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Abstract 

The objectives of this study were to evaluate the environmental and socio-economic 

impacts of small-scale water harvesting projects in the highland agro-ecozone of Tigrai, 

Northern Ethiopia, specifically the CIDA-funded Water Harvesting Institutional 

Strengthening Tigrai (WHIST) project of the Prairie Farm Rehabilitation Administration's 

(PFRA). A second objective was to evaluate the farmers' indigenous knowledge (IK) in 

relation to land management and project development. Farmers' IK of their land includes 

local descriptive terms for soil, based on colour, topographic occurrence, fertility, tilth and 

crop suitability. Farmers rely on their IK to make decisions about land use and cropping. 

Farmers consider that soil quality declines with increasing cultivation and is mainly a 

consequence of the removal of nearly all crop residues. Government policies related to land 

ownership are important factors influencing conservation and sustainability, and policies 

that establish long-term rights to land by farmers are needed. 

The IK of soil quality and land relates well to scientific knowledge and provides an 

opportunity for researchers, extension workers and project developers to establish effective 

communication with farmers, and can supplement the scarce scientific data. Combining the 

IK and scientific knowledge (SK) may improve the success and productivity water 

harvesting and other development projects in the region. Qualitative information from 

household surveys supplements the quantitative information obtained through scientific 

studies and they should be incorporated in future studies. 

Smallholder farmers and their households have benefited from the WHIST projects 

(micro-dams and river diversion systems, on-farm reservoirs and shallow wells) in terms of 

reducing farming risks, improving yields of marketable crops, and developing improved 
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markets. Successful irrigators became more food-secure and their income increased 

compared to non- irrigators. Despite their positive contribution, many water projects failed 

to achieve their objectives because of water .loss through seepage and evaporation, 

inappropriate water application strategies, and lack of knowledge of soils and topography in 

the catchment areas. Poorly placed on farm reservoirs (OFRs) often occupy the most 

productive farmlands. Inadequate preliminary studies by project developers and the 

exclusion of fanners and their IK from decision making during construction and 

management resulted in the poor designs of many projects. It is critical that farmers be 

included at all stages of project development in order to improve environmental 

sustainability, achieve economic growth, and to enhance contributions to food security. 
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CHAPTER 1: BACKGROUND AND 
INTRODUCTION 

1.1 The agriculture sector of Ethiopia and Tigrai region 

The agriculture sector is the mainstay of the Ethiopian economy with over 85% 

of the population living in rural areas and engaged in subsistence agriculture. Records 

show that in 2004 this sector accounted for about 45% of the gross domestic product 

(GDP) and 85% of exports. The share of agriculture could be higher if not for the 

decline of some cash crops such as coffee and livestock products. Agriculture 

accounted for about 57% of the GDP (FAO, 2004a). The smallholders occupy most of 

the arable land which accounts for almost 98% and produce most of the country's food 

grains as well as cash crops (Ethiopian Economic Association (EEA), 2002). Like any 

other developing nations the smallholder agricultural sector is the backbone of the 

country's economy. In addition to the above contribution of the agriculture sector to the 

country's economy, about 70o/o of the raw material requirement for large and cottage 

industries come from the agriculture sector (Dejene, 2000; Lutz et al., 2002). However, 

the sector does not show a high growth rate and average crop yields per hectare are 

generally low. The agriculture sector is plagued by frequent drought, land degradation 

caused by inappropriate agricultural practices and lack of corrective measures. 

Overgrazing, deforestation, high population density, inefficient and undeveloped water 

harnessing mechanisms, and poor infrastructure are also causing low productivity of 
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the sector (FAO, 2004b; Holden and Shiferaw, 2004). Poor infrastructure limits the 

subsistence farmers from entering into the production of high value perishable crops. 

Lack of an effective land tenure policy and land property rights are also blamed for the 

declining agricultural productivity in the country (Pender et al., 2004; Beyene et al., 

2005). 

The Tigrai region is the northern part of the country and lies in the wider Sudano-

Sahelian ecoregion (Hagos et al., 1999). Like any part of the highland areas of the 

country, crop-livestock mixed subsistence farming system is the mainstay of the region. 

The population of the Tigrai region is estimated to be 4.4 million in 2003 and growing 

at the rate of 3% per year, 85% of which lives in rural areas engaged in subsistence 

farming (EEA, 2002). Even though the majority of the population spends most of its 

time and energy in small-scale farming activities, the region does not produce enough 

food for its population. Throughout the year many households depend on food aid. The 

lack food production in this region is blamed on several factors. The main reasons for 

the frequent food shortage, which occasionally leads to famine, includes erratic 

seasonal rainfall, serious soil degradation, land-holding policy and property rights 

issues. The inconsistent rainfall during the major rainy season causes dry spells and 

often crop failure. 

1.2 Land degra.dation, a serious constraint to agriculture in 
Tigrai 

Land degradation is one of the most important production constraints of 

agricultural production in Ethiopia, and the Tigrai region in particular. Land 

degradation includes physical soil loss due to water and wind erosion and mass flow on 
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hilly and fragile landscapes, loss of soil nutrients through leaching, runoff, intensive 

grazing, removal crop residues during crop harvest, moisture stress and lack of nutrient 

recycling. Physical soil erosion, soil nutrient depletion and moisture stress are 

considered to be some of the major land degradation problems the whole region is 

facing. Physical soil removal on both arable and non-arable land is considered the most 

serious land degradation problem in the country (Elias, 2002; Lemenih et al., 2005). 

Land degradation, in the form of severe soil erosion and nutrient depletion, is the most 

serious environmental problem (Hagos and Holden, 2002). The average net soil loss 

from cropland in the highland areas has been estimated to be 100 Mg ha-1yr-1
, varying 

from 50 to 170 Mg ha-1yr-1 for the different agro-ecological zones and topographic 

sistuations. The highest rates of land degradation occur in the quite productive cereal 

zone in the 2000-2500 meters above sea level altitude zones (Hagos and Holden, 2002). 

Humi (1988) estimated a country-wide average soil loss on cultivated land to be 42 Mg 

ha-1yr-1
• However, soil losses on marginal lands which have been recently included into 

cultivation and from more exposed fields are estimated to be much higher, and may 

reach 300 Mg ha-1yr-1 (Humi, 1988). A soil loss of that magnitude is about 2.5 em 

topsoil loss per year. 

The small land holders use traditional farming methods using oxen to prepare 

their plots before and during the rainy season. The rational farming system continuous 

removal of vegetation cover, coupled with lack of fallow and erratic rainfall periods 

have led to significant land degradation and to annual crop losses in the region (Goe, 

1999; Hagos and Holden, 2002; FAO, 2004a). Continous cultivation and ploughing 

increases the soil exposure to direct radiation and that increases the soil temperature 
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which encourages soil microbial activity during the wet season. High microbial activity 

results in increased breakdown of humus. This leads to accelerated release of nutrient 

which is then susceptible to runoff, leaching and weathering processes (Aslam et al., 

1999). 

The existing ecosystems of Tigrai region are fragile, highly exposed and prone to 

deterioration. Extreme land degradation came as a result of low vegetation cover, high 

population density and intensive grazing of marginal areas. In most developing 

countries, land degradation not only affects farmers and farm income but also other 

sectors. Land degradation causes low agricultural yield in the farming community 

which leads to high market prices. This affects merchandise and the crop trading 

network (Reardon, 1998). Indirect impact on the environment is inevitable as farmers 

facing food shortage often sell firewood or charcoal which intensifies deforestation 

leading land degradation. Serious land degradation and soil erosion not only reduces 

agriculture productivity, but also affects off-farm economic structures (Hagos et al., 

1999; Zhao et al., 1991). 

1.3 Erratic rainfall and moisture deficit in the region 

For the last three decades, the semi-arid and arid climatic condition of the 

Sudano-Sahelian ecoregion has been characterized by unpredictable and inconsistent 

rainfall during the rainy season. This has an impact on the survival of hundreds of 

millions of people. Rainfall is the major source of water for agriculture in the arid and 

semi-arid part of the Tigrai region. In most rural areas of Tigrai, dryland cropping 

systems depend on rainfall that can be erratic in distribution and frequency. This 

unreliable and erratic rainfall often results in low crop yields and frequent total crop 
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failure (Hagos et al., 1999; Panigrahi et al., 2001; Fox and Rockstrom, 2003). Because 

agriculture in developing countries like Ethiopia is primarily a subsistence farming 

system, rainfall irregularity, in terms of timing and distribution, exposes farmers to 

severe food shortages. Serious famine is inevitable when rainfall fails to provide a self 

sufficient moisture level to achieve the growth of staple crops (Bekele and Drake, 

2003). 

The absence or inappropriateness of policies for environmental protection and 

ecosystem management has results in degraded farmland and poor soils quality. 

Unprotected environment is left with little or no vegetative cover, which increases loss 

of soil moisture through evaporation, aggravating the effect of drought (Stephens and 

Hess, 1999). Moisture deficiency in the highly populated highland agro-ecozone of the 

region makes agriculture a very risky business and deters farmers from investing in 

their land. Additionally, commercial risks (market, credit, liquidity etc.), and non

commercial risks (political, policy, governance etc.) unpredictable, erratic, and 

inadequate rainfall and drought can discourage foreign and private investment in the 

sector (Wolgin, 2001; FAO, 2004c). 

The negative impact of erratic rainfall on food production is exacerbated by the 

resulting pressure on fragile land in the semi-arid environments (Smit et al., 1991). 

Cultivation of marginal areas results in the removal of vegetation cover and increases 

erosion susceptibility of non-agriculturallands. These lands play a crucial role in terms 

of conserving indigenous species, providing watersheds, as well as managed communal 

grazing areas. Cultivation of highly fragile and marginal areas has been characterized 

by high levels of erosion, landslides and serious land degradation (Kang et al., 1991; 
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Ramaswamy and Sanders, 1992; F AO, 2004b ). In times of drought, soils rapidly lose 

organic matter and experience breakdown of soil structure as grazing and cultivation 

practices push land capacities to the limit. 

1.4 Land holding policy and property rights 

The land tenure system has been the most strongly contested issue in the land 

distribution history of Ethiopia (Ethiopian Economic Association, 2002; Beyene et al., 

2005). Land is a highly valuable asset and as such it attracts many stakeholders which 

lead to frequent changes in distribution and ownership rights. Prior to the 197 4 

revolution, there were diverse land tenure systems in different parts of Ethiopia. The 

most common and widely used are known as Risti and Gulti. 

Risti was a form of land ownership system that was practiced in the northern 

highlands of the country that is based on hereditary descent (Gavian and Ehui, 1999; 

Beyene et al., 2005). Risti was a system of hereditary rights inalienable and 

unchallengeable. According to this system all descendants of an individual founder or 

AkgniAbat were entitled to a share of the land. This system ensured continuity of land 

use and possession rights in an orderly manner. 

Another major form of land tenure was the Gulti, which was a land ownership 

right designed by the monarch or provincial authorities. Gulti provided a large parcel of 

land to local authorities, royal guards, soldiers and war veterans as a form of payment 

for service. Land acquired in this way can be sold or transferred to heirs as long as those 

who acquire the land serve the government (Goe, 1999). Under this tenure system, the 

feudal administrators in different localities were allowed to take one-third of the land 
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they governed. This excessive power of local nobilities, chiefs and administrators 

enabled them to take the most fertile and larger parcels of land (Kebede, 2002). This 

system resulted in a few elites acquiring the most productive land, leaving the majority 

with less fertile and marginal land units. Under this system more land was taken by the 

few rich who later became the landlords (Abebe and Mansberger, 2003). 

The multi-tenure systems practiced in the country were abolished by the Dergue 

Regime in 197 5; land was nationalized and distributed to farmers. The government 

nationalized the rural land, forbade the hiring of wage labour on private farm, and 

granted each peasant family a so-called "possessing rights" to a plot of land· not to 

exceed ten hectares. The proclamation No 31 of 1975 abolished landlordism in rural 

Ethiopia and all land claims through paternal and maternal lines (Abebe and 

Mansberger, 2003). The Regime's land reform and the proclamation outlined the land 

allocation, distribution, and obligation of land holders including the following: 

1. All rural land was nationalized with any person willing personally to cultivate land 

allotted self sufficient land for his maintenance and that of his family though not 

exceeding 10 hectares; 

2. No person may be allowed to use hired labour, with the exception of a woman with 

no other means of livelihood; 

3. No person shall sell exchange or transfer land acquired through provisions of the 

reclamation; and any tenant or labourer shall have possessory rights over the 

[and he presently till" 
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The land reform discussed above was the first uniform tenure system that applied 

over the whole country, including the cereal producing farming system of the highland 

areas. However, the system lacked transparency and fairness from the beginning. More 

productive and fertile land was given to those who were close allies to the government 

and who were loyal to the authorities. Farmers were grouped in collectivized villages 

and sometimes forced to form cooperatives. This biased land reallocation system 

created a form of insecurity in rural Ethiopia (Gavian and Ehui, 1999). 

1.5 Problem statements 

1. How is the farmers' knowledge of their land and their land use decision contributing 

to the current conservation, land management and overall agricultural development of 

the region? 

2. What is the role of increased water availability through irrigation on farmer welfare, 

the environment and the overall issue of food sufficiency? 

3. Can the merging or combining of scientific and the indigenous knowledge in 

development programs, contribute to improved land . management practices, better 

conservation and the development of successful water projects? 

4. How is the current land tenure system in Tigrai region affecting the short-and long

term land management practices? 

1.6 Objectives of the study 

The overall objective of this study is to evaluate the economic return and 

environmental consequences as well as the social benefits of small-scale water 

harvesting techniques, and to assess the impacts of those projects on the traditional 
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agricultural producers. The research will identify the biophysical, geomorphological 

and socio-cultural constraints and opportunities experienced by the participants of the 

current projects. Moreover, the study will assess the impact of irrigation development 

on farmer welfare, in relation to the construction and management of the projects that 

are being developed. This study will also examine the farmers' local or indigenous 

knowledge (IK) of soils, land suitability and management practices, its contribution to 

improve water harvesting techniques. The specific objectives of the research are: 

1. To identify persistent and economic, social institutional and policy problems with 

respect to environmental sustainability, agronomic and farm management issues for 

the target farmers using the biophysical database; 

2. To assess the water use efficiency and quantify the economic return and value of 

the availability of irrigation water to individual farmers as well as the society as a 

whole; 

3. To correlate the indigenous and scientific soil classification systems in the region as 

and explore the farmers knowledge of soil suitability for various cropping systems 

and irrigated agriculture and; 

4. Investigate the role of indigenous soil knowledge in improving water harvesting. 

The major hypotheses of the study are: (1) Yield per unit land, moisture and input is declining 

in the Adi-gudom and Wukro districts. However, with farmers having access to irrigation, the 

situation can be reversed. Improved land management, vegetation cover and investment in 

land can be enhanced with access to irrigation water. 
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(2) Indigenous knowledge and its use in soil characterization, decision making on land use 

and water harvesting techniques by farmers can play an important role in water projects, land 

management initiatives and overall agricultural production. Combining scientific and 

indigenous knowledge can bring about sustainable agricultural development, improve 

environmental initiatives and enhance household food self sufficiency in this region. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Land degradation 

Land degradation and its impact on productivity in resource-poor rural economies 

have gained significant attention and empirical theories have been developed to explain 

the problem (Pascual and Barbier, 2003). Land degradation poses a serious threat to 

actual yield and future production potential in many developing nations (Shiferaw and 

Holden, 2000). Land degradation can be exacerbated by two major factors, the 

physical factor and the human factor. The physical factor includes topography, climate 

and the soil properties. The human factor is expressed by intensive cultivation, 

deforestation and over grazing (Elias, 2002; Pascual and Barbier, 2003). The human

induced land degradation is a process which accelerates disintegration, fragmentation 

and marginalization of important arable land features. Severely degraded land loses its 

capability to resist natural disturbance such as wind and water erosion. It becomes 

prone to mass or sheet slide and flash runoff is a common phenomenon due to poor soil 

water holding capacity (Kangalawe, 2002). 

2.1.1 Population pressure 

Demands on land resources including soil, water and biomass are expected to 

accelerate in the near future in areas with a rapidly expanding population, such as the 

Sub-Saharan Africa (SSA), where the annual population growth is in the neighborhood 
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of 3%. Even though many nations in the SSA have large potential for crop production, 

with the rapidly growing population, the ratio of arable land per household is shrinking 

drastically (Kang, 1997). The increased demand on the available resources of many 

developing nations resulted in the overexploitation of natural resources including 

vegetation, soil resources and water resources. Sufficient management and investment 

initiatives, to satisfy the ever increasing requirement for food, energy and animal feed 

are required. The unbalanced demand and supply equation has already intensified land 

degradation and led to declining land productivity (Kang et al., 1991). Inadequate 

institutional structuring and policy development in many of the developing nations are 

among the causes of environmental deterioration and dwindling land resources. 

Farming practices, environmental regulation policies and institutional arrangements in 

most of developing nations are not flexible. Suitable policy initiatives are crucial to 

respond to the high population pressure to reduce land degradation and serious 

environmental deterioration (Ramaswamy and Sanders, 1992). Zhao and others (1991) 

asserted that in order to improve productivity and minimize land degradation, dynamic 

policy reform by developing nations is required. Soil and water conservation 

mechanisms and appropriate irrigation techniques and population-oriented institutional 

arrangements are very important to tackling the problem of land degradation. Natural 

resources-based development strategies are not sustainable with limited availability of 

renewable and non-renewable resources. 

Rapid population growth has been the center of debate for centuries and theories 

have been formulated and empirical models developed to explain its contribution to 

environmental degradation and resource depletion. One of the highly cited and often 
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quoted in the demographic discipline is the Malthusian paradigm. According to 

Mal thus, when population size is small, the standard of living will be high, because the 

marginal return of land is relatively high and population will grow. The Malthusian 

model states that as population size increases with limited land resources supply, the 

income per capita declines (Malthus, 1798). As population continues to increase, the 

pressure on the resources becomes so high that it reaches a threshold and the population 

will be reduced by either the "preventive check" (fertility reduction mechanism) or by 

the "positive check" (war or conflict for resources, malnutrition, disease, and famine) 

(Malthus, 1 798). Contrary to the Malthusian theory, Ester Boserup developed a new 

theory which challenges the Malthusian classical paradigm (Boserup, 1965, 1983). The 

new hypothesis states that as a result of increasing population pressure, a traditional 

agrarian community moves from slash-and-bum fallow to a bush-fallow, to annual 

cropping, and to multiple and intensive cropping system. The central point of the 

theory is the fact that as population increases, intensive agricultural practice will take 

place and production will increase. According to Boserup (1983), technological transfer 

and innovation come as a response to adversity and survival instinct. 

Unless the new technologies and innovative production techniques contribute to 

improved land management and enhance investment practices, land degradation can 

continue to pose a threat. High population density in developing countries has 

continued to create negative consequences due to the ever-increasing population 

pressure. As agricultural production declines, farmers are forced to cultivate marginal 

lands which were previously designated as communal grazing areas (Lutz et al., 2002). 

In some regions of the SSA, population density has reached an alarming level. For 
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instance the population density in the highland agro-ecozone of Tigrai region of 

northern Ethiopia is estimated to be 138 persons km-2 (Hagos et al., 1999). This high 

population pressure leads to intensification and expansion of farming activities into 

marginal land units to meet the ever growing demand for food and fuel wood, thereby 

exacerbating land degradation. Agricultural intensification is the process of year round 

continuous cultivation of a specific land without giving the land enough time to 

recover. This leads to decreased land productivity and requiring the use of increasing 

amounts of organic or chemical inputs. A shortening of the fallow cycle without input 

use depletes soil productivity. Stephenne and Lambin (2001) developed a model to 

asses the land use change by farmers in Burkina F aso and emphasized that farming 

intensification will continue by resource-rich farmers, and expansion to marginal land 

will continue by resource -poor farmers. 

2.1.2 Moisture stress Challenges 

Soil moisture level is the amount of available water in the soil for plant growth 

(crops, trees and range grasses). Moisture stress can be broadly defined as persistent 

moisture deficiency in the soil. Moisture stress is an important factor in arid and semi

arid environments which affects production drastically (Fox et al., 2004). Soil moisture 

deficit in traditional farming systems coupled with low investment and poor 

conservation practices can lead to rapid soil degradation, which may then further 

reduce soil moisture holding capacity and overall productivity (Sadras, 2002; 

Rockst6rm et al., 2004). Highly degraded and exploited soils are exposed to high levels 

of direct solar radiation which lead to a loss of surface and subsurface moisture due to 

excess evaporation. 
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The magnitude of moisture stress can vary with the intensity and frequency of 

precipitation as well as environmental and soil conditions. In order to increase 

agricultural production on given land resources, improving moisture supplies in arable 

land will be required. Low soil moisture during the growing season is a detrimental 

factor in smallholder subsistence agriculture (Sanchez, 2001 ). The moisture deficit in 

the Sudano-Sahilian ecozone, with mixed rainfed agriculture is recognized by farmers, 

development agents and governments as one of the most important production limiting 

factors. Moisture stress is posing a major challenge to the rainfed agriculture in the 

highland of Tigrai Region and is blamed for the poor performance of the sector and the 

frequent food shortage in the country. Small-scale irrigation systems can be developed 

to supplement moisture deficit during short period drought (dry spell) during the main 

rainy season. Irrigation systems may enable farmers to produce high value crops during 

the dry season and ensure overall food self sufficiency (Carsky et al., 1995). 

Community-based irrigation schemes and individually managed water harvesting 

techniques are considered vital development activities to tackle food shortage problems 

(Goel and Kumar, 2005). 

2.2 Soil Characterization 

2.2.1 Indigenous Knowledge 

Farmers' knowledge is often referred to as indigenous knowledge (IK). Grenier 

(1998) defined IK as "a unique and traditional tacit knowledge which exists within, 

develops and grows in women and men that are indigenous to a particular geographic 

location". Wrinklerprins (2000) further defined IK as "a complete body of knowledge 
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and practices maintained and developed by peoples, generally in rural areas, who have 

minimum exposure to the outside world and have extended histories of interaction with 

the natural environment". These sets of understandings, interpretations and meanings 

are part of a cultural complex that encompasses language, naming and classification 

systems, practices for exploring, using and managing resources, socio-cultural and 

spiritual purposes. IK is stored in local peoples' memories and expressed in their day

to-day activities. This knowledge is passed from generation to generation through 

stories, proverbs, and songs and experienced by participating in day-to-day activities 

(Boven and Morohashi, 2002). It provides the basis for local decision-making about 

many fundamental aspects of day-to-day activities of a community: for instance 

hunting, gathering, agricultural activity, food production, animal husbandry and 

adaptation "to environmental or social change. ·IK is shared and communicated and 

understood orally using specific examples and through cultural practices (Grenier, 

1998). 

Understanding land conditions in terms of cultivation and management history 

can provide important directions for future land use, development and agricultural 

activities. Farmers, who have been utilizing and living on the land for generations have 

excellent understanding of their land (Dang, 2002). Farmers often have a wealth of 

knowledge of their land conditions including valuable information about its 

productivity and fertility using physical and geomorphological characteristics. 

Research has indicated that farmers' knowledge about specific land conditions on 

which they depend for their livelihood may be more accurate and superior to that of 
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researchers who are outsiders to the socio-cultural aspects and customs of the 

community (Ettema, 1994; Niemeijer and Mazzucato, 2003). 

