practices have the ability to overcome the problem of soil

erosion on soil physical properties due to the improvement of soil structure and its

aggregation. Soil physical properties largely determine the water holding capacity of soil

and air supplying capacity to plants. Soil physical properties have a profound effect on

how soils influence soil quality and productivity. Soil quality is driven by physical

properties that determine nutrient and moisture levels in soil (Schoeneberger et al., 2012).

According to Mulugeta’s (2008) study, annual soil loss from croplands with conservation

measures reduced by 51% compared to non-conserved areas. Similarly, stone bund and

soil bund reduced soil loss by 72.9 and 83.7%, respectively compared to non-conserved

land in Debre Mewi, Ethiopia (Akalu et al., 2013). In the other study, soil loss reduced by

47% in conserved with soil bunds in experimental site established in the central highlands

of Ethiopia when compared to the non-terraced land but the absolute soil loss from the
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terraced site was still high as 24 tons/ha/yr (Adimassu et al., 2012). The SWC reduced soil

loss by at least 61% in Tigray region compared to the non-conserved site (Girmay et al.,

2009).

According to Chimdi et al. (2012), soil physical property could change as land use

systems and its management practices change. Physical properties of soil include: soil

texture, soil structure, soil aeration, soil bulk density and soil and water interaction

becomes vary in different land use system, mainly in A-horizon (Jafari and Sarmadian,

2008). Ludi (2004) showed that soil loss from non-conserved crop land was higher rather

than conserved areas with terraces. Another comparison between unprotected and

protected fields was revealed low soil porosity, gravimetric soil moisture content, clay and

silt proportion in an unprotected field and reversely highest soil bulk density and sand

fraction than protected fields (Behailu et al., 2016).

Mihrete (2014) found that significantly higher amount of clay contents in the bunds

stabilized with vegetation, soil and stone bunds compared with unprotected croplands.

Conserved farmland plots generally showed significantly lower bulk density and total pore

volume compared with unprotected treatment plot. The mean content of sand in soils

conserved with bunds stabilized by vegetation, soil bund and stone bund conserved plots

were significantly lower than the control plots. Wadera (2013) found that relatively lower

average bulk density on protected farmland plots compared to average bulk density for the

un-protected farm plots.

2.4.1 Soil texture

Over a very long period of time, pedogenic processes which are erosion, deposition,

eluviation, and weathering can change the textures of various soil horizons. Soil texture is

one of the inherent soil physical properties less affected by management (Daniel et al.,

2015). Whereas, it is subject to change under conditions of land use change which leads to

varied soil management practices that may contribute indirectly to changes in particle size

distribution. Fine particles are preferentially moved, resulting in a greater concentration of

clay and silt in the sediments than in the original soil. This ultimately caused to change the

particle size fraction composition of the original soil (Brady and Weil, 2002). Several

results showed that the sand texture was relatively highest mean value in the non-
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conserved area than the conserved once. The silt content was higher in the conserved

landscape than in the non-conserved landscape and higher content of clay texture on the

conserved field than the non-conserved field (Mihrete, 2014; Daniel et al., 2015 and

Behailu et al., 2016).

2.4.2 Soil moisture content

Soil moisture content is the amount of water in a soil during the time of data collection

(Brevik et al., 2015). As water is the most limiting factor in the arid to semi-arid areas, soil

moisture determination is very crucial. Soil moisture influences crop growth nutrient

availability, nutrient transformations and soil biological activity in the soil. Soil water

enhances various soil physicochemical reactions and improves soil activities (Brady and

Weil, 2002). Variation in topography and land use affects the distribution of soil moisture.

Understanding, soil water variations under different land use types is critical for erosion

control. In addition, spatial and temporal variations of moisture content must be

determined in soil conservation work (Gao et al., 2014).

2.4.3 Soil bulk density

Bulk density may be dependent on soil conditions at the sampling time. Usually, the

recommended procedure for soil bulk density measurement is at the soil surface and/or

compacted due to tillage zone (Mulugeta, 2004). Changes in soil swelling due to changes

in water content can alter bulk density. Soil mass remains fixed, but the volume of soil

may change as water content changes. Bulk density is a parameter that indicates soil

structure and void space. Bulk density also provides information on the environment

available to soil micro-organisms. According to Demelash and Stahr (2010) and Yihenew

et al. (2013) study, the non-conserved landscape showed significantly higher mean value

of BD than the conserved landscapes.

Soils having low and high bulk density exhibit favorable and poor physical conditions

respectively. Bulk densities of soil horizons are inversely related to the amount of pore

space and SOM (Gupta, 2004). The bulk density of cultivated soils was higher than the

bulk density of forest soils Mulugeta (2004). Similarly, Ahmed (2002) reported that soil

bulk density under both cultivated and grazing lands increased with increasing soil depth.
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2.4.4 Soil porosity

The total pore space (TPS) consists of the percent pore space (PS) between adjacent sand,

silt and clay particles and those between aggregates. Total porosity is calculated from the

ratio of bulk density to particle density and multiplying by 100 (Miriti et al., 2013).

Texture and structure are the main factors governing the amount of PS in the soil. The OM

affects pore space indirectly by improving structure (Mulugeta, 2004).

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. 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 occurs with depth in many soil profiles are associated with a

shift from macro-pores to micro-pores (Brady and Weil, 2002).

2.4.5 Soil structure

Soil structure refers to the arrangement of the primary soil particles sand, silt and clay into

peds or aggregates. It is well known for the influence of soil structure on crust formation,

root penetration, soil water and air movement, erosion, nutrient retention and biological

activity. It depends on the interaction of soil type, aggregating agents, soil management

and environmental conditions (Bronick and Lal, 2005).

Soil structure is usually expressed as the degree of aggregate stability in water. Studies

have been conducted on the effects of land use change on aggregate stability (Williams

and Petticrew, 2009). A soil with a well-developed structure has a significant proportion of

large pores that promotes aeration and accommodates infiltrating water, resulting in

reduced erosion due to decreased runoff. Good aggregation also holds particles together,

enabling the soil to resist the detachment forces of surface runoff and raindrop impact.

With regard to structure, soil particles refer not only to sand, silt, and clay but also to the

aggregate or structural elements, which have been formed by the aggregation of smaller

mechanical fractions. The size, shape, and character of the soil structure vary, which could

be cube, prism and platter likes. On the basis of size, the soil structure is classified as

coarse, medium and fine (Williams and Petticrew, 2009).
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3 MATERIALS AND METHODOLOGY

3.1 Description of the study area

The study was conducted in Ginaberet watershed, which is located in Basonawerana

district in North Shoa Zone Amhara National Regional State (ANRS) of Ethiopia.

Basonawerana is at 130 km North-east of Addis Ababa. Geographically, the district lies at

9o50’’N latitude and 39o20’’ E longitude and it covers about 1,208.17 Km2 of total area

and about 120,930 total populations.

Ginaberet watershed is situated about 34 km distance from Debre Berhan in North

direction (Figure 2). It covers 215.85 ha area of land and it is situated in the Dega agro-

climatic zone. There are 896 total inhabitants of which 480 are male and the remaining are

female. From the 225 households, 194 are male-headed and 31 are female-headed

household.

Based on Andit Tid (2017) metrological station, the average annual rainfall of the

watershed is 1498 mm. The rainfall has a mono-modal nature in which the months from

June to September are the long rainy season marked by relatively higher rainfall records

and during which crop cultivation takes place in the area. The average yearly minimum

and maximum temperature are 6.2 and 19oC, respectively, while the mean annual

temperature is 12.6oC. Ginaberet watershed has an altitude range of 2906-3230m above

sea level (asl) and slope range of 0-83% with an average of 18%.

The mixed crop-livestock system is the predominant farming system in the study area and

cropping patterns mostly follow rainfall. In the study area, wheat, faba beans, barley and

field pea are the main crops which grown, and livestock are cattle, sheep, horses and

donkeys and poultry. The most common feed sources are, crop residues, grazing land and

cultivated feeds (Tree lucerne and phalaris). The study area has two rainy seasons; kiremt

(long season) and belg (short season) which occurs between June and September and

between February and April, respectively. During kiremt season, wheat, faba bean, barley

and field pea are grown and barley is the major crop during belg season. The dominant soil

types in the study area are Eutric cambisols (42%) and Eutric leptosols (58%).
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Figure 2. Map of the study area.

3.2. Source of data and collection method

3.2.1 Selection of specific study areas

The purposive sampling design was used to select the specific relatively conserved and

non-conserved study areas within the watershed through field reconnaissance survey.

