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 In Ethiopia, conservation of soil and water is initiated after the 1973/1974 famine 
and the 1975 land reform; and establishment of the Peasant Associations (PAs), 
which were instrumental in mobilizing labor. The conservation program was 
supported through food-for-work incentives. However, most of the measures 
taken for soil and water conservation (SWC) ended up in failure due to uniform 
application of similar measures almost everywhere without identification and 
analysis of local, natural and human conditions differing with agro-ecological 
zones and socioeconomic conditions. For practicing of soil and water 
conservation, the study of slope is one of the most important factors in 
geographical research and land use planning. Therefore, this study was intended 
to indicate physical soil and water conservation practices by analysis of slope 
from digital elevation model (DEM) with the help of geographic information 
system (GIS) in Sekela District, Amhara State, Ethiopia. For this study DEM with 
90 meter resolution was used and four soil and water conservation methods 
(Bunding, Fanya Juu, Runoff Diversion and Hillside terracing) were 
recommended based on slope analysis with the help of GIS techniques. 
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INTRODUCTION 
 
Soil conservation can be defined as the combination of 
the appropriate land use and management practices that 
promotes the productivity and sustainable use of soil, and 
in the process, minimizing soil erosion and other forms of 
land degradation (Mitiku et al., 2006).  

Different researchers categorize soil and water 
conservation technologies into different terms. For 
example, Hurni et al. (2007) categorized soil and water 
conservation technologies in to three groups. These are 
structural or physical as well as vegetative and manage-
ment methods. In another literature and persons for 
example by Troeh and Thompson (1993), soil and water  
conservation technologies are categorized  as  vegetative 
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(agronomic) and mechanical (engineering or structural) 
methods. 

The following group is developed in the framework of 
the World Overview of Conservation Approaches and 
Technologies (WOCAT) and reflects a long and intense 
participatory development process (WOCAT, 2004 in 
Mitiku et al., 2006). According to Mitiku et al. (2006) the 
soil water conservation techniques are classified as 
management measures (such as land use change, area 
closure, rotational grazing, etc.); agronomic measures 
(such as mixed cropping, contour cultivation, mulching, 
etc.); vegetative measures (such as grass strips, hedge 
barriers, windbreaks, etc.); structural measures (such as 
terraces, banks, bunds, constructions, palisades, etc.) 
and combinations (in conditions where different 
measures are complementary. These measures involve 
changing  the  slope  characteristics  and   supplementing  



 

 

 
 
 
 
agronomic practices on steep slope. The main objective 
of these practices is to divide along slope in to several 
short ones so as to intercept and reduce the speed of 
runoff and provide opportunity for higher infiltration of 
runoff water (Belay, 1992; Mukherjee, 1995).  

In the case of water erosion, the aims of mechanical 
soil and water conservation measures are to reduce 
either the length or the land slope. In the case of wind 
erosion the mechanical or engineering measures consist 
mainly of wind breaks of different types. These are most 
commonly belts of trees and shrubs, grown in strips 
across the direction of the prevailing winds.  

The importance is to change and decrease the 
direction and speed of wind (Smith, 1998). Some of 
mechanical or engineering soil-conservation methods 
are: terracing, stone lines or stone walls, Fanya Juu 
terraces, diversion ditch/cut-off drain, stone bunds, etc.  

In Ethiopia, there were a number of projects being 
implemented as means of rehabilitation and development 
of soil and water conservation activities in the drought 
stricken and marginal areas of different parts of the 
country (EPA, 1998). Some of these are World Food 
Programme Projects which started in 1975, Assistance to 
Soil and Water Conservation Projects [the Food and 
Agricultural Organization (FAO)] had provided technical 
assistance to Soil and Water Conservation Districts 
(SWCDs) from 1979-1994 funded by United Nations 
Development Programme (UNDP); Agricultural and/or 
Soil and Water Conservation Projects which started in 
1981 (EPA, 1998).  

Before 1970s, there is no any awareness about soil 
erosion and conservation methods but the conservation 
of soil and water is initiated after the 1973/1974 famine 
(Gete et al., 2006) and the 1975 land reform, and 
establishment of the Peasant Associations (PAs), which 
were instrumental in mobilizing labor (Mati, 2005). The 
conservation program was supported through Food-For-
Work incentives provided by international, multilateral 
and bilateral organizations of which the European 
Economic Commission, UNDP and FAO were the major 
one. However, two key challenges emerge when acti-
vities are done by incentives like FFW programme. These 
are to assess the impact on farmer management of 
agricultural biodiversity and the relative benefit and 
practicality of national policy change (Almekinders, 2002).  

However, most performance measures of SWC effort of 
the country ended up in remarkable failure especially in 
highland parts of Ethiopia. The reasons for the failure of 
conservation work was the uniform application of similar 
measures almost everywhere without identification and 
analysis of local, natural and human conditions differing 
with agro ecological zones and socioeconomic conditions 
(Thomas, 1998).  