2.2.1.1 Application of indigenous knowledge on land use decision making 

Many important and critical projects in all comers of the world fail to meet their 

objectives due to project developers not including potential beneficiaries or failing to 

consult and incorporate the IK in planning, designing and execution of the projects 

(Davis, 2005). IK is widely accepted by the society, practiced for generations and 

embedded in the life of those who are sole owners of the technology. For instance, the 

Irob farmers who live in the Tigrai region have developed their own water and soil 

conservation mechanisms. The farmers live on rugged and steep sloped landscape 

which consists deep, narrow valleys carved out of the plateaus that are prone to flash 

floods. The farmers built a series of checkdams in seasonal watercourses and created 

step-like terraces. These terraces not only enabled them to conserve water and soil but 

also allowed them to create arable land from the deposition of soil eroded from lands 

above them. This innovation is known as daldal (Boven and Morohashi, 2002). 

The wealth of information and knowledge of local farmers may not necessarily 

be used by agricultural experts, developers and extension workers (Winklerprins, 

2000). This IKon soil fertility and land management practices may not be considered 

by researchers for two main reasons. First, researchers, developers and extension 

workers may not know of the existence of the IK because the knowledge is not 

documented and may only be known to people who share close socio-cultural ties, 

language and norms with the local people. Hence, knowledge remains unknown to 

outsiders. The second scenario is that outside experts may know of the local IK but 
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ignore it. The IK may not be considered as "important" for development, management 

and assessment practices by researchers. Indigenous knowledge in land and land use 

has been ignored for centuries and has often been labeled as backward, non-systemic, 

static and insignificant by scientific researchers (Oudwater and Adrienne, 

2003;Winklerprins, 2000). However, Grenier (1998) and Davis (2005) assert that IK is 

not static knowledge. It is dynamic and evolves from generation to generation, 

influenced by socio- cultural diversity and exposure of indigenous people to other 

cultures. In order to make an important contribution in improving the livelihood of the 

rural communities, understanding their knowledge and the principles that define their 

practices are very important. Failing to understand those principles and the IK in order 

to implement an alternative development strategy leads to the imposition of new 

concepts and principles which are completely strange to the beneficiaries and usually 

doomed to fail (Bebington, 1993). Recently, IK is gaining attention of researchers and 

scientists particularly in the implementation of development programs. 

2.2.1.2 Integration of scientific and indigenous knowledge for attainable 
development 

Although challenging and sometimes difficult, it is very important to explore the 

interface of SK and IK combining and interweaving them to create a more inclusive 

and transparent rural development strategies. Integration of these two bodies of 

knowledge can produce more realistic and perceptive techniques to manage scarce 

natural resources and sustainable development projects (Twyman, 2000; Lado, 2005). 

It is important that farmers are encouraged to participate in the learning process so that 

they can observe the experiments and interpret results of studies carried out in their 
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areas. Researchers need to be facilitators instead of imposers of new ideas, so as to 

transfer viable technology and to build trust for the success of intended development 

projects. 

There is a wide range of literature dedicated to the importance of integrating IK 

into more structured and formal research settings (Gobin et al., 2000; Zurayk et al., 

2001; Gary and Morant, 2003; Oudwater and Adrienne, 2003; Payton et al., 2003). 

Evaluating the importance of the integration of SK and IK in soil characterization and 

land management and land use decision making is crucial to addressing basic needs for 

development and intervention programs (Birmingham, 2003; Payton et al., 2003; 

Ryder, 2003). A good understanding of the traditional knowledge, practices, and socio

cultural structures provides insight into how important decisions are made within a 

given community. Incorporating the IK into scientific assessment can strengthen and 

boost the success rate of development projects (Lado, 2005). Many developing nations 

are faced with a shortage of scientific data for implementation of land use studies, for 

extension work and development projects. IK in participatory studies in land 

assessment and development programs may complement these data gaps 

Working with IK not only contributes to the improved communication between 

farmers, extension workers and scientists, but also provides improved design, delivery, 

monitoring, and evaluation of any program of research (Birmingham, 2003; Ryder, 

2003; Payton et al., 2003). It will appeal to experienced development professionals as 

well as new researchers in the area. The role of IK through the participation of local 

farmers, both men and women, in the sustainable agricultural development is 

indispensable {Tsegaye, 1997). Small-scale farmers are playing a crucial role in the 
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maintenance of crop genetic diversity. It is important to make them aware of their 

contribution to the conservation of biodiversity and maintaining the integrity of 

environmental resources (Davis; 2005). 

Indigenous knowledge in local environment management can contribute its share 

to modern ecological and pastoral studies (Davis, 2005). In all aspects of management, 

development and assessment activities, IK has something to offer for the success of 

those initiatives. Local perceptions of soil fertility and land correlates well with 

scientific soil analytical results (Gray and Morant, 2003). Farmers in Burkina Faso 

were able to classify local soils into groupings using different landscape units and 

geographic locations. The farmers made land use decision, land capability evaluation, 

management and cropping decisions based on this information. Moreover, IK can 

provide invaluable information about historical land cover and land management 

practices that have had significant impact on local soil properties (Ryder, 2003). Ryder 

(2003) indicated that researchers and farmers could work together to develop 

inventories (large scale soil maps) for farmers to establish local and national soil 

classification systems and reliable archives. Understanding local names that are used as 

well as physical characteristics of major local soils improve the communication level 

between researchers, development workers and farmers (Niemeijer and Mazzucato, 

2003). 

Indigenous knowledge is complex and hard to organize hierarchically making 

integration with SK difficult. Farmers use different methods of soil classification in 

evaluating land suitability and deciding on management practices to assess fertility of 
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their land. Two common methods utilized are the 'physical' and 'perceptual' 

dimensions. 

The physical dimension deals with the most observable criterion that farmers use 

to distinguish their soils. Soil characteristics are examined by sight, feel, taste or smell 

(Ryder, 2003; Birmingham, 2003). The two most common physical characteristics of 

soil that farmers use to assess suitability are colour and texture. Generally, dark 

coloured soils with clay texture are considered to be more fertile than light soils. This is 

related to their organic matter content (Payton et al., 2003). 

The perceptual criteria used in soil classification may not be widely recognized 

by all farmers as IK is spatially limited. Farmers use IK to assess field workability, 

suitability classes for certain crops and susceptibility to certain agricultural problems. 

For instance, some soils are named after the crop for which they are most suitable, 

whereas others terms identify certain properties of soils. Soils susceptible to water 

logging may be described and characterized by farmers according to their suitability for 

certain crops and the management requirements for land preparation. In other location 

farmers may not have the same perception of quite similar soils because of differences 

related to geomorphology or even land use (Ettema, 1994). 

2.3 Water harvesting techniques for crop production 

2.3.1. Water harvesting:- traditional technique 

Water harvesting technique is an ancient technology, used by early civilizations 

for domestic and irrigation purposes. Runoff water harvesting structures and related 
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irrigation facilities in the Negev Desert were built during the Israeli Babataean and 

Roman-Byzantine periods, and date back 1,300-2,900 years (Lavee et al., 1997). 

Runoff harvesting mechanisms have enabled ancient civilizations to boost agricultural 

production and provide livelihood for large population for the last 2000 years (Pacey 

and Adrian, 1986). Water harvesting practice has a long history in Ethiopia. 

Archeological findings indicated that runoff harvesting activities providing water for 

irrigation and household were developed as early as 560 BC which is before the 

Axumite civilization in northern Ethiopia (Fattovich, 1990). Remnants of water 

harvesting structures can be seen in the Axum town and in the old castle of Gonder 

constructed in the 15-16th century (Alem, 1999). 

2.3.2 Micro-catchement 

Runoff harvesting is commonly practiced in the arid and semi-arid areas of the 

world where annual rainfall is in the range of 400 and 600 mm and moisture stress in 

crops is a common phenomenon (Li and Gong, 2002). This technique is commonly 

known as the micro-catchment water harvest (MCWH) technique and mainly focuses 

on collecting runoff from short upper slopes into check dams with small reservoirs, 

dugout ponds or on-farm reservoir (OFR) during heavy rainfall. 

The body of literature dedicated to water harvesting techniques for agricultural 

use as well as to soil and water conservation mechanism is growing, especially in arid 

and semi-arid regions with large populations. Harvested water contributes a great deal 

to irrigating high value crops during the dry season and for supplemental irrigation of 

rainfed agriculture. Significant yield increments per unit of soil can be achieved using 

harvested water to improve the soil moisture balance. For instance, runoff harvested 
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water used for supplemental irrigation increased yields by as much as 59 % for 

sorghum in Burkina Faso (Fox and Rockstrom, 2003) and 50% for rice in India 

(Panigrahi et al., 2001). Good management and appropriate application of irrigation 

water during the critical stage of the crops can produce much higher yield and enhance 

food sufficiency. Fox and Rockstrom( 2003) further suggested that the size of OFRs 

has to be proportional to the farmers capability to maintain the reservoirs, so farmers 

can manage it properly and use the water efficiently. 

Runoff water harvesting technique is seen as the best alternative for irrigation in 

rainfed agricultural areas (Li et al., 2004; and Wei et al., 2004) However, the cost of 

WH can be high and the efficiency of water catchment will be low if projects are not 

well-planned and well-executed (Li and Gong, 2002; Li et al., 2004). 

There is no dispute about the importance of WH technique in arid and semi-arid 

regions where there insufficient irrigation water from other sources to meet the need. 

Water harvesting can be a challenging and time consuming process and frequently fail 

to achieve the necessary outcome (Fox et al., 2004). In order to achieve high harvesting 

yield and to improve harvesting efficiency, detailed study of the catchment area, the 

reservoir capacity and the command area is crucial. Field experiments which mimic the 

natural hydrologic flow during the rainy season can contribute significantly in 

calculating and accurately predicting runoff coefficients of a specific catchment area 

(Stephens and Hess, 1999). Knowledge of technical aspects of the water harvesting 

processes in a given landscape where the runoff producing and runoff receiving areas is 

crucial. Understanding these parameters provide a foundation to quantify the amount of 

surface runoff and the accumulation of the runoff water in the reservoirs and in the 
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depressional areas of the field (Young et al., 2002). A combination of models and 

techniques such as the PARCH-Thirst (Predicted Arable Resources Captured in Hostile 

Environments) model which incorporates soil moisture models and a rainfall runoff 

model have been used to assess the return harvested water. The expansion and rapid 

adoption of the water harvesting techniques in developing countries to improve yields 

of crops per a given land unit has been limited by the lack of expert technical 

knowledge and capital resources (Stephens and Hess, 1999). 

2.3.4 Water harvesting and management challenges 

Water harvesting and conservation systems are functions of different natural 

factors such as the amount and frequency of rainfall, climate, topography and 

properties of the soils. These natural factors can impose limitations on the efficiency of 

water harvesting activities (Kronen, 1994). Success of increased production can also be 

influenced by socio-economic parameters such as the producer's choice of crop, 

availability of financial assistance management skills, available work force and the 

provision of inputs such as fertilizers. Moreover, WH can be complicated by 

inadequate land resource policies and political transparency as well as the absence of 

appropriate regulations (Levite and Sally 2002; Kronen, 1994). The functionality of 

WH for supplemental irrigation, domestic consumption and small-scale irrigation 

requires detailed and well-planned studies at all levels of the social structure. Local and 

national governments can play a crucial role in facilitating the participation of society 

in studying and designing water harvesting structures for small scale irrigation. 

Harvested water for irrigation needs to be managed and used efficiently 

(Panigrahi et al., 2001; Fox and Rockstrom, 2003). In order to achieve the best 
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economic return from harvested water suitable crops that can provide maximum return 

and their growing patterns have to be chosen carefully. WH improves overall 

production, improves environmental quality, reduces cropping risk and enhances food 

sufficiency. The importance of managing harvested water in order to increase overall 

food production to alleviate famine in many areas of the developing world has to be 

institutionalized (Prinz, 1994; Yuan et al., 2003). 

2.4 Summary 

Land degradation is becoming a major constraint in the arid and semi-arid areas 

of the world where the largest population lives. Land degradation is exacerbated by 

high levels of human and livestock populations, land fragmentation, and moisture 

shortage. Rapid population growth combined with a large fragile land base is exerting 

immense pressure on scarce and dwindling resources in developing regions such as the 

SSA. Due to the high demand for arable land, energy and water consumption, 

desertification is increasing at alarming rate because of loss of vegetation cover and 

climate change. Deforestation and the expansion of desert to arid and semi-arid areas 

create moisture stress which aggravates land degradation and consequently leads to 

decline in food production. In order to bring sustainability to rural economies, water 

harvesting techniques and community based small-scale irrigation schemes are 

considered strategic development initiatives (Li et al., 2004). Small-scale irrigation 

schemes can play major role in the household economy if they are managed properly, 

and the water is used efficiently. Access to irrigation water can increase crop yields and 

improve environmental conditions. Small-scale irrigation results in reduced land 

degradation improve resource management initiatives. 
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Consultation with beneficiaries at the early stage of project planning, design and 

execution process can establish a strong relationship between development agents and 

the local people. Thus relationship encourages researchers and developers, to 

communicate and interact in a positive way without one imposing foreign ideas on the 

people. Continuity of development projects can be guaranteed if local people 

participate in all stages of the project and take ownership. Once they consider the 

project as their own, they ensure its functioning by taking charge in maintaining it or 

participating and providing labour during its maintenance. 
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CHAPTER 3: INDIGENOUS AND SCIENTIFIC 
KNOWLEDGE IN SOIL CHARACTERISATION, LAND 

USE DECISION AND FERTILITY EVALUATION 

3.1 Introduction 

A dramatic reduction in soil fertility in sub-Saharan African (SSA) nations is 

becoming a critical issue because of declining food production in a subsistence 

agricultural system. The main factors responsible for the decline in soil fertility are: 

rapid population growth, lack of investment and continuous land degradation. Rapid 

population growth leads high demand for arable land which also leads to the cultivation 

of marginal land units which are susceptible to erosion and degradation. High 

population growth also increases the demand for energy and leads to deforestation and 

long term environmental deterioration (Grepperud, 1996; Holden and Shiferaw, 2004; 

Wezel and Bender, 2004). Farmers are resource poor and have limited capacity to 

invest on their land to prevent the decline in soil fertility and land fragmentation. The 

magnitude of the crisis is immense and is attracting the attention of many influential 

international organizations (Gray and Morant, 2003 ). The World Bank, the 

International Food Policy Institute and the UN, all important institutions in the Fight 

against poverty and hunger in the subcontinent, have proposed a wide range of soil 

management initiatives to improve the degraded and infertile soils. 
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To improve the potential for successful initiatives aimed at improving soil 

fertility, other development initiatives and research in the area of soil productivity 

losses should include the perceptions of local people and their tacit knowledge about 

soil fertility, land use suitability and management practices (Ryder, 2003). The 

existence of IK in soil characterization, fertility assessment, land use decision making 

and management practices has been widely recognized (Zurayk et al., 2001; Grenier, 

1998; Payton et al., 2003). Discussion and research on theintegration of IK and SKis 

crucial (Gray and Morant, 2003). In many cases, farmers have developed excellent 

knowledge about the environment and the land which they depend on for their 

livelihood (Cools et al., 2003). Farmers are quite knowledgeable in identifying the soil 

formation processes occurring on their land and have a significant understanding of 

their environment. Farmers assess such factors as soil fertility, land use suitability and 

environmental conditions based on easily observable criteria such as colour, texture and 

topographic positions. of their soils (Birmingham, 2003; Niemeijer and Mazzucato, 

2003; Payton et al., 2003). Local farmers in the Tigrai region of northern Ethiopia have 

developed their understanding of the local soil. characteristics based on the unique and 

dynamic soil fertility characterization including topographic position, ease of 

ploughing, weed infestation and combination of colour and textural properties of soils. 

Understanding how farmers assess their soil fertility, land conditions and their tacit 

knowledge about their land management practices can be a vital component in 

addressing the problem effectively. Even though the existence of IK has been receiving 

greater attention· for the past few decades, farmers' knowledge on soil and land 

degradation is not synthesized as a component in addressing sustainable land 
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management and environmental initiatives (Osbahr and Allan, 2003; Niemeijer and 

Mazzucato, 2003; Fiarhead and Scoones, 2005). 

The development of programs to address soil fertility issues can be facilitated by 

an understanding of the IK in soil fertility assessment, land use system and 

management practices. SSA nations do not have their own soil classification system 

and the existing soil inventory maps in most nations are of small scale and often are not 

detailed enough to be of any practical relevance at a household level (Habarurema and 

Steiner, 1997; Braimoh, 2002). Local soil characterization systems, as developed 

within the IK, can be useful complements to the limited detailed scientific inventory 

information in the region. In depth understanding and inclusion of IK during scientific 

research may facilitate effective communication and the understanding between 

researchers, farmers and extension workers. Effective communication and sharing of 

experience and perspectives may enable them to bring attainable solutions to land 

degradation and develop sustainable environment (Wrinklerprins, 2000; Cools et al., 

2003; Ryder, 2003). When researchers establish communication with farmers at an 

early stage of the research program their findings will have a better chance of being 

accepted and adopted by the farmers. The farmers' contribution becomes part of the 

result and makes it easier for them to grasp the recommendation that may ensue. 

One of the primary objectives of this study was to assess the role of indigenous 

knowledge in soil characterization, land use suitability, and land management in the 

highland agro-ecozone of the Tigrai region, Northern Ethiopia and to correlate IK with 

conventional land evaluation procedures and management recommendations made by 

soil scientists. This study will also investigate whether farmers' rich body of tacit 
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knowledge could compensate for the limited scientific soil inventories and research 

data for effective development projects. The body of knowledge could be tapped for 

development of water harvesting projects and irrigation systems being developed in the 

area to increase productivity and boost household food sufficiency. 

3.2. Study area 

The study was conducted in two administrative districts or weredas, Adi-Gudom 

and Wukro in the Tigrai region. Three villages (tabias) were selected from each 

wereda. The villages use different water sources for irrigation and vary by their 

irrigation and water harvesting activities (Fig 3.1 ). 
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Fig 3 .1. Study sites in the Tigrai region, northern Ethiopia 

Adi-gudom is located 37 km south of Mekelle, the regional capital city, at 13°17' 

N latitude and 39°30' E longitude. Wukro is located about 45 km north east of Mekelle 

at 13° 47' N latitude and 39° 36 'E longitude (Ethiopian Mapping Authority, 1988). 
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Both districts are good representatives of the highland agro-ecological zone with 

altitude of 2061 and 2020 meters above sea level at Adi-Gudom and Wukro 

respectively. 

3.2.1 Climate and vegetation 

The Tigrai region is located within the African drylands, considered part of the 

Sudano-Sahelian ecoregion (Hagos et al., 1999). This region is characterised by erratic 

and highly irregular, often torrential, seasonal rainfall, with frequent droughts during 

the rainy season which affect the production of the major staple cereal crops in the 

whole region. The mean annual rainfall in the region varies spatially and temporally 

because of the high degree of topographic variability. The two districts and the six 

tabias from which the participants were selected are characterized by semi-arid 

climatic conditions with relatively high temperature, a long dry period and irregular 

rainfall during the main rainy season. Wukro and its environs has average rainfall of 

515 mm, whereas Adi-Gudom and its surrounding areas receive around 511 mm 

annually (Gum' a, 2004). Precipitation in the area is highly variable with the coefficient 

of variation in annual rainfall for the Tigrai region being much higher than the national 

coefficient at 28% whereas the national average is 8% (Amare 1996). The highest 

rainfall is usually recorded during the kiremti season between June and September. The 

peak of the rainfall occurs in July and August. The average annual temperature of the 

Tigraiarea varies spatially and temporally as well. The mean temperature of the Adi

Gudom district is approximately 20°C and Wukro around 18°C, with May and June 

being the hottest months of the year. 

31 



A large proportion of the landscape in Adi -Gudom and the surrounding area is 

highly transformed and fragmented into smallholder plots which have been cultivated 

for centuries. Demand for firewood and construction materials, and over-grazing by an 

expanded livestock population have also contributed to loss of vegetative cover in the 

area. Moreover, standing trees and shrubs on or around the fields are cleared because 

they are perceived by farmers as favourable shelters to birds, field mice and insects 

which can cause substantial damage to their crops at harvest. 

The highlands of the Tigrai region is said to have been covered by natural forest 

of a variety of species such as Junipers, Olea, and Cordia, with grasslands and swamps 

in the flat areas and valley bottoms (Hunting, 1974; Hagos et al., 1999). Evidence of 

the existence of forest species can be found in ancient palaces and churches, where 

wood has been used in constructions and household furniture such as tables, chairs and 

beds. Some of the plant species that can be seen standing are acacia and olea, which 

may be found in inaccessible and remote areas, church compounds, around seasonal 

and perennial river banks and in spiritual areas (Virgo and Munro, 1978). 

Almost 65-75% of the non cultivated areas in Wukro district is well preserved. 

Marginal areas, steep sloped hills and river banks are well covered with shrubs, small 

trees and larger sparsely distributed trees. Soil and water conservation programs in the 

three villages within the Wukro district, particularly Genfel and Abrah Atsbeha and 

surrounding areas are relatively well conserved. Farmers in the area have engaged in 

field conservation activities, such as contour farming, terracing using soil and stone 

bunds. Conservation activities also have included the construction of terraces and stone 

ridges along the high plateaux creating hill belts that support sparse shrubs and trees. 
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The natural vegetation on hillsides with slopes of 15% or more are recovering from 

intensive devegetation. Farmers in the Wukro district seem to recognize the value of 

larger trees as wind. breaks and rain storm shields around their fields. Sparse larger 

trees are allowed to grow on and around the fields. as well as on communal grazing 

lands. In addition to their soil conservation service, the trees provide shade to human 

and livestock during hot periods and during rainstorm events. 

An important vegetative characteristic in both the Wukro and Adi-Gudom study 

areas is the cactus pear ( Opuntia ficus-indica) plant, locally known as Beles. Beles is 

grown in the backyards of individual households that are protected by stone walls. 

Cactus pear plays an important economic role as human food, animal feed and 

firewood. ·The fruits ·of the plant are consumed in each household during the rainy 

season, June to August when the farmers face a shortage of the staple cereal crops. The 

fruit is sold also in local markets providing income to the farmers (Kassahun, 1997). 

Cactus pear also provides land cover and conserves the soils on steep slopes and 

marginal land. The cactus pear became established as a fruit plant in the study areas 

within the last three decades and is popular fruit within the farming communities and 

cities. Despite its popularity and its important economic contribution, environmental 

role and cultural implication in many parts of the region, there has been very little study 

carried out about this plant (Brutsch and Zimmermann, 1995). 

3.2.2 Population and its impact on land resources 

The population of the Tigrai region was estimated to be 4.4 million in 2003 with 

85% living in rural area (EEA, 2002). The quantity and extent of good arable land is 

diminishing due to exponential population growth because the land area is finite and 
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there is no additional arable land (Hagos et al., 1999; Hurni, 1988). Population growth 

leads to high demand for land which contributes to more intensive farming of marginal 

land units. This, in tum leads to more erosion and land degradation problems (Fig. 3 .I). 