Moreover, identifying areas maintained under conservation and also devoid of

conservation for at least 5 years has been supported by a discussion with key informants in

the watershed area. Study sites were selected from two treatments (conserved and non-

conserved) with three replications within the watershed (Figure 3). Land treatment

practices found in the conserved areas include stone bund, soil bund, bunds with Tree

lucerne and phalaris, terrace and without conservation land were identified through field

reconnaissance survey within the watershed.
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Figure 3. Treatment and replication map within the watershed

The three conserved land (A, B, and C) were selected through reconnaissance survey. Site

A was conserved for 5 years; soil and stone bund and with tree lucerne and phalaris grass

were constructed; has slope range of 2.65-54% and altitude range of 3094-3151 m asl and

Eutric cambisols (95%) and Eutric leptosols (5%) are the major soil types. Site B was also

conserved for 5 years; soil and stone bund and with phalaris grass and terrace were

constructed; has slope range of 0-51% and altitude range of 3034-3093 m asl and Eutric

leptosols is the major soil type. Site C was conserved for 7 years; soil and stone bund and

with tree lucerne and phalaris grass and terrace were constructed; has slope range of 0-

37.5% and altitude range of 2907-2996 m asl and Eutric leptosols (79.12%) and Eutric

cambisols (20.87%) are the major soil types.
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Plate 1. conserved areas within the watershed (photo by Yishak)

The three non-conserved lands (X, Y, and Z) were selected through reconnaissance

survey. Site X was non-conserved for 5 years; some terrace was constructed but not

efficient, no plantation; has slope range of 0.88-33% and altitude range of 3140-3230 m

asl, and Eutric cambisols is the major soil type. Site Y was non-conserved for 7 years;

some terrace was constructed, devoid of plantation, livestock interference is critical; has

slope range of 0-76.26% and altitude range of 3035-3127 m asl and Eutric leptosols

(95.25%) and Eutric cambisols (4.74%) are the major soil types. Site Z was non-conserved

for 7 years; devoid of plantation, livestock interference is critical and no conservation

practice on it; has slope range of 0-76%; altitude range of 2949-3020 m asl and Eutric

cambisols (96.9%) and Eutric leptosols (3.1%) are the major soil types.

Plate 2. Non-conserved areas within the watershed (photo by Yishak)
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In the study area, soil erosion was a serious problem in case of rainfall erosivity and area

of topography. However, the farmers understood how erosion control structures

functioned thereby both physical structures and biological measures were adopted in the

most farming area by farmers to prevent soil erosion. Stone bund and soil bund were the

main physical structures constructed in the area. Tree lucerne with stone bund, phalaris

with stone bund, only stone bund, soil bund with tree lucerne and phalaris, only stone

bund and rarely terrace were constructed in the study area.

There are a number of different indicators for soil erosion occurred or not. Such important

indicators in this study were armour layer, rills, the presence of pedestals, exposure of

subsoil and rock exposure, gully availability, and tree root exposure. Those were identified

through field observation and field survey on both specific study areas within the

watershed. Soil structure was identified in the field by opening six pits in which three in

each specific study site. Soil samples were taken from undisturbed soil from the pit in the

hand and were looking closely at the soil in the hand and examine its structure in

conserved and non-conserved areas within the watershed.

3.2.2 Revised universal soil loss equation (RUSLE)

Estimation of soil erosion has been anticipated by means of Revised Universal Soil Loss

Equation (RUSLE). It is a method to estimate the possible soil loss from splash, sheet, and

rill erosions (Hui et al., 2010). The factors used in RUSLE were obtained from the

meteorological station, field survey, soil surveys and soil data, DEM and satellite image.

The input factors for the RUSLE model in this study were adapted to Ethiopian conditions

by Hurni (1985). RUSLE model is more efficient for a small area because it does not have

the capability for routing sediment through channels (Prasannakumar et al., 2011)

Mathematically, the RUSLE equation is represented as:= R ∗ K ∗ L S ∗ C ∗ P Equation-1

Where: A is average annual soil loss (tons/ha/yr), R is rainfall erosivity factor

(MJ.mm/h/ha/yr), K is soil erodibility factor (tons/ha/MJ/mm), LS is a topographic factor

(dimensionless), C is crop cover factor (dimensionless), and P is soil conservation practice

factor (dimensionless).
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Figure 4. Flowchart showing RUSLE parameters for soil loss prediction

For the purpose of identifying priority areas for conservation planning, soil loss potential

of the study area was first categorized into different severity classes following FAO’s

basis of classification (FAO and UNEP, 1984).

Table 2. Soil loss rating of the watershed categorized into different severity classes

Soil Loss Rating

Class Tons/ha/yr Descriptions

I 0-5 Non to slight

II 5-15 Slight

III 15-30 Slight to moderate

IV 30-50 Moderate

V 50-100 High

VII 100-200 Very high

VIII >200 Very High

Source: FAO and UNEP (1984)
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Rainfall erosivity factor (R-factor)

The R-factor represents the erosive force of a specific rainfall event (Alexakis et al.,

2013). Hurni (1985) point out the spatial regression analyses derived an equation from

available mean annual rainfall (P) as an alternative to Ethiopian condition. For this study,

mean annual rainfall data from the year, 2008 to 2017 were collected from two

representative meteorological stations, i.e., Debre Berhan Agricultural Research Center

(DARC) and Andit Tid soil conservation research station. The recorded data were first

interpolated to generate continuous rainfall data for each grid cell by “Raster Kriging

Interpolation” method in the Arc GIS environment thereby calculates the mean rainfall

erosivity factor (R-value). R-factor was computed for each meteorological station using

the following equation (Hurni 1985):R = −8.12 + (0.562 ∗ P) Equation-2

Where; P is the mean annual rainfall in mm; R is erosivity factor

To produce the R-factor map, the interpolated R-factors were converted into a raster

format with 20 m resolution and extracted for the studied watershed area.

Soil erodibility (K-factor)

Soil erodibility is strongly related to the physical properties of the soil and plays an

important role in soil conservation strategies (Shabani, 2014). In this study, soil type is

found from soil unit map of the study area from Amhara Region digital soil map

developed at a scale of 1: 50,000 by Development Studies Associates and Shawel Consult

International (DSA, 2006). The soil erodibility factor within the watershed was estimated

by referring the type of soil mentioned in FAO (1989) adapted by Hurni in 1985 (Table 3).

Similar studies conducted in different parts of the country applied the adapted soil

erodibility values (Woldeamlak and Ermias, 2009 and Tadesse and Abebe, 2014). The

shapefile of the soil unit map of the watershed was changed to a raster with a cell size of

20 m x 20 m and reclassified based on K-values.
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Table 3. Estimated K-value for some Ethiopian soils.

Soil type Estimated K-value

Andosols, vertisols, and Leptosols 0.15

Cambisols, Phaeozems, Regosols, and Luvisols 0.20

Lixisols, Nitosols, and Alisols 0.25

Fluvisols, and Xerosols 0.30

Source: Hurni (1985)

Slope and Slope length factor (LS-factor)

Slope and slope length (LS-factor) was determined from both the slope length and slope

gradient. Digital elevation model (DEM) with 20 m spatial resolution and GIS technique

were used to generate slope gradient and slope length as referred from Woldeamlak and

Ermias (2009) and Nekhay et al. (2009). “Spatial Analyst Tool Map Algebra Raster

Calculator” in Arc GIS 10.3.1 environment was used to multiple slope maps and flow

accumulation and next calculate and generate the topographic factor map. The flow

accumulation was calculated from the Spatial Analyst Hydrology toolset of ArcMap in

ArcGIS environment. The slope of the study area in percentage was calculated by the

Slope tool in the Spatial Analyst Surface toolset of ArcMap from digital elevation model

(DEM) of the watershed.

The equation for topographic factors (LS) by Wischmeier and Smith in 1978 is:

LS = . (0.065 + 0.045 S + 0.0065 S Equation-3

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

Flow accumulation is the total number of cells, including non-neighboring cells that drain

into a selected cell in the raster-based analysis. Then we can substitute the X value on LS

LS = Flow accumulation ∗ . (0.065 + 0.045 S + 0.0065 S ) Equation-5

Cell size is 20 m and the value of “t “varies from 0.3 –0.5 depending on the slope value

(t=0.5 if S ≥ 5%; t=0.4 if 3%≤S<5%; t=0.3 if 1%≤S<3%, t=0.2 if S<1% (Yılman, 2009).
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Land covers (C-factor)

Landsat satellite image was imported into ERDAS 2014 software in an image format for

supervised digital image classification for land use and land cover mapping. Ground truth

data were used as a reference for accuracy assessment which determines the information

value of the resulting data to the user (Abubaker et al., 2013). This was obtained through

ground verification using Global Position System; next, compares of the classified image

to an image which is assumed to be corrected by Google Earth Image, and finaly,

interviewing for concerned bodies these have previous information. The corresponding C-

value was assigned to each land use class for Ginaberet watershed using the re-class

method in Arc GIS as established C-values for Ethiopian condition by Hurni (1985)

presented in Table 4.

