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Abstract

Soil and water are under immense pressure due to ever increasing population thereby ensuing growing demand for
food, fiber and shelter. Soil erosion is one of the several major deteriorative processes which results in soil
degradation and declining agricultural productivity in Ethiopia. Thus, several efforts to control soil erosion through
introduced soil and water conservation measures had been conducted in different time and location in the country.
A number of soil and water conservation methods were introduced to combat land degradation but adoption of
these practices did not achieve the target. Different soil and water conservation measures and farmer's adoption
barriers on these conservation measures had been reviewed here. Literature indicated that soil and water
conservation measures have promising effects on reducing soil loss, retaining nutrient and soil moisture, improving
soil physical and chemical properties. But an intensive labour requirement, poor design, reduced land size and
other biophysical and socioeconomic factors discourage farmer's adoption of soil and water conservation structures.
The involvement of Farmers and strengthen extension workers as well as mainstreaming soil and water
conservation activity in any agricultural development project has a vital role in these resource conservations.
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1. Introduction

Soil degradation is the loss of soil productivity quantitatively or qualitatively through various processes like
erosion, acidification, salinization, nutrient depletion, and deterioration of soil physical properties; of which soil
erosion is the most contributing process to unsustainable agricultural productivity in most developing countries.
Soil erosion is the most dangerous ecological process observed in Ethiopia, degrading the precious soil resources
which are the basis of agricultural production and food for the country’s people and which provide numerous other
ecosystem services.

The speed and extent of soil degradation depends on different factors especially soil type, relief, climate, and
farming system. Due to difference in these factors, the distribution of soil erosion in the country is different. The
Hararghe highlands in Eastern Ethiopia, Tigrai, Wollo, and Semen Shewa highlands in the North and the Gamo-
Gofa highlands and the Bila-te River basin, which starts in Eastern slopes of Gurage highlands and stretches
through Eastern Hadiya and Kembatta highlands, are some of the seriously eroded land surfaces in Ethiopia
(Tamire, 1997).

The Ethiopian government first recognized the severity of soil degradation problem following the 1973-1974
famine (Tamire, 1997). As soil productivity loss due to erosion goes on increase, the issues of soil erosion &
conservation became questions of survival. Many endeavors were carried out by the Ethiopian government to
combat the land degradation problem. The Ethiopian government launched a massive soil conservation Programme
which includes physical and biological conservation measures in between 1976 and 1992 (Tamire, 1989, 1995;
W/Aragaye Berehe 1996; EFAP 1994 as cited by Tamire, 1997). According to this paper, 78,000 ha, 253,000 ha,
580,000 ha, 15,400 km of land is covered with soil and stone bunds, hill side terraces and afforestation, bench
terraces and check dams in gullied lands respectively whereas 410,000 ha were area enclosure and 465,000 ha
planted with different tree species. However, yet the achievements were far below the expectation and the country
has been losing incredible amount of precious top fertile soil annually.

Hurni (1993) estimated that soil loss due to erosion in Ethiopia amounts to 1493 million tons per year, of
which about 42 tons/ha/yr is estimated to have come from cultivated, whereas only 5 tons/ha from pastures. As a
result, nearly half the soil loss comes from land under cultivation, even though these lands cover only 13 % of the
country. This is far greater than the maximum tolerable soil loss (18 t/ha/yr) as well as the annual rate of soil
formation in the country. A study in the Central Rift Valley of Ethiopia by Derege ef al. (2012) indicated that there
was a marked increase in soil erosion rates from 1973 to 2006, with annual rates of 31 t/ha in 1973 and 56 t/ha in
2006. They attributed the increasing soil erosion rates to the conversion of forests or woodlands to croplands since
soil loss rates from crop land is obviously greater than that of forest land. Some recent research findings also
support this truth. For instance, Adugna (2015) estimated the soil losses at Northeast Wollega by using the Revised
Universal Soil Loss Equation (RUSLE) and obtained a variation that range from 4.5 t/ha/yr in forest to 65.9 t/ha/
yr in cropland. In addition, some researchers observed the spatial variation of soil degradation. Nigussie et al.,2015,
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reviewed and compiled soil loss rates caused by sheet and rill erosion at plot and catchment scales and indicated
that this soil degradation process varies strongly spatially, with a mean soil loss 29.9 t /ha/yr (SD = 30.2 t/ ha/ yr,
n=25). The highest rates were observed in Anjeni (110 t/ha/yr) and Chemoga (102 t/ha/yr) of the Upper Blue Nile
Basin. Thus, this author concluded that soil loss estimation at national level is still tentative and inconsistent.
Even though the data on soil loss estimation in Ethiopia are inconsistent, they can urge that the present status and
rate of soil erosion in Ethiopia call for immediate action to retard and reverse this soil degradation due to erosion
process. One method of reversing this soil degradation is to use different soil and water conservation measures.
But some soil and water conservation measures have faced challenges from farmers in Ethiopia. Therefore, this
review paper generally focuses on the importance of soil and water conservation measures and their adoption
challenges in Ethiopia.