Figure 3.1 is a schematic diagram that provides an example ofhow high population and 

livestock can transform well balanced environment to highly degraded and exposed 

land by removing the vegetation cover of steeply sloped and marginal land units. The 

removal of vegetation cover from fragile land units causes extreme land degradation 

and loss of the fertile topsoils. Moreover, exponential population growth is causing a 

high demand for energy, leading to deforestation for fuel and the burning of animal 

dung and straw which otherwise would have been used as organic matter to the 

farmlands to maintain soil fertility (Hagos et al., 1999). Burning of biomass for energy 

removes the potential nutrient input to the soil which interrupts the nutrient cycle and 

leads to the continuous decline of soil mineral nutrients. 

a) Low oooulation densitv 

b) High population density 

...... """"- ~ ............ ...._ _ _...---.. -- --- -
Fig. 3 .2. A schematic diagram illustrating the impact of rapid population growth 
on· resources in the Tigrai region 
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Rapid population growth has led to increased animal population because of the 

valuable contribution of livestock to the farming economy. Increased livestock 

population leads to greater demand for grazing areas, resulting in overgrazing, high 

water consumption and soil degradation. It has been shown that the impact of livestock 

on the land can be partly compensated for by the nutrient input to the soil in the form of 

animal droppings and compost supplements (Goe, 1999; Elias, 2002). However, due to 

the lack of other energy supplies animal dung and crop residues are often burned. The 

burning of animal dung and straw effectively interrupts the nutrient cycling. The net 

effect of increased livestock and rapid population growth aggravates nutrient loss 

through overgrazing, nutrient removal, soil erosion, deforestation and land degradation 

(Ramaswamy and Sanders, 1992; Grepperud, 1996; Sanchez, 2001). 

3.2.3 Major soil types of the study areas 

The distribution of major soils in the study area is largely influenced by the 

topography. The significance of the landscape position as a soil forming factor has 

enabled the prediction of pedogenetic characteristics of the dominant soils in the agro

ecozone highland plateau of the Tigrai region. Older, more weathered, soils with low 

agricultural potential are found in upland plateaux and on unstable hillsides. Relatively 

young and more fertile soils are found on colluvium-mantled pediments (back slopes), 

interfluve plains (foot slopes) and deep alluvial soils on depressional sections (toe 

slope) of the landscape (Van De Merwe et al., 2002). This soil formation trend was also 

observed by Virgo and Munro (1978) in other parts of the region. The nature and 

distribution of the soils in catenas are highly influenced by two major factors; 

hydrology and geomorphology. Both factors shape the surface of a given landscape by 
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controlling the erosion and deposition processes as well as the soil formation process 

(Acton, 1964). A combination of steep slopes and accelerated erosion has resulted in 

the truncation of soil profiles and the transport of soil materials downslope to the 

depressional landscape units. These deposition processes have led to the formation of 

young soils in lower topographic positions, concave areas and broad valleys. 

The major soils were identified and classified according the F AOIUNESCO 

(1975) legend. The major soil types in the villages within the Wukro district are 

Leptosols/Regosols, Eutric Cambisols, Vertic Cambisols, and Eutric Fluvisols. The 

Mindae and Gnefel sites are situated on flat undulating gentle slopes (2 to 5%) and are 

dominated by Eutric and Vertic Cambisol soils. The Eutric Cambisols are found on the 

back-slopes, and are well drained, moderately developed soils which are characterized 

by moderate ·weathering of the highly calcareous parent materials. However, these soils 

lack appreciable quantities of clay and organic matter and have poor water holding 

capacity. The soils have coarse sand to fine sandy loam texture and a reddish brown 

colour. The Vertic Cambisol soils are found in topographic depressions and lower 

positions (foot slopes) relative to the Eutrtic Cambisols. The Vertic Cambisols occur on 

sediments from the upper slopes and are medium to fine textured, derived from a wide 

range of parent materials because of different microtopographic and climatic 

conditions. The Vertic Cambisol soils which are dominant in both study sites have a 

good structural stability, high porosity and good internal drainage. The Vertic Cambisol 

soils cover a wide range of topography and are widely used 'for agricultural activities. 

The dominant soils in Berki are derived from calcareous sedimentary rocks, 

classified as Eutric Leptosols/Regosols and Eutric Fluvisols. These soils are located on 
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various topographic units ranging from undulating and ragged hilly plateaux to wide 

valleys surrounded by steep hills. The Leptosol soils are of shallow depth, usually less 

than 30 em above hard rock, and gravelly. The soils are usually found on the steep 

slopes that also include scarp face and steep transitional and exposed bare rocks. The 

Eutric Fluvisols are found in broad valleys on relatively flat areas with slopes of 0.5 to 

3% and receive large deposition from surrounding hills and seasonal flooding. The area 

with dominant Fluvisol soils has a good structural stability, medium water holding 

capacity and moderate internal drainage. The broad valleys with Fluvisol soils are 

cultivated intensively. The small fields are planted with annual crops year round using 

small scale irrigation systems. 

The sites in the Adi-Gudom district are dominated by Vertic Cambisols, Vertisols 

and Fluvisols. The settlement of Ara-Assegeda is on relatively flat land with slopes of 

0.3 to 2%, and Vertisols are dominant. Vertisols are dark brown to black in colour and 

rich in clay. However, these soils have poor drainage which makes them prone to water 

logging during high precipitation, and they crack when they are dry. Farmers indicated 

that it is difficult to prepare their plots when there is high precipitation during the rainy 

season and when the soil is dry. The Vertic Cambisols are dominant around the Hi wane 

area, with Fluvisols in level areas and valleys. These Fluvisols are found along river 

banks, and in wide valley areas where recent alluvium has been deposited from the 

high hills surrounding the area (Virgo and Munro, 1978). These light brown soils have 

loamy to sandy loam texture. Fluvisols are most suitable for the production of such 

crops such as taff, wheat, barley and beans. The Hintalo village is situated in a hilly 
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area along a mountain chain called Emba-Readem and the dominant soils in the area 

are Leptosol/Regosols and Eutric Cambisols. 

3.4 Methods and materials 

The methodology was aimed to highlight the knowledge on soil type by local 

farmers in two districts of Tigrai region, northern Ethiopia. This method was designed 

to investigate and analyze the contribution of both IK in land suitability evaluation and 

land management decision-making opportunities. The method is summarized in the 

schematic Fig 3.3 

IK 

Household Survey 
• Semi-structured 

questionnaire guided 
interview 

Walk over plots 
• Detailed land 

description, soil 
characterization 

• Land condition 
assessment 

Farmer perception of soil 
fertility, management 
and conservation method 

Local soils 
characterization and 
nomenclature 

Analysis, discussion and reporting of farmers soil 
characterization 

SK 

Reconnaissance Field 
survey 

• Site biophysical 
Observation and 
preliminary study 

Transect field survey 
• Detailed soil 

sampling and field 
analysis 

• Direct field test 

Laboratory soil analysis 

Soil identification and analysis 

Result analysis discussion and 
reporting 

Fig 3.3. Schematic flow chart showing an overview of the methodology and tools 
employed 
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3.4. 1. Primary data collection methods and tools 

Semi-structured questionnaires, tape recorder, walk over plots and informal 

discussions were used as tools for primary data collection. Participation of household 

heads was chosen to tap the knowledge of local farmers on soil characterization, land 

evaluation, land use decision-making and water harvesting. The perceptions of 

smallholder farmers on soil and water conservation techniques were also assessed. 

3.4.3.1 Household survey 
Primary data collected directly from the smallholder farmers were the major and 

integrated components of this study. Semi-structured questionnaire guided interviews 

were carried out in local schools and halls in town districts. Even though the 

questionnaire was flexible to accommodate the farmers' level of understanding of the 

subject matter, it consisted of four major sections. The first section addressed the 

family composition and household structures; the second section was mainly concerned 

the agricultural and settlement history of the study areas and farming practices; the 

third major section was designed to explore socioeconomic benefits and consequences 

of access to irrigation water, the marketing system, and the issue of food self 

sufficiency at a household level, and the fourth section was designed to explore farmers 

knowledge on soil characterization, land suitability and management practices. 

Informal diagnosis, walkover plots and focus group discussions were also employed 

after the administration of the semi-structured questionnaire for the third and the fourth 

sections as supplementary data collection methods. The detailed technique of semi-
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structured questionnaire administration will be presented in the methodology section of 

chapter four. 

The participants selected were those who have gained access to irrigation through 

the recent water harvesting projects of the WHIST program and those who did not have 

access to irrigation water due to environmental constranints. The survey consisted of a 

number of components including a visual analysis (walk-over) of the farming fields, an 

informal interview during the walk-over and focus group discussion. Each of these 

components will be presented in detail in the following sections. 

3.4.3.2 Informal interviews, walk-over plots and group discussion 

Walk-over field investigations provided an informal farmer-led biophysical 

diagnosis and investigation of environmental constraints. This activity was carried out 

by walking with the respondents over their own fields and discussing farming and soils. 

The purpose of this methodology was to gather detailed information on the natural 

environment of the land and highlight their tacit knowledge. The focus group 

discussion aimed at refining, contextualizing and reaching consensus among the 

participants about naming, characterizing and managing local soils. Detailed accounts 

of the two appraisal methods are elaborated in the following sections. This method has 

often been used by researchers in tropical and sub-tropical countries in order to 

understand farmers' knowledge of soil characteristics, decisions about land use, land 

management and cropping practices. Some of the recent studies which have employed 

the participatory approach are Oudwater and Martin (2003) in Uganda and Tanzania, 

Ryder (2003) in southern part of the Dominican Republic, and Elias (2002) in southern 

Ethiopia. 
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3.4.3.2.1 Informal interview and walkover plots 

Informal interviews were conducted with selected farm households after the 

detailed, semi-structured questionnaire had been administered. The informal interview 

was conducted with selected farmers who have knowledge of the local biophysical 

factors and scientific knowledge of the land use problems in the area. More 

experienced and knowledgeable participants were selected during the formal interview 

for detailed investigation. Different criteria were used in selecting participant farmers 

for further discussion. Farmers aged 35 years and older, with eight or more years of 

farming experience some elementary and secondary education and the capability of 

answering the interview questions were selected. 

The objectives of this informal interview and diagnosis were to: 

1. Explore the farming history of the area where by participants explained the 

changes in their land over time in terms of crop management (such as yield, crop 

rotation, crop pattern, terracing and grazing history) and livestock management, 

and overall socio-economic factors influencing farm practices and land 

management activities; 

2. Increase the understanding of indigenous knowledge and perception of the 

participants on land suitability, soil characterization as well as an assessment of 

soil fertility using the farmers' indicators, and 

3. · To assess the knowledge of participants tn soil fertility change using 

indicators such as soil colour, topographic positioning, and dynamic biophysical 

composition. 
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The walk-overs were made on fields with diverse topography in order to assess 

the dynamic environmental indicators and soil variability within different 

microclimatic conditions. Farmers were asked to describe their plots and characterize 

their soils according to productivity, cropping decisions and management implications. 

Farmers were also encouraged to elaborate on land suitability and evaluate the 

production potential_ of the land. The participants were also asked to describe the 

conservation and land management techniques that were being used to cope with land 

degradation. The method was relatively informal in which farmers discussed freely the 

tacit knowledge attained through practical experience. 

3.4.3. 2.2 Focus group discussion 

The group discussion was carried out to allow for discussion of the 

differences of land classification and soil characterization among the study participants 

in both districts. Participants in the household survey were randomly selected for 

participation in the discussion group. All age groups, including both male and female 

household heads were selected. Participants were asked to elaborate and explain the 

names of the major soils identified during the semi-structured interview and the walk

overs of their fields. Moreover, participants were encouraged to discuss the suitability 

of their particular plot according the production capability and fertilizer application. 

Pictures, diagrams and visual aids were used to initiate discussion. Information 

recorders were placed in the discussion group to record the discussion. The researcher 

facilitated the discussion by asking certain questions and recorded the results of the 

discussion. 

42 



3.4.4 Transect soil sampling and laboratory analysis 

Soil samples were taken from selected representative fields of the study area in a 

systematic manner along transects. Samples from soil pits were collected from selected 

fields with different cultivation histories. Most of the samples were taken from fields 

which had been cultivated for centuries and were currently under irrigation. Some 

Samples were also collected as well from community grazing fields and fields that had 

been under perennial fruit trees for the last two decades. The soils were air dried for 3-6 

weeks, crushed and passed through a 2-mm sieve. Soil pH, organic C, total nitrogen, 

available nitrate, ammonium nitrate, exchangeable potassium, and available 

phosphorous as well as the particle size distribution of the soil were determined. The 

methods used to analyze the soil samples for the above listed parameters are 

summarized in table 3 .1. 

Table 3.1 Summary of soil samples analysis and methods employed 

Analyzed property Method References 

pH (H20) 1 :2.5 soil to water ratio Rhoades ( 1996) 

Organic carbon (OC) Wet oxidation method Metson (1956) 

Total nitrogen (N) Kjeldahl method Marco et al. (2002) 

Available phosphorus (p) Olsen method Jordan et al. (2002) 

N03, NH4 2M KCL, Auto-Analyzers Subler et al. (1995) 

Exchangeable K Kelowna, Auto Analyzer Lothian (1950) 

Particle size analysis Particle size analyzer (PSA), 

Standard Hydrometer (STM) Gee & Bauder (1986) 
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3.4.4.1 Chemical analysis 

Soil pH measured in a 1: 2.5 soil water ratio was determined for all samples 

using a pre-calibrated pH meter. A 10 g soil sample was placed into a 50 mL beaker 

and 25 mL of distilled water was added. After 25 minutes of sporadic stirring, pH was 

measured in the solution suspension by using a digital portable sension 2 TM model pH 

meter (Rhoades, 1996). 

For the determination of organic carbon, the samples were air dried and sieved to 

pass through a 60-mesh (2mm) to achieve uniformity of the sub-sampling. Organic 

carbon content determined by the oxidation method under standardized conditions with 

potassium dichromate in sulphuric acid medium from 1g soil samples. One g of air

dried sample of soil was placed in a 500 mL in an Erlenmeyer flask and 1 0 mL 

K2Cr207 solution was mixed gently with 20 mL of concentrated H2S04 was added and. 

The mixture was allowed to stand for 30 minutes on a hot plate after which 150 mL. 

Subsequently, a 1.0 mL of diphenylamine indicator was added and titrated with 1 M 

Mohr's salt solution until a brilliant green colour was observed (Metson, 1956). 

Total N was determined using distillation and titration technique, Kjeldahl 

method (Marco et al., 2002). Soil samples (2g) were digested in a 200 mL Kjeldahl 

flask with· 20 mL sulphuric acid and salicylic acid mixture. The mixture was digested 

at 360°C for two hours. 

The Olsen-P method was used in the determination of available P analysis. Air

dried 5g soil subsamples were taken and sieved to <2 mm. Plant-available P was 

extracted from these soils using 0.5M bicarbonate reagent (Walker et al., 2004). 

Standard P solution (lOOppm P) was prepared by dissolving 0.4393g KH2P04 in 1litre 
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of distilled water. The concentration of P in the extract was determined colorimetrically 

using the method described by Jordan et al. (2002). 

To determine available soil nutrients ofN03,-N and NH4,-N, 10 g (air-dry) sub-

samples were extracted in 50 mL 2M KC1 for 1 hour in an orbital shaker and analyzed 

for N03,-N and NH4,-N using Techno™ Automated Colorimeter (Subler et al., 1995). 

Exchangeable potassium (K+) was determined by using a V arian-200 Atomic 

Absorption Spectrometer after the Kelowna extraction technique was carried out 

(Lothian, 1950). 

Soil particle-size and distribution analysis was done using a pre-calibrated 

standard (Bouyoucos style) hydrometer (Gee and Bauder, 1986). Forty subsamples of 

air-dried soil were placed in 600 mL beaker and 250 mL distilled water was added and 

mixed with 1 OOmL of sodium- hexametaphosphate and soaked for 24 hours. The 

mixture was transferred· to a dispersing cup and mixed for 5 minutes with an electric 

mixer. The particle size composition (sand, silt and clay) of the sub-samples soils was 

determined from a suspension using the standard hydrometer method for different time 

intervals. 

3.5 Results and Discussion 

3.5.1 Indigenous knowledge and characterization of soils by 
participants 

Farmers in the Tigrai region use 'physical' and 'perceptual' characteristics of the 

soil and land to name and classify their soils. The physical dimension deals with the 

most observable criteria that farmers use to distinguish their soils. The Tigrai farmers 

characterize their soil by yield, topographic position, visual appearance (colour) and 
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feel (texture). Their methods of soil characterization are consistent with similar studies 

in other areas of Africa (Gobin et al., 2000; Birmingham, 2003; Gray and Morant, 

2003; Niemeijer and Mazzucato 2003; Payton et al., 2003) and other part of the world 

(Zuryak et al. 2001; Cools et al., 2003; Ryder, 2003). The two most common physical 

characteristics of soil that farmers use are colour and texture, in accordance with their 

catenary and topographic positioning. 

Walka (black soils) according to the farmers, are the most fertile soils. These are 

believed to contain high organic matter and are perceived as suitable for staple crops 

such as hard wheat, taff, and com; Baekel/ Andeleway or brown soils are soils found on 

higher topographic positions where centuries of cultivation and moderate erosion have 

occurred. The farmers perceived these soils as having low levels of nutrients. Therefore 

used for fast-growing and more stress resistant crops such as barley, wheat, lentil and 

occasionally flax; Keyahitay or red soils are usually found on steep slopes, on convex 

and knoll landscape units. Farmers characterized these soils as poor to moderate in 

terms of productivity and fertility. Keyahitay soils are generally used to produce wheat 

and other fast growing crops because farmers characterize the soil as poor in water 

holding capacity, low in SOM and hence low in yield. Farmers indicated that these red 

soils cannot give a good yield without application of manure or chemical fertilizers. 

Hutsa or reddish brown soils consist of gravels and stones beneath the top soils and 

sometimes the gravel is found mixed with the soil itself. This soil occurs on rocky hill 

sides and steep slopes and perceived as low quality and the lands with such soils are 

left for grazing as community pasture and for habitations. 
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The criteria of the "perceptual" dimension of soil classification are not strongly 

recognized throughout the study areas. Their application is spatially limited; only older 

and experienced farmers use this technique to assess field workability, suitability 

classes for certain crops and sensitivity to certain agricultural problems. For instance, 

some soils are named after the crop for which they are most suitable. For example, 

Fitchika soil, which retains large amounts of water during the rainy season is prone to 

waterlogging, is believed to be good for hard wheat, chickpea and other locally grown 

legume species such as grass pea. However, this soil is considered not suitable for 

lentil, beans or any other cereal crops during high precipitation. A specific area on 

which the heavy clay is dominant is also called Fichika; participants mentioned the 

area got its name because of the waterlogging property of the soil. Literarily, Fichika 

means literary muddy or marshy area with high levels of precipitation. The Walka soil 

overlaps with the perceptual name of marshy area during high precipitation. 

The nomenclature and characterization of local major soils by participants in both 

study areas are given in Table 3.2, which summarizes results from the semi-structured 

questionnaires and the informal interview and walk-over of fields. The farmers gave 

detailed accounts and debated the names of the major soils during the group discussion. 

The group discussion enabled the formulation of the most common and accepted names 

of the soils, description, agricultural potentials, biophysical characteristics and 

topographic locations. 
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Table 3.2 Nomenclature and characterization of major soils by farmers in the Adi
Gudom and Wukro districts in the Highland Agro-ecozone of the Tigrai region 

Local nomenclature Soil characterization Distribution and 
areal extent 

Poor drainage and prone to Dominant soil in the 
Walka waterlogging when wet, Adi-Gudom district, 

(black, clayey soil) cracking when dry, low covers small area in 
erodability, Vertic Cambisol Wukro 
and Vertisol groups 

Good structural stability, Covers extensive area 
Beak ell Andeleway ease of workability, belongs to in Wukro district and 
(brown soil, Eutric-Cambisols and Fluvisols considerable areas 
loam to sandy loam) in Adi-gudom 

Keyahitay Prone to erosion, low fertilitt, Covers smaller 
(Red sandy and Ease of workability, areas in both study 
silt combination) belong to Eutric sites, scattered in 

Cambisols and some Leptosols different areas 

Hutsa Low fertility, difficult to Dominant in Hintalo 
(brown, grey and work on, belong to Leptosols and covers hill sides 
graven y soil) and Regosol group plateau areas, 

3.5.2 Soil knowledge and management practices by farmers 

The combined physical and perceptual soil characterization and experiential 

knowledge of soil types have important implications for land management decisions, 

seed bed preparation and crop choices. The timing of seeding particular crops that are 

suited to specific areas with special characteristics and requirements are based on land 

properties (Table 3.2). For instance, farmers have a wealth of information about when 

and what to plant on heavy clay soils that can be marshy when there is excess 

precipitation.· Crops such as grass pea (Lathyrus sativus) and chickpea ( Cicer arietinu) 

are usually planted in marshy and deep soil areas around the end of August because 
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those crops can stand the excess moisture and utilize the soil moisture after the rain 

ceases. Other crops such as taff are planted in a well-prepared, well-drained seed beds 

on relatively shallow soils. For instance, fanners regard taff as the most important 

cereal crop because a fanner who harvests large amounts of taff gains respect and 

prestige in the society because it indicates hard work and management skill. Taffhas 

very small seeds and relatively smaller biomass; this makes it less competitive for 

nutrients and water. So fanners put so much effort and invest a large proportion of their 

time to prepare weed free, well-drained seedbeds. 

Colour is the dominant criteria for the naming of most soils with textural 

properties· of the soils being an important aspect in differentiating two soils which have 

similar colour. Soils were classified as Keyahitay (sandy to sandy loam) with red or 

white colour depending on the parent material and the topographic location and 

geomorphologic makeup; Hutsa (gravelly), Walka (clayey) and Beakel (silt loam to 

loam). Farmers used properties of feel and touch of wet and dry soils as a means to 

identify the soil texture and to assess their water holding capacity. 

Colour, and more directly texture, strongly influence water holding capacity of 

the soils. Moisture stress is the primary constraint to the agricultural economy of the 

Tigrai region~ Older participants described Walka as the best soil, but it is considered 

'best' only when there is sufficient rainfall during the main rainy season. The clayey 

black soil requires moderate levels of precipitation for viable and successful crop 

production for cultivation and to support crops. The Walka soil is considered to be 

risky when there are erratic rains. With excess precipitation, Walka becomes 

waterlogged and poses difficulty for land preparation. Fanners indicated that due to its 
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non-staple and subsidiary crops. Keyahitay and Hutsa are considered risky soils 

because of their poor quality due to relative topographic positioning. Farmers in Cote 

d'Ivoire and Dominican Republic have observed similar conditions about the poor 

productivity of soils located on hillsides (Birmingham, 2003; Ryder, 2003). 

During the walk-overs and informal interviews with experienced farmers and key 

informants, the farmers positioned the major soils in a toposequence setting according 

to their topographic location and their fertility . The farmers classified their soils on and 

around their plots in a bottom up arrangement, from the most fertile and heavy soils to 

the less fertile and light soils (Fig. 3 .4). This soil characterization mechanism enables 

the farmers to implement cropping decision, management applications and soil 

conservation activities. 

Less fertile soil* Bottom up soil hierarchy =+Most 

Recent cultivation 

Intensive cultivation 
Walka 

Fig 3.4 Toposequence and bottom-up hierarchical classification of major soils as 
identified by farmers based on land use suitability and productivity . 

Knowledge of the connection between soil characteristics and topography has a 

major implication for the land suitability and management practices of farmers. 

Farmers plant their crops m accordance with the soil location hierarchy in the 
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Farmers plant their crops in accordance with the soil location hierarchy in the 

landscape. Fast growing and drought resistant crops such as wheat and barley are 

planted in higher areas on thinner and relatively less fertile soils (Andeleway, Beakel/ 

Andeleway ). Soils located in lower topographic positions the most intensively 

cultivated and they are major contributors to the subsistence agriculture. 