Table 4. C-factor value for different land use management

Land use C-factor values

Grazing Land 0.12

Crop Land 0.37

Built Up Areas 0.01

Rocky Area 0.05

Forest Land 0.05

Water Body 0.00

Source: Hurni (1985)

Conservation practice factor (P-factor)

Factor P in the RUSLE is the proportion of soil loss with a specific support practice to the

matching loss by up and downslope principles. The P-factor for RUSLE were mapped

using data from frequent field observations as explained by Woldeamlak and Ermias

(2009) and Tadesse and Abebe (2014). According to Atesmachew et al. (2010),

management activities are highly dependent on the slope of the area under consideration.

The P-factor for this study was determined using slope and land cover data as suggested by

Wischmeier and Smith (1978). This method categorizes the land cover into agricultural

land and other land covers. The established P-value was changed into raster map with a

cell size of 20 m.
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Table 5. Management practice factor, P-value

Land Use Type Slope (%) P-value

Cultivated Land

>50 0.33

30-50 0.25

15-30 0.19

8-15 0.14

3-8 0.12

0-3 0.10

Built-up Area All 1.00

Forest Land All 1.00

Grazing Land All 0.90

Rocky Area All 0.80

Terraces All 0.60

Source: Wischmeier and Smith (1978)

3.2.3 Armour layer measurement

Field measurement for the application of armour layers (AL) method to estimate soil loss

due to erosion involves the digging of a small hole to disclose the undisturbed armour

layer (Illangasinghe and Hewawasam, 2015). The areas that are used for the armour layer

study were selected considering the presence of coarse fraction as well as fine clays, silts,

and organic matter, the following rainfall. The depth of the coarse top layer was measured

by using a ruler. Where the depth of the armour layer is less than 1 mm, the stones were

scraped out from a small area of about three times the size and then the measured depth

was divide by three. This helps to reduce the inaccuracy in demanding to measure very

small depths of stones. Armour layer measurement was conducted based on the size of the

specific study areas and the availability of armour layer. Armour layer test was done on

three topographically similar representative lands from conserved and three from non-

conserved study sites within the watershed.
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Figure 5. Sketch of armour layer

3.2.4 Household survey

Simple random sampling procedure has been used to select respondents from the study

area. According to Basonawerana district Agricultural development offices reports,

Ginaberet watershed has the total population of 896 and of those 480 are male and the

remains are females and total household of 225. The study used a simplified formula

provided by Yamane (1967) to determine the required sample size at 95% confidence level

and level of precision of 0.05.n = Equation-6

Where: n=sample size of the population number.

N=number of total population in the study area.

e= level of precision.

The result from this equation 77 HHs was sampled. But, for this study 40 HHs including

key informants were used in case of their homogeneity. Six key informants were selected

by researcher’s judgment from farmers, model farmers, elderly farmers, and manager of

the kebele agricultural office.

The data which are required for this study were collected from both primary and

secondary sources. The primary data would be generated from selected sample households

using a questionnaire, a face-to-face interview, Kebele agricultural experts, and field

observation. Secondary data was collected from district Agriculture and Rural
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Development Office as well as published and unpublished documents of other

organizations and from a literature review in the previous study if any.

Both qualitative and quantitative data would be collected for this study. The collected

information were status of soil erosion and soil and water conservation practices;

demographic characteristics which are sex, age, education, and marital status; economic

characteristic those are landholding, ownership and livestock holding. In this study, the

qualitative data source has been key informant interviews and direct field observation. The

quantitative data source has been collected through a structured questionnaire.

3.2.5 Soil sampling

The soil samples were taken from topsoil to a depth of about 0-20 cm to an auger.

Undisturbed soil samples were collected using a core sampler for the determination of

bulk density. The two treatments are a conserved area with SWC practice of both

mechanical and biological measures and non-conserved (without SWC practice) with three

replications for each. Simple random sampling with zigzag manner was used. Besides, soil

depth in each specific study site was estimated at three representative points and the

average estimated value was used to estimate the permissible soil loss amount.

3.3 Data Analysis

3.3.1 Soil loss prediction using RUSLE model analysis

The rate of loss of soil due to soil erosion was estimated by means of revised universal soil

loss equation (RUSLE). The maximum erosion rates recognized in each of the study areas

were computed by multiplying maps of the erosion factors in RUSLE presented in

equation-1 above. The rate of soil loss was estimated factor tables adapted by Hurni

(1985) for the Ethiopian conditions. The result from RUSLE model was compared with

the armour layer method. Moreover, results from conserved and non-conserved areas were

also compared. In all the cases, the soil loss rates were compared with the permissible soil

loss limit in reference to the estimated soil depths.
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3.3.2 Analysis of soil erosion using Armour layer

Estimation was made of the percentage of coarse particles in the original fine soil

particles. Then the depth of the armour layer was compared to the amount of topsoil that

would have contained that much quantity of coarse material. The amount of finer soil

particles that have been lost through erosion was estimated in tons per hectare (tons/ha).

The result of armour layer method from conserved and non-conserved areas was compared

with an annual soil loss predicted using RUSLE model.

3.3.3 Household survey analysis

Both qualitative and quantitative methods were used to analyze the collected data. In the

quantitative approach, structured data obtained by questionnaire from the watershed’s

community was entered, edited, coded, and analyzed by using statistical package for social

sciences (SPSS version 20) software. Thereafter, the results were presented by descriptive

statistics; tables, frequency, and percentages. In the qualitative approach, the data gathered

through interviewing the key informant and field observation were described and would be

also incorporated in the analysis to validate results from the questionnaires.

3.3.4 Laboratory analysis

The composite soil samples were collected and dried, mixed well, and passed through a 2

mm sieve for soil texture analysis at Debre Berhan Agricultural Research Center soil

laboratory. Soil texture was estimated by using the hydrometer method (Gee and

Bauder,1986). Besides, undisturbed core samples were collected for soil bulk density, total

porosity, and soil moisture content determination. Soil bulk density was determined as the

ratio of oven dry soil mass to its volume after drying the soil samples in an oven at 105 oC

for about 24 hours (Blake and Hartge, 1986).

b = Equation-7

Where: b =soil bulk density (g/cm3), Ms = dry soil mass (g),

Vb= volume of the soil sample (cm3)

The particle density of most soils varies from 2.60 to 2.75 g/cm3 (Brady and Weil, 1996).

A value of 2.65 g/cm3 is generally assumed as averaged for particle density, therefore, this
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value was used for this study. Total porosity was calculated using equation-8 (Miriti et al.,

2013) Pore space (%) =  


∗ 100% Equation-8

Where:  = Particle density (g/cm3);b= Bulk density (g/cm3)

Soil moisture content was determined by the gravimetric method and is analyzed based on

the oven dry basis (Black, 1965).Soil moisture content (%) = ∗ 100 Equation-9

The soil sample was analyzed with one-way analysis of variance (ANOVA) using SAS

(statistical analysis system) computer package version of 9.4. Least significance difference

(LSD) test was used to discover whether or not soil physical properties between conserved

and non-conserved areas are significantly different at P ≤ 0.05 at 95% confidence level.

Soil structure was described in terms of shape or type in which crumb, granular, angular

blocky, subangular blocky; size (fine, medium, coarse), and grade (distinctness) of the

aggregates (weak, moderate, strong). Comparing and contrasting between soil structure

conditions between conserved and non-conserved study areas were also done.
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4 RESULT AND DISCUSSION

4.1 Soil loss estimation using RUSLE model

4.1.1 Soil erosion from the watershed

Annual average soil loss was estimated from five independent thematic maps of erosion

factors (rainfall erosivity, soil erodibility, topographic, land use, and management factors).

The soil loss rates in conserved and non-conserved areas were computed in Map algebra

of Raster calculator in ArcGIS Environment.

Rainfall Erosivity factor (R)

The long-term mean annual rainfall did not show differences among the specific study

sites that is 1498 mm similar to the watershed rainfall. Consequently, the R-factor resulted

value was 833 and the spatial distribution of R assumed to be uniform throughout the

watershed area (Figure 6). This is accounted for the smaller size of the watershed (Dabral

et al., 2008).