Slope is one of the most important terrain factors in 
representing ground surface properties and is commonly 
applied in geographical research and land  use  planning.  
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Land use patterns reflect the influence of slopes, e.g. 
areas of steep and very steep slopes may not be spent 
for farming activity. Therefore, this study was intended to 
indicate physical soil and water conservation practices by 
analysis of slope from Digital Elevation Model (DEM) with 
the help of Geographic Information System (GIS) in 
Sekela District, Amhara State, Ethiopia. 
 
 
Site description  
 
The study area is located in Amhara State; north western 
Ethiopia within the geographical grid coordinates of 
10°55'00'' to 11°05'00'' North latitude and 37°05'00'' to 
37°15'00''East longitudes. The District is bounded with 
Mecha District in the north, Yilmana Densa District in the 
North East, Burie District in the south, Jabi Tehinan 
District in the South East, Awi zone in the West and 
Quarit District in the East (Figure 1). Gish-Abay is the 
capital town of the District and it is situated about 425 
km

2
 northwest of Addis Ababa and around 175 km 

southwest of Bihar Dar, the capital of Amhara State. 
 
 
Major agricultural production 
 
Agriculture in the District is almost rain-fed. Though it has 
abundant water resource, there is not much practiced of 
irrigation activities. The crucial task of agriculture is 
carried out in kiremt (rainy season). It is a period when 
intensive cultivation, sowing, weeding and other activities 
are performed. The livelihood of most rural community is 
mainly based on mixed farming (cropping and livestock 
production). The common types of crops in the area are 
barley (Hordeum vulgare), millet, wheat (Triticum 
vulgare), red and mixed teff (Eragrostis teff), potato 
(Solanum tuberosum), maize and other crops which are 
produced.  

The total Geographical area of Sekela district is about 
774.474426 Square Kilometres. In Sekela district there 
are 3 major rivers, Abay, Guder and Jemma, and 38 
small streams and their tributaries (Figure 2). The water 
resource in the district also includes one lake and 105 
springs. Blue Nile, which contributes about 86% to the 
Nile (Conway, 1997), is part of Abay watershed. Despite 
the widely held view that the Blue Nile originates from 
Lake Tana, the local people and district level officials 
strongly believe that the Ghish Mountain, which is located 
at the upper stream part of the watershed, is the exact 
source of Blue Nile.  
 
 
MATERIALS AND METHODS  
 
In the study area, there is practicing of introduced soil-
water conservation techniques. Some  of  the  techniques  
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Figure 1. Location map of the study area. 

 
 
 
are adapted to the environment (slope, land use system, 
etc.) In other words, the techniques are practiced in 
relation of fitting elevation and the slope gradient. But 
some introduced soil and water conservation practice are 
implemented without considering of the physical 
characteristics of the area.  

Studying of terrain parameters such as slope and 
aspect is important for determine of soil conservation in 
relation to slope. For this study Digital Elevation Model 
(DEM) of Ethiopia with 90 meter resolution was used for 
slope classification. Arc GIS 10.1 software is used to 
classify slope types. The DEM data used in this task was 
downloaded from ASTER Global DEM.  

The slope area is   calculated using the following 
formula: 
 

Area in Square Km = Count × 90 × 90/1000000                                                
(1) 
 

House hold level random sample survey was conducted 
to know practicing of soil and water conservation 
techniques. In total 90 household were chosen. 

RESULTS AND DISCUSSION 

 
In the study area, there is the adoption and/or adaptation 
of introduced soil-water conservation techniques. Some 
of the techniques   are adapted to the environment 
(slope, land use system etc.) from the year 2010/11. In 
other words, the techniques are practiced in relation of 
fitting elevation and the slope gradient. Before 
implementing the soil-water conservation techniques, 
experts (Kebele and District experts) identified the slope, 
elevation and land use types which fit to the soil-water 
conservation techniques. Table 1 is showing introduced 
soil and water conservation structures practiced in Sekela 
district.  

Generally, in the study area, the soil and water 
conservation techniques can be grouped into three 
categories based on the structure being constructed or 
recommended as farmland, sloppy area and gully areas. 
Figure 3 and Table 2 show the slope of Sekela district. 
Sixty two percent of the land is below4.57 degrees and 
less than 1.3% of area slope is more than 26.56°.
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Figure 2: Basin and watershed boundary for Sekela District. 

 
 
 

Table 1. Introduced soil and water conservation techniques practiced in Sekela District. 
 

SWC  techniques 
Households 

No Percentage 

Fanya Juu Nil Nil 

Bunding 56 62 

Micro basin 16 18 

Ibrobasin 9 10.0 

Trench 32 35.55 

Check dames 76 84 
 

Source: Sample survey in 2012. 
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Figure 3: Slope map of the study area (Sekela District). 

 
 
 

Table 2. Classification of slope (degree and percent): Sekela based on FAO classification. 
 

Slope class 
Inclination of slope in 

Description Area in square km Coverage (%) 
Degree Percent 

1 0 -1.15° 0 to 2 Level 196.1415 27.19045 

2 1.15-2.29° 2 to 4 Very gently sloppy 194.9022 27.01865 

3 2.29-4.57° 4 to 8 Gently sloppy 135.8694 18.83513 

4 4.57-9° 8 to 16 Sloppy 92.3319 12.79967 

5 9-16.7° 16 to 30 Strongly sloppy 59.3325 8.225069 

6 16.7-26.56° 30 to 50 Moderate steep 33.1614 4.597056 

7 >26.56 > 50 Very steep 9.6228 1.333977 

Total 721.3617 100.00 
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Figure 4: Recommended areas for bunding soil and water conservation. 