3.5.3 Laboratory results and statistical analysis of major soils 

The farmers' fertility and suitability criteria are to some extent comparable with 

the measurement results of the soils chemical properties obtained using scientific 

approaches (Table 3.3). The chemical and textural results obtained from laboratory 

analysis show that Walka and Beakel/Andeleway soils have higher organic mater, total 

nitrogen and higher levels of clay and silt content than upper soils such as Keyahitay 

and Hutsa, which are sand dominated soils. 

Table 3.3 Textural and chemical properties of the five major soils identified by farmers 
in the Tigrai region 

pH N03-N ~-N 
Soil name Depth No clay'l/o silt% sand% OC% TN (1:2.5 (J.lg/g) (J.lg/g) 

(em) % H20) 

0-25 25 51.5 42.9 5.6 1.49 0.17 5.6 11.5 12.4 
Walka 

0-25 24 35.8 19.2 1.21 0.11 5.2 15.3 7.0 
Beakel 45.0 

Andeleway 
.0-35 32.0 46.0 22.0 1.10 0.14 5.1 10.0 6.5 

18 
0-15 15 13.3 22.5 64.2 0.57 0.08 5.6 3.5 0.8 

Hutsa 

Keyahitay 
0-15 18 11.3 39.1 50.6 0.45 0.04 6.1 3.1 3.9 

Only two of the 100 sample sites had pH< 5.1. The soils are over all slightly 

acidic but the acidity of the soils is not extreme. Out of the sampled soils not a single 

soil is alkaline. The laboratory analysis of the chemical and textural property of the 
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five major soils identified by the Tigrai farmers of the study area agreed with farmers' 

assessment. Generally, clay, organic matter and nutrient content decreases with 

increase in relative elevation. The proportion of the textural composition and nutrient 

content of the soils decreases with the topographic positioning of the five major soils. 

Soil classes, which share common boundaries, have similar chemical and textural 

properties. Hydrological processes such as runoff, leaching; physical and mechanical 

processes such as mass movement and tillage may have contributed to the translocation 

of nutrients and influenced the textural similarities along the major soil boundaries. 

Farmers have provided detailed accounts of the major soils according to their 

fertility and land use suitability. This section will investigate if the farmers' soil 

characterization and hierarchical classification as well as topographic positioning are 

consistent with statistical analysis of variability of the soils using different textural and 

chemical parameters. Walka is significantly different from Beakel and Andeleway soils 

in all parameters with the exception of pH (Table 3.4). Soils which share common 

borders in the topography such as Beakel and Andeleway are not significantly different 

in all parameters whereas Walka and Keyahitay are statistically different in both 

chemical and textural compositions. Overall, Walka, Beakel and Andeleway have 

significantly higher OC, total Nitrogen, available nitrate and ammonium nitrate and 

exchangeable potassium compared to Hutsa and Keyahitay. Hutsa and Keyahitay are 

not significantly different. 
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Table 3.4 Fertility analysis of major local soils in arid and semi-arid climatic conditions 
using different parameters a 

Sample pH N03-N ~-N 
No clay%> sand% OC% TN% (1 :2.5 (J.lg/g) (J.lg/g) 

HzO) 
Walka 25 51.5a 5.6c 1.49a 0.17a 5.6a 11.5a 12.4a 
Beakel 24 35.8b 19.2b 1.21b O.llb 5.2a 15.3b 7.0b 

Andeleway 18 32.0b 22.0b 1.10b 0.14b 5.1a 10.0b 6.5b 

Hutsa 15 13.3c 64.2a 0.57c 0.08c 5.6a 3.5c 0.8c 

Keyahitay 18 11.3c 50.6a 0.45c 0.04c 6.1b 3.1c 3.9d 

a Values followed by the same letter in the same column are not significantly 
different according to Duncan's multiple range test at 5% probability. 

The statistical analysis of the major local soils indicates that scientific findings 

and the perception of the participants meshes well, with some exceptions. Nutrient 

content and the textural composition of the soils are not known to the local farmers, but 

their soil categorization and classification methods are accurate. This indicates that 

farmers' tacit knowledge of their land, soils and environmental condition need to be 

further explored and studied. 

3.5.4 Farmers' perception of land degradation 

Local systems of identifying and naming of soils do not provide explicit 

information regarding farmers' perception of land degradation and environmental 

conditions (Niemeijer and Mazzucato, 2003). The question of sustainability often 

revolves around management and intervention procedures required to control land 

degradation. In order to implement suitable intervention programs to curb land 

degradation, understanding farmers' perception on land degradation and the 

conservation techniques that farmers implement is crucial. This section will discuss 
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farmers' perception on the changes in soil properties and land conditions over an 

average of nine years cultivation period. The nine year average was used because land 

redistribution to small holder was made in the mid 1990s. Farmers were asked to 

describe how their fields have changed using selected soil properties and environmental 

indicators since they started cultivating them. The results presented in this section are 

based on the semi-structured questionnaire administrated to 202 household heads and 

the walk-over made on selected fields. Figure 3.5 indicates that farmers are well aware 

of the changes occurring on their fields over time. 

a Increased [----------.;0·;~-r~;;d-----------~ No Change 
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Fig 3.5 Farmers' assessment of the impact of land degradation over time in the 
Highland area of Tigrai as evaluated in the household survey 

Within the sample population, 61% of farmers felt that the fertility of their plots 

is declining, whereas about 32% said the fertility is increasing. This is an important 

indicator, because fertility encompasses different indicators such as yield, soil colour, 

and texture. The marked decline in fertility described by farmers within nine years of 
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cultivation indicates that there is serious land degradation in the form of soil erosion 

and nutrient mining. This perception of declining fertility is supported by a number of 

studies that have focused on similar areas including Descheemaeker et al., (2005), 

Tekle (1999) and Humi (1988) all of whom reported serious resource degradation. The 

findings of those researchers in areas with similar land use history and in close 

proximity to our research sites support the above results. 

Participating farmers also recognized erosion and deposition processes on their 

fields. When farmers were asked to describe the soil depth on the upper part of their 

plots, 78% of the farmers said it was declining drastically and 80% of the farmers said 

more moisture and soil deposition were occurring in lower positions of their fields. 

This is consistent with earlier work on the impact of land degradation on arable land 

fertility in the region by Virgo and Munro (1978), and in other African and Latin 

American countries (Habarurema and Steiner, 1997; Gray and Morant, 2003; Ryder, 

2003). Erosion and deposition coupled with the physiographic and geomorphological 

make up of the sites is the base for the soil formation process. According to the 

farmers, their plots pass through a gradual transformation due to soil erosion and 

deposition processes. 

Most of the farmers (71 %) indicated that their plots are becoming easier to 

prepare for planting than they were nine years ago (Fig. 3.5). The implications of these 

characteristics are twofold. The first scenario is that the land is losing its resistance 

where the heavy and aggregated soil property is lost and hence farmers find it easy to 

work on their plots. The second scenario may be the farmers have improved land 

preparation techniques. Some of the farmers elaborated during. tlie interview that they 
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plough and prepare their land several times before the planting season. Farmers 

explained that with a decrease in the size and number of plots they can "possess", they 

are able to spend more time and energy in ploughing and land preparation. Farmers 

believe that by spending more time and energy on land preparation their land becomes 

more fertile. Sixty five farmers (32%) said that when they ploughed their plots more 

than three times, they achieved a better yield, assuming that they receive at least 

average precipitation during the rainy season. 

Farmers indicated that weed infestations have increased dramatically in recent 

years, even with more cultivation (Fig. 3.5). When asked why they were experiencing 

weed infestation increases in recent years, the farmers were not able to give an 

explanation. Some of them indicated that as the soils go "bad" it becomes barren for 

crops but the land becomes suitable for the "cursed" plants as they referred to the 

weeds. Farmers related weeds with reduced soil quality and more degraded land, which 

is generally accepted and consistent with scientific studies carried in other part of the 

world (Jackson et al., 2002; Kremer and Li, 2002). According to these studies, soils 

with high organic matter and nitrogen stocks have high levels of microbial organisms 

that may inhibit the growth of certain weeds. Even though the majority of the 

household heads indicated the increased weed occurrence on their fields, only 18 

farmers (9%) were able to link the weed infestation in recent years to the· declining soil 

quality on their fields. 

Most of the farmers in both study sites are poor, lacking the resources for weed 

control technologies such as herbicides. However, using their tacit knowledge which 

has evolved for centuries through many generations, they engage in pre-planting 
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seasonal weed reduction practices. Fanners plough their plots repeatedly exposing the 

weed seeds buried in the soil to direct solar radiation especially during April and May 

(hottest months) reduces the probability that the seeds germinate during the following 

planting season. Fanners indicated that they use the belg, short rainy season to reduce 

weed occurrence. Weeds grow as soon as the first rain comes and the farmers use this 

opportunity to plough and remove the weeds from their fields. Also fanners used hand 

weeding system at different stages of their crops to reduce the impact of weed 

competition for nutrients and water. 

Even though fanners have a well developed knowledge of their soils, they 

repeatedly underlined that the productivity of a given land unit is determined by the 

amount of moisture it holds which is vital for plant growth. When fanners were asked 

to quantify the impact of soil moisture on crop yield, the majority of the participants 

(88o/o) said yield was determined by the precipitation received during the major rainfall 

season, kremti during the period of June-August. Even though most farmers 

considered moisture stress one of the major limiting factors of crop production, they do 

not use management practices that maximize moisture conservation. Participants 

repeatedly ploughed their fields, which increases the exposure of the soil to direct 

radiation and consequently moisture loss through evaporation. When fanners were 

asked why they implement a practice that aggravate moisture loss, most of them said 

that repeated ploughing and rigorous land preparation reduces the chance of weed 

infestation which they claim is also one of the production limiting factors. Fanners face 

so many challenging problems regarding management. They are challenging because it 

is not always possible to predict their impact during the next harvesting season. When 
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asked about the soils moisture content of their fields during the dry season, majority of 

the farmers (85%) said their fields dry out completely and ploughing the plots 

repeatedly does not make any difference in terms of moisture conservation. Farmers 

indicated that substantial soil moisture can be conserved when the fields are irrigated or 

received rainfall a few weeks before cultivation. The concept of in-situ soil water 

conservation, especially moisture trapped in the soil is not well recognized by the 

majority of the farmers. 

3.5.5 Socio-economic drivers of land management 

Despite farmers' deep knowledge about the capacity of their soils and suitability 

of their plots in relation to topographic position, their management decisions may be 

influenced by other constraints. Even skilled farmers with good knowledge about the 

environmental requirements and soil conditions may be engaged in farming practices 

that give them higher short-term economic return without considering the long-term 

environmental consequences. Farmers may plant certain crops on inappropriate land to 

meet socio-cultural and economic requirements. Some participants indicated that with 

limited resources and small plots, economic benefits and obtaining high yield are the 

most important factors in decision making. Environmental requirements or land 

management issues are secondary concern to the smallholders. Other studies have also 

shown that land rise decision making and cropping pattern does not always reflect the 

accurate land suitability (Ryder, 2003). Resource-poor farmers may choose to plant 

staple crops on their plots even when they know that the land is not suitable. 

Farmers use different management practices on their fields according to the 

economic benefits and socio-cultural requirements and, occasionally, environmental 
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pressure. Despite the threat of land degradation, fanners continue to cultivate their 

fields due to the scarcity of land resources. The ratio of arable land to population is 

declining drastically. The plot size and total area of land an individual farmer cultivates 

is diminishing because of the rapid population and continuous land redistribution in the 

region (Kangalawe, 2002). Fanners in the area cultivate any soil type regardless of its 

fertility and environmental impact because of the shortage of arable land. Majority of 

Tigrai farmers do not implement fallow practices for land management purposes. 

Farmers indicated that fallowing systems are no longer viable because they cannot 

afford to leave a piece of land idle for the whole year. 

In Ethiopia, the state owns the land and fanners have the right to use the land for 

agricultural activities, but they do not have the right to transfer or sell it. Several 

features of the existing land tenure system such as declining farm size, tenure insecurity 

and subsistence farming practices are identified as some of the causes of the poor 

performance of the agricultural sector ( Gavian and Ehui, 1999; Omiti et al., 1999). The 

land tenure system is also cited as the major impediment to the adoption of sustainable 

and long-term land improvement and management practices (Molen, 2002; Abebe and 

Mansberger, 2003). 

The land holding policy and tenure system in Ethiopia has also been blamed for 

the lack of short-term and long-term farm investments and viable management 

practices (Abebe and Mansberger, 2003). Lack of land property rights and secured 

ownership of the asset is perceived to be creating a limitation to investment incentives 

and thus hampering sustainable agricultural development in the country. Without short

term and long-term land investment and improved agricultural productivity, 
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conservation and land management, economic growth can be very difficult. The nature 

of property rights held by farmers in the. study areas has a strong impact on the 

management decisions made. In general, the lack of property rights has greatly 

complicated the land management practices. Currently, farmers do not posses rights on 

their fields after they have harvested their crops. The lack of well-established property 

rights on fields when not covered by crops drives farmers to maximize the short-term 

benefits from their fields. 

During the harvest season, framers tend to: (1) remove as much of the crop 

residues from their fields as possible to be used as fodder and for fuel; (2) any 

remaining crop residue is grazed intensively before they thresh their crops. It has 

become a common trend now for farmers not to leave much crop residue on their field 

as a land cover due to an absence of rights controlling who benefits from the crop 

residue· remaining. In the absence of these property rights the farmer will not benefit 

from the improvements in soil quality associated with greater residue inputs. As a 

result, the farmer has no incentive to leave these residues on the soil. In fact, the 

incentive in this situation is to remove the residue. If they do not someone else will. 

After harvest, all lands become an open access resource and tend to have large herds of 

livestock that graze the fields freely removing the entire organic residue remaining 

from the previous seasons' crops. To enhance productivity during the growing season, 

occasionally farmers plough their fields shortly after harvesting the previous crops. 

This has economic implication and can be seen as positive management practice by 

farmers. Ploughing the fields right after harvest not only helps the soil retain the 

60 



moisture but also incorporates the crop residue with the soil and enhance SOM and 

increase soil aggregation. 

3. 5.6 Correlation of indigenous and scientific knowledge 

The correlation of indigenous knowledge and scientific taxonomic soil 

classification is challenging. Farmers' qualitative perception of soil characteristics and 

local names for soils are generally not well understood. In addition the SSA nations do 

not have their own soil taxonomic systems and hence we have to rely on the 

F AOIUNESCO soil classification system which is based on a country-wide scale, and 

as a result it is not detailed enough to be implemented at a local level. The combination 

of indigenous knowledge with scientific soil survey inventory is a way to address the 

lack of information and to develop a more inclusive and detailed source of information 

for local management in agriculture. In order to manage land effectively; indigenous 

knowledge· and scientific knowledge must be used for practices that improve soil 

quality and agricultural productivity. However, one may ask if these bodies of 

knowledge complement or support each other? What can be the benefits to local 

farmers and communities to correlate IK and SK knowledge? The question of 

compatibility of the two bodies of knowledge usually surfaces in the mind of 

researchers because the IK is complex and lacks a set of guidelines or a framework that 

can be used for assessment and justification. Addressing the question of compatibility 

between the IK and SK in terms of soil fertility assessment, cropping decision making, 

land evaluation and environmental perspective is crucial to providing a concrete 

conclusion. 
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3.5.6.1 Sources of incompatibility between indigenous and scientific 
knowledge 

There is a body of literature that has examined the difference between IK and 

scientific measurement methods for soils and the evaluation of soil capability including 

soil fertility and land suitability assessment. For instance, Gray and Morant (2003) 

observed significant differences between farmers' perceptions and scientific 

measurement on soil fertility change in Burkina Faso. Farmers were unable to describe 

changes in soil fertility and yield over time. Farmers considered that soil fertility had 

decreased but also indicated that yield had increased in recent years, which contradicts 

soil analytical results found by the researchers. Zurayk et al. (2001) also highlighted 

that farmers in Lebanon know their soils through spatial variability and topographic 

position. Conventional methodology on the other hand, utilizes tools such as points, 

lines and polygons in soil survey inventory to define and present soil characteristics in 

a uniform manner. A field survey in Syria by Cools et al. (2003) also highlighted the 

difference in the views of land use suitability between researchers and farmers. 

Researchers tend to value land equally because a parcel of land can be suitable for crop 

production, another parcel can be suitable for other purposes such as forage production. 

According to the Syrian farmers, land which is suitable for olive production is said to 

be the most important field. The farmers value land suitable for olive higher than other 

lands which are not suitable for this crop. 

The debate about combining both bodies of knowledge has been limited due to 

the lack of knowledge how the existence of IK and SK complement or compete. 

Walker et al. (1999), for example, asserts that little is apparently known about the 

interaction between such knowledge systems among farmers. This suggests that either 
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the two knowledge systems operate independently of each other, or perhaps that there 

has been little interest shown in how they may be complementary or even compet each 

other. IK soil characterization focuses on the topsoil (approximately 0-30 em) which 

has a direct effect on economic potential of the soils; whereas SK of soil classification 

focuses on the deeper soil horizons, sub-soils and profile formation, the most fixed 

characteristics of soils which do not explicitly integrate the economic potential of the 

soils. 

The methodology that farmers use to determine soil quality, land use suitability 

and environmental assessment is different from the scientific approach to assess similar 

parameters. For instance, the assessment of soil fertility and productive capacity used 

by Tigrai farmers in the study group are based on easily observable criteria such as 

colour, texture and topographic positions. Farmers use these observable soil properties 

and rely on qualitative criteria as a base for their assessment and "analysis". Farmers 

follow their traditional and tacit knowledge and use the observable soil criteria to 

determine land use suitability and cropping decisions. Researchers use more technical 

and systematic methods to assess different soil properties. Scientific measurement of 

soil fertility properties are mainly based on quantitative (chemical) characteristics of 

the soils. Researchers give their conclusions and recommendations based on these 

results. However, there are other important and crucial factors that cannot always be 

quantified, which can influence the basic soil properties. Soil chemical properties 

cannot provide tangible information on the soil micro-topographic position, 

compaction and the impact of weeds on yield. These soil criteria are very important 
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indicators of soil quality for the farmers and they rely on them to make their cropping 

decisions. 

Farmers' soil characterization and land suitability perceptions can be highly 

variable across the landscape with different communities and groups adopting or 

developing systems that meet their own specific requirements as dictated by the socio

economic, cultural, ecological and physical characteristics. Scientific methods of 

classification on the other hand, strive for more uniform and universal applicability 

thereby ignoring minor local variation (Niemeijer and Bazzucato 2003). The diversity 

and complexity of local characterization makes it incompatible, to some extent, with 

scientific inventory which aims to create relatively uniform and hierarchical taxonomic 

systems. Researchers focus on quantitative analysis of both macro-and micro-nutrients 

in order to determine soil quality and agricultural suitability. However, scientific 

measurement of soils quality indicators may mean little to farmers because they do not 

understand the percentage of soil organic carbon or available macro-and micro

nutrients. Soil qualities which are important for the farmers are those which they can 

observe during their day-to-day activity on their fields. The quality of the soils that they 

can feel during their land preparation, by feel and ·visualization, the moistness of the 

soils on their fields are important. Farmers deal with the most dynamic features of the 

soils upon which a frequent change occurs. The pH value of the soils is not the farmers' 

major concern because they do not understand the effect of the pH value variation on 

crop growth and production. 

Despite their knowledge on the topsoil and their experiential knowledge of area 

specific factors, that are responsible for low crop production and declining yields, 
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farmers were not able to provide any information on the trend of crop yield over time. 

When asked to describe their yield trends for the last nine years, some farmers said they 

have received higher crop yield in recent years whereas others said their yield 

fluctuates every year. The qualitative criteria of soil.quality assessment by farmers are 

difficult to compare with the quantitative scientific measurements. 

3.5.6.2. Compatibility of indigenous and scientific knowledge 

The tendency towards integrating of IK and conventional knowledge to 

complement each other is being undermined because IK is considered by many 

scientists to be rigid, complex and culture specific. In the view of Homann and 

Rischkovsky (2001), Niemeijer and Bazzucato (2003) for example, the problem for the 

integration of scientific (western) and indigenous knowledge is that the former searches 

for knowledge of universal significance which is not context-related, whilst the latter is 

a social product closely linked to a socio-economic, cultural and environmental 

context. However, knowledge of any kind is conceived, born and developed by society 

in a given civilization and its advancement is determined by how progressive the 

societies are, and the level of effort and investment they make to build upon the 

knowledge they possess to improve their living conditions. Knowledge cannot be 

detached and de-contextualized from its socio-cultural, economic, political and 

physical environments because those factors are the fundamental basis for its existence 

(Boven and Morohashi, 2002; Adderley 2004). In many African nations the 

implementation of SK and technologies without the inclusion of IK has hardly been 

impressive in transforming poor people's livelihood (Krugly-Smolska, 1994). 
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The purpose of this discussion is not to suggest that IK has to substitute for 

scientific knowledge, but rather to emphasize that combining both bodies of knowledge 

may serve better to improve the livelihood of poor communities. Though farmers have 

quite a limited exposure to use scientific technologies, most of the participants are 

willing to try and combine IK and SK. Conversely, Jacome (1993) has showed that 

maize farmers in Chiapas of Mexico are willing to combine traditional and modern 

technologies in a wholly pragmatic way. Indigenous knowledge systems might be 

conveniently seen as a complement, adding to existing (conventional) knowledge (Goe, 

1999; Zurayk, 2001; Oudwater, 2003). 

Like many SSA countries, Ethiopia lacks detailed scientific soil maps. This 

makes it difficult to assess the fertility and quality parameters of the major soils in the 

country (Ethiopian Economic Association, 2002). The lack of long-term scientific data 

limits the quest and effort made towards achieving sustainable agricultural 

development of the highland agro-ecozone of the nation. However, as this study 

highlights, IK on soil characterization, land use evaluation and management of farmers 

can provide a solution. IK is vast and untapped resource and it needs to be explored to 

provide a working ground for scientists and agriculture experts. Researchers and 

farmers could work together to develop inventories (large scale detailed soil maps) that 

can be used to create. nation-wide soil classification system by amalgamating local and 

regional maps. To this end, a much greater openness on the part of scientific 

researchers is required to explore and to recognize the validity of alternative 

explanations and to acknowledge the contribution of IK (Briggs, 2005; Norton et al., 

1998). Farmers do understand the differences among their soils and how land is 
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affected by soil degradation. Combined indigenous and scientific techniques may 

reduce the negative impact on farmers' fields. 

Farmers' topographic hierarchical arrangement of the soils at a micro

topographic positioning system according their fertility correlates well with the 

laboratory soil chemical and statistical results. The close correlation between the 

farmers soils assessment based on colour, texture and topographic positioning fits well 

with statistical anlysis. The correlation of IK with soil analytical results is also 

highlighted by Gray and Morant (2003) in Burkina Faso. Their participatory results 

show that farmers were able to classify local soils into groupings which were found in 

different landscape units and geographic locations. The holistic view of farmers' soil 

assessment is an important revelation to address soil fertility problems in a multi

disciplinary manner rather than as an isolated case. Scientific soil analysis has revealed 

deficiency in this aspect. The inclusion of IK in multi-disciplinary research and 

development streams would contribute greatly· to the successful implementation of 

viable technologies and intervention programs. Moreover, IK can provide invaluable 

information about historical land cover, and land management practices that have had 

significant impact on local soil properties. 