Figure 6. Map of Rainfall erosivity factor (R)
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Soil erodibility factor (K)

Two major soil type categories were identified in the study area. After assigning K-values

for both soil types, the soil map was reclassified using adopted K-values by Hurni (1985)

with a grid map of 20 m x 20 m cell size. The value of K-factor was found to be between

0.15 and 0.2 for the study area. Eutric cambisols and Eutric leptosols are the major soil

types in the watershed with the covering of 42% and 58% of the land to the corresponding

K-value of 0.2 and 0.15 (Figure 7). The overall erodibility range of the watershed is very

low (Pauwels, 1980)

Figure 7. Soil and soil erodibility factor (K) map

Topographic factor (LS)

Topographic factor map was generated using the formula in ArcGIS spatial analysis raster

calculator function. As revealed in Figure 8, the slope steepness and the slope length

factors in the watershed contributes 0 up to 41.19 to soil erosion. However, the mean LS

value of the study watershed was 1.44 with a higher standard deviation of 3.1. The
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majority slope value was concentrated near to zero implies that topographic factor has less

effect on soil erosion in the study area.

.

Figure 8. Map of topographic factor (LS)

Land cover factor (C)

Cover and management factor (C) for Ginaberet watershed was ranging between 0.01 and

0.37 as indicated in Figure 9. Six land use classes were recognized in the watershed

(Appendix table 2) dominated by cropland (176.6 ha) followed by grazing land (32.7 ha),

forestland (5.4 ha), rocky area (1.5 ha), built up area (0.25 ha), and water body (0.031 ha).

The corresponding land cover factor values were found to be 0.37, 0.12, 0.05, 0.05, 0.01,

and 0.00 respectively. The higher C-value (0.37) is an indication that the larger land use

(81.7%), i.e., the cropland, contributes more to soil erosion in the watershed (Figure 9). It

was similar to the work of Morgan (2005) and Gizachew (2015).
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Figure 9. Land use and land cover factor (C) map

Supporting factor (P)

The value of P factor depends upon the measures of soil management, which is associated

with the slope of the area. In the study area, most part of the area has been treated with

different soil and water conservation practices including soil and stone bund and soil and

stone bund with tree lucerne and phalaris, and terrace but not a long period of time (less

than five years). The management factor value of each land cover class was determined in

the watershed based on the adapted values (Hurni, 1985) for Ethiopian condition (Table

5). After Hurni, the cultivated lands are classified into six slope categories and assigned

the corresponding P values (Woldeamlak and Ermias, 2009; and Atesmachew, et al.,

2010). The result revealed that from the 127.9 ha cultivated land 106.74 ha (59.2%) have a

slope range of 0-30% with P value ranging between 0.1 and 0.19 (Figure 10). In terms of P

value, another land use (built-up area, forestland, grazing land, rocky area, and terraces)

was more contributor to the soil erosion with the area coverage of 87.93 ha (40.7%) within
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the watershed. It implies P-factor was the most contributor to soil erosion next to rainfall

(R) factor.

Figure 10. Map of management factor (P)

Based on the principles of RUSLE model, the spatial soil erosion rate was computed

through the cell by cell multiplication of the six thematic parameters in Raster calculator

of ArcGIS spatial analysis function. The result revealed that the mean and the total annual

soil loss rate of the study watershed were found to be 25 tons/ha/yr and the annual volume

of soil loss 1394.44 tons. Which is comparable to the average soil loss rate reported by

Hurni (1985) for the highlands (18 tons/ha/yr). The current result also agrees with similar

findings in Ethiopia reported in Tadesse and Abebe (2014) for the Jabi Tehinan watershed

in the northwestern highlands (30.4 tons/ha/yr) and in Amare et al. (2014) for the Wondo

Genet watershed in the eastern highlands (26 tons/ha/yr). Unlike this study, some studies,

however, reported a rather high rate of erosion in different parts of the highlands.

Woldeamlak and Ermias (2009) reported an average soil erosion rate of 93 tons/ha/yr in

Chemoga watershed of the Blue Nile basin in the northwestern highlands. In a recent study
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by Gelagay and Amare (2016) in Koga watershed of the Blue Nile basin reported an

average soil erosion rate of 47.4 tons/ha/yr.

Figure 11. The final result of spatial soil loss rate

From the five factors used for analyzing soil erosion using RUSLE model, rainfall factor

(R) was the most dominant factor to contribute soil erosion (figure 6); the result implies

that conservation management factor (P) was the dominant factor next to rainfall factor

(figure 10) and the next was C factor (figure 9). Topographic factor (LS) (figure 8) and

soil erodibility factor (K) (figure 7) were less contributors to soil erosion respectively.

The soil loss rate with respect to the area coverage is presented in Table 6. With soil loss

rate range of 0-5 tons/ha/yr (none to slight) was covered the large area of the watershed of

147.02 ha (68.1%) and the next 5-15 tons/ha/yr (slight) was covered 17.45 ha (8.2%) of

the watershed. A similar result was reported by Gizachew (2015), 78.31% of the

watershed was categorized none to the slight class which under soil loss tolerance values

ranging from 5 to 11 tons/ha/yr in Zingin watershed
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Table 6. Soil loss rating and area coverage of Ginaberet watershed

Class tons/ha/yr Descriptions Ha %

I 0-5 None to slight 147.02 68.1

II 5-15 Slight 17.45 8.2

III 15-30 Slight to moderate 13.68 6.3

IV 30-50 Moderate 12.90 5.9

V 50-100 High 11.58 5.4

VI 100-200 Very High 8.74 4.0

VII >200 Very High 4.41 2.0

Total 215.85 100.00

4.1.2 Soil loss rating on conserved and non-conserved fields from RUSLE

The soil loss rate in the specific study areas are presented in Figure 12. In conserved areas,

the average soil loss rates are found to be 52, 15.59 and 8.56 tons/ha/yr respectively in

area A, B, and C. Similarly, the average soil loss rate in the specific non-conserved areas

are found to be 19, 30 and 43.6 tons/ha/yr respectively in area X, Y, and Z. The overall

mean soil loss rating was 25.59 tons/ha/yr and 30.92 tons/ha/yr respectively for conserved

and non-conserved areas. That implies a relatively greater amount of soil particle was

removed in case of erosion from non-conserved land rather than conserved areas.
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Figure 12. Spatial soil loss rate in conserved and non-conserved areas
Sites A, B, and C are replicates of conserved areas, sites X, Y, and Z are replicates of non-
conserved areas within the watershed as indicated in figure 3.

The soil loss rate of conserved and non-conserved areas with respect to the area coverage

is presented in Table 7. In site A, B, and C, soil loss rate range of 0-5 tons/ha/yr (none to

slight) was covered the large area of 73.2%, 69.0%, and 76.5%, respectively in conserved

areas. The next 100-200 tons/ha/yr (very high) was covered 9.4% in site A; 30-50

tons/ha/yr (moderate) covered 7.6 % in site B and 5-15 tons/ha/yr (slight) covered 8.3% in

site C in conserved areas. In site X, Y, and Z, soil loss rate range of 0-5 tons/ha/yr (none to

slight) was covered the large area of 63.3%, 68.6%, and 70.7% respectively in non-

conserved areas. The next 5-15 tons/ha/yr (slight) was covered 15.4% in site X; 5-15

tons/ha/yr (slight) was covered 13.2% in site Y and 50-100 tons/ha/yr (high) covered 6.0%

in site Z in non-conserved areas within the watershed.
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Table 7. Soil loss rating and area coverage for each specific conserved and non-conserved

areas

Soil Loss Rating Site A Site B Site C

Class tons/ha/yr Descriptions Ha % Ha % Ha %

I 0-5 None to slight 3.99 73.2 7.13 69.0 16.51 76.5

II 5-15 Slight 0.15 2.8 0.42 4.1 1.79 8.3

III 15-30 Slight to moderate 0.11 2.0 0.43 4.2 1.39 6.4

IV 30-50 Moderate 0.07 1.3 0.78 7.6 1.07 4.9

V 50-100 High 0.31 5.7 0.69 6.7 0.71 3.3

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

VII >200 Very high 0.29 5.3 0.32 3.1 - -

Total 5.45 100 10.33 100 21.58 100

Soil Loss Rating Site X Site Y Site Z

Class tons/ha/yr Descriptions Ha % Ha % Ha %

I 0-5 None to slight 1.69 63.3 13.61 68.6 12.23 70.7

II 5-15 Slight 0.41 15.4 2.61 13.2 0.52 3.0

III 15-30 Slight to moderate 0.12 4.5 1.47 7.4 0.86 4.9

IV 30-50 Moderate 0.29 10.9 0.86 4.3 0.94 5.4

V 50-100 High 0.05 1.9 0.69 3.5 1.04 6.0

VI 100-200 Very High 0.07 2.6 0.42 2.1 0.74 4.2

VII >200 Very high 0.03 1.1 0.23 1.2 0.99 5.8

Total 2.67 100 19.83 100 17.32 100

4.2 Soil loss estimation using armour layer measurement

Armour layer measurement is rapid and participatory ways of assessing to soil erosion and

better to represent the perspective of land users and how they make decisions on investing

in conservation. It promotes a farmer-perspective approach and more practical than

standard assessments. For this study, armour layer measurement was done over a 4-month

period after land preparation performed to eliminate the long-term textural residual

produced by natural soil redistribution processes through mixing of the soil layer by the

tillage up to 20 cm. The retained cumulative percentages of coarse fractions were higher in

the topsoil in non-conserved area than conserved and higher in topsoil at both sites than
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the corresponding subsoil. This clearly depicts that there is somewhat bigger erosion in

both sites with slight increments in non-conserved areas. In contrast, the percentage of fine

soil particles lower in topsoil than the corresponding subsoil in both sites, however, highly

lower in non-conserved than in conserved areas. The depth of the coarse top layer was

ranged from 0.5 mm to 1.8 mm on conserved sites and 0.6 mm to 2.3 mm on non-

conserved sites within the watershed. The result was in agreement with a study reported by

Michael and Niamh (2000).

