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Abstract
Tigray is a province with undulating topographic arrangement (with high and rugged mountains; flat topped
plateau, deep gorges, river valleys and plains). This land features has been a challenge for irrigation expansion
using the water resource potential in the region and it has been also a reason for keeping many rural youths
landless and unemployed. The overall aim of this review is therefore to see whether bench terrace could
contribute in solving the underutilization of the existed water potential and problem of rural youths. Experiences
from the region and abroad has shown that bench terrace is a multipurpose structure in enhancing sloppy
agricultural land technology. On top of retaining soil and water loss, bench terrace is effective in creating new
cultivable land for landless and unemployed youths in areas which are suitable for irrigation by diversion of
perennial rivers, spate irrigation and earthen dam farming. It can be approach of taking cultivable land in to
water instead of water to the cultivable land. But, it should be clear that all sloppy land would not mean suitable
for bench terracing. It needs systematic selection of suitable sloppy land in reference to the alternative irrigation
water availability and also unless compensated by cultivating perennial and cash crops, the costs for intensive
labor input, continuous maintenance and loss of previous vegetations are the other negative dimensions of bench
terracing.
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1. Introduction
Tigray is a province of great geographical diversity with high and rugged mountains; flat topped plateau, deep
gorges, river valleys and plains. It is composed of highlands in the range of 2,300–3,200 meters above sea level
(MASL), lowland plains with an altitude range of 500–1,500 MASL, mountain peaks as high as 3,935 MASL,
and high to moderate relief hills (1,600–2,200 MASL). By virtue of the complexities in topography, Tigray has
diversified agroecological zones and niches, each with distinct soil, geology, vegetation cover, and other natural
resources (Taffere 2003). There is an essential difference between the highlands and the lowlands of the region
in terms of climate, population distribution, and access to water resource, economic activities and lifestyle.
Available studies in water resource indicate that the region is with about five perennial streams with flow rates of
more than 10 liters per second. The loss of water through the three major drainage systems of the region during
the annual rainy season is immense. In total through Tekeze, Mereb and Dennakil basins 9 billion cubic metres
of water goes from Tigray to neighboring countries every year. It is also with about 9.21 billion cubic metres of
rainfall per annum. Reasonable amount of ground water potential is also the other source of water in the region.
Although Tigray’s water resource as figured out is not small, very little of it has been developed for agriculture
and other purposes (To date only about 15,495ha of the potential irrigable land (324286ha) has been kept under
irrigation. Many scholars agree that the spatial and temporal variation of water availability is the main bottleneck
(Tassew 2000). Its distribution in terms of area and season does not give adequate opportunity for sustainable
growth to the economy. The location of the water (deep gorges, separated by terrains and hilled areas) in
reference to the location of arable land is not affordable to be used for irrigation by farmers’ capacity
(Awulachew et al 2010; Awulachew et al 2007). It is very costly beyond the farmers and government capacity.
Even the time when the surface water can be existed in those deep gorges adequately is mismatched with the
time that farmers’ need it for irrigation. This could not be different with the case of ground water potential of the
region. This problem has been complicated by the poor quality and small size of the arable land that the farmers
owned and by the landless and unemployed youths. The undulating topographic arrangement of the region is not
only challenge for expansion of irrigation by the water potential that the region owned, but is also a reason for
the small arable land potential in the region. The potential of arable land in the region (1.5million ha) is not
adequate to the rural dweller Tigrians. As a result huge numbers of youths in the region are still landless and
unemployed. The land owners are also extremely small holders not more than 0.5ha per family. The small land
size together with land degradation and climate variability kept the society in Tigray under food insecurity. This
could be evidenced by the migration of rural youths to Middle East countries (Camfield 2011).
Taking the above challenges as a major environmental and socio-economic problem, the government of Ethiopia
especially regional government of Tigray has been intervened with massive soil and water conservation
practices. To solve the landlessness and unemployedness of youths, the hilled areas had been partitioned among
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the youths. But, significant successes are not achieved so far. Significant youths’ number is still landless and
unemployed. Even the youths who have got share from hilled areas are still with almost nothing benefit.
Currently, the regional government of Tigray is in introducing a new soil and water conservation structure called
bench terrace. Can this structure have value in the life of landless and unemployed youths? Is there a possibility
that the land created by bench terrace could be integrated to irrigation opportunities? This is why this review was
initiated.