2.Types of Soil and Water Conservation Measures in Ethiopia

Many soil and water conservation measures (SWC) have been carried out at individual or community levels in
Ethiopia. The study in Meket Woreda of North Eastern Ethiopia identified the most common soil and water
conservation practices in the area such as physical structures like soil bunds, stone bunds, soil-stone bunds, check
dam, hill side terraces while the agronomic practices include area enclosure, traditional ditches, contour plowing,
grass strips (Birhan, 2009). 4 field survey conducted in Goromti watershed found that Soil bund, fanya juu, water
way, cut off drain and grass strips are the major soil and water conservation measures adopted in the area (Addisu,
2011). Similarly, Mushir (2012) conducted a field survey and found that farmers in Siliti woreda uses practices
such as fallowing land, contour ploughing, manuring, crop rotation, afforestation, drainage ditches, cut off drains,
check dams, leaving crop residues, Fanya juu and terraces for the soil and water conservation. Mubarek (2014)
identified the main SWC measures found in Wegdi woreda such as soil and stone bunds, tree planting, agro-
forestry, strip cropping, inter cropping, cut-off drains, water ways, modern check dams and contour ploughing.

Some researcher studied soil and water conservation measures by classifying them into indigenous and
introduced measures whereas others classified as agronomic, physical and biological measures. Birhan (2014)
identified indigenous SWC measures (traditional dithes (boyi), traditional waterway (Gorf Mekided), mixed
cropping, contour ploughing, crop rotation and dib) and newly introduced SWC practices (soil bunds, stone bunds,
stone-faced soil bunds, hillside terrace, check dams, sediment storage dams, micro basin and cut off drain) at Gidan
Wereda of North Wollo. A study in Bale Eco-Region by Tadele (2016) identified different soil conservation
practices: indigenous agronomic (fallowing, crop rotation and intercropping), physical practices (traditional terrace,
modern terrace, soil bund and counter ploughing) and biological practices (Agroforestry, grass strips, cutting and
carrying, traditional rotational grazing and haymaking). In the same way, Belay and Eyasu (2017) assessed and
classified the major SWC measures being employed in Guba-Lafto Woreda of North Wollo as physical SWC
measures (stone bund, hillside terrace, micro water ponds, stone faced soil bund, check dam, and fanya-juu terrace);
agronomic conservation measures (contour farming, agroforestry, mixed cropping, and crop rotation); and
biological conservation measures (afforestation, area enclosure, and grass strip).

The result of study conducted to assess farmers’ practices on soil erosion control and soil fertility
improvement in rift valley areas of east Shewa and west Arsi zones of Oromia region showed that farmers are
using different practices such as soil bund, cutoff drains and micro basins, crop rotation, compost, animal manure
and intercropping to control soil erosion problem (Tesfaye and Kassahun, 2017). According to Mengie et al. (2017),
some of the adopted soil conservation practices in Darimu and Chewaka woredas of Illu Ababora Zone include:
fallowing, manure, contour plowing, crop rotation, waterways, terracing, soil bund, funya juu, grass strip, chomo
grass and elephant grasses. Samuel (2018) identified some of the common indigenous SWC practices in the east
Haraghe zone such as Mechanical SWC practices (soil bund, stone bund, terrace, micro-basin and tied ridge),
biological SWC practices (grass for structure stabilization and tree plantation) and Agroforestry practices (algae
check dam, sifting cultivation).

Zenebe et al. 2018 reviewed and summarized the most common SWC measures in Ethiopia by grouping them
into three broad categories: farmland management, hillside management and gully rehabilitation/stabilization
(Table 1).
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Tablel: Selected SWC practices in Ethiopia categorized based on management types.