3. 7 Conclusion 

Tigrai farmers over centuiries have acquired many generations of knowledge 

about their environment, soils and topographic composition. This indigenous 

knowledge is untapped information waiting to be explored and can be used for the 

benefit of the owners of the knowledge. Researchers and development designers can 

benefit from this knowledge in order to deliver and implement new and adaptable 
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technologies and development projects. Effective communication and understanding 

among farmers, researchers and policy makers can improve the quality and quantity of 

services and development projects that can be established. Trust between researchers 

and the farmers can decrease resource wastage and improve agricultural development. 

The combination of IK and SK in soil nutrient, texture, composition and over all soil 

properties not only provides ample opportunity for soil quality improvement, but may 

also improve site selection for water harvesting and small-scale irrigation schemes. 

Knowledge of local soil properties and identification of the catenary and 

topographic positioning of major local soils would enable water harvesting project 

designers and development agents to construct effective and efficient reservoirs. For 

instance construction of reservoirs on land which has a great deal of Keyahitay soil and 

is sandy will not be as efficient as construction of reservoirs on fields with Walka soils. 

The water holding capacity of W alka soils with high percentage of clay is greater than 

the Keyahitay soils. Polices and institutions should be established in national and 

regional level in order to formulate the potential of IK in development programs in 

terms of their sustainability, socioeconomic benefits and social acceptability. 
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CHAPTER 4: WATER HARVESTING 
OPPORTUNITIES FOR COMMUNITY: 

IRRIGATION AND MANAGEMENT 
CHALLENGES 

4.1 Introduction 

The major food source in most arid and semi-arid environments of the world is 

obtained from rainfed subsistence agricultural systems. According to F AO (1995), 

rainfed management systems are practiced on 83% of cultivated lands and provide 

about 70% of the world's food products. In countries that face water shortages such as 

Ethiopia, rainfed agriculture is the dominant source of food and fibre (Kronen 1994; 

Dinku, 2004). The rainfall irregularities and unpredictable spatial and temporal 

fluctuations result in a high degree of production risk for small-scale farmers and have 

led to overall declines in food production (Van Dijk, 1997; Li and Gong, 2002; Young 

et al., 2002). The most important limiting factor associated with rainfed agriculture is 

moisture stress due to high potential evapotranspiration coupled with irregularity of 

seasonal rainfall and its inconsistent distribution. In many regions such as the highland 

agro-econzone of Ethiopia with rugged topography and steeply sloped hills and 

fragmented landscapes a large proportion of the precipitation is lost through runoff. 

The UN Office for the Coordination of Humanitarian Affairs (OCHA), estimated in a 

2003 report that the water loss from the highland Ethiopia through flash runoff to be 
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110 billion m3
• This indicates that the country is losing 89% of the precipitation. 

Access to a secure and reliable source of water has been identified as a strategic option 

to tackle the problem of unreliable agricultural production. Developing a well

coordinated and effective irrigation network to cope with the rapidly growing 

population of the country and to enhance the sustainability of the agrarian systems are 

perceived to be key elements (UNDP/ECA/FAO, 1994). To address the problem, the 

Ethiopian government initiated Agricultural Led Industrialization Policy (ALIP) and 

national and regional level irrigation development projects have been given priority 

(Gum'a, 2004). In accordance with the ALIP, the Tigrai regional government 

established the Commission for Sustainable Agriculture and Environmental 

Rehabilitation in Tigrai (CoSAESRT), currently known as Tigrai Water Resources 

Development Bureau {TWRDB). TWRDB is an organization that leads and facilitates 

water development initiatives in cooperation with foreign development partners such as 

the CIDA-funded WHIST, NGOs and other stakeholders. 

The overall objective of this study was to investigate the role of water harvesting 

projects on the welfare of smallholder farmers using community-based and individually 

managed irrigation schemes and to evaluate their contribution to mitigation of poverty 

and strengthen food self sufficiency at the household level in the Tigrai region of 

northern Ethiopia. The specific objectives of this study are: 

1. Investigate how access to irrigation water has benefited the smallholder farmers of 

two districts in Tigrai' s regional highland agro-ecozone, 

2. Explore the opportunities and challenges of different small-scale irrigation schemes 

constructed under the current water development projects in the region, and 
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3. Evaluate different irrigation techniques employed by local farmers in terms of their 

ability to improve food self sufficiency, economic return, management 

opportunities and challenges. 

4.2 Conceptual framework 

4.2.1 Water harvesting strategies for supplemental and small-scale 
irrigation 

Water harvesting projects and small-scale irrigations have become the main 

pillar of the Ethiopian national and regional governments in the Fight to alleviate 

poverty and ensure national food self sufficiency (F AO, 1995; International Livestock 

Research Institute, 2002; Tigrai Water Resources Development Bureau, 2003; F AO, 

2004a; Li et al., 2004). The Tigrai region is one of the most drought prone and highly 

degraded regions of the country and has been the focus of several experimental water 

projects. Small- scale irrigation projects have received more attention than large-scale 

schemes in Ethiopia. Small-scale schemes such as micro-dams, ponds and hand dug 

wells have been proposed as cost efficient to improve the livelihood of millions of the 

rural population (Panigrahi et al., 2001; UN-Office for the Coordination Humanitarian 

Affairs 2003; Panda et al., 2004). These community-based and privately managed 

water harvesting initiatives can be carried out by groups within the farming community 

or by individual farmers. 

Harvested water using micro-catchment techniques can be more efficient and 

productive if used for supplemental irrigation (SI) during short drought periods in the 

main rainy season (Abu-Awwad, 1998; Chisholm, 2000; Rockstrom et al., 2004; Fox et 

al., 2005; Ngigi et al., 2005). The rooftop water harvesting system provides household 
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water supply. There is a general agreement that all water harvesting techniques can be 

useful and efficient in increasing plant available soil moisture in water scarce areas. 

Each harvesting technique has limiting factors in terms of construction, implementation 

and management (Stephens and Hess, 1999; Li et al., 2004). Figure 4.1 summarizes the 

hydro-climatic hazards of rural communities and water harvesting techniques 

implemented to tackle the water shortage problems. 

Hydro
climatic 

Vulnerability 

Water 
Harvesting 
System 

Unreliable, erratic and torrential rainfall, spatial and 
temporal precipitation variability 
Short interval of precipitation/ rainfall 
High moisture loss through evaporation (PET} 
Prone to frequent drought and dry spell 

Poor rainfall distribution 
High runoff potential 

Seasonal, periodic soil 
water deficit 

Short period drought 
within the wet season 
Causes moisture High level of water demand 

and competition 

In-situ water 
conservation 

Within-field 

Contour strips 

Shortage of water for crops 

Flood harvesting 
• Seasonal streams 
• Gullies and large catchments 

out flow 

WH and storage 
Furrow, Terraces 
Ridging, Conservation till 
Contour bunds 

Small-medium micro
dams, check dams, 
Ground water recharge 

Sub surface and 
surface reservoir, 
dugouts and tanks 

system 
Runoff th'J'Pri1ina 

• Small-scale 
irrigation 

Fig 4.1. Flow chart showing the hydro-climatic vulnerability of the highland agro
ecozone and the implementation of different water harvesting techniques to tackle 
water deficit problems. 
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WH activities for SI and off-season or dry season irrigation purposes are 

becoming integral part of the subsistence crop-livestock agricultural system of the 

Ethiopian highland agro-ecozone. The most common WH harvesting techniques in the 

study areas include: 

• Micro-dam reservoirs constructed in the form of check dams, excavated 

earth dams and natural hollows. Their size and water holding capacity vary 

greatly depending on the capital, labour and equipment dedicated during 

construction. The reservoirs are used to collect harvested flood water from 

seasonal streams gullies and runoff from large and medium catchment areas. The 

collected water during the rainy season is used as a source of community 

irrigation water to grow off season, high value crops and for supplemental 

irrigation purposes. 

• Individual farmers construct small reservoirs of about 180m3 (12 x 5 x 3m) 

on their plots and collect runoff water from short upper slopes in the OFR system. 

This enables farmers to store supplemental irrigation during short dry spells in 

the rainy season (Wiyo et al., 1999). The dugouts are constructed, operated and 

managed by individual farmers or a group of two or three farmers who share the 

same boundaries. The size of the ponds varies according the amount of labour 

and.the number ofhousehold involved in both construction and management. 

4.2.2 Surface and ground water potentials in the region 

Surface and ground water are the most important fresh water resources that can 

be used for irrigation and household consumption. Programs to assess water resources 

in Tigrai are limited. A UN-Office for the Coordination Humanitarian Affairs (2003) 
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study concluded that there is high ground water potential, estimating the resource to be 

about 4.6 billion m3
• The highland agro-ecozone has the capability to increase its 

agricultural productivity by tapping its large ground water reserve. More detailed 

hydrogeological survey and time series data which pin-point the potential of surface 

and groundwater resources are required. Some research carried out in the area to 

explore the potential of available water resources for irrigation purposes indicated that 

there is high potential for agricultural development to increase productivity (Kahsay, 

2003; Tigrai Water Resources Development Bureau, 2003 ). 

Despite the size of the water resources, there are limitations in that only 25% of 

the region is covered by sedimentary rock. The areas with sedimentary rock have high 

potential as aquifer that is for storing ground water. The general geological map of the 

region produced by the National Geology Agency in collaboration with the Regional 

Water Resources Bureau indicates that around 54% of the region is covered by igneous 

rocks and about 21% by basement rocks that have low ground water holding potential. 

The maps however, are small-scale and do not provide reliable information of local 

hydrology. 

Natural surface waters are important sources for household and livestock uses. 

Seasonal and perennial streams play a crucial role in maintaining the diversity of 

indigenous plant in the riparian zone of the highly fragmented and degraded 

environment (UN-Office for the Coordination Humanitarian Affairs, 2003). Perennial 

streams, however, are dwindling in most arid areas because of more erratic rainfall and 

the removal of vegetation from upland watersheds. Large human and livestock 

populations have resulted in high water consumption as well as non-point source 
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pollution. These factors have aggravated land degradation which is a precursor to 

serious erosion and sedimentation of natural riparian and watere bodies. Hence, in most 

arid and semi-arid areas the availability of good-quality water for irrigation and 

domestic consumption is very limited (FAO, 2004a; Fox Rocktrom, 2003; Oweis and 

Hachum, 2004; Wezel and Rathwz, 2004; Barron and Okwach, 2005). 

Political and policy factors including water management policies and the 

distribution of resources including property rights add to the problems. The lack of 

clear guidelines regarding property rights over water resources create problems in 

terms of distribution and sharing of surface and ground water. Upstream farmers have 

the opportunity to be more prosperous and progressive than downstream farmers, 

because upstream users have legalrights to extract as much water as they desire before 

it reaches· downstream users. This inequitable distribution creates shortages of water 

during the dry season when stream flow reaches its minimum level. Further, the 

increased cropping and cultivation intensity discussed earlier results in soil 

degradation, more drying of soils and, therefore, more water is consumed per unit area 

cultivated. 

4.3. Methods and Materials 

4.3.1 Research design 

The irrigation system in the Adi-Gudom district is relatively new, developed 

approximately twelve years ago. Flood and runoff harvesting projects, community

based irrigation systems, and privately managed on-farm reservoirs have been 

developed in recent years. In the Wukro district, on the other hand, traditional and 

modem small scale irrigation has been practiced for almost a century using perennial 

75 



river diversion and hand-dug wells. The historical differences in irrigation activities in 

the two districts provided the opportunity to investigate the benefit of access to 

irrigation water in terms of the economic performance of traditional farmers and its 

contribution towards food self sufficiency in the drought prone areas. 

Data were collected using a detailed, semi-structured questionnaire-guided 

household survey, focus group discussions, and informal interviews with key 

informants. In order to achieve time series data for analysis and comparison, secondary 

data were also collected from formal sources such as Water Harvesting Institutional 

Strengthening Tigrai, Tigrai Water Resources Development Bureau, Tigrai Bureau of 

Agriculture and unpublished studies. 

4.3.2 Household Survey 

Household surveys were carried out in two districts (Adi-Gudom and Wukro) in 

the Tigrai region, Northern Ethiopia. In this study, household heads were the primary 

data source, with household as defined by Elias (2002): "The production and 

consumption of a group of persons who hold common fields and cultivate and live 

under a central decision maker, the household head." The survey was conducted with 

the household head, male or female. The purpose of the survey was to evaluate the 

impact of irrigation water on household socio-economic welfare, food self sufficiency 

and environmental consequences. The study also addressed water harvesting efficiency, 

implementation and management challenges of irrigation schemes. 
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4.3.2.1 Questionnaire survey 

The questionnaire (Appendix) was developed at the University of Saskatchewan. 

It was reviewed by the University Ethics Board and approved after minor revisions. 

The questionnaire was tested using pilot participants prior to actual interviews in order 

to see if the participants understood the scientific terminology and able to provide the 

required data reliably. The questionnaire was modified following the test interviews to 

suit the participants' level of understanding without losing the initial content of the 

questionnaire. 

The semi-structured questionnaire was given to 202 household heads randomly 

selected from extension workers list of the regional population from six villages 

(tabias) in the Adi-Gudom and Wukro districts. The farmers were given two weeks 

notice to gather in village schools or gathering halls. Weekends and religious holidays 

were chosen for the interview so that the farmers could do their daily activities during 

working days. Group consent was collected in accordance with the Ethics Board 

regulations of the University of Saskatchewan. The questionnaire focused on the 

impact of access to irrigation water on production and food self sufficiency and 

integrated with socio-economic variables such as the economic welfare of the 

household, agricultural development, production and produce market availability. 

The main criterion for participant selection in the survey was access to irrigation 

water either through river diversion, micro-dam reservoirs, OFR (locally known as 

horeye) or shallow hand-dug wells or lela. Hand-dug wells and the OFRs are the most 

recent irrigation sources in the study areas. Farmers who are not beneficiaries of current 

water development projects, due to topographic limitations are included in order to 
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compare and contrast the impact of access to irrigation water on household food self 

sufficiency. The participants were grouped into the following four categories. 

1. Farmers who use traditional irrigation systems from natural flowing river 

diversions. 

2. Farmers who have access to irrigation water through Water Harvesting 

Institutional Strengthening Tigrai (WHIST} and the Water Resources 

Development Bureau (WRDB) from one to nine years. 

3. Farmers who will have access to irrigation in the near future using OFRs 

and shallow hand-dug wells 

4. Farmers who will not have access to irrigation water in the near future 

because of topographic limitations and remoteness of their plots. 

The total farmer participants and the tabias studied in the two target districts are 

summarized in Table 4.1. The interviewed participants were grouped according the 

above listed categories to highlight the impact of irrigation water in the faming 

household livelihood and overall the notion of food sufficiency. 

Table 4.1. Number of participants categorized by district and tabias 

Irrigation Group 

District 
Villages 

Recent Prospective Non- Sub-
(Tabias) 

River D. irrigators irrigators 
irrigators Total 

irri8ators 
Ara-Assegeda 30 24 54 

Adi- udom Hi wane 15 10 25 

Hintalo 18 3 20 41 

Abraha Atsbeha 35 8 43 

Wukro Genfel 16 16 

Berki 20 3 23 

Total 51 96 35 20 202 
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4.3.2.2 Key informants and group discussions 

Informal interviews and discussions with experienced farmers, administrators and 

irrigation committee chairs were carried out to gather in-depth infoamtion of the 

primary data obtained using the formal interview. The discussion focused primarily on 

the major problems and opportunities of the small-scale irrigation development, 

management and maintenance challenges. The group discussion was aimed at 

elaborating on the challenges of irrigation water management, distribution and equity 

issues. The discussion also explored the issue of water property rights focusing on 

communal as well as institutional conflict resolution mechanisms between upstream 

and downstream irrigation water users. The group discussion was also aimed at 

exploring the potential of the use of ground water and the development of OFRs to 

individual farmers. 

4.3.2 Secondary data collection 

In order to investigate the historical perspective of water projects in the study 

area, time series data on crop yield and the performance of small-scale irrigation were 

collected from different formal sources .. The data were obtained from the district 

agricultural bureau, extension workers, the Tigrai Bureau of Agriculture {TBoA), 

Tigrai Water Resources Development Bureau (TWRDB) and Water Harvesting 

Institutional Strengthening Tigrai (WHIST) project. The data were obtained from field 

reports, formal publications and database resources. 
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4.3.3 Field test of soil conductivity and salinity problems 

To assess the potential challenges related to waterlogging and salinity problems 

of soils in irrigated areas, soil salinity measurement, yield and crop patterns were 

collected from community-based irrigation sites. Random soil samples were taken from 

a pre-determined grid which included topographic variation. The salinity of soil 

samples were measured using a portable YSI 30 model salinity and conductivity meter 

kit. The soil was suspended in distilled water to prepare a 2: 1 soil to water ratio paste. 

Then the salinity of the soil paste was measured directly with the portable conductivity 

and salinity meter calibrated to 1 dS/m conductivity standard. 

4.4 Results and Discussion 

4.4.1 General household structure 
The household characteristics observed in the study include the number of people 

per household, the distribution of people by age and sex, the education level of the 

household heads as well as household members between the ages of 15 and 55 

inclusive. Individuals in this age group are considered to be the main labour force in the 

farming system of the community. The number of people per household ranged 

between 2 and 14 in both districts, with 69% and 82% of the households in Adi-Gudom 

and Wukro consisting of five or more household members respectively (Table 4.2). The 

large number of household members indicate that the fertility rate is still very high and 

may remain high for the years to come. Traditionally, having many children is 

considered important since children provide a source of low cost labour to the 

household. 
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Table 4.2. Number of people per household in the study areas and average 
household members in the target farming communities 

District No. ofHousehold Number of age% Av. Household 
members households members 

2 14 12 
3 9 7 

Adi- 4 14 12 
Gudom 5-8 74 62 5.7 

>8 9 7 
Total 120 100 

2 4 5 
3 2 3 

Wukro 4 8 10 
5-8 58 70 6.5 
>8 10 12 

Total 82 100 

This high household population created immense pressure on the available 

resources. Plots are too small to support the large families. This was confirmed by 

the 202 participants interviewed and those who participated in our group discussion 

from all six villages in both districts. This large family in a household level is a good 

indicator of the population pressure on the land. 

4.4.1.1 Irrigation practices and household head composition change 

Women in most rural communities in Tigrai are traditionally responsible for 

cooking, fetching water for the whole family and caring for children. Women actively 

participate in community meetings and decision making. It is not common however, to 

see women ploughing or harvesting in a rainfed farming system, as it is a local custom. 

The household head is responsible for decision making on farming practices and planning 

events concerning the family welfare. The majority of the household heads were male. 

There were more female household heads in the group with access to irrigation water than 
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in the non-irrigator farming communities. The women make the same farming decisions 

as their male counterparts. The study found that where the irrigation schemes are close to 

the village settlement areas, women had higher participation in direct farm operation in 

addition to their traditional contribution to the household. 

Female household heads who have direct farm operation and decision making 

are about 50% (Table 4.3). The construction of irrigation schemes close to household 

premises encourages females to become household heads and be directly engaged in 

farm decision-making. This is a significant contribution to the relatively closed family 

structure and will make a significant contribution to the farming economy if women are 

more directly involved in the farming system. 

Table 4.3. The contribution of female household heads to farm management in rainfed 
and irrigated systems in Adi-Gudom and Wukro districts 

Female household head contribution(%) 
Agricultural 
system Decision Direct farm Working age 

making operation 
Irrigated 35 15 49 

Rain fed 12 7 48 

The results show that female household decision makers in the irrigated 

agriculture system are greater than the involvement of women in the rainfed agriculture 

system. The overall female direct farm operation is still low, but their participation in 

direct farm operation and decision making is higher in the irrigated agricultural system 

and this shows that female farmers are willing to play a leading role in the farming 

economy. 
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Female household heads, although main financial decision makers and the 

suppliers of the materials required for all farming activities, they had to hire a male 

farm worker or have a relative assist them in field ploughing and harvesting the crops. 

Female household members were engaged in field work such as weeding and collecting 

and stacking crop during harvest periods. Additionally, women were responsible for 

growing vegetables and different spices in their home gardens. 

The main labour force for farm work within the sample population included 

males and females between the ages 15 and 55 inclusive. This age group accounted for 

49% and 47% of household heads in Adi-Gudom and Wukro respectively (Table 4.4). 

The majority of the household population of both districts was young (<15). These 

young household members were economically dependent and they account for 51% 

and 53% in Adi-Gudom and Wukro respectively {Table 4.4). Even though children 

under the age of fifteen provide labour by performing simple household tasks such as 

attending livestock, fetching water and collecting firewood, there are no data to 

measure their contribution to the farming economy. 

Table 4.4 The age and sex distribution of household members in the Adi-Gudom 
and Wukro districts 

Wukro Adi-Gudom 
Age Sex Number age% Number age% 

of people of people 
<15 Male and 134 50 147 47 

female 
15-55 Male 64 24 75 24 

15-55 Female 61 23 76 25 

>55 Male and 10 3 12 4 
female 

Total 269 100 310 100 
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Even though some household members in the age group of 55 and above were 

active in farming, their number was small and most of them were not full time farmers 

because of health problems. They provide guidance to young people and play a key 

role in decision making. 

4.4.1.2 Education 

The average literacy rate of working age household members of the two districts 

is 35%. The literacy level of the household heads in both districts was much lower 

(11.3%) than other working age household members in the 15 to 55 age class (Table 

4.5). Only 3% of household heads indicated that they or one of their household 

members acquired a high school education. Almost 98% of the female household heads 

did not have any formal education. About 75% of male household heads lack any 

formal education. However, approximately 80% of the participants said that they send 

at least one-half of their children to school. Out of those who had received formal 

education, 85% had some primary education, 15% had completed primary school, 

while only 10% had been enrolled in junior high school. Only about one-third of those 

in the 15 to 55 age class are able to read. Education for poor people often is considered 

a luxury, with their time allocated to working on the farm or searching for off farm 

work. 
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Table 4.5 The sex and literacy level of household heads and working age members of 
household heads in Adi-Gudom and Wukro districts 

Number of 
Working age Household 

District male household 
Number of female (15 to 55) 

head literacy 
heads 

household heads literacy (%) (%) 

Wukro 71 11 39.9 11.5 

Adi-Gudom 101 19 29.5 11.1 

4.4.2 Socio-economic benefits of irrigation 

The main objective of developing irrigation is to increase production capacity and 

enable farmers to produce high value crops during the dry season. Access to irrigation 

water through water harvesting projects and water resource development initiatives is 

important to future stability with important economic and social implications (Jabbar et 

al., 2000; UN-Office for the Coordination Humanitarian Affairs, 2003). Water is a 

valuable commodity not only for annual crop production but also for domestic and 

livestock consumption (Rockstrom et al., 2004). The economic benefit of small-scale 

irrigation schemes in the region has not been fully investigated, but it is believed by 

farmers and development agencies that new water harvesting projects and small-scale 

irrigation systems have potential to help alleviate rural poverty. 

Farming systems have changed and incomes have increased significantly after 

irrigation water has become available. Smallholder farmers are able to produce at least 

two crops per year. This boosts the farming income and increases the availability of 

fodder to livestock benefiting the whole system. With access to irrigation water, 

farmers are shifting from the traditional cereal crops to vegetable and fruit crops during 

the day season to achieve higher market prices (Table 4.6). Farmers said they did not 
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incur significant extra cost with irrigation water indicating that their operation costs are 

the same in both the dry season and wet season production. The major cost that farmers 

incurred in both systems is their labour, and is difficult to ascribe a dollar value because 

farmers do not pay wages to themselves or other household members. 