Estimation of soil loss using armour layer requires soil bulk density. The average soil bulk

density of conserved areas within the watershed was found to be 1.37 g/cm3 and 1.55

g/cm3 for the non-conserved areas. There are few studies of armour layer measurement for

soil erosion estimation in the world but none in Ethiopia, however, it is participatory,

rapid, and promotes farmer’s perspective approach since that can be practiced in the field

with farmers participation.

The results showed that the average soil loss through the armour layer measurement was

44.9 tons/ha/yr on conserved areas and 58.98 tons/ha/yr on non-conserved areas (Table 8).

These values were higher than the mean value from RUSLE, which were 25.59 tons/ha/yr

and 30.92 tons/ha/yr respectively in conserved and non-conserved areas. When the result

compared to results from other areas, it is not the least or the highest in both conserved

and non-conserved areas but there was the numerical difference in mean values which is

highest in non-conserved than conserved areas in both methods.

Several results were reported as 23.7 tons/ha/yr (Temesgen et al., 2017) in Geleda

watershed, Blue Nile basin, Ethiopia; 9.10 tons/ha/yr (Gizachew, 2015) at Zingin

watershed in Awi Zone. The estimated average soil loss from croplands in the Ethiopian

highlands as a whole was 100 tons/ha/yr by Mati et al. (2000). The average of 20

tons/ha/yr was estimated by Hurni (1985) in the highland of Ethiopia and measured

amounts of more than 300 tons/ha/yr on specific plots. Hurni (1993) estimated mean soil

loss from cultivated fields as 42 tons/ha/yr. Woldeamlak and Ermias (2009) estimated an

annual soil loss of 93 tons/ha/yr for the entire Chemago watershed. The average annual

soil loss estimated by USLE from the entire Zingin watershed, northwestern Ethiopia was

24.95 tons/ha/yr. A study by Kebede et al. (2015) in the central rift valley watershed
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reported a relatively high rate of soil erosion as 45 tons/ha/yr. The average annual soil loss

from the test plots in Anjani watershed without conservation measures was reported to 110

tons/ha/yr (Herweg and Ludi, 1999). Thus, the estimated soil loss rate was generally

realistic on both conserved and non-conserved areas, compared to results from previous

studies but greater on non-conserved when compared from conserved areas in this study

within the watershed.

Table 8. Erosion measurement using armour layer measurement

Treatment Replication
AL

(mm)

Average coarse

fraction (%)

BD in

g/cm3

Soil loss

in t/ha

conserved

Area

A 1.02 23.30 1.31 41.92

B 1.05 23.90 1.40 44.80

C 0.93 21.20 1.41 47.94

Average 1.00 22.80 1.40 44.90

non-
conserved

Area

X 1.30 23.20 1.55 66.65

Y 1.21 24.40 1.50 55.50

Z 1.17 23.80 1.47 54.80

Average 1.20 23.80 1.50 58.98

*AL represents the depth of armour layer; BD represents soil Bulk Density

4.3 Comparing soil loss rate with soil loss tolerance limit

Result from RUSLE model, site C was under permissible (8.56 ton/ha/yr) but the other

(site A and B) was greater than the permissible limit and the mean of the three sites also

greater than the permissible limit. All results from armour layer measurement were greater

than the permissible limit as referred in Table 1.
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Table 9. Comparing soil loss with soil loss tolerance limit

Treatment Replication

Estimated soil loss Soil

depth

(cm)

Remark on tolerance

limit
RUSLE

(ton/ha/yr)

Armour layer

(ton/ha/yr)

Conserved

A 52.00 41.92 50-100 Both not permissible

B 15.59 44.80 25-50 Both not permissible

C 8.56 47.94 50-100 Permissible (RUSLE)

Average 25.40 44.90 50-100 Both not permissible

Non-

conserved

X 19.00 66.65 50-100 Both not permissible

Y 30.00 55.50 25-50 Both not permissible

Z 43.60 54.80 25-50 Both not permissible

Average 30.86 58.98 25-50 Both not permissible

Based on the level of soil loss tolerance limits in Table 1 referenced from soil depth, 158.88

ha falls below the tolerable soil loss limit and the remaining 56.97 ha was found to be higher

than the tolerable soil loss limit (Table 10). However, because armour layer analysis is made

in smaller areas where high soil loss rate is expected (G´omez, 2010). Consequently, all soil

losses found from armour layer measurement were not tolerable (Table 9). Soil loss rate of 9-

11 tons/ha/yr with the corresponding area coverage of 10.50 ha in the deeper soil range was

the maximum tolerable soil loss tolerance. The majority of the watershed area has soil loss

tolerance 0-2 tons/ha/yr with corresponding area coverage of 97.52 ha (Table 10).

Table 10. Area coverage of permissible soil loss for each soil depth classes of the study area

Permissible

soil loss (ton/ha/yr)

Soil depth (cm)
Area (ha)

0-25 25-50 50-100 100-150 >150

0-2 97.52 97.52

2-5 22.15 22.15

5-7 14.78 14.78

7-9 13.88 13.88

9-11 10.55 10.55

Area under the  tolerable
soil loss

97.52 22.15 14.78 13.88 10.55 158.88
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4.4 Farmers’ perception on the effect of soil erosion and conservation practices

4.4.1 Household characteristics

In the study, 76.5% of the respondents were male household heads and 23.5% were

female-household heads. These males are the most influential people who are village

elders, decision makers, and younger people that actively involved in soil and water

conservation. In the study area, farmers are classified under different age group; the

majority of the respondents (44.1%) were aged between 16-35 years, 32.4% between 36-

64 years, and 23.5% over 65 years. Out of total respondents, 76.5% were able to read and

write through informal and formal education (literate) and the remaining 23.5%

respondents were unable to read and write (illiterate).

4.4.2 Farmer’s perception on the effect of soil erosion

Perception of soil erosion problem is an important issue to suggest likely solutions for

farmers and conservation practice (Worku, 2017). About 88.2% of the interviewed

respondents have perceived soil erosion as a major problem on their farms in non-

conserved site and 70.6% perceived in conserved sites (Appendix table 6). Therefore, they

believe in the requirement of additional practices. This finding is in agreement with

previous reports in the watersheds of Ethiopia (Elias, 2015; Haweni, 2015). The farmers

including key participants reported that the most agriculturally important topsoil is

worsening over time due to water erosion. Hence, they observed regularly reducing the

depth of the topsoil, enriched armour layer, and exposure of tree roots in the farmlands,

however, greater in non-conserved areas rather than conserved areas. This finding is in

agreement with previous reports in the watershed of Ethiopia by Elias (2015) in Fulaso

Watershed, Sebeta, Oromia and Worku (2017) in Ambachara watershed, Goder zuriya

district.

Regarding the status of soil erosion rate over time resulted that, about 47% and 17.6%

respondents, respectively from non-conserved and conserved fields perceived soil erosion

rate is increasing over time. Besides, 44 % and 41.2% perceived the same; 9% and 41.2%

perceived decreased over time, respectively in non-conserved and conserved fields

(Appendix table 6). Regarding changes in soil erosion status over the past 7 years, about
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55.9 %, 29.4%, 8.8% and 5.9% respondents in conserved fields and 26.5%, 41.2%, 17.6%

and 14.7% in non-conserved fields perceived it was large, moderate, low and no change,

respectively.

With regard to the productivity of their farmland over time, 41% and 8.8% perceived the

decreasing rate in non-conserved and conserved areas. From the respondents, 32% and

47.1% perceived the same, 6% and 20.6% perceived the increasing rate, and 21% and

23.5% did not perceive clearly the change in productivity of their farmland respectively in

non-conserved and conserved areas. During discussion time, the farmers ascertain that the

productivity of their farmland is largely decreasing due to the effect of soil erosion since it

removes to a significant amount of the topmost fertile soil in non-conserved areas.

