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Abstract
Agriculture in Ethiopia is primarily rain fed dependent, characterized by frequent failure of production. The study was conducted to examine the contribution of small scale irrigation on household income. The study employed both quantitative and qualitative approaches. Simple random sampling method was used to select three rural kebele administrations for the study. A total of 264 households were sampled using Kothari (2004) and a systematic sampling technique was employed to select the sample respondents from each sample kebele. Primary and secondary data sources were employed to collect the necessary data. Key informant interview, survey questionnaire and observation were the primary data sources for the study. Descriptive and inferential statistics were employed to analyze the collected data. Multiple regression model was employed to investigate factors contributing income difference of the household. The study revealed that the mean annual income of irrigation user households were higher than the non-irrigating household by about 55%. As the study showed, irrigation user households also obtained higher income from cash crop, cereal crop and livestock compared to non-irrigation user households. However, the mean annual incomes of irrigation user households’ non-farm and off farm activities are lower by Birr 6,619 per year. The multiple regression result indicated that sex of the household, accessibility of irrigation water, application of agricultural input, total size of cultivated land, total livestock holding, accessibility of credit, accessibility of extension service and participation on non-farm and off 
farm activity were statistically significant contributors of household income. This study has evidenced that irrigation participant households obtained higher income from farming as compared to their counterpart/non-user. Therefore, program designers, Alamata woreda administrative and funding agents should give attention on the construction of small scale irrigation so as to achieve the expected goal in the rural economy.
Key words: Small Scale Irrigation, Annual Income, Rural Farm Household, irrigation User, Non-irrigator and Alamata woreda.
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According to United Nation report currently the world population is over 7.4 billion, with 1.1% population growth rate and 2.4% in developing countries per year, which is more than the world average (UN, 2016).  However, agricultural production increases by 2.1% per annual globally (FAO, 2013). Per capital agricultural production didn’t keep pace of population growth (Tafesse, 2003). Expansion of irrigation area has the potential to make a substantial contribution to agricultural development and address the problem of food security (Abeba, 2013). Worldwide, irrigated land has increased from 50 million hectares in 1900 to 267 million hectares at present, with much of the increase in developing countries which currently have 75% of all irrigated land (FAO 2012). The same report added that there are wide variation in the proportion of irrigated agricultural land in developing world with 37% in Asia, 15% in Latin America, 6% in Africa and 4% in sub-Sahara Africa.
These lead to the fact that irrigation has been one of the major trends in agricultural development globally. As a result of massive investments in water development schemes, irrigation today provides water for one-fifth of the world’s cultivated land, from which one-third of food crops are harvested. Much of this investment has taken place in developing countries, and many of the world’s poorest people are dependent on food produced on irrigated land (WB, 2016).Irrigation serves as one of the key drivers behind the growth of agricultural productivity, increase household income and alleviation of poverty. To meet food requirement by 2020, FAO estimated the food production of irrigated areas would need to increase from 35% in 1995 to 45% in 2020 (FAO, 2000). This indicates that access to water for irrigation will become an issue of global concern and competitions in the future, especially in the arid and semi-arid regions of the world.
 African irrigation agriculture plays less significant role as compared to other regional as irrigated cultivated land lower than the world average. It argues that African poor performance in terms of poverty reduction can be to a large extent attributed to its less reliance on irrigation farming (FAO, 2012).There is a need to prioritizing irrigation development in Africa not only because of existence of agricultural water resource, but also the high value of agriculture on the continent and the large number of rural poor that could benefit from the high productivity as the result of irrigation investment.

 Many countries in Sub-Sahara Africa, have realized the important role of irrigation in food production, and irrigation investments increased in the region (Tafesse, 2003). You et al., (2010) report that the average rate of expansion irrigated area over the past 30 years was 2.3% in Africa. Total irrigated land in Africa is estimated to about 12.2million hectares and six countries, namely Egypt, Madagascar, Morocco, Nigeria, South Africa and Sudan account for nearly 75% of total irrigated land (FAO 2012). Despite some notable irrigation expansion, the development impact of irrigation in Africa has been limited and below expectation (Innocencio et al., 2007).
 In Ethiopia, like other Sub-Sahara African countries, traditional irrigation had been practiced since the ancient times. However, modern irrigation development started during the Imperial Regime in the 1950s through private and government-owned schemes in the middle Awash Valley, where big sugar, fruit and cotton state farms are found (Berhanu and Peden, 2010-, cited in Lijalem, 2014).Then large scale irrigation projects were intended to produce crops used for inputs of agro-industries. The Derge regime gave emphasis in development of large and medium irrigation schemes to mitigate drought and famine (ibid.). The Ethiopian People Democratic Front (EPRDF), the current regime, like its predecessors is enthusiastic in developing irrigated agriculture. Thus, it has developed an irrigation policy that aims to develop the huge irrigated agricultural potential for the production of food crops and raw materials needed for agro industries, in an efficient and sustainable basis and without degrading the fertility of the production fields and water resources base (MoWR, 2002). 