2. Conceptual description of bench terrace
Bench terraces are a series of level or virtually level strips running across the slope at vertical intervals,
supported by steep banks or risers (Sheng 1989). Bench terraces are mostly two in type. From these one is
irrigation or level bench terrace. It is used where the crops need flood irrigation and impounding water. The
second type of bench terrace is the upland bench terraces which can be sub divided in to reverse sloped type and
outward sloped type (Sheng 2000).

Fig. cross sectional view of bench terrace types (Sheng 2000)
3. History and Global Distribution of Bench Terrace
Terraces have a long history of use by agricultural cultures around the world. The earliest dating goes to China,
around 2000 BC (Troeh and Thompson 1993). In Yemen, terraces 15 to 5 m high have been continuously
cultivated for 3000 years (Vogel 1987). In Philippine, Srilanka and India, farmers have been building terraces for
over 2000 years (Bennett, 1970). Terracing structures were used before 360 AD in Syria, which supported a
population of 400,000 at that time (Bennett 1970). Knowledge of terracing was introduced in to Greece by 600
AD (Bennett, 1970). In Africa, a traditional method of terracing has been used for centuries (Thomas 1988). In
Peru, the Incas and their predecessors had developed highly efficient methods of conserving soil on steep land,
dating back to 1400 to 1532 AD (Burger 1992). Since the 1920's, modern agricultural societies have further
developed designs, specifications and methodologies for terracing (Bennett 1970; Sheng 1981). Since then a
clear definition and specification has been given for bench terrace (Sheng 1986). This technology of soil and
water conservation is very young in Africa specifically in Ethiopia.
3. Opportunities of bench terrace
3.1 Soil Erosion Reduction and Moisture Retention Potential
The Ethiopian economy is heavily dependent on agricultural sector which is determined by soil fertility status
and soil moisture. But, several studies have shown that extensive areas of the highlands in Ethiopia specifically
Tigray are in the grip of accelerated erosion. An estimate in the mid-1980s showed that 3.7% of the highlands in
Ethiopia had been seriously eroded that they could not support cultivation, while a further 52% had suffered
moderate or serious degradation (Kruger et al 1996; Wood, 1990). On arable land, soil erosion averages about 42
tones ha-1 year-1 and causes an average annual reduction in soil depth of 4 mm (Hurni1988). This could rise to
300-400 t/ha/ year on intensively cereal cultivated fields (Daniel et al. 2001). Due to this long live degradation of
land and climatic variability, frequent droughts and famines has been experiencing in Ethiopia especially in
Tigray (Demeke et al 2004; Christiansen et al 2011). Over the past 30 years agricultural production in Ethiopia
has never been sufficient to feed the population and this gap has been filled by food aid. Land degradation in the
form of soil erosion and declining soil moisture is one serious reason to agricultural production insufficiency.
Recognizing land degradation as a major environmental and socio-economic problem, the government of
Ethiopia especially the regional government of Tigray has made several interventions. Large-scale conservation
schemes were initiated particularly after the famines of the 1970s. Since then, huge areas have been covered with
different soil and water conservation structures and millions of trees have been planted (Herweg, 1993;
Admassie, 2000). Those soil and water conservation structures had been contributing differently in alleviating
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the long lived problems of soil erosion and moisture stresses. Different hisses and positives have been forwarded
by the farmers at different level for each soil and water conservation structures. Efficiency of the structures in
conserving soil and water, tendency of consuming more land, being home for different crop pests , delayed
results and others are few examples why farmers have been claiming to the structures (Admassie, 2000; Taddese,
2001). The approach how the government intervened has been also claimed by some researchers in the area
(Wood, 1990; Herweg and Ludi, 1999; Eylachew et al. 2003; Asfaw 2006; Mitiku, 2006). These are the
justifications given by researchers why they conclude as the achievement is not comparable to the cost invested.
Unlike other soil and water conservation structures, bench terrace has not been well introduced to the region and
to the country as whole. Bench terrace is found to be very important structure to reduce run-off or its velocity
and to minimize soil erosion in many countries. In Jamaica, research show that bench terrace can reduce erosion
by 90-95% or more (Sheng, 1989). In Burundi, on 49% slope of land, bench terraces reduced the soil loss from
150 tons/ha/yr to 5-11 tons/ha/yr (Durand 1984; Fagl and Mackie 1988; Roose 1988). In SierraLeone, research
results show that soil loss from 31% sloped land was reduced by bench terracing from 41-55 tons/ha/yr to 7- 5
tons/ha/yr (Millington 1982; Lal 2001). So, a bench terrace is considered to be among the most effective
structural erosion control and moisture retaining measures.