With regard to the severity of soil erosion, 11.8% and 50% of the respondents agreed on

the severity in the conserved and non-conserved areas, respectively. Besides, 55.9% and

38.2% answer back it to be moderate; 23.5% and 8.8% perceived as it is minor, and 8.8%

and 2.9% did not observe the severity, respectively in conserved and non-conserved study

areas (Appendix table 6). The majorities of the farmers who perceived severe erosion were

found in the non-conserved cultivated lands, while the least number of respondents

perceived severe erosion who has conserved land treated with soil bund and tree lucerne.

In line with this, a similar result was revealed by Elias (2015) that the majority of the

severity of soil erosion was on non-conserved land.

4.4.3 Farmers' perception on Noticeable change of soil condition by erosion and

conservation

About 50% and 24% of the interviewed households have perceived soil fertility was at

increasing respectively in conserved and non-conserved areas. Besides, 11.8% and 47%

perceived the decreasing, and 38.2%, and 29% perceived as no change, respectively in

conserved and non-conserved areas (Table 11).

With regard to the change in a soil depth of the study area, 50% of the farmers perceived

increased and 50% confirmed decreased, respectively in conserved and non-conserved

areas. Infiltration capacity was increased in conserved lands as indicated by farmer’s

perception about 44.1% perceived, but 44.1% observed no change of infiltration capacity



43

of the soil. In contrast, 53% perceived decreased and 32% perceived no change in non-

conserved areas (Table 11). With regard to water holding capacity, 44.1%, and 9%

perceived increased, respectively in conserved and non-conserved areas. Besides, 2.9%

and 56% perceived decreased, and 52.9% and 35% perceived no change, respectively in

conserved and none conserved areas (Table 11). This result indicates that the farmers have

a moderate perception of the effect of SWC on infiltration capacity and water holding

capacity of the soil. Also, the result of key informant interview on infiltration and water

holding a capacity of the soil is increasing over time on conserved than non-conserved

areas. Similar results were reported by Hengsdijk et al. (2005), and Haweni, (2015).

Table 11. farmer’s perception on noticeable change of soil condition by soil erosion and

conservation

Noticeable change by

soil erosion and

conservation

Conserved Non-conserved

Response Frequency % Frequency %

Soil fertility? Increasing 17 50.0 8 24

Decreasing 4 11.8 16 47

no change 13 38.2 10 29

Soil depth? Increasing 17 50.0 8 24

Decreasing 4 11.8 17 50

No change 13 38.2 9 26

Infiltration capacity? Increasing 15 44.1 5 15

Decreasing 4 11.8 18 53

No change 15 44.1 11 32

Water holding capacity? Increasing 15 44.1 3 9

Decreasing 1 2.9 19 56

No change 18 52.9 12 35

Total 34 100.0 34 100

Sources: Survey Result 2017

4.4.4 Farmers’ perception on the effect of SWC measures

The study indicated that 88.2% of the respondents have realized that erosion could be

controlled/reduced through the use of traditional and/or introduced SWC measures (Table
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12). Their view was in agreement with the fact that erosion could be reduced through the

proper land use and support practices (Beskow et al., 2009). The results from the key

informants indicated that the farmers have been practicing soil and water conservation

measures for the last 5 years. The overall objectives were developing and rehabilitating

degraded lands, minimizing soil erosion, conserving soil and water thereby increasing crop

productivity. The implemented soil and water conservation practices were soil bund, stone

bund, terrace, soil and bund stabilization with phalaris and tree lucerne. Similar results

reported by Akalu et al. (2016) in Northwestern Ethiopian highlands. However, soil

erosion was not significantly mitigated since soil erosion was rapid and severe during the

early period of the rainy season, immediately following land preparation. Consequently,

there existed less land cover thereby less development of soil organic matter.

Plate 3. Soil bund with Tree lucerne for soil conservation (Photo by Yishak)

According to the household, the response indicates that 58.9% of respondents perceived

soil bund and soil bund with tree lucerne or phalaris grass was more efficient to reduce

soil erosion within the watershed. In line to this, a similar result was reported by Akalu et

al. (2013) in Northwestern Ethiopian highlands.

Out of the selected farmers, more than 85% of them, address that there has not been

constructed the conservation measures on their whole farmland because of selecting the

farmland area due to its severity and the availability of raw materials to apply effectively.
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Out of the selected farmers, 91% of them, address that the applied SWC structures were

effective to improve their land through preventing erosion, increasing land productivity

and increase in fertility. Even though they did not apply throughout their farmlands, they

need additional plant seeds that are more sustainable to their farmland improvements. But

9% of the interviewed farmers need training and alternative technological interventions.

Worku (2017) address that farmers have the positive perceptions toward SWC structures

has reduced soil erosion and improve soil moisture content when compared to

non conserved land.

Table 12. Farmers’ perception on the effect of SWC measures

Farmer’s SWC practices Response Frequency Percent

Efficient measures to

reduce soil erosion?

Soil bund 9 26.5

Soil bund plus tree lucerne or Phalaris 11 32.4

Stone bund 5 14.7

Terrace 3 8.8

Stone bund plus tree lucerne or Phalaris 6 17.6

do you apply conservation

to your whole farm?

No 29 85.0

Yes 5 15.0

are the methods you are

applying effective?

No 3 9.0

Yes 31 91.0

Can soil erosion be

controlled?

No 4 11.8

Yes 30 88.2
Total 34 100.0

Sources: Survey Result 2017

4.5 Soil physical properties affected by soil erosion and soil conservation

A one-way analysis of variance (ANOVA) was conducted to explore the impact of the two

treatments (conserved and non-conserved) on soil physical properties. The analyzed soil

physical properties are bulk density, soil moisture content, percent of pore space, sand,

silt, and clay content status. The soil physical properties were not significantly different at

P <0.05 level on both of the treatments (Appendix table 7). This could be due to the

absence of significantly higher OM resulted from conservation measures and decay of

plant residues in the treatments. Similar results were reported by Haweni (2015) and
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Solomon et al. (2017). Contrasting results were also reported by Yihenew et al. (2013),

Demelash and Stahr (2010) and Abay et al. (2016). The soil physical properties in the

study areas were not affected by SWC practices as compared to the non-conserved areas.

These are attributed to the young age of SWC measures (since 5 years). The result depicts

that significant changes or effects of SWC on soil characteristics can be achieved only

over a long period of conservation practices (Haweni, 2015).

The soil texture of the study area was assessed based on the proportion of three mineral

particles, sand, silt, and clay in a soil. The result revealed that because of the conservation

differences, there was no statistically significant variation. This might be due to the fact

that soil texture is not easily changed as a result of soil erosion and conservation within a

short period of time. However, there was a slight numerical variation of sand, silt, and clay

fraction between areas with and without conservation. Jamala and Oke (2013) reported

that soil texture is an intrinsic soil property, but intensive cultivation could contribute to

the variations in particle size distribution at the surface horizon of cultivated and natural

fallow land. The sand fraction was relatively high value in the non-conserved area (27.67

%) than the conserved (12%) numerically.

The silt content was higher in the conserved areas (50.67%) than in the non-conserved

areas (36%). Similarly, higher mean silt proportion in woodland and fallow land than in

cultivated land without soil bunds was reported (Behailu, et al., 2016). However, the result

of the silt content was not in concurrence with Demelash and Stahr (2010) and Daniel et

al. (2015), who reported higher silt content in non-conserved areas than conserved lands.

The proportion of clay content in both the conserved and non-conserved areas was below

50% with slightly increment (1%) in conserved than non-conserved. The result implies

that this may be due to the direct result of the chemical weathering of silicate minerals

from the prevalence sedimentary rocks in the study area. The one-way ANOVA of LSD

revealed that clay content on conserved land use types was not statistically significantly

different at P <0.05 level with non-conserved areas.
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Moisture content value did not significantly (p<0.05) affected by SWC practices. As result

of Assefa (2009) depict that there was no significant difference at (p<0.05) levels. The

numerically greater value of mean soil moisture content was observed in conserved areas

rather than non-conserved areas although do not show the statistically significant

difference. This may be due to the level of conservation and level of soil erosion and lack

of full vegetation cover of the land throughout the year (Haweni, 2015).

The numerically highest mean bulk density (BD) was recorded in the non-conserved field

rather than the conserved field. The numerical variation of soil bulk density is expected

due to the absence of soil conservation leading to the removal of soil organic matter and

weakness in the natural stability of soil aggregates making it susceptible to erosion

(Haweni, 2015). According to Landon (1984), the soil with a mean of 1.5 g/cm3 in the

non-conserved land of bulk density ranges with soils showing root restriction which

reduces the plant's ability to exploit the plant environment. In this study, 1.55 g/cm3

resulted in non-conserved areas which imply the presence of root restriction in the non-

conserved study areas.