Farmland management Hillside terrace Gully rehabilitation/stabilization
Soil bund Hillside terrace stone check dam

Stone bund Diversion ditch Brushwood check dam
Stone faced soil bund Stone faced trench Gabion check dam

Double stone-faced soil bund Micro -basin Sediment storage dam
Fanya juu terrace Bench terrace Live check dam

Tied ridges Semi-circular terrace stone check dam

Bench terrace Eyebrow basin Gully reshaping and planting
Zai pit Deep trench sand/soil filled check dam
Trash line Terrance and trench Cut-off drains

Cut-off drains Cut-off-drains Diversion dicch

Waterways Waterways

Source: Zenebe et al. (2018)

3. Soil and Water Conservation Measures in Ethiopia

The roles of soil and water conservation measures in reducing nutrient and soil losses, and hence increasing
agricultural productivity have been reported by several researchers. Yonas et al. (2017) evaluated the effectiveness
of soil and water conservation practices on improving selected soil properties in Wonago district, Southern
Ethiopia. They found that soil pH, K, P, TN, SOC, %clay and CEC were significantly improved in areas with SWC
practices. The use of SCW measures could change P and C factors used in RUSLE equation. For instance, Tibebu
etal. (2018) assessed soil erosion control efficiency of land management practices implemented (for 5 years: 2010-
2015) through free community labor mobilization in 16 systematically selected watersheds of Ethiopia. The result
showed that overall change in P and C factor values resulted in a 42% relative soil loss reduction in the selected
watersheds.

3.1. Bench and Hillside Terraces
A bench terrace is a conservation structure where a slope is converted into a series of steps, with a horizontal
cultivated area on the step and steep risers between two steps (Fig.1 and Fig. 2). In Ethiopia, a bench terrace is
usually developed from bunds and Fanya Juus over a period of 515 years through careful maintenance and buildup
(Hurni et al.,2016). Bench terraces are level along the contour in dry to moist agroecological zones. In moist to
wet agroecological zones, they are graded to drain excess runoff sideways to the next river or waterway. Levelling
the cultivated land will greatly reduce soil erosion, usually to tolerable amounts.

A hillside terraces are a structure along the contour, where trips of lands are levelled for tree planting. They
help to retain runoff and sediment on steep sloping land and to accommodate tree seedlings planted on them.
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Pion: —— - " Photo: Zencbe Adimassu, TWML.

Figure 1: Bench terrace in Tigray Figure 2: Bench terrace in Konso

3.2. Level and Graded Soil Bunds

A level bund is an embankment along the contour, made of soil and/or stones, with a basin at its upper side. The
bund reduces or stops the velocity of overland flow and consequently soil erosion. Soil which is eroded between
two bunds is deposited in the basin behind the lower bund. Soil bunds reduced soil losses and runoff by 35% and
15% respectively (Amare ef al., 2014).
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Graded bunds are slightly graded sideways, with a gradient of up to 1%, towards a waterway or river. They
can retain normal amounts of runoff in their basins, but they can drain excess runoff from heavy storms which
would cause overflow and downslope destruction on level bunds. Most of the soil eroded between two bunds is
deposited, while some will be drained sideways during heavy storms and lost from the land. However, graded
bunds are more effective than level bunds in wet and moist areas with clay soils. Some studies showed that graded
soil bund reduced runoff, soil and nutrient losses. Zenebe et al. (2014) studied the effects of graded soil bunds on
runoff and losses of soil and nutrients for 3 years (2007-2009). The results showed that Soil bund brought about
significant reduction in average annual runoff (28%) and soil losses (47%). Consequently, Soil bund reduced
losses of soil organic carbon (51.4%) and soil nutrients like N, P, and K by 48%, 54% &, and 47 %, respectively.

3.3. Level and Graded Fanya juu

A level fanya iuu (‘throw uphill’ in Swahili language) is an embankment along the contour, made of soil and/or
stones, with a basin at its lower side. The fanya juu reduces or stops the velocity of overland flow and consequently
soil erosion. Soil eroded between two fanya juus is deposited behind the lower one. This deposition of soil behind
the fanya juu can increase crop yield. Yohannes (1989) compared barley crop and biomass yields above (soil
accumulation area) and below (soil loss area) of fanya juu terraces in the Andit Tid area of northern Shewa in three
cropping seasons and obtained average barley yield of 1650 kg per ha above the fanya juu, which was 43 % higher
than below the fanya juu.

A graded fanya juu is slightly graded sideways towards a waterway, with a gradient of up to 1%. This gradient
is for surplus runoff to be drained if the retention of the fanya juu is not sufficient. Graded fanya juu retains small
amounts of runoff above their wall and they drain excess runoff from heavy storms through the ditch below. Some
of the soil eroded between two fanya juus is deposited above the wall, some is deposited in the ditch, and the rest
is drained sideways.