3.2 Cultivable land formation
In general speaking, bench terraces are particularly suited to societies with an area where there are food
shortages or high unemployment rates, with small land holdings size and in areas where crops require flood
irrigation (FAO 1988). Tigray, northern Ethiopia, is a province of smallholder agriculture in which the intensity
of recurrent droughts affects the livelihoods of the agricultural communities and the whole economy. Even in a
year of good rain, the occurrence of floods affects the livelihoods of riparian residents with little capacity to
neither protect from the seasonal flood nor mitigate the impact. In the 2000 cropping season of Ethiopia, 87.4 %
of rural households operated less than 2 hectares; whereas 64.5 % of them cultivated farms less than one hectare;
while 40.6 % operated land sizes of 0.5 hectare and less (CSA 2003; Negatu 2005).
The population in Ethiopia is predominantly young. The youths and adolescent populations together account for
about 40.6% of the total population in 2011 (CSA and ICF 2012). However, the majority of young people in
rural Ethiopia do not have access to land despite their constitutional right to access land in the community they
live. The 2012 national level land use survey shows that the youth (18-29 years old in this case) accounts for
21% of rural land holders in Ethiopia. Young female land holders are even rarer with only 3% of land holders
identified as women aged 18-29 years. The average age of the household heads (which is the same as the land
holder in majority of the cases) is 43 years old. This could not be different in Tigray province, northern Ethiopia
(Gebeyehu 2013).
Different studies have showm that landholding is one of the factors that constrain farm income and the level of
household food security (Nega et al 2003; Gebeyehu 2013; Bezu and Holden 2013). As landholding declines,
per capita food production and farm income also decline. Extremely small sized farms cannot be made
productive even with improved technology and certainly not enough to address rural poverty issues by the
extension programmes. Because of high vulnerability to food and income insecurity, farmers with relatively
small farm holdings turn frequently to trading crop residue and animal manure as a source of fuel, rather than
applying them for soil fertility improvement. The increasing decline of farm size also leads to a reduction of
fallowing practice or shortening of fallow cycles, and rotation, with a consequence of declining soil quality and
fertility in some highland areas. The diminishing farm size has not only affected the profitability and level of
technology use, but also the sustainability of rural livelihoods (Mitiku et al 2001). A study carried out at national
level, for instance, indicates that, the average farm size can generate only about 50% of the minimum income
required for the average farm household to lead a life out of poverty. The major challenges to land policy in
Ethiopia have been the growing population, the small size of land holdings in many areas, and, as a result of
these two, the rising number of landless people, on one hand, and the need to create an enabling environment for
agricultural development and a growing economy on the other hand. Complicating this already difficult
equation, land policy is still often regarded in Ethiopia as part of welfare and food security policy and as a way
to dampen rural-urban migration.
Due to the resistance of farmers for adoption of agricultural technologies and inputs, limited land production
potential and other land size based problems; the government ceased further sharing of land for youths. Instead,
it is in favor to find ways for increasing the size of farms cultivated by farmers to an adequate level for which
technology use would be rewarding and sustainable. Scientific studies (Negatu 2005 ; Bezu and Holden 2013)
has been recommending for policy makers to find ways for increasing the size of farms cultivated by farmers and
ways how young farmers could be incorporated to the sector. The undulating topographic arrangement of land
mass kept the region with about 1.5 million ha potential of arable land only. This potential of arable land is
extremely small to share it among the total rural population (4million) of the region. Accordingly, the regional
government has to mobilize towards sustainably using the hilly and a sloppy land mass of the region which holds
about 80%. Bench terrace is therefore the very recommendable Sloping Agricultural Land Technology (SALT)
35

Advances in Life Science and Technology
ISSN 2224-7181 (Paper) ISSN 2225-062X (Online)
Vol.22, 2014

www.iiste.org

in areas dominated by terrains and gorges like in Tigray. By bench terrace, landlessness and unemployedness
problems of significant number of youths in the region could be solved.