 
 
 

Table 3. Recommending of bunding soil and water conservation, Sekela District. 
 

No Practices of bunding Area in square Km Coverage 

 Slope <30% = recommended 678.5775 94.06896707 

 Slope >30% = not recommended 42.7842 5.931032934 

Total 721.3617 100.00 

 
 
 
SWC technologies applied or recommended on by 
considering slope analysis   
 
These technologies are important for conserving and 
preventing soil and increasing water infiltration on the 
structures. The major technology that is practiced on the 
farmlands in the study area is bunding (soil and stone 
bund). 
 
 
Bunding 

 
For construction of soil bunds, there is no standard 
principle.  But  according  to  Mitiku   et   al.   (2006),   the  

construction of bunding is recommended on 3-50% of 
land slope. Accordingly, in the study area this technology 
is practiced and implemented on farmlands where the 

slope is less than 30% (Figure 4 and Table 3).  

 
 
Fanya Juu          
 

Fanya Juu is an embankment along the contour made of 
soil and/or stones, with a channel at its lower side where 
overflowing runoff is collected. The Fanya Juu reduces 
the velocity of overland flow and consequently soil 
erosion (Mutisya et al., 2010). Fanya Juu is well known in 
Kenya and introduced for test purposes  in  the  1980s  in
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Figure 5: Recommended areas for fanya juu soil and water conservation. 

 
 
 

Table 4. Recommending of Fanya Juu soil and water conservation, Sekela District. 
 

No Practices of Fanya Juu Area in square km Coverage 

 Slope between 5 to 50% = recommended 320.6952 44.4569 

 Slope < 5% and >50% = not recommended 400.6665 55.5430 

Total 721.3617 100.00 

 
 
 
Ethiopia (Mitiku et al., 2006). This technology is suitable 
for marginal or wetter zones of 700 mm annual rainfall or 
above. Soils should be deep. The technique is suitable 
for slopes between 5 and 50% (Figure 5 and Table 4). 
 
 
Runoff diversion  
 
It is a graded channel with a supportive ridge or  bank  on  

the lower side. It is constructed across a slope and 
designed to intercept surface runoff and convey it safely 
to an outlet or waterway.  

It is also called diversion ditch/cut-off drain which is 
constructed every cropping season and run slantways 
over the cultivated land for the purpose of draining 
excess water from the field, protects the soil from being 
washed away by runoff and reduces surface runoff 
generated within the farmland (Figure 6 and Table 5).  
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Figure 6: Recommended areas for runoff diversion soil and water conservation. 

 
 
 

Table 5. Recommending of runoff diversion soil and water conservation, Sekela District. 
 

No Practices of Runoff Diversion Area in square km Coverage 

 Slope < 8% = recommended 502.2891 69.6306 

 Slope > 8% = not recommended 219.0726 30.3694 

Total 721.3617 100.00 

 
 
Farmers commonly constructed traditional ditch using 
‘maresha’ plough pulled by oxen and horse and also 
through digging by hand because it requires less time 
and labor force. Farmers make ditches with certain 
interval based on the nature of the land. Steep slope 
needs more ditches than gentle slopes. However, the 
slope is not based on exact measurement and the 
ditches vary from land to land based on the slope and 
also  the  types  of  crops  that  grown  on  the  land.   For 

example, farmlands covered by teff, requires more 
ditches because it does not require excess water to grow. 
Generally runoff diversion is effective on slight slopes (1 
to 8%). 
 
 
Hillside terracing 
 
Hillside terracing is practiced in  mountainous  areas  with  
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Figure 7: Recommended areas for hillside terracing soil and water conservation. 

 
 
 

Table 6. Recommending of Hillside terracing soil and water conservation, Sekela District. 
 

No  Practices of Hillside terracing Area in square km Coverage 

 Slope > 30% = recommended  119.2158 16.5265 

 Slope < 30% = not recommended 602.1459 83.4735 

Total 721.3617 100.00 

 
 
 
slopes >30% to protect reforestation areas. The effect of 
hillside terraces is the same as for stone bunds but 
hillside terracing is combined with cut and carry (Figure 7 
and Table 6). The spacing of the terraces in afforestation 
areas is narrower than on cropland. 

Conclusion 
 
In the area soil erosion is common on farm plots and 
community lands. Most of the soil erosion is resulted from 
high rainfall over cultivation and has been aggravated  by  



 

 

 
 
 
 
slope steepness. So far, farmers hardly carry out action 
to reduce erosion. Only few soil conservation structures 
come to practices at household level (Bunding, Micro 
basin, Ibrobasin, Trench and Check dames). Even 
thought the above recommended structural soil and water 
conservation (Bunding, Fanya Juu, Runoff Diversion and 
Hillside terracing) have their own specification in relation 
to slope,  there should be supported by agronomic 
conservation methods. 
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