3.4. Check Dam

A check dam is an obstruction wall across the bottom of a gully or a small river to reduce the velocity of the runoff
and prevent deepening or widening of the gully and help to fill it up with sediment (Fig 3). The potential energy
is absorbed below the vertical drops of the over-fall. Sediments are deposited behind the check dams so that the
slope gradient of the gully is also reduced.
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Figure 3: Check dam

3.5. Cut-off drain, Water ways and Contour farming

A cutoff drain is a channel used to collect runoff from the land above and to divert it safely to a waterway or river,
thus protecting the land below from excessive erosion. The farmers construct these drains to prevent loss of seeds,
fertilizers, manure and soil due to water flowing onto the plot from uphill.

A waterway is a natural or artificial channel along the steepest slope or in the valley used to accommodate
runoff to be drained safely to the next river. They need to be paved with grasses or stone. Contour farming is a
method of creating furrows perpendicular to the predominant field slope. It is being adopted in modern agriculture
across the world for soil erosion control. The furrows retard the runoff velocity, reduce the runoff transport capacity,
enhance water infiltratibility, and reduce sediment transport and discharge excess runoff at non-eroding velocities.

3.6. Conservation Tillage and Mulching

Conservation tillage is a tillage practice aimed at creating a favorable soil environment for germination,
establishment and plant growth with minimal soil disturbance. It reduces or avoids full ploughing operations,
which are used to remove weeds and prepare moisture uptake, but destroy the soil structure and disturb soil
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organisms. Conservation tillage reduces runoff and conserves water in the soil after the soil organisms soften the
soil. It greatly reduces erosion, improves the soil structure and conserves organic matter in the soil.

Applying mulch means covering the soil with crop residues such as straw, maize and sorghum stalks, tree
leaves, or other plant material, or standing stubble. The cover protects the soil from the hot sun and from the impact
of raindrops, minimizing soil crusting, runoff and erosion, and also used for the restoration and maintenance of
soil fertility.

3.7. Alley Cropping and Grass Strip
Alley cropping is an agroforestry system in which food crops are grown in alleys between rows of hedges. The
hedges follow the contour and consist of trees and shrubs especially leguminous perennials since they can fix
nitrogen. Hedges can also be placed on conservation structures. Trees and shrubs provide green manure or mulch
for recycling nutrients to the soil. Bunds on steeper slopes are stabilized and hence reduce soil erosion.

A grass strip is a ribbon-like band of grass laid out on cultivated land along the contour. Grass Strips help to
reduce runoff and to filter out sediments carried by runoff (Fig 4). They are especially suitable on soil with good
infiltration on gentle slopes and where the climate is not too dry for dense grass development.

Figure 4: Grass strp

3.8. Area Enclosure and Controlled Grazing
Area closure is a protection system to improve land with degraded vegetation and/or soil through natural
regeneration. No livestock are allowed to graze, and no human interference tolerated for 2-3 years, until a 50%
natural grass cover is obtained (Hurni et al.,2016). Soil conservation is best attained through dense ground cover
by grass and legumes, while roots stabilize the soil.

Controlled grazing is defined as direct utilization of grassland with livestock in such a way that no degradation
of vegetation and soils occurs, allowing the grass to recover and to retain the quality of the rangeland.

4.Adoption Challenges of Soil and Water Conservation Measures in Ethiopia

There are barriers or challenges for farmers to adopt Soil erosion control measures in Ethiopia. As Nigussie (2015)
reviewed, some of these challenges include, labor unavailability, limited capital, lack of or limited incentives and
benefits (e.g., food for work), insecure land tenure policy, inappropriate technology choices (not fit to local
conditions), lack of technologies that provide quick returns for subsistent farmers, weak technical support from
development agents and officers, and poor community participation (due to command-and-control policies). Belay
and Eyasu (2017) assessed the main challenges and extents of implementation of soil and water conservation
(SWC) measures in Guba-Lafto Woreda of North Wollo. This study indicated that lack of awareness on SWC,
land shortage, labor shortage, and wealth status of the farmers were challenging the households to implement SWC
practices on their farmlands.