The slightly higher mean value of soil porosity was recorded in the conserved areas

(47.67%) rather than non-conserved (42.8%), but also no statistically significant difference

at (p<0.05) levels. This in-significance level of difference is attributed to the selected

extent of land degradation and level of conservation and selection of planting tree which is

best to contribute to the soil organic matter thereby improve soil porosity.

The soil physical properties can be altered by the management practices through a longer

period of time rather than over a short period. Moreover, accumulation of plant litter

produced by the various trees and grasses allows greater infiltration of rainwater thereby

preventing the quick loss of soil moisture and increasing the soil water holding capacity in

a long period of time (Amusan et al., 2006). Longer time is needed to fully understand the

impact of soil conservation on soil physical properties (Arevalo Gardini et al., 2015).

Based on the field observation and the remote sensing data analysis results, noticeable

vegetation cover improvement has been observed in the 30 years’ period (Solomon et al.,

2017). Similarly, Jay et al. (2009) showed that tillage effect after 22 years of treatment

imposition not effectively altered soil BD and soil moisture content. In contrast, soil
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physical properties were affected significantly by soil conservation (Mihrete, 2014;

Behailu et al., 2016). These were related to the young age of the constructed SWC

measures, implying that significant changes or effects of SWC on soil characteristics can

be achieved only over a long period of conservation (Haweni, 2015).

Table 13. The mean difference of soil physical properties between conserved and non-

conserved areas

Treatments
BD

(g/cc)

PPs

(%)

SMC

(%)

Sand

(%)

Silt

(%)

Clay

(%)
Textural class

Conserved 1.37a 47.67a 20.4a 12a 50.67a 37.3a Silt clay loam

Non-conserved 1.5a 42.8a 17.8a 27.67a 36a 36.3a Clay loam

LSD 0.28 9.15 7.47 18.64 15.97 15.11

CV in % 4.64 5.7 11.13 26.7 10.49 11.67

Mean values followed by the letter “a” is for conserved and non-conserved land

statistically not different at P ≤0.05.

A soil with a well-developed structure has a significant proportion of large pores that

promotes aeration and accommodates infiltrating water, resulting in reduced erosion due

to decreased runoff. The soil in site A, B, and C were described as having a “moderately

developed, fine, granular structure”; moderately developed, medium, subangular blocky

structure, and strongly developed, medium, granular structure respectively in the

conserved areas. The soil in site X, Y and Z was described as having a “Moderately

developed, medium, subangular blocky structure”; moderately developed, medium, blocky

structure and moderately developed, medium, subangular structure respectively in the non-

conserved area within the watershed (Table 14). This result was agreed in reported by

Wheaton et al. (2008). The granular structure has suitable porosity to infiltrate water and

that reduces soil erosion, as well as its suitability for crop growth, is good (Shepherd,

2009). This implies, to some extent, the granular structure was the result of soil

conservation fostering the presence of root in conserved areas (A and C) in Table 14.

The granular soil structure contains peds that are generally small and round and are

commonly found in horizons near the surface where high amounts of root activity are

present and porosity is greater. The blocky and subangular blocky soil structure consists of

sharp-edged peds arranged in a square or angular blocks. Soils with moderate or strong
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structures are ideal because they have good mixtures of large and small pores and

optimum environments for growing plants. The peds tend to resist breakdown under the

impact of falling raindrops. Granular or columnar structure may be obtained due to the

effect of conservation, while blocky or sub angular blocky structure may be expected in

case of soil erosion (Williams and Petticrew, 2009). However, the result indicated that

there was no great difference between conserved and non-conserved areas in terms of size

(except site A, and C), shape, and grade of the structure. Long period of time is required to

see changes in soil structure, whereas in the short term (e.g. five years), the effects of

erosion and conservation on structure-forming/disappearing may be small (Xie, 2015).

Table 14. Soil structure description of soil samples from the two treatments

Structure A B C X Y Z

Shape/type Granular Sub angular

blocky

Granular Sub angular

blocky

Blocky Sub angular

blocky

Size Fine Medium Medium Medium Medium Medium

Grade Moderate Moderate Strong Moderate Moderate Moderate

A, B, and C were replicated from conserved and X, Y and Z were replicated from non-
conserved areas within the watershed.
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5 CONCLUSION AND RECOMMENDATION

The purpose of the study was to analyze the dynamics of soil physical properties through

erosion and conservation processes. The study was done in Ginaberet watershed in

selected relatively conserved and non-conserved areas with three replications. The mean

annual soil loss rates of the conserved and non-conserved landscapes using RUSLE were

25.59 tons/ha/yr and 30.92 tons/ha/yr, respectively. Besides, the average soil loss results

analyzed from an armour layer method in conserved and non-conserved landscapes were

44.9 and 58.98 ton/ha/yr, respectively. The results from the RUSLE were less when

compared to soil loss from armour layer analysis. This variation may occur due to the

scale effect since runoff and soil loss rates from smaller areas are expected to be large.

Besides, because armour layer measurement was difficult to apply at the large scale level,

rather it is better using RUSLE at the watershed level to assess the amount and its spatial

distribution. The result from RUSLE depicts that rainfall factor (R), conservation

management factor (P) and land use factor (C) were the most dominant factor to contribute

soil erosion, respectively.

The result of the study showed that almost all farmers of the study area have a moderate

perception of the status and effect of soil erosion and conservation, indicators of soil

erosion and the effectiveness of conservation practice on their farmland in the watershed.

Almost all farmers have understood the cause of soil erosion and the importance of SWC

measures to control soil. However, they need the sustainable addition of plant/grass seeds

for that condition and need support from government or other organization to apply

conservation measures effectively.

Soil physical property analysis between the two treatments did not show a statistically

significant difference at p ≤ 0.05 confidence level using LSD. This is due to the inherent

property of soil physical properties that need long-term (greater than 5-7 years) erosion or

conservation duration to change significantly. Generally, irrespective of the numerical

variation, soil loss rates in both methods coupled with farmers’ real perception has

confirmed the soil loss in both treatments cannot be tolerated. Therefore, critical effort to

reduce soil erosion in the study watershed is mandatory. Moreover, researchers should

focus on the extent of years of conservation and erosion that can significantly affect the

changes in the physical properties of soils.
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7 APPENDIX

Appendix table 1. Mean annual rainfall data 2008-2017, Gudoberet kebele, Andit Tid from

four Station

Year G4 G3 G1 G2 Average

2008 1365.7 1379.45 1346.2 1474.6 1391.488

2009 1143.2 1411.2 1366.8 1441.2 1340.6

2010 1479.1 1757 1607.8 1777.1 1655.25

2011 1218.2 1537.2 1349.5 1568.9 1418.45

2012 1441.9 1464.4 1523.1 983.1 1353.125

2013 1335.5 1409.2 1501.4 1566.2 1453.075

2014 1793 1817.7 1686.5 1923.6 1805.2

2015 1125.7 1169.6 1215.6 1264.5 1193.85

2016 1530.5 1623.8 1584.3 1541.2 1569.95

2017 1342 1526.6 1568.7 1399.2 1459.125

Total average 1464.011

Appendix table 2. Land use factor (C) value and the corresponding area of Ginaberet

watershed

Land use C-Value Area in ha Percent

Grazing Land 0.12 32.74 18.53

Crop Land 0.37 176.64 77.4

Built Up Area 0.01 0.25 0.14

Roacky Area 0.05 1.47 0.83

Forest Land 0.05 5.39 3.05

Water Body 0 0.03 0.017

215.66 100
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Appendix table 3. Conservation management factor (P) value and the corresponding area

of Ginaberet watershed

Land use Slope –class P-Value Area Percent

Crop Land <50 0.33 3.29 1.5

Crop Land 0-3 0.1 3.37 1.56

Crop Land 15-30 0.19 54.76 25.35

Crop Land 8-15 0.12 16.44 7.6

Crop Land 30-50 0.25 17.81 8.24

Crop Land 15-30 0.14 32.17 14.89

Built Up Area 1 0.20 0.09

Forest Land 1 5.23 2.4

Grazing Land 0.9 30.49 14.1

Rocky Area 0.8 1.27 0.59

Terrace 0.6 50.72 23.48

Water Body 0 0.03 0.014

215.66 100

Appendix table 4. Armour layer measurement for conserved sites within the watershed