3.3 Bench terraces and Irrigation opportunities
Irrigated agriculture is at the heart of the agricultural development-led industrialization and food security
strategy of the Ethiopian Government. Increased availability of irrigation and less dependency on rain-fed
agriculture is taken as a means to increase food production and self-sufficiency of the rapidly increasing
population of the country. In line with the development policy of the country, the Regional Government of
Tigray is promoting irrigation development so as to increase and stabilize food production in the region. To
accommodate this, the water resource potential of the region is immense. Studies indicate that the region is with
about five perennial streams with flow rates of more than 10 litres/second. The loss of water through the three
major drainage systems of the region (Tekeze, Mereb and Dennakil basins) is about 9 billion cubic metres. The
region has also about 9.21 billion cubic metres of water potential from rainfall. If the 9 billion cubic metres of
runoff was used, 100 thousand hectares (ha) of land could have been irrigated. The agricultural yield would have
been also improved more than five times.
But, according to studies, the spatial and temporal variation of access for water is the main challenge for
irrigation in the region (Sleshi 2010). Its distribution in terms of area and season does not give adequate
opportunity for sustainable growth to the economy. The location of the water (deep gorges, separated by terrains,
hilled areas and very far from arable land) is too costly for farmers and government to take off to the arable land.
Even, the time when the surface water can be existed in those deep gorges adequately is mismatched with the
time that farmers’ need it for irrigating their land. The water flow along most of the gorges is temporal and/or too
limited which is cost ineffective for diverting to arable land. This would have been cost effective if the arable
land was near the water resource. So, bench terrace is a soil and water conservation structure which enhances
sloppy agricultural land technology. Cultivable land can be created from the sides of the gorges where perennial
water flow is existed, in areas which are suitable for spate irrigation and in gorges which are cost effective and
suitable for earthen dam construction. Once the land is created, it could be shared among landless and
unemployed youths in the region. Since the land is created in areas rich in water potential, it could be assumed as
an approach of taking land to the water potential area which is an opposite of the approach of taking water to
cultivable land.
Though it may not be question for societies like in Tigray, the intensive labor requirement of bench terrace
construction (800 man days/ha/yr are necessary to construct bench terraces on 49% slopes in case of Ruwanda
and In Sierra Leone 708 man days/ha/yr is required for 31% slopes) and the maintenance labor costs are very
challenging (Durand 1984; Roose 1988). The designing and specification cases of bench terraces are too
complex for the farmers in Tigray unless supported by experts. Clearing of vegetation from the sloppy land
during bench terrace construction is also another negative dimension of bench terraces. This all problems could
be compensated by cultivating perennial and marketable crops.
4. Conclusion
The undulating topographic arrangement of Tigray region has been challenging to use the water resource
potential in the region. Tigray has only 1.5 million ha potential of arable land from the 8 million ha total land
mass. This potential of arable land in Tigray is extremely small to share it among the total rural population
(4million) of the region. Accordingly many rural youth of the region are landless and unemployed. This has been
a pushing factor to migrate rural youths to urban part of the country and to Middle East countries. Moreover due
to squeezed arable land potential, most formers in Tigray are small holders and as a result they have been
reluctant in adopting Agricultural technologies and extension services. This could tell us that further sharing of
land from the small holders for youths could mean strengthening the reluctances. Instead, the government and
policy makers has been in efforts to find ways for increasing the size of farms cultivated by farmers to an
adequate level for which technology use would be rewarding and sustainable and how young farmers could be
incorporated to the sector.
Accordingly, the regional government has to mobilize towards sustainably using the hilly and a sloppy land mass
of the region which holds about 80%. Bench terrace is therefore the very recommendable Sloping Agricultural
Land Technology (SALT) in areas dominated by terrains and gorges like in Tigray. By bench terrace,
landlessness and unemployedness problems of significant number of youths in the region could be solved.
Cultivable land can be created along the sides of the gorges where perennial water flow is existed, in areas which
are suitable for spate irrigation and in the two sides of river valleys and gorges which are cost effective and
suitable for earthen dam construction. Once the land is created, it could be shared among landless and
unemployed youths in the region. Since the land is created in areas rich in water potential, it could be assumed as
an approach of taking land to the water potential area which is an opposite of the approach of taking water to
cultivable land. But, it should be followed by systematic selection of suitable sloppy land in reference to the
alternative irrigation water availability and cultivating perennial and cash crops
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