Field survey conducted in Goromti watershed revealed that factors such as slope of the area, contact with
extension workers, tenure status, age, size of house hold and training influenced farmers to adopt soil and water
conservation measures (Addisu, 2011). Even some farmers failed to maintain adopted soil conservation measures
mainly due to the reduced plot size by conservation measures, poor design, and lack of labor and incentives. A
study conducted by Zenebe ef al. (2014) indicated that soil bund reduced the cultivable area by 8.6% and hence
crop yield was reduced by about 7% as compared with control plots. The result of another field survey conducted
to examine factors affecting adoption of introduced soil and water conservation practices in Wereillu Woreda
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indicated that the age of household heads, off-farm activity, and distance of farmlands from homesteads influenced
the adoption of introduced soil and water conservation practices negatively (Daniel and Mulugeta, 2017).

Similarly, a study undertaken in Meket Woreda of North Eastern Ethiopia identified, participation in off farm
activities has a negative and significant influence on the adoption of soil and water conservation measures (Birhan,
2009). Nigatu (2017) reviewed farmers perception on soil and water conservation practices in Ethiopia and found
major constraints that determine the implementation of soil and water conservation in Ethiopia such as lack of
integrated bio-physical measures, absence of integrating indigenous practices, lack of considering socio-economic
profile, low perception and participation of farmers, poor conservation design, improper land use, less maintenance,
weak monitoring and evaluation of soil and water conservation practices. The result of a study by Mengie et al.,
(2017) also revealed that the major challenges of adopting structural soil conservation mechanisms in Darimu and
Chewaka woredas of Illu Ababora Zone includes: geographical aspect, insecure land tenure, low educational level,
weak extension services, sex of the household, lack of awareness about soil conservation methods and participation
on off farm activities.

Mubarek (2014) assessed factors influencing the adoption of structural soil and water conservation (SWC)
technologies for sustainable watershed management and planning in Wegdi district. He found that household size,
farmland size, labor, perception of soil erosion problem, and training service in soil erosion control, land tenure;
access to institutional services, and farmland distance from homesteads had an impact on adoption of introduced
structural SWC technologies. The major problems related to conservation structures for farmers in Siliti woreda
include: pests, inconveniency during oxen ploughing, reduction of farmland, labor intensiveness, difficulty in
implementation, and costliness (Mushir, 2012). Similarly, Adugnaw (2013) investigated factors influencing
continued use of structural SWC Practices in Farta District. The result showed that only 47.2 % of the respondents
continually used the structural conservation measures and the remaining were not due to different factors, of which
perception of farmers on erosion and technology profitability was the major factor followed by institutional factors
including tenure security, extension contact, access to training and membership in local organizations.

5. Conclusions and Recommendations
Soil erosion is the most dangerous ecological process observed in Ethiopia, degrading the precious soil resources
which are the basis of agricultural production and food for the country’s people and which provide numerous other
ecosystem services. As soil productivity decreased as a result of erosion increased, the issues of soil and water
conservation became a question of human survival. Many endeavors were carried out by the Ethiopian government
to combat the land degradation problem. However, yet the achievements were far below the expectation and the
country has been losing incredible amount of precious top fertile soil annually which in turn trap the country in
vicious cycle of poverty and food insecurity. Thus, the present status and rate of soil erosion in Ethiopia call for
immediate action to retard and reverse this soil degradation due to erosion process. One method of restoring soil
degradation was to use different soil and water conservation measures. But soil and water conservation measures
have faced challenges from farmers in Ethiopia due biophysical and socio-economic factors to gather with weak
extension service and lack education in the community. Therefore, this review paper focuses on the types and
importance of soil and water conservation measures, and their adoption challenges in Ethiopia. Soil and water
conservation which mainly focus on physical structures had been conducted in different times and agro-ecologies.
These includes different forms of bunds, fanya juu, bench terraces and ditches are the commons. However, there
are challenges for farmers to adopt Soil erosion control measures in Ethiopia. Some of these common challenges
include: labor unavailability, insecure land tenure, land shortage, lack of integrated bio-physical measures, lack of
considering socio-economic profile, weak monitoring and evaluation of soil and water conservation practices,
weak extension services, inconveniency during oxen ploughing, and reduction of farmland. In order to improve
adoption rate of SWC measures by the Ethiopian farmers, soil and water conservations should consider the
following issues:
e Institutions working on Agriculture have to become aware that no development activity is effective unless
integrated with conservation activity and ecological restoration.
e Farmers should be participated during planning and implementation of SWC measures so that social,
political, cultural and economic statuses of the farmers get consideration.
e Extension capacity should be improved especially with respect to sustainable land management plan.
e Farmers land certification should be implemented in all areas of Ethiopia to make farmers feel secure in
their land.
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