Site A Site-B Site-C
Measure
ment

depth
of AL

coarse
in %

Measure
ment

depth
of AL

coarse
in %

Measure
ment

depth
of AL

coarse
in %

1 1 25 1 1.2 26 1 1 16
2 0.7 28 2 1 28 2 0.6 35
3 0.9 35 3 0.8 25 3 0.9 21
4 0.6 20 4 1.2 30 4 1 25
5 1.8 30 5 1.5 15 5 1.1 18
6 1 18 6 0.7 18 6 0.8 20
7 1.2 24 7 1 25 7 1.2 23
8 1.5 15 8 1.6 22 8 0.9 15
9 0.8 20 9 1.4 25 9 1 20
10 0.7 25 10 0.6 23 10 0.8 19
11 1.6 20 11 1.1 30 Sum 9.3 212
12 0.5 23 12 0.5 20 Average 0.93 21.2
13 1.3 22 Sum 12.6 287
14 0.8 25 Average 1.05 23.9
15 1 20
Sum 15.4 350
Average 1.02 23.3
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Appendix table 5. Armour layer measurement for not conserved sites within the watershed

site X not conserved site Y not conserved site Z not conserved
Measureme
nt

depth
of AL

coars
e in%

Measureme
nt

depth
of AL

coarse
in%

Measureme
nt

dept
h of
AL

coars
e in%

1 1 25 1 1.2 33 1 0.9 20
2 1.5 35 2 1.3 20 2 1 35
3 0.6 20 3 1.4 35 3 1.5 20
4 1.8 25 4 2.3 15 4 2 25
5 1.5 19 5 1 25 5 1.2 21
6 0.8 20 6 0.7 26 6 1.3 30
7 1.2 22 7 0.9 19 7 1 29
8 1.5 15 8 1 25 8 0.8 18
9 2.2 20 9 1.1 28 9 1.5 25
10 2 30 10 1.2 18 10 1 19
11 1.8 28 Sum 12.1 244 11 0.7 20
12 0.9 25 Average 1.21 24.4 Sum 12.9 262
13 0.7 18 Average 1.17 23.8
Sum 17.5 302
Average 1.3 23.2
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Appendix table 6. Farmer’s perception on the effect and problem of soil erosion

The problem of soil erosion Response
Conserved Non-conserved

Frequency % Frequency %

Is soil erosion a problem on

your farm?

No 10 29.4 4 11.8

Yes 24 70.6 30 88.2

The rate of erosion over

time?

Increasing 6 17.6 16 47

Same 14 41.2 15 44

Decreasing 14 41.2 3 9

Change in soil erosion status

over the past 7 years?

Large 19 55.9 9 26.5

Moderate 10 29.4 14 41.2

Low 3 8.8 6 17.6

no change 2 5.9 5 14.7

The productivity of your

farmland over time?

Decreasing 3 8.8 14 41

the same 16 47.1 11 32

Increasing 7 20.6 2 6

I do not know 8 23.5 7 21

The severity of erosion? Sever 4 11.8 17 50.0

Moderate 19 55.9 13 38.2

Minor 8 23.5 3 8.8

not visible 3 8.8 1 2.9

Total 34 100.0 34 100.0

Sources: Survey result, 2017
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Appendix table 7. mean square of soil physical property analysis

mean square

source Df BD PPS SMC Sand Silt Clay

treatment 1 0.027ns 35.53ns 10.2ns 368.16ns 322.67ns 1.5ns

replication 2 0.0002ns 0.126ns 2.78ns 6.16ns 4.67ns 17.167ns

Model 3 0.009ns 11.92ns 5.26ns 126.83ns 110.67ns 11.94ns

Error 2 0.004 6.72 4.52 28.16 20.67 18.5

Note: ns=non-significant difference

Appendix Plate 1. Armour layer measurement on the field (by Yishak)
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Structural survey questionnaire for formal interviewer

General Information

1. Name of the household’s head------------------------------------------------------ Sex -------

age -Education level------------- grade------------

2. Household Characteristics and family members' information

Sex: - Male               Female

Age:0-15yr           ,16-35yr ,36-64 , Greater than 64

Education: - 0 grade______, 1-4______, 5-8_________, 9-12_____, Diploma

graduate____, B.Sc. degree________, Above________

Marital status:- married , unmarried , other

Land holding: - Farm size (ha) --------- Livestock owned: - Cow -------Ox--------- Donkey -

---- Goat --------- Sheep ---------, others---------------

Part one: - Open ended questions.

1. What is soil erosion in your understanding?

2. What is the soil and water conservation measurement also?

3. Do you have a problem with erosion on your farm? ------------------------------------------

4. How do you know soil erosion occurs on your farmland? (Indicators) --------------------

5. What are the noticeable changes in your farmland over time in?

I. Soil fertility-------------------------------------------------

II. crop productivity-----------------------------------------------

III. fertilizer response ------------------------------------------------------------------------

IV. The intensity of rill erosion --------------------------------------------------------------

V. Soil depth/surface stoniness -------------------------------------------------------------

VI. Runoff generation-------------------------------------------------------------------------

VII. Infiltration capacity of the soil-----------------------------------------------------------

VIII. water holding capacity ------------------------------------------ ------------------------

6. From where does the major runoff comes from to cause soil erosion in your farm ------

7. How do you protect your farmland from erosion? (List all methods you are applying) -

8. Are the methods you are applying effective? -------------------------------------------------

9. If yes, how do you know it? ---------------------------------------------------

10. If no, what would be the reason for the methods ineffectiveness?
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11. How do you compare and contrast the conserved and non-conserved farmlands? -------

12. Have you ever noticed the change in the condition of the soil structure after erosion

occurred in the conserved land?

13. Have you ever noticed the change in the condition of the soil structure after erosion

occurred in the un-conserved land?

14. Have you ever noticed the change in the condition of the soil texture after erosion

occurred in the conserved land?

15. Have you ever noticed the change in the condition of the soil texture after erosion

occurred in the un-conserved land?

16. Do you know about Soil Conservation technologies? --------------------------------------

17. Do you have information on uses of Soil Conservation measures/technologies?  If yes,

state the advantages and disadvantages. Advantages -----------Disadvantages ------------

18. Have you ever participated in Soil Conservation technology demonstration, field days

or workshops before? ------------------------------------------------------------------------------

19. Do you apply Soil Conservation on your whole farm? ---------- If no, how do you

select a farm plot for Soil Conservation treatment? -------------------------------------------

20. In your opinion, what should be done to improve the effectiveness of Soil

Conservation measure? ------------------------------------------------------------------

21. Which crop types are produced in your farmland? -----------------

Part two: - Closed questions about the status of Soil Conservation practice and the

influence of soil erosion in the study area.

1. Under what conditions do you say erosion is severe? A/ raindrop erosion B/ sheet

C/ rill           D/ gully

2. If there is erosion in your area, what is the severity of the problem?  A/ sever

B/ moderate                C/minor          D/ Not visible

3. Do you believe that the rate of erosion over time is?  A/ increasing    B/ same    C /

decrease

4. Have you observed the change in soil erosion status over the past 10 years in non-

conserved area?  A/ large B/ moderate               C/ low D/ no change

5. Have you observed the change in soil erosion status over the past 10 years in the

conserved area?   A/ large B/ moderate   C/ low D/ very low E/ no change
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6. Do you believe that soil erosion can be controlled?      A / yes         B/ no

7. What are the main causes of soil erosion on your farm?   A/ repeated cultivation

B/ lack of land cover      C/ topography          D/ rainfall erosivity

8. Do you know the existence of improved soil conservation structures?   A/Yes B/ No

9. If yes, which type do you know?  A/ Stone bunds B/ Soil bund   C/ Cutoff drain

D/ Waterway E/ Check dams         F/ Planting of d/t tree     G/ terraces

10. Which types of soil conservation measures are effective to reduce the problem of soil

erosion?     A/ Stone bund   B /Soil bund       C/soil bund +tree Lucerne or phalaris

D/ stone bund +tree lucerne or phalaris    E/ terrace

11. Do you believe that investment in soil conservation practices is profitable in the long

run? A/ Yes                               B/ No

12. How do you see the productivity of your farmland over time? A/ Decreasing          B/

The same           C/ Increasing               D/ I do not know

13. Where did you get information about the soil conservation measures?  A/

Traditionally (learned by self) B/ From neighbors C/ From media     D/ From DAs

E/ Other NGOs         F/ Another source, specify -------------------------------------------

14. Do you have the source of income other than cropping and livestock production? A/

Yes               B/ No

15. How often have you been visited by DAs last year?  A/ Once per month, B/ Twice

per month, C/ Three times per month D/ Twice per year

16. How often do you have obtained extension advice on soil conservation practices?  A/

Once per month   B/ Twice per month   C/ Three times per month    D/ Once per three

months E/ Twice per three months          F/ others, specify------------------------

17. Have you participated in the training of soil conservation for the last five years?

A/ Yes                              B/ No

18. If yes was the training useful?                A/ Yes           B/ No