Table 4.6 Price variability between rainfed and irrigated crops as determined by the 
selling period within a production year 

Wet season crops (Cereal crops ) Dry season crops ( high value) 

Price Selling 
Crop type Price(Birr* kg-1

) Selling period crops (Birrkg-1
) period 

Wheat 1.50 Dec. Onion 3.20 

Barley 1.25 Dec. Tomato 2.50 

Taff 1.75 Dec. Green pepper 3.25 

lentil 2.00 Dec. Fruits 3.45 

Grass pea 1.50 Dec. Cumin 25.00 

* Birr is Ethiopian unit of currency and is equivalent to 1 USD$= 8.63EBR 

Source: household survey (2004) 

Dec. 

Nov. 

Dec. 

Dec. 

Dec. 

One of the reasons why irrigated crops fetch much higher price than wet season 

cereal is because cereal crops are sold right after they are harvested to pay for fertilizer 

and other farm equipment loans. Farmers are forced to pay off their loans within a 

limited time frame which leads to an excess supply of cereal crops in the market and 

lower prices. Irrigated crops particularly fruits and vegetables sold in the same month 

on the other hand, have relatively lower supply but higher demand in the market. 

Another explanation was the fact that most of the dry season products are 

perishable crops (with the exception of cumin), thus consumers are willing to pay more 

for the fresh supply. Cumin fetches extremely high price for two reasons. Firstly, it is a 
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new crop in the area, produced by only a few irrigators. Secondly, it is in high demand 

by exporters from other parts of the country and regional crop development agents. 

Another explanation for the soaring of the price of Cumin is because this crop is a hot 

and profitable export commodity. 

The participatory interviews conducted in this study show that recent small-scale 

irrigation projects have contributed to the socio-economic welfare of the participants. 

Farmers during the interview said that with irrigation and application of farm inputs 

such as chemical fertilizer and manure, the yield of high value crops almost tripled. The 

prices and yield of most crops sold in the local market fluctuates year round. High 

value crops which are produced during the dry season received higher price in the 

market. Successful irrigators who cultivate a plot of one half hectare said they produce 

about 800 kg of onions or 1500 kg of tomatoes and about 2000 kg of a variety of fruits, 

twice a year (Fig 4.2). Based on the price reported (Table 4.6), farmers can earn Birr 

1200, 3750 and 6900 (equivalent to USD $140, $435 and $800) from onions, tomatoes 

and fruits off their one half hectare plot. These are relatively high earnings for an area 

where incomes are generally less than $100 per annum. According to the participants, 

in a good rain year farmers can produce about 450 kg of wheat, barley or 300 kg oftaff 

from one half of a hectare. An average farm income from the cereal crops will be Birr 

675, 563, 525 (or USD $78, $64 and $60) from Wheat, Barley and taff respectively. 

Production of the staple cereals is usually low because of erratic rainfall and frequent 

dry spells during the rainy season. The price of the cereals fluctuates throughout the 

year that affects the overall farm income for non-irrigators in the study area. 
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Fruits are the most profitable and have high market demand. This encourages 

farmers to move towards fruit production. Most farmers who have access to irrigation 

water have fruit trees planted around the border of their fields to provide additional use 

as fences and as wind breaks. However, the perishable and short shelf life of the high 

value crops is the limiting factors for increased production. Many of the high value 

crops that have high yield require special storage and handling facilities. However, 

there are little or no opportunities to improve the shelf-life of these products due to the 

lack of processing, storage and infrastructure facilities to reach distant markets. The 

lack of a proper storage and infrastructure and transportation facilities are problems for 

local farmers. Some of the strategies that farmers employed to avoid wastage are to 

focus on crops that can be harvested partially in daily or weekly basis for long period. 

Farmers suggested that to improve their family and community economic welfare there 

needs to be investment in processing and packaging facilities or better transportation 

infrastructure. 
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Fig 4.2 Yield of dry season high value crops using river diversion small scale irrigation 
system (kgha-1

) in the Wukro district 
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Most surveyed participants consider that irrigation systems secure and enhance 

crop productivity by increasing available moisture, thereby providing decreased 

production risk due to shortfalls in precipitation. The availability of water contributes 

to the physical and economic sustainability of the agricultural systems. Assured water 

supply improves the coordination of production planning and execution of agronomic 

activities such as the timing of cropping season. Farmers can start seeding early when 

they know that they have enough water to start their crops (Lankford, 2003). Different 

crops have different water requirements and farmers can develop improved cropping 

schedules when they have a secure irrigation water supply. For example, farmers said 

late maturing crops such as com and sorghum perform well if they are planted in early 

spring (end of April or the beginning of May). In addition to increased productivity, 

irrigation can increase and stabilize paid and non-paid jobs in the farming community. 

Farmers often hire farm labour during labour intensive periods such as seeding, 

weeding and harvesting periods, and for irrigation and field preparation. 

The . study also found that farmers who have access to irrigation choose to 

produce crops that can be sold in local markets. Occasionally, local traders come to the 

irrigated farms and buy products such as vegetables. Farmers' interaction with buyers 

facilitated information exchange and enabled farmers to assess the market for their 

products. The relationship between irrigated farm products and markets may lead to 

further development of irrigation, improved water management efficiency, and 

investments in viable technologies. As the size and efficiency of irrigation increases, 

the number of economic transactions among community and farmers, labourers, service 
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providers, farm produce buyers (local traders) also increases, thereby boosting the local 

economy. 

The contribution of each small-scale irrigation scheme to the household economy 

varies significantly. According to the farmers and secondary data sources, there were 

differences in yield between the crops produced using river diversion irrigation systems 

and those relying OFRs. The average onion and tomato yield from the river diversion 

irrigation system were 1355 kgha-1 and 2370 kgha-1 whereas the same crops produced 

using micro-dam or OFR were 4050 kgha-1 and 3717 kgha-1 respectively (Fig. 4.3). The 

large difference in yield might be attributed to different management and application 

techniques such as timing of irrigation, amount of water applied and solute content of 

the irrigation water. Farmers who used both irrigation schemes indicated that river 

water sometimes caused low crop biomass and declining yields with time. The yield 

decline eould be from low soil fertility due to leaching, nutrient mining and overall 

land degradation due to long-term river irrigation practice. The river water, particularly 

late in the growing season when flows diminish, contains significant amounts of salts. 

Salts may build up in the soil over time. 
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Fig 4.3 Yield of selected high value crops from OFR (dugout) irrigation system as 
estimated from 25m2 plots in Adi-Gudom district 

Source: Tigrai Water Resources Development Bearue (TWRDB, 2003) 

4.5 Small-scale irrigation scheme management challenges 

Water resource development initiatives have shown commendable and promising 

results in improving smallholder livelihood in the Tigrai region. The beneficiaries of 

the water projects within the study area have had access to three different types of 

irrigation water sources. One of the groups of farmers in the study area use river 

diversion as small-scale and supplemental irrigation. Some farmers use runoff 

harvested water for both supplemental and small-scale irrigation purposes. This group 

includes both micro-catchments, communitybased irrigation system, and OFRs that are 

individually constructed and managed. The third group of farmers in this research use 

shallow hand dug wells on their fields to irrigate vegetables, fruit and perennial crops. 

Despite the promising potentials of the water development initiatives, irrigation 

developments are encountering significant challenges that are limiting their success. 

The equitable distribution to different users is one of the major problems requiring 
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better regulatory bodies. Detailed accounts of the challenges specific to each of the 

small-scale irrigation schemes are discussed in the following sections. 

4.5.1 River diversion irrigation system 

The river diversion irrigation lacks guidelines for proper use of the water. The 

rights to water of upstream and downstream farmers are not clearly defined. This lack 

of well-defined rights creates inequitable water distribution among users. The 

following anecdote collected during the survey illustrates some of the challenges 

imposed on farmers by the lack of property rights. 

Mr. Halefom Abraham*, who is a resident of Berki, owns a one hectare plot 

right under the river diversions section and another one hectare rented plot about 1 

km downstream. He cultivates his own plot year round and can produce three crops, 

especially fast growing crops and he uses intercropping. He obtains water from the 

stream using two pumps. In addition, he has dug a reservoir on the border of his 

field and pumps water from the river and stores the water in the dugout to be used 

when the water level is low in the river and cannot be pumped. He has the right to 

use the water in this way as long us he does not create a physical barrier to block 

the natural flow of the river. There is no legal entity that restricts him from 

extracting excess water even if downstream farmers who do not receive enough 

water to irrigate their plots. 

Note* not the real name of the participant 

Due to a shortage of natural water flow and high populations in a single 

watershed, there is high demand for irrigation water. The lack of property rights and 

water use law inequitable water distribution is inevitable. Upstream water users 
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decrease opportunities for downstream users by reducing water quantity and quality, 

thus affecting the livelihood of downstream users (Levite and Sally, 2002). 

The attitude of downstream users. towards upstream users in the study areas was 

investigated. A range of actions has been taken by downstream users to address the 

current inequitable water distribution. The actions of downstream users in most of the 

watershed and micro-dam irrigation schemes included a petition towards the 

establishment of a water use regulatory body by different levels of government. This 

may lead to the establishment of institutions that oversee investment on infrastructure 

and improved water delivery. In addition, it was felt that the regulatory body would 

facilitate opening a dialogue that could lead to cooperation and negotiation between the 

upstream and downstream water users by creating local water committees (local elders) 

who are called abomai. This represents a first stage to create an effective institution. In 

some areas where the above approaches are not implemented, the inequitable 

distribution of water between upstream and downstream can become irreconcilable 

leading to conflict and the use of force which undermines the economic potential of the 

new and traditional irrigation schemes. 

Both by tradition and constitutional law, water is public property which ensures 

free access to water resources by every citizen. These common laws are governed by 

cultural norms and customs initiated by civil order and the need to share resources to 

ensure that water is not monopolized by a certain class or group of people thereby 

denying others access to water for household consumption purposes. Cultural and 

social norms, however, are challenged when the use of water is changed. The 

traditional laws fall short when water is used for crop production purposes and the 
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demand for water has increased dramatically. Equitable sharing of river and harvested 

water among irrigators is facing a serious challenge in most community based irrigation 

schemes. During the group discussion, most farmers said the traditional/customary 

water distribution which encompasses water for household consumption and livestock 

watering is not capable of addressing the problem of equitable distribution of irrigation 

water. Traditional water distribution is guided by communal goals, where household 

members take the amount of water they require for household consumption. However, 

when water is used for irrigation, communal thinking becomes ineffective because they 

associate application of more water with yield and income increase. This leads to 

inefficient water use and deprives downstream users from their equitable share. In 

order for traditional water law to function effectively in the pressing water demand for 

irrigation, a clear water distribution guideline and property rights should be insured. 

The quantity of water a single farmer can extract for a given land unit should be clearly 

stated and enforced. 

4.5.2 Micro-dam, community based irrigation schemes 

There are a number of persistent challenges associated with harvested runoff 

water. The main challenge in the study area is water loss. Harvested water losses 

through seepage and due to inappropriate irrigation practices are common in the study 

area. Another problem is sedimentation of the reservoirs. Most micro-dams in the study 

area were partially filled with sediment due to erosion from upper catchment areas. In 

fact, some of the reservoirs are filled completely and no longer able to store water, 

particularly in areas where the catchments are highly degraded and deforested. 

94 



The newly constructed small-scale irrigation schemes are scattered in remote 

areas that are inaccessible, especially during the rainy season, due to poor infrastructure 

and lack of transportation facilities. Many farmers are left without the proper provision 

of extension services and technical support for maintenance and management 

initiatives. Although the farming communities play a crucial role in the development of 

these irrigation schemes, including constructing canals and furrows, the farmers do not 

receive adequate technical and financial support from local authorities and farm experts 

to ensure the effective continuation of the irrigation projects. The farming communities 

in all the sites investigated are willing to provide labour for the maintenance of 

structures as well as cooperate with those who provide financial and technical 

assistance. Farmers want to improve the quality and quantity of harvested water and 

reduce water wastage due to mismanagement and inappropriate distribution among the 

users. 

Most micro-dams store less water than their storage capacity (Fig 4.4). On-farm 

tests are required to determine the amount of water that can be harvested from various 

catchment areas, estimate runoff coefficients and the sediment deposition level 

affecting long-term capacity of the reservoirs. Accurate estimation of the catchment 

areas and the runoff coefficient would enable developers to design reservoirs of 

appropriate capacity. The development of suitable and affordable technologies and 

their transfer to irrigation water users improves the efficiency of water harvesting 

techniques. 
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Fig.4.4 Harvested water in small reservoirs compared to their designed capacity 
Source: WHIST and TWRDB (2003) 

The results indicate that over time the storage capacity of the micro-catchment 

dam and reservoir were limited by sedimentation and drought cycle (Fig 4.4). All the 

harvested water declined significantly in all reservoirs due to drought during the long 

rainy season in 2002. However, the impact of the drought varied significantly due to 

micro-scale variability of the rainfall. For instance, the drought did not affect the water 

harvesting process in theM. Gassa and A. Kenafiz reservoirs as much as it did to G. 

Salasa and M. Hydi due to substantial runoff on the relatively steep slopes and soils 

with low water holding capacities such as Keyahita and Hutsa soils of the former. 

Moreover, topographic characteristics and soil properties of the catchment and 

surrounding areas are contributing factors for the water storage variability in some 

micro-dam reservoirs. For instance, the landscape of the catchment area of the G. 

Salasa reservoir is relatively level and heavy clayey (Walka) soils resulted in reduced 

runoff. The M. Dele and M. Hydi reservoirs have small and level catchment areas. The 
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reservoirs were completely dry during the visit to the area andfarmers confirmed that 

the reservoirs do not hold much water during the dry season. 

The failure of these projects erodes the confidence of farming communities in 

future projects. Many farmers have expressed their concern and disappointment over 

the lack of consultation during planning, design and construction of the water projects. 

The loss of fertile soils upon which the inefficient reservoirs actually sit is a major 

disappointment. The study farmers vigorously expressed their disapproval regarding 

wastage of precious land for construction of inefficient reservoirs. For instance, the G. 

Salasa micro-dam is a check dam located at the confluence the Medelba and Kokoho 

ephemeral streams where topography is level. When filled, the reservoir covers a large 

area of once productive land. When this occurs, farmers are forced to abandon nearby 

fields. Poor planning and failure to consult with local land users led to significant land 

wastage which is already a large problem in the area. The loss of land due to faulty site 

selection and construction planning causes negative socio-economic and environmental 

implications. 

4.5.3 On farm reservoirs 

Currently the regional government, in collaboration with water resources 

development partners and NGOs, is encouraging farmers to construct OFR to enhance 

self-reliance and improve agricultural productivity. OFRs are small dugouts that are 

constructed by individual farming households or small groups of farmers who share the 

water. OFRs are used in many areas to collect runoff water from individual fields for 

supplemental and small-scale irrigation. The shift from community-based irrigation 
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systems to individually operated OFRs is aimed at increasing water harvesting 

efficiency and solving the management and maintenance problems of the farmers. The 

economic impact of the OFR irrigation schemes is not yet known because they are 

recent projects. In this study however, the contribution of OFRs on the livelihood of 

farmers was explored, based on the interviews and group discussion with the farmers 

involved. 

Detailed interviews and discussions with farmers revealed that the OFRs are also 

facing intertwined biophysical, socio-economic and structural problems. Many of the 

farmers said that they have encountered major problems including water loss, physical 

barriers during construction and runoff harvesting failures. Almost 75% of the farmers 

interviewed said they were not able to use the water for irrigation because of excessive 

water loss both through seepage and evaporation. This problem· was also identified by 

extension workers and the agriculture bureaus of the districts. This was due to the thin 

clay-linings of the OFRs and the sandy texture of some soils. More than 45% of 

farmers had transported clay soil from a distant location to reduce seepage problems, 

but this process is time and energy consuming. 

Another important issue was that many of the OFRs were not able to collect 

enough water during the rainy season. Studies to quantify the size and extent of the 

catchment area prior to the construction of the reservoirs were limited or incomplete 

due to the lack of expertise· in water harvesting techniques in the region. Farmers 

received little or no technical and financial support to construct their reservoirs. The 

lack of expertise and guidance eventually resulted in water harvesting inefficiency. 

Sometimes the ponds are constructed on the most fertile section of the plots, taking 
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land out of production. The small holdings have also created physical limitations to the 

construction of the OFRs. The farmer's single plot is usually 0.25ha and construction 

of ponds takes a significant proportion of the plot. 

The third and most important issue raised was the lack of household labour, 

equipment and capital during OFR construction and the lack of investment to improve 

efficiency and productivity by efficiently using the harvested water. Farmers have to 

endure the difficulties of digging and excavating the ponds, and they usually face 

bedrock underneath which makes it even more difficult, a problem for about 85% of 

the framers. All of them had to use human and animal power to break the rocks, 

contributing to the length and complexity of an already challenging task. A significant 

number of the farmers (34%) said they have abandoned their construction effort due to 

the presence of bedrock, and shortage of equipment and capital. The persistence of 

these water harvesting and management challenges were also reported in other part of 

the country (UN-Office for the Coordination Hiunanitarian Affairs, 2003). 

Despite the problems of water loss through seepage, few farmers interviewed in 

this study said they used a plastic lining for OFRs. The lining is made of black 

polyethylene membranes, 0.5mm thick and treated against the corrosive effects of 

ultraviolet rays. The expected life is about ten years. However, many of the farmers 

cannot afford to invest in a plastic lining, which costs an individual farmer about 1400 

ETB (162 USD) without subsidy. Interviewed farmers said that plastic lining is quite 

efficient, reducing infiltration and water loss to almost zero. However, it requires 

proper handling because it can be easily punctured and is difficult and expensive to 

repair. Although the plastic can be mended when it is punctured, it is expensive to do 
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so. Farmers generally opt for clay lining of OFRs which is cheap and readily available. 

Clay-lined ponds have lower water retention capacities than plastic-lined ponds, but a 

longer life span and the farmers have no maintenance problems. Clay-lined ponds are 

favored in lower landscape sites where the soils have higher clay content. In sandy 

sites, farmers have to transport clay from distant public lands, which the farmers said is 

labour intensive. 

The OFRs are often quite small and not able to store adequate water for 

household crop production. About 25% of OFR users said that the reservoirs were too 

small to irrigate significant amounts of land. The successful ponds have holding 

capacities ranging from 150m3 to 185m3
• Assuming that seepage is minimal and water 

is not lost through other means, 150m3 provide 15cm depth of water to one-tenth of a 

hectare. With the large household family size of the farming community in the region, 

the OFRs will make only a small contribution to alleviating poverty. Either the pond 

size will need to be increased or the size of family has to decrease. Increasing pond size 

is the only viable option in the short-term. Modifying land use and rehabilitation of 

degraded lands may help to solve the land shortage problem. Any change in family 

structure and demographic pattern requires long-term socio-economic, educational and 

cultural transformation, supported and enforced by regulatory policies. 

The advantage of the OFR systems over the community based irrigation systems 

(river diversion and micro-catchment reservoirs) is that they solved the inequitable 

water distribution problems. Farmers can manage and utilize the water depending on 

their capacity and choice of production activities. OFRs enable individual households 

to have flexible cropping schedules. Freedom for water use encourages farmers to be 
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creative and innovative in terms of assessing, learning and gaining practical knowledge 

from their mistakes and building on their successes. 

4.5.4 Shallow hand-dug wells (Ilia) 

The third most important and growing source of irrigation water is ground water 

from small' hand-dug wells. Many farmers in Tigrai are using ground water for small

scale irrigation and vegetable production for both household consumption and for sale. 

However, the size of the groundwater reserve is unknown. A full scale investigation 

and detailed assessment would be required in order to develop and manage ground 

water resources. Farmers in the local area reach ground water when they dig a few 

meters, indicating that ground water is a promising resource to increase crop 

production and boost food sufficiency. Farmers who are using ground water for 

irrigation purposes said it is more reliable because unlike the other water resources, 

seepage and evaporation problems are minimal when the wells are covered. 

The main concern of this new practice is that excess ground water extraction 

could deplete the aquifers, leading to drastic economic and environmental problems. 

Group discussions found that most of water users preferred to draw more today and less 

tomorrow. Balancing ground water consumption and annual recharge is crucial, not 

only for the economy of the region but also for the sustainability of the environment. 

More accurate measurements of the recharge rate and ground water use are required to 

provide recommendations on sustainable management of ground water resources. 

Farmers also indicated that even though they will continue to tap from the aquifer 

to boost their agricultural production, they are taking initiatives to facilitate ground 

water recharging process. For instance, in order to improve sustainability of 
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water recharging process. For instance, in order to improve sustainability of 

groundwater reserves farmers in the Wukro district are applying their IK of soil and 

water conservation. Almost all the Aabraha Atsbeha village farmers were digging deep 

trenches along the along a large catchment area (Fig 4.5). The local farmers explained 

that in order to ensure continuity of ground water use in the depressional and lower 

areas where more fertile fields are found, water recharge during the rainy season has to 

be improved by holding the water in the temporary reservoirs, facilitating slow seepage 

into the ground. Most of the farmers indicated that their ground water recharging 

structures are successful in terms of preventing flash runoff from the steep sloped hills 

and large upper catchment areas. This artificial recharging system enabled farmers to 

use the water to produce high value vegetables and fruits during the dry season. 

Fig 4.5 Local farmers in the Wukro district, Abraha Atsbeha village participating in 
digging temporary reservoirs to prevent flash runoff and facilitate downstream ground 
water recharge. 
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initiatives to increase ground water recharge. The sandy nature of the topsoils and the 

rapid percolation makes it challenging to collect runoff water on the surface for 

irrigation or other purposes. Farmers' understanding of the geomorphological and 

textural properties of the soils enabled them to manipulate the adverse condition to 

their own advantage. Recharging ground water is more economically and 

environmentally sound than storing it in reservoirs given the local soil conditions. 

Farmers' efforts towards replacing the water they tap from the aquifer in order to 

maintain and replenish it need to be studied, explored, encouraged. Their tacit 

knowledge regarding soil and water conservation can contribute to the sustainable 

agricultural development and application of intervention technologies in the region. 

4.6 Risks and complexity of developing irrigation schemes 

Low economic return during early stages of irrigation projects and their negative 

environmental impact are some of the risks and concerns irrigators face (Lankford, 

2003; Mazungu, 2000; Postel, 1992). Irrigation risks, complexities, economic 

assessment social as well as environmental impacts have to be considered during the 

development of irrigation schemes to avoid farmers frustration and lack of support. 

Irrigation development at early stages can . be slow and may not provide significant 

improvement in crop production. 

The development of small-scale irrigation schemes near villages can be risky 

because children and livestock can drown easily in reservoirs. During interviews with 

participants it was indicated that children and some adults (mentally handicapped) and 

significant livestock had been lost because of unsecured fencing and guarding of the 

reservoirs. Even though this is not particularly a serious threat to many farming 
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communities, it indicates that appropriate measure and needs to be taken in order to 

solve and prevent further human and livestock losses. Proper fencing, a paid guard, or a 

community law that can be enforced to forbid children and livestock from reaching the 

reservoirs can be used. Livestock watering systems have to be developed to reduce 

health problems caused by direct access of livestock to water bodies. 

Water harvesting development projects may be causing health concerns to nearby 

households. Some studies from arid and semi-arid environments indicate that micro

dams are believed to increase the incidence diseases because of favourable conditions 

for water-borne diseases, such as malaria and schistosomiasis (bilharzia) (Ersado, 

2005). The disease factor has negative implication on the household economy because 

farmers spend time and money to care for their sick. Many farming communities are far 

from health centers; with limited transportation facilities farmers are forced to spend 

many hours traveling to the nearest health centers. The reservoirs such as G. Salasa in 

Adi-Gudom district and river diversion irrigation users in Wukro (Genfel and lower 

area of Berki) have become sources of malaria to farming communities. During a visit 

to these irrigation schemes and the command area fields, the irrigation canals and small 

gullies were holding stagnant water and their edges were covered with long grass 

creating a favorable permanent breeding ground for the spread that cause malaria. 

Farmers have also confirmed that malaria is becoming common especially during the 

hottest months (September, April and May). Due to a time constraint, no attempt was 

made to confirm the farmers' contentions from medical records in the area. However, 

case studies carried out in other parts of Ethiopia have concluded that irrigation 
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schemes .are related to a higher incidence of malaria infection (Roundy, 1985; Ersado, 

2005). 

Small-scale irrigation systems generally are considered to have positive economic 

benefits with minimal environmental problems. However, in many arid and semi-arid 

areas small-scale irrigations schemes cause profound negative environmental 

externalities because of the high level of evapotranspiration. Some of the major 

environmental problems in the micro-dams and perennial river irrigation systems 

investigated in this study are: salinization and waterlogging. 

Salinity and waterlogging were especially evident in irrigated command areas of 

some micro-dams and river diversion irrigation systems especially on clayey soils 

(Table 4. 7). Although not yet critical, results indicate that the salinity problem is on the 

rise. For instance, the salinity level of irrigated fields in the G. Salasa micro-dam 

command area is significantly higher compared with non irrigated fields which have 

similar heavy clay soils. The lack of time series data for salinity of study areas was a 

limiting factor to assess the rate at which the salt contamination is increasing. However, 

with the short irrigation history of the site (nine years) reports from extension workers 

and the local bureau of agriculture have recognized the possibilities of increasing 

salinity. Farmers who use the Suluh river diversion and G. Salasa micro-dam irrigation 

schemes in Genfel and Ara-Asegeda respectively reported serious waterlogging 

problems during the rainy season. i test in Gnefel and Ara irrigated sites show 

significant increment in salinity in fifty and ten years irrigation history respectively 

(Table 4. 7). This high level of salinity led to Participant farmers in crop yield decline 

after the third year of practicing irrigation. 
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Table 4. 7 Soil salinity problems of the study area in different small-scale irrigation 
schemes 

Elec. Chi-Square Sig.(a = 0.05) 
conductivity Values 

District Irrisation site (dS/m) 
AI A shallow wells 1.4 4.7 NS 

Wukro Berki (Suluh) 2.4 6.3 NS 

Genfel (Suluh) 5.5 27.5 SI 

Hi wan (Shilant # 2) 2.5 9.8 NS 

Adi-Gudom Ara ( G. salasa) 6.5 29.6 SI 

Ara-non irrigated 2.4 5.6 NS 

NS: no significant difference between the observed and expected values at a= 0.05 

SI: There is significant difference between the observed and expected values at a= 0.05 

The lack of time series data on crop production and yield hinders the full 

assessment of crop potential and actual loss incurred by farmers due to salinity. In 

order to assess the full scale damage to crop production due to irrigation related salinity 

problems, long-term area-specific detailed study may be required. Preventive measures 

such as proper management, maintenance of the irrigation schemes and construction of 

drainage can enhance the sustainability of irrigation. Detailed hydrological and 

geomorphological investigation should be a prerequisite for construction of small-scale 

irrigation schemes to reduce the environmental risk. Farmers lack the technical 

knowledge of salinity problems, but expressed their awareness about the yield decline 

during several participatory discussions. They are willing to contribute material and 

labour for drainage systems to minimize the impact of salinity. 
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Farmers' willingness to participate in development of drainage systems is 

increased when the farmers grasp the real extent of salinity problems and the benefits 

of drainage. The environmental consequences of small-scale irrigation systems need to 

be studied and corrective measures implemented to avoid land degradation in the 

future. Efforts to address salinity and waterlogging problems as they occur will prevent 

significant loss to farming households and the regional economy. 

Despite concerns as discussed above, environmental conservation and 

rehabilitation initiatives were observed in small pocket areas as a result of irrigation 

development. Farmers' environmental awareness increased because of their interaction 

and exchange of ideas with extension workers and neighbours. Some farmers have 

planted more trees in riparian areas and near micro;..dams. Trees are believed to 

improve water infiltration, reduce runoff and soil erosion, thereby effectively reduce 

silt deposition and improve the surface and subsurface hydrological process in a micro-

topographic level. Farmers' knowledge about the advantage of perennial crops is 

growing, and this can bring about long-term improvements in soil and water 

conservation and environmental integration. 

4. 7 The role of access to irrigation water in household food 
self sufficiency in Tigrai region 

Interest in food self sufficiency has increased overtime particularly in relation to 

changes in the extent and nature of food problems worldwide. The 197 5 UN definition 

of food self sufficiency reflected the thinking of the day, which focused on adequate 

production at global and national levels. Food self sufficiency is a state of assuring 
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physical availability and economic accessibility to adequate food in both an 

environmentally and socially sustainable manner and in terms of quantity, quality and 

cultural acceptance for all people at all times for a healthy and active life. Food self 

sufficiency is a matter of both limited food availability and restricted access to food. 

Food insufficiency is no longer seen simply as a failure of agriculture to produce self 

sufficient food at the national level, but instead as a failure of livelihoods to guarantee 

access to adequate food at the household level. Household vulnerability to food 

insufficiency may be caused by lack of capital and wealth to buy food from the market, 

and the lack of transportation and other infrastructure that limit food and fiber 

distribution to remote areas. Today, most common definitions of food self sufficiency 

begin with individual entitlement, though recognizing the complexity and intertwined 

web among the individual, the household, the community, the nation and the 

international community (FAO, 2004a). Household level food self sufficiency 

assessment is crucial to tackling chronic food shortage and alleviating poverty as well 

as bringing sustainable development. In accordance with this view, part of this study 

focused on the role of irrigation water availability to smallholder farming· communities 

in Tigrai region on household food sufficiency. 

This section will highlight how access to water for small-scale irrigation systems 

contributes to the effort of alleviating household poverty by reducing drought 

vulnerability. Community- based and individually managed irrigation systems are 

believed to be strategic development initiatives to Fight the down spiral of per capita 

food production in the region. 
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One of the most important advantages of gaining access to irrigation water for a 

rainfed agrarian community is the possibility of producing at least two crops per year. 

The recent focus on water harvesting and the development and modernization of 

irrigation systems in Tigrai showed promise in intensifying agricultural production, as 

well as promoting sustainable yield increment of both subsistence and cash-generating 

crops. The farmers using small-scale irrigation systems indicated that access to 

irrigation water had improved their living conditions. Significant number (65%) of 

participants said they became food self sufficient for most of the year after they had 

gained access to irrigation (Fig 4.6). The contention of improving livelihood by making 

small-scale irrigation accessible is a significant indicator of the potential of the water 

projects in the area. Well-established irrigation water users are able to produce more for 

a given land resources and reduce their vulnerability to drastic climatic irregularities. 

Development irrigation system enhances productivity and boosts farm 

profitability whereby farmers engage themselves in non-farm income generating 

activities. For instance, farmers who use small-scale irrigation systems tend to develop 

marketing and entrepreneurial skills that enable them to enter into the local trade in 

agricultural products. Interviewed farmers indicated that they would plant perennial 

fruit trees in the coming few years to ensure the generation of long term income. This 

shift also increases food self sufficiency and reduces vulnerability because fruits fetch 

high prices and there is good demand in the local market year round. 
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Fig. 4. 6 Contribution of small-scale irrigation schemes to household food self sufficiency 
in the high land agro-ecozone of Tigrai 

Almost 60% of farmers who are irrigators in all the three irrigation schemes said 

that they became food self sufficient after acquiring access to irrigation water compared 

to only 30% of the respondents of non irrigators who claim to be food self sufficient. 

The micro-dam reservoirs and shallow well users are relatively less food self sufficient 

compared to the river diversion irrigators. Most of the micro-dam schemes and shallow 

wells are recent projects and their economic return at their early stage is low due to 

excessive water loss and management challenges. Similar studies by Lankford (2003), 

Mazungu, (2000) and Postel (1992) on economic return of new irrigation schemes 

found that small-scale irrigation schemes at their early stage do not show high 

economic return. The low economic return of irrigated agriculture was due to water 

loss through seepage, evaporation, low management practice, lack of experience in 
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irrigation procedures; inappropriate cropping schedule and farmers are reluctant to 

follow training and instructions to improve productivity of irrigated land. 

The river diversion irrigation system has a relatively longer history than the other 

irrigation systems. The difference in food self sufficiency between river diversion 

irrigators and the other irrigators can because long-term wealth accumulation. Some 

progressive river diversion irrigators indicated that they have invested in other non

farming activities. About 25% of the farmers said they generate income from houses 

that they rent in small towns and small businesses. Income generated from non-farm 

investments may have contributed to the high food self sufficiency respondents of river 

diversion users. 

Farmers when asked about food self sufficiency during the whole year indicated 

that their food stock depletes towards the end of dry season and throughout the wet 

season, i.e. from May until August {Table 4.5). Food stock often is depleted because 

most farmers are forced to sell their products to repay loans even when crops are at low 

price. Farmers also rely on their wet season crops to buy other required commodities 

and livestock for a few months after harvesting season. As discussed earlier, most 

farmers sell their products around the same time leading to a sharp price decline 

resulting in and overall loss to the farmers. This product marketing system leads to 

household food insufficiency and increases vulnerability of the farming community. 
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Table 4.8 The role of irrigation on household food self sufficiency in the Tigrai 
highland agro-ecozone 

Type of irrigation Number of Food self sufficient of households (%) 
schemes participants in different periods of the year 

Se:et- Dec. Jan.- A:er. Mal::- Aus. 
River diversion 65 80 68 54 

Micro-catchmnent 78 75 65 46 
andOFR 

Hand dug shallow 48 82 70 58 
wells 

No irrigation 20 45 30 25 
access 

Many of the farmers (79%) who use small-scale irrigation said they were food 

self sufficient in the months between September and December. This declined 

significantly with time and only 51% of those interviewed said they were food self 

sufficient during the third quarter of the year, from May to August. The food stock of 

the majority of the households depleted with time and that creates a shortage of highly 

required staple cereals for food and fibre. Farmers face a shortage of seeds as the crop 

shortage occurs near the beginning of the following sowing season. 

There were two factors that were frequently mentioned as the cause of decline in 

household food stock. The overall water shortage during the end of dry season was a 

major constraint for farmers' food self sufficiency. Due to the lack of secured water 

availability in most of the reservoirs and streams, significant numbers of farmers were 

not able to produce dry season crops. The depletion of household food stock resulting 

in recurring vulnerability 

Household food self insufficiency challenge is still a huge problem in smallholder 

farming communities. Both irrigators and none~irrigators show similar trend in food 
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vulnerability (Fig 4.7). Results show that serious shortage of essential food and fibre 

stock occurs towards the end of the dry season (May to June) where only 30% of 

irrigators and 10% of non- irrigators felt food self sufficient 

-+- Irrigators --.- Non-irrigators 
90 +---------------------------------------------~ 
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70 
~ 1 i 60 

~ ~ =~ . ---·-- --------
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Food stock depletion trend ( quarter year) 

Fig. 4.7 Trends of household food depletion of both irrigators and non-irrigators with 
time. 

Source: Household survey and TWRDB (2004) 

Although irrigators are relatively food self sufficient compared to non-irrigators 

throughout the year, the impact of irrigation system on food supply is still very low. 

This implies that water harvesting initiatives fall short of boosting food production and 

reducing smallholder vulnerability. 

4.8 Summary and conclusion 

This chapter investigated the contribution of water harvesting projects and small-

scale irrigation systems on household socioeconomic performance, environmental 

consequences, food self sufficiency and risks as well as challenges of various small 

scale irrigation schemes. The focus of this study was on assessing the role of flood and 
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runoff harvested water, surface and ground water resources in the livelihood and 

economic welfare of participant farmers in two districts of Tigrai region. The main 

sources of data used in the analysis of this study were obtained from randomly selected 

household heads and secondary data sources. 

Access to irrigation water has increased the participation of female household 

heads in the agricultural economy. Female household heads are more active 

participants in farming activities when the irrigation schemes are close to the 

household. In the traditional rainfed household composition, almost 90% of decision 

makers are male household members. However, this trend is changing due to access to 

irrigation water where participation of female farmers' involvement in financial 

decision making and direct farm operations is increasing. The participation of female 

household heads in farming activities has an important economic implication. Working 

age female household members comprise almost 50o/o of the ·labour force and their 

active participation may be an essential force in tackling the downward spiral of the 

farming economy. 

Access to irrigation water has contributed significantly to the physical and 

economic sustainability of the agricultural system. The income of irrigators has 

increased by producing high value crops which fetch higher market price in local 

markets and stabilize the food and fibre requirement of resource-poor farming 

communities. The availability of irrigation systems to smallholder farmers in the region 

has contributed significantly in alleviating poverty and reducing farmers' vulnerability 

to recurring drought and erratic rainfall. 
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Even though small-scale irrigation schemes have shown encouraging social, 

economic and biophysical benefits at a household level, they are facing immense 

technical, institutional, demographic, management and administrative challenges. High 

population growth in the area exerts pressure on the water supply for both domestic and 

irrigation purposes. Water loss through seepage and evaporation are major challenges 

for both community-based and individually operated water projects during and after 

harvesting. The lack of regulatory bodies to ensure equitable water distribution and 

absence of guidelines for property rights between upstream and downstream users are 

also significant problems. 

Socio-cultural aspects of the projects often were ignored during planning, 

designing and construction of many water projects. The exclusion of local communities 

from decision making in water project initiatives, was an important contributor to the 

failures of some projects. Constructive communication and consultation at all stages of 

projects is required to improve the performance of community based irrigation 

schemes, minimize project failure and to ensure continuity and maintenance of the 

schemes. Most of the OFRs constructed by farmers are too small in size to bring about 

significant economic benefit to large household members in the area. This water 

harvesting technique is more efficient in terms of construction maintenance and water 

use efficiency, but farmers will require substantial financial, material and expertise 

assistance in order to succeed. 

Small-scale irrigation projects are posing environmental concern in certain areas 

of the study sites. Even though serious environmental problems because of small 

irrigation have not yet been reported, waterlogging and salinity are becoming more 

115 



common. Salinity levels appear to be on the rise in two small scale irrigation sites 

(Gum-Salasa and Suluh River) which is causing serious decline in crop yields. 

Farmers participation and contribution of the their tacit knowledge about their 

environment, soils and the land that they depend on for their living can be used as a 

springboard to plan community development projects, particularly water projects, 

because knowledge of soil properties and the vegetation cover of catchment areas may 

greatly increase the chances of project success. Farmers have deep knowledge about 

these limiting factors and their involvement greatly contributes in site selection, 

maintenance and management of water projects. 
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CHAPTER 5: GENERAL SYNTHESIS, 
CONCLUSION AND RECOMMENDATION 

The overall objective of the research was to evaluate the existence and nature of 

indigenous knowledge (IK) of soil and the use of this knowledge in decision making 

and management practices. In addition, the research aimed to assess the role ofiK and 

its contribution to the economic and environmental consequences of small-scale water 

harvesting projects. The two critical issues in the study areas are: 1) Agricultural 

productivity is declining due to erratic rainfall and recurring drought as well as 

increased land degradation related to rapid population growth. 2) The degradation of 

fragile land can be addressed by increasing yields through small-scale irrigation on 

more suitable land, as well as improving soil fertility and land management by 

integrating IK and SK into land management. The research consisted of two separate 

but equally important and interconnected components: 1) a qualitative and quantitative 

evaluation of IK and SK concerning soil quality, land management, land productivity; 

and 2) an assessment of the role of small-scale irrigation schemes in household socio-

economic performance including household food self sufficiency, environmental 

sustainability and management opportunities. The two study areas (Adi-gudom and 

Wukro) are located in the Highland Agro-ecozone of the Tigrai region, northern 

Ethiopia. The study areas were selected based on their representing traditional 
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irrigation farming and modem community-based and individually managed irrigation 

schemes. 

5.1 Knowledge of soil properties and its potential for 
successful water projects 

Knowledge of the physical, chemical and biological characteristics of soils is the 

foundation for realizing the agricultural potential of an area and undertaking 

development initiatives (Bryce· et al., 1995). Knowledge of the local soils should be a 

prerequisite to establishing development projects, adapting viable technologies and 

conceptualizing appropriate intervention techniques. This information must be 

complemented with evaluation of cultural, social and economic factors. The 

contribution of small-scale irrigation systems in agricultural production can be 

enhanced by understanding the interactions among soil characteristics, the water 

requirement of specific crops, and farmers' soil management practices (Kellog, 1961). 

Knowledge of the local soil properties based on yield, colour, texture and topographic 

positioning are· crucial. Yield is one of the most important indicators of soil 

characteristics such as soil aggregation, nutrient availability and overall soil resilience. 

Colour is important to assessing soil organic matter contents. Topographic position 

strongly influences the texture, organic matter content and water holding capacity of 

many soils. The structure of the soils in the catchement area, including soil aggregation, 

determines the relative amount of runoff, the soil pore size determines infiltration and 

percolation rates influencing water movement into the soil and within the soil matrix as 

well as relating to runoff and the quantity of water that can be harvested and stored. 
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Low organic C of the soils is an important indicator of soil fertility due to its 

significant influence on other soil characteristics (Reeves et al., 1997; and Dang, 2002). 

The low organic C of the sampled major soils in the study areas is strongly related to 

the depletion of essential crop nutrients such as nitrogen, an increase in bulk density, 

and deterioration of soil structure. During the on field walkover and informal diagnosis, 

farmers indicated that the. upper part of their fields turned to white or red and lost its 

dark colour over time. Water erosion, nutrient mining and leaching due to prolonged 

cultivation were some of the causes of organic matter loss. Farmers recognize the 

importance of organic matter (expressed as organic C) in crop water availability. Low 

organic C leads to decreased soil aggregation, increases in surface crusts, and causes 

decreased water holding capacity. Low water retention capacity of the soils lead to 

increased surface water runoff during heavy rains and consequently, increased topsoil 

erosion .. Depletion of organic matter and.decreased essential soil nutrients are important 

factors contributing to the loss of soil aggregation and declining soil porosity, leading 

to impediment of water movement in the soil profile. 

Soil porosity influences soil hydraulic behavior and has a direct effect on site 

selection for water harvesting projects and irrigation (Coppola et al., 2004). There are 

also predictable effects on the transport properties of soils, which are related to vertical 

nutrient leaching and nutrient movement period. The different soil texture, structure 

and aggregation property induce mobility of water through the profiles promoting the 

formation of zones where some substances accumulate or, by contrast, facilitate the 

leaching of essential nutrients and solutes such as salt towards the aquifer. The 
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facilitation of leaching process or the accumulation of solutes on the surface has 

important environmental implications. 

To this end, IK of physical attributes of soils such as depth of profiles, texture, 

structure, pedological properties and overall durability plays a significant role during 

selection of both micro-dam reservoirs sites and lands most suitable for irrigation. The 

SK of soils realized by laboratory measurements such as particle size distribution, 

porosity, micro-,and macro-nutrient composition are critical components as well. 

Acquiring detailed and area specific soil information may lead to efficient water project 

design, and the adaptation of relevant and viable technologies that result in better 

management, productivity gains and improvement in the economic viability of the 

smallholder farmers. 

Lack of scientific data on soils, hydrological and environmental factors in the 

region inhibits the assessment of the success of water harvesting projects both at the 

micro-and macro-levels. The lack of data generated over time and scientific 

information, including regional and national soil maps, appears to be limiting factors in 

the implementation of successful water development projects. The farmers' IK of easily 

observable soil characteristics and their natural and holistic perception may at least 

partly address this shortcoming. 

5.2 Indigenous knowledge of local soil properties: 

Contribution on water harvesting and management 

Indigenous knowledge of land including soil properties such as structure, texture, 

and micro-topographic occurrence are crucial for the sustainable development of water 

projects (Ferroukhi and Chokkahula 1996). This study found that Tigrai farmers have 
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well developed IK about their environment and soil that enables them to implement 

appropriate management on specific soils. The farmers' IK is developed mainly 

through visualization and feeling of the soils and by understanding their topographic 

occurrence. The soil quality including fertility and nutrient variability was strongly 

influenced by the position of the soils within the landscape which in tum influences 

hydrological processes. The farmers' IK of their land, its productivity and land use 

decision making is gained through day-to-day activity and has been passed from 

generation to generation. 

Indigenous knowledge enables farmers in selecting appropriate sites for the 

construction of OFRs, and in developing water networks from upper catchment areas 

and hillslopes. Farmers in the Abraha Atsbeha Tabia, Wukro district used their IK to 

deal with sandy soils where seepage rates are high, implementing effective area

specific techniques to achieve the balance between ground water extraction and 

recharge. The digging of an interception trench to enhance recharge deserves attention 

and monitoring to assess its strengths and weaknesses, for possible transfer of the 

technique to other areas with similar soil properties and topographic settings. 

Despite the detailed tacit knowledge (IK being developed) that farmers acquire, 

they face immense challenges during the construction and maintenance of reservoirs, 

including material, financial and physical constraints. A single (6m x 10m) plastic 

lining costs more than a farmer's yearly earnings. Moreover, farmers indicated that the 

repair of punctured plastic linings is cumbersome and there are few skilled personnel 

who provide maintenance services. Lower cost materials such as clay lining are used by 

many farmers to reduce water loss through seepage. The efficacy of clay linings can be 
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increased by using compacting and cementing treatments in both the reservoir and 

catchments. Indigenous knowledge of soils should be incorporated in planning and 

construction of micro-dams. The combined IK and SK will assist individual farmers to 

acquire appropriate techniques and provide recommendations to ensure that the 

construction of OFRs results in higher yielding production systems that are sustainable. 

Although there are significant technical constraints in present land use and soil 

management systems in the Tigrai region, IK of soils and management practices 

provided valuable information that can be incorporated in addressing the current, multi

faceted problems. Farmers' soil characterization is strongly linked to topographic 

positioning of soils and is patterned on the soil catena. This may lead to a creation of 

local, detailed soil and topographic maps which may will lead to improved water 

resource management as a result of accurate information on the potential of ground and 

surface water at a micro-topographic and local level. Local maps can include 

landscapes, vegetation cover and potential water systems that can be developed for 

irrigation or domestic water supply purposes. Moreover, IK based inventory maps 

could be used for land evaluation including land capability, land classification in 

relation to their productivity, overall water resource potential and the implementation 

of suitable irrigational techniques to improve food production. IK of soil enables 

farmers to apply precious runoff-harvested water on more fertile fields for optimum 

outcome and avoid water wastage on marginal lands and on low market value crops to 

ensure increased and sustainable productivity. 
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5.3 The socio-economic factors on soil management and 
irrigation techniques 

5.3.1 The effect of topography on soil quality and hydrologic process 

Water erosion increases the quality difference between soils in the lower and 

upper sloping positions (Allen and Joan, 2004). Quantitative and qualitative results of 

this study showed significant difference in soil properties between the lower and upper 

topographic positions due to downward topsoil erosion, intensive cultivation and 

removal of vegetation cover. The results were due to the combined impact of socio-

economic and biophysical factors that influenced farmers' land management practice. 

Topographic properties of arable land also affect surface and subsurface hydrological 

movement spatially and temporally. 

Soil colour and textural properties were directly correlated with topographic 

occurrence of the soils. Farmers estimate soil fertility and make agronomic decision 

based on the topographic occurrence of soils. Farmers' extensive and detailed 

knowledge of soil physical properties provides important information on the 

hydrological properties and drainage systems of the soils landscape. According to the 

household survey and informal field diagnosis results, soils with heavy clay content 

(Walka soils) are suitable for the construction of micro-reservoirs; as the high clay 

content of the soils serve to minimize water loss through seepage. Disappointingly, 

fields with clayey soils tend to have waterlogging and salinity problems. Beakel and 

Andeleway are less clayey soils which have better drainage system and may be more 

productive if used as irrigable areas for small-scale irrigation systems. 

123 



The influence of topography was evident as well in relating soil properties as 

measured in the laboratory to hydrological processes. Chemical and physical 

characteristics of major soils include micro-and macro;..nutrient content, particle size 

distribution, exchangeable cations are important in site selection. Clay content ranged 

from 11.3 to 51.5% in the surface horizon (0-35 em depth), increasing as the 

topographic location of soils decreased in altitude. Other measured parameters such as 

organic C, available N03-N, and NH4~N showed similar trends, indicating that soils 

that are found on footslopes, valleys, and other lower landscape units have higher water 

holding capacity and are more fertile than soils located on higher areas. These 

properties are important indicators of soil quality and can influence hydrological 

processes during runoff harvesting and irrigation providing an opportunity to align 

relevant· management practices accordingly. Knowledge of these soil characteristics is 

an essential step· towards minimizing the loss of harvested water through seepage and 

wastage due to inappropriate management practices. 

The SK discussed above is consistent with the farmers' knowledge of the 

physical soil properties and relationship to micro-topographic position and water 

holding capacity of major soils. According to the IK of local farmers, soils that are 

located on lower areas such as natural concave landscape units are prone to 

waterlogging due to surface seal or crust formation characteristics and sub-soils that 

limit drainage. Salinity problems are emerging in several small-scale irrigation projects 

that are located ·on gently sloped areas. Farmers have expressed their awareness of the 

problem based on decreasing crop yields. However, they lack the technical knowledge 

of salinity and the negative impact it causes on crop production and damage to arable 
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land. Knowledge about the processes that cause salinity and the impact of salinity on 

short and long-term productivity seem to be a significant short-coming in the study 

farmers' IK. Understanding the productivity consequences of increased salinity will 

enable farmers to take preventive measures to maintain sustainable agricultural 

systems. Despite their relatively high fertility, farmers recognized Walka and Beakel 

soils to be highly prone to waterlogging problems during high precipitation due to their 

relative level topographic location and slow drainage. The farmers' perceptual 

"assessment" of drainage problems follow similar trend with formal survey results and 

laboratory analysis in this study and inventory work done by early soil researchers 

based on catenary occurrence. 

5.3.2 Contribution of small-scale irrigation in household livelihood 

The study highlights that farmers have benefited from the current water projects 

in the study. Irrigators felt more food self sufficient than non-irrigators. Farmers' 

knowledge on marketability and profitability of high value crops has increased, leading 

to increased entrepreneurial skills. Irrigators have benefited from extension programs 

and agricultural expert services leading to the realization of long-term benefits of 

perennial crops. Farmers were able to produce twice per year which led to increased 

food production and animal fodder. Successful irrigators more than tripled their farm 

income by producing high value vegetables and fruits. While many positive outcomes 

of the water harvesting projects have showed significant increases in household food 

self sufficiency and overall farming economy, it is important to emphasize that many of 

the projects performance was below expectation. Many small-scale water harvesting 
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projects failed to increase food production at a household level due to the lack of well

coordinated studies prior to their construction. 

Many of the failures relate to the lack of understanding of the nature and 

properties of the soil. Some micro-dams and water canals were constructed on porous 

soils without proper treatment, where harvested water is lost because of excessive 

seepage. Another noticeable failure was that local communities were excluded from the 

decision making during planning, designing and construction of the water projects. The 

small-scale water project developers have failed to reach out to the community who are 

the primary beneficiaries. In many areas farmers indicated that they were not allowed 

to participate in any decision making; their tacit knowledge and their perceptual values 

have been ignored by project designers and developers. Lack of proper and inclusive 

inventory study of land resources including soil properties, and the lack of information 

flow between scientists, farmers and extension workers are the major factors that led to 

myopic planning, inadequate engineering, inferior social and economic feasibility 

studies, and unsound designs of crucial water projects. Farmers in G. Salasa 

community- based reservoirs felt that they were left out from decision making from the 

inception to the completion of the water project and lead to the loss large parcel of 

fertile land. 

Based on the survey results it was determined that the performance of small-scale 

irrigation projects may be improved when local community participation and IK input 

is included from the inception to the completion of water projects and management 

afterwards. Specifically, it was evident that local farmers' area- specific knowledge can 

be integrated with scientific research findings to ensure acceptance and continuity of 
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these projects. Community involvement and the implementation of water harvesting 

projects and irrigation systems could not only improve the success of the projects but 

also enhance the information exchange between the beneficiaries,. scientists, extension 

workers, and regional and national agriculture bureaus. For instance, active 

participation of irrigators in two micro-dam reservoirs (Shilenat # 2 and M. Gassa) in 

administration and maintenance as well as water distribution contributed to the 

successful execution of small-scale irrigation systems. 

5.4 Linking indigenous and scientific knowledge towards 
formulation of inclusive policies 

Construction of water harvesting projects may be more successful when IK is 

integrated with scientific tools and technologies to achieve short-term and long-term 

sustainability of the projects. The first and most important achievement in enhancing 

the contribution of IK in development projects is when the potential of IK is recognized 

by policy makers (World Bank, 2004). Formulating Conductive, broad based, flexible 

and multi-disciplinary oriented policies may facilitate and develop guidelines that 

enable the inclusion of tacit knowledge into formal research resources. These policies 

and guidelines may allow the formation of institutions to provide services in the 

exploration, recording and structuring of IK to ensure accessibility of the tacit 

knowledge to researchers and scientists. Some Sub-Saharan African countries including 

Kenya, Ghana and Burkina Faso have already recognized the importance of IK and 

began formulating national policies to utilize their IK resource and incorporate it with 

different· development project in planning and management initiatives (World Bank, 

2004). Formulation of national policies that facilitate the integration of IK and SK to 
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enhance water resources utilization, water harvesting projects and development 

initiatives are crucial. These policies can pave the way to create a strong partnership 

between local farmers and researchers. Moreover, well planned and positively 

perceived policies ensure the empowerment of local farmers. and encourage their 

involvement in water harvesting projects that can improve their sustainability and 

ensure their long term economic contribution to farming communities. 

Developed nations can contribute to the formulation of polices that include IK in 

development agendas, by providing resources, expertise services, coordination and 

training of institution leaders to ensure proper handling and recording of IKon soil 

characterization and land evaluation while keeping its cultural and social values. 

International institutions can contribute by providing support to poor countries with the 

daunting task of sifting through and extracting relevant knowledge and experimenting 

with it. Therefore, development activities, especially those that aim to benefit the poor 

directly or indirectly, the consideration of IK in the design and implementation stages 

of crucial water projects is a step forward to the right direction. 

Despite the popular perception that IK is often closed, non-systematic and area 

specific farmers are known for their quick response to adapt and implement new 

techniques (Zurayk et al., 2001; Oudwater and Adrienne, 2003). Farmers are open to 

adapting new techniques when they are convinced that the new techniques are 

productive, viable and attainable. In this study, farmers were willing to share their 

farming experience and cooperate with project developers. Their interest and openness 

to learn new concepts and techniques were contrary to what was perceived by western 

researchers. Discussion with extension workers also indicate the farmers' willingness 
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to implement new techniques is high which reinforces the potential of IK and SK 

correlation for sustainable development as well as using suitable and easily adaptable 

technologies. Researchers in other part of Africa concluded that farmers with rich IK 

are open to new sources of knowledge. Moreover, there is a growing consensus that 

knowledge exchange must be a two way street. A vision of knowledge transfer as a 

conveyor belt moving in one direction from scientists and researchers whose view is 

strictly western, to local farmers has proved to be a cause of failure and resentment 

(World Bank, 2004; Barrera-Bassols and Zinck, 2003; Oudwater and Martin, 2003). 

The one-way knowledge transfer imposes new techniques without thorough 

investigation of their social and economic consequences. One-way imposed techniques 

and projects are not designed to address the root cause of the problem and do not 

include socio-cultural factors such as, way of life, belief and perception of the intended 

beneficiaries. 

Water harvesting initiatives that promote moisture conservation practice and a 

network of small-scale water harvesting structures for seasonal irrigation are adapted at 

the household and regional levels. Water projects are designed to deal with recurring 

dry spell problems and promote off-season irrigation to alleviate poverty and reduce 

household vulnerability. These initiatives have a potential in decreasing local shortages 

of food and fiber; in areas with few viable surface and ground water resources. The 

revision of water-sharing and distribution policies and the formulation of community 

based water management initiatives may enhance efficient utilization of the limited 

resources. This ensures sufficient water supply for the shifting of crop systems; 
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efficient on-farm water management including adoption of optimum irrigation 

scheduling and producing crops with less demand for water (Gill, 1992). 

5.5 Conclusion 

There are a wide range of complex biophysical and socio-economic factors 

affecting productivity and sustainability in rainfed farming systems in the highland 

ecozone of Tigrai region. Reducing risks of crop failure due to water stress may be the 

vital key to trigger food production recovery in the crop-livestock mixed agricultural 

sector (Fox and Rockstrom, 2003 and Panigrahi et al., 2001). 1) Smallholder farmer's 

investment in supplemental irrigation will be an entrepreneurial business step, which 

results in a broadened basket of crops produced at a farm level. This will help to 

reduce farmers' vulnerability to erratic rainfall and external climatic factors, but will 

also put increased pressure on the need for functioning markets and infrastructure. 

Access to small-scale irrigation led to crop diversification and farmers are encouraged 

to plant perennial crops. 2) Shifting from a staple food crops to a cash crop with similar 

water use efficiencies but higher market value, resulted in more economically viable 

use of limited water resources. 3) Increases crop diversity and fosters higher farm 

income and stabilizes the farm economy which in return reduces household food 

vulnerability. 

Empowering and building capacity of local people is a key factor in shaping and 

responding to various· changes in a way that keep complex socio-cultural, economic 

welfare, environmental systems on sustainable trajectories and to establish a long-term 

societal development. Establishing a strategic plan in managing complex socio

economic, cultural and environmental systems is an essential component in achieving 
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sustainable household food sufficiency. It is built on recognition that environmental 

and economic sustainability challenges are multi-faceted and complex systems and that 

in order to utilize such systems, multi-disciplinary solution is required. Society must 

have the capacity to adapt to change and utilize new techniques. Scientific 

experimental knowledge is one key component of this capacity, but the importance of 

complementing this knowledge with local, experiential knowledge is crucial in 

establishing effective intervention programs. 

5.6 Recommendation for future research 

The development of small-scale water harvesting projects including moisture 

conservation and soil fertility management practices should be considered as strategic 

possibility in tackling the downward spiral per capita food . production in the Tigrai 

region. Multi-faceted and complex problems require multi-disciplinary solutions by 

coordinating detailed household and regional level studies to address the root cause of 

the problems. 

Results from this study show that farmers have extensive and well-developed 

knowledge about their environment including the soil. Farmer's tacit knowledge about 

the land provides an opportunity to complement the lack of scientific information in 

many vital areas. The formulation of IK in land use evaluation, soil quality assessment 

and land use decision, both in water harvesting activities and land management 

practices should be given due consideration to complement the scant scientific 

information. 
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This study recommends consideration of the following points to improve soil 

quality assessment, water harvesting techniques and water project management and 

maintenance practices in order to increase food production. 

1. Farmers' detailed IK of the topsoil based on colour texture and topographic 

positioning provides an opportunity in soil quality assessment and evaluation of land 

productivity. Due consideration should be given to IK in order to complement for 

the lack of scientific information in the study area to avert land degradation and 

improve food production. 

2. Farmers should be encouraged to participate actively in developing water harvesting 

projects and related soil conservation practices that improve and maintain soil 

quality and achieve long-term sustainability 

3. Detailed preliminary studies and knowledge of soil characteristics should be 

prerequisite in site selection to improve water harvesting process, minimize water 

loss and improve harvested water productivity. 

4. Water losses from water projects through seepage, evaporation, sedimentation and 

inappropriate application should be minimized by introducing various treatments 

and lining techniques using low cost materials such as clay using compaction 

methods, and methods to enhance runoff from catchments areas to increase year 

round irrigation water supply to small holders. 

5. An integrated approach to agricultural water management, analyzing the 

interactions between the adoption and participatory adaptation of water system 

innovations should be encouraged to increase water projects economic return while 
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safeguarding critical ecological functions and maintaining environmental integrity 

by developing inclusive conservation systems. 

6. Salinity levels should be monitored over the long-term in irrigated areas to prevent 

land degradation. Enhancing the fanners' awareness of the long-term negative 

consequences of salinity on crop production is crucial to developing preventive 

measures. 
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5. ODflt;' f"~ ~f" OD'lfl 0,/f" ~ tJtl..fl..f"? ----------------------------------------------------
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5.1 01: Ci y, t1t.~ "7 y, 'J"o!l:c A'J"t}-l- +m..+Dt. Jlli-9"? ---------------------------

5.1.2 'l"uc-l-li-9"/11'1 hoo y, Y,(J)~~c 'J"il :,..e-"7.. 1JODflli +m..+Dt. 
'}"..;") li-9" ,,, 

1J. o1lf-l- ltCA t!. --------------------------------------------------------

5.1.3 OD~Hit 

I\. o1lf-l- ltY,Cltf'1 ----------------------

6 1llf l.f (I) Y,'J" 'l i\ oo{lCj +m-+"7.. -\,h-9"? ---------------------------------

6.1 li=l..f-l-h-9" o1lf-l- JtcA.eh-9" P.? ---------------------------------

6.1.2. 1lh'1 ~y, lfirlhA----------------------------------------------------

6.2 lt1l +l.ll A'P'J 1llfl.f (J)Y,'J" 'li\ '19"T..+9" A:,..e- ltt\h-'J"P.? -------------------

6.2.1 ")'J"");J'Y,? ------------------------------------------------------------------

6.2.2 1t1l 'J"UC-l-h-9" h~~f~ y, t\tD-m. h'J"I)A AY,Ah-9" -l-~il(l.?-----------

6.3.1. 1t1l 'li\ (J)Y, lfl.f 'J"fl..t}-}- H;JTODfl..'J" 819" A.,;J-Y, At!.?-------------------

6.3.2 'li\ (J)Y, If l.f '19"fl..t}-}- 1f9"l.f) oo~-}- A'J:J' y, At!. AY,t\h-9" +lt'J"'I-?-----

6.3.3 ")'J"");J'Y,?-------------------------------------------------------------------------------------
7. lJ11 1f~t\L 5 qoo-}- '1fL+fl1lh-9" 1ffltD-") Ah-A Aht\. P. +Ll. t!./.f P.? 

1J A (I) Ah-A f'J"C-l- Af -------------------------
1\ Ch.IJl.+ f ;JT'J" At!.-------------------------
7.1 A'1.t!'"Ch.C Ch.iJl.T H;JT'J" l-Y,'I- 1t1l ltf~Y, lt'PCCh. Ch./Jl.T f ;JT'J"? 

IJ. 1)1) OD{lhl.'J" hlt1J ;1-Ch_lt{l------------------------
t\. lJ11 T~ hlt11 ilf..f1f.f-------------------------
th. 1')1) GJ")(l-}- hlt1l .,~fl-------------------------

7.1.1'19"'1:1-.e? --------------------------------------------------------------------------------------
8. Ci Y, OD{lCj BIJ Y, 'J"T :J»'J" 'J"{l ~ ODCfl..'J" /h") i\ 1) ChiJl. T ODGJ{l t\ tD-11\. Jtt\~ J1.? 
IJ. A(J) ________________________ _ 

t\. f1lll-'1-------------------------

8.1 ")'J""):J'.e? ----------------------------------------------------------------------------------------

9.li=~.'Th-9" ODq{l i't.li-9" A-l-iim- 1lh'1~Y, ")'J""):J' y, i\.li-9" h ATiiT~ 
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'}9"'J;f'Y,?---------------------------------------------------------------------------------------------
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111)"7~ 

q~ out.:,W 
A lll\. /'}}\11';:,W il19"I 
{l'}~Y,~ "77itl 

'l'l-9" l. ,., 1t 11'1+ 
7i 9" 11t:- A'} =l..f 

~t:-~l. '} 1t +hA +1 

I'JA1a+ 

4.1 c;y, ~ou~ 1th4-~tl'} out.+ 9"'f.toc';:,W'} 11~t.it+,Y.-l- 1!\9"~'1! ~Am+ 
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IJ. l-4:~------- 1\. ouJthtl.e ------- th. t)(l..~------- ou. 111lJ/J"t l)fl.~-------
4.1.2 c; y, oucr+h-9" 1!\tJDc/J'i-l- 11hou y, +IJ~'J9'? 

11+1-Jt.r 
9"t.:r-
/'}111\/J 

IJ. 11+1\tJDc ------- 1\. 119"1!\~IJDc------- dt. 119"1!\f)tl(t..------- ou. 11QJ. '}J\.--
4.1.3 At 1!\tJDc/J ~ouY: 1t11 lt;f'~t:-CIJ OUt\ lt~t\Y,'ii: houy, A~ 

IJ ltY:t\Y, }\Y,fi'i'J-------
1\. "'''A litl.e-------
111. ltY:t\Y,-------
ou. 111lJ/JO?,. ltY:tlY,-------

4.1.4 c;y, OJt:--1-tJ..~ ~ouY: A'};f'Y, 'JY,'i:,W Jt11~ ltl\9' 
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IJ. fJt\.~ ------
t\. +Y,Cit ------
dJ. 1)6£]. -------

00. ~lJ"li7i;tc ~------
l.. 0.~"7-------

IP. !6~-------

fi. h~t 110Hth-------
4.1.5 Clt116 ~~t .,.001: 11~Ch~ h1:l'~ 'l~~:,. HCk h9"Hf:t\. :,.LAT9'J!.? 

4.1.6 A+,.. Ci~ mil. ..,~:,.h-9- fDmMl tt-o :,.~,..~ 
• 1t -a:,. ""¥" Y. ~A ,.,.o~:,. A 1 :1' ~ 'l ~ ~:,. t\9' m. ht\9'? 

t\(l)«m_ f1lft.1------- tD(l "fi. -------+t{t.-------
• t.Cit(l( mt\. ) oo~:,-1 h11 IJJl~ hoo~ 'h'- ? 

t\(l)«m_ f1lft.1-------tD{lli -------+tfl-------
• ~ ~ "7Chl.it. ~:f.tD-~+h? t\(l)«m_ f1lft.1-------tD{l "fi. -------+t{t.-------
• C,..Jl ~ ~ i\6t\'P ~ ""oo 1:? t\(l)«m_ f11ft. 1-------tD{lli -------+t{t.------

}\L_i\1\~ f1Jft.1 -------l.cf:~ ""OOf:-------l.,..f: ""00f:-------h9"t 1ffi1fth ""OOf:---
• h11 :l'""+'P~{'lD?.~} oo~:,. Hft.. t.Cit(l/ mt\. h-~:1'+ hoo~ A'-? 

hLtltl~ f1lft.1 ------11H-Cit t-Cit(l ht\9' -------(l)«tft-1: t.Cit(l ht\9'-----

• ~~ fJU~~ 9"(1)c!A hoo~ A'-? t\(l)cm_ f11ft.1-------tD{lli -------+t{t.---

• I'Jt\.A A 11-A '- ~-? t\8----------------------------------------------------------------
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Table A3 .1. Multiple comparison of major soils for chemical and physical 
properties using LSD and Duncan statistical analysis techniques 

Keyahitay .11081 .000 .7143 1.2607 

.11307 .082 -.0265 
.5310 

.10802 .000 -.9558 
-.5146 

.11081 .000 -1.2138 -.7612 

.10802 .000 .5146 .9558 

.11307 .033 -.4832 -.0214 

.11081 .000 .7612 1.2138 

.11307 .033 .0214 
.4832 

.04127 .968 -.0921 .1121 
Hutsa .03774 .131 -.1688 .0179 

.04201 .280 -.1694 .0385 

.04127 .968 -.1121 .0921 

.04201 .280 -.0385 .1694 

.03774 .055 -.0019 .1528 

.04127 .810 -.0745 .0945 

.03774 .055 -.1528 .0019 

.07281 .000 -.6719 -.3745 
Beakel .07468 .151 -.2625 .0425 

.07281 .000 .3745 .6719 

.07621 .000 .2575 .5688 

.07468 .151 -.0425 .2625 

.07621 .000 -.5688 -.2575 

.06066 .781 -.1904 .1087 

.05913 .730 -.1009 .1907 

.06190 .998 -.1485 .1567 

.06066 .781 -.1087 .1904 
Andeleway .06190 .998 -.1567 .1485 

.05913 .453 -.1657 .0758 

.06066 .506 -.1647 .0830 

.05913 .453 -.0758 
.1657 

.06066 .506 -.0830 
.1647 

.06190 .948 -.1305 .1223 

.11081 .000 -1.2607 
-.7143 

1.0015 
.10802 .000 .4689 

.11307 .082 -.5310 .0265 
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1.0015 
.10802 .000 .4689 

.11307 .082 -.5310 .0265 
Keyahitay .11081 .000 .7143 1.2607 

.11307 .082 -.0265 
.5310 

.10802 .000 -.9558 
-.5146 

.11081 .000 -1.2138 -.7612 

.10802 .000 .5146 .9558 

.11307 .033 -.4832 -.0214 

.11081 .000 .7612 1.2138 

.11307 .033 .0214 
.4832 

.04127 .968 -.0921 .1121 
Hutsa .03774 .131 -.1688 .0179 

.04201 .280 -.1694 .0385 

.04127 .968 -.1121 .0921 

.04201 .280 -.0385 .1694 

.03774 .055 -.0019 .1528 

.04127 .810 -.0745 .0945 

.03774 .055 -.1528 .0019 

Appendix 3. Descriptive 

Table A3 .2. General statistical descriptive analysis of major soils 

95% Confidence 
Soil type Model Std Std. Error Interval for Mean 

Lower Upper 
Bound Bound 

walka Fixed Effects 0.578 0.101 1.891 2.301 
Random Effects 0.413 0.319 3.874 

beakel Fixed Effects 0.174 0.030 1.361 1.485 
Random Effects 0.162 0.728 2.118 

an dele Fixed Effects 0.142 0.025 1.201 1.302 
Random Effects 0.025 1.145 1.358 

Key Fixed Effects 0.259 0.045 0.870 1.054 
Random Effects 0.301 0.332 2.256 

Hutsa Fixed Effects 0.090 0.016 0.357 0.424 
Random Effects 0.025 0.285 0.497 
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