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1.2 Statement of the Problem
In Ethiopia, per capita land availability decreased and productivity of the land is reduced and agricultural production is also affected by the variability of rainfall and drought (Awulachew et al., 2007). As a result, low farm production, widespread poverty, poor health remains to be endemic problems in Ethiopia (Pendon, 2007-, cited in Tedros, 2014).
Moreover, irrigation development in Ethiopia is apriority for agricultural transformation, but poor practices of irrigation management discourage efforts to improve livelihoods and expose people and the environment to risk(Kidane, 2014). Because of lack of skills and institutions to manage common property resources, irrigation infrastructure quickly falls into a state of disorder and conflicts over access to water constraints to small holder farmers (ILRI, 2002). Irrigation project has been falling mainly because of insufficient participation by the beneficiaries and insecurity of land tenure. Socioeconomic and gender- related issues pose a problem to full and equal participation by the beneficiaries (Mekonnen et al., 2014). Moreover, the poor performance of irrigation in the country, systematic and holistic evolution of irrigation management in general and small scale irrigation in particular is lacking (Getanhe, 2011).  In most part of Ethiopia, production from rain fed agriculture has been highly fluctuating corresponding to the amount and distribution of rainfall (Kidane et al., 2012). When there is too little rainfall with uneven distribution, crop failures is unavoidable. However, as it now stands droughts occur far too often and food security in all its extent could not be sustained. Irrigation would have to be introduced for sustainable attainment of food security and rural transformation at the national level (Awulachew et al., 2005).
In Tigray region agriculture is dependent on the availability of rainfall, which is characterized by erratic rainfall, showing high spatial and temporal variability. Crop production in most area has failed to keep with population growth due to recurrent droughts and environmental degradation and other factors (Haile, 2008).Therefore use of irrigation is indispensable in the region. According Kaswamila (2010), irrigation can increase yields as much as four times those of rain-fed while also allowing farmers to reap the economic benefits of growing higher value cash crops. Less risky, more continuous and higher, level of rural employment and income result from irrigated as compared to rain fed agriculture. 
In the region, approximately 300,000 hectares of land are estimated to be suitable for irrigation. However, in the region only 4.2% (12,607ha) is only cultivated use of irrigation (Tilahun and Paulos 2004 cited in Birhanu 2016).In response to this imbalance between the potential and actual irrigated land the regional government of Tigray has initiated a major rural development program called sustainable agricultural and environmental rehabilitation of Tigray (SAERT), through which several small scale dams have been constructed(Gebrehawaria et al., 2009).
Alamata woreda is found in the Southern zone of Tigray where insufficient and erratic rainfall is a recurrent phenomenon that causes crop failure. It is one of the chronically food insecure areas in the Tigray regional state and is among the 31 vulnerable districts that are targeted by regional food security programs (BoARD, 2013). The district has been repeatedly hit by drought due to insufficient and erratic nature of rainfall. In this respect, water use for agriculture by the small holder farmers is an appropriate choice. However, from the total 36,229.5ha cultivated land only 7,112ha are cultivated using small scale irrigation(AWARDO, 2015).According to the woreda agricultural development office (2015), major problems are limited knowledge of about market oriented crop production, absence of good work habit, lack of interest in purchasing of different materials for irrigation, lack of financial resource, and limited infrastructure.
Many studies were conducted on the contribution of irrigation on small holder farmers. Some of them are Birhanu (2016), conducted on the contribution of small scale irrigation on income diversification case studies of the Guagusa Shikudad woreda, Awi zone Amhara region. However, this study investigates only the contribution of small scale irrigation on household income on few crops (cereal and vegetable). Tedros (2014)has conducted on the contribution of small scale irrigation to the household’s income and food security a case study of Gum-selsa and shilena irrigation schemes, Hintalowegerat, south-eastern zone of Tigray by analyzing before and after they participate in small scale irrigation. This study also only investigates the contribution of small scale irrigation on one group of household income also limed on few crops (cereal and vegetable)Hadushe(2014), studies on the adoption and impact of micro irrigation on household income in Eastern Tigray. This study also does not investigate the overall impact of small scale irrigation on all sources of income which is only limited on crop income and livestock income. However, all studies did not assess the contribution of small scale irrigation on the overall income of households which include cereal crop income, cash crop income, livestock income and non-farm and off farm income and did not study specifically in Alamata woreda. This is why the researcher wants to fill the gap.
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The general objective of the study is to examine the contribution of small scale irrigation on the household income in the study area.
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1. Assess the income difference between the irrigation user and non-user in the study area.
2. Investigate factors that contribute to the income difference on households in the study area 
[bookmark: _Toc490060031][bookmark: _Toc490102583][bookmark: _Toc490181280][bookmark: _Toc490251158][bookmark: _Toc490251233][bookmark: _Toc490318974][bookmark: _Toc490617554][bookmark: _Toc490618235][bookmark: _Toc494373306]1.4 Research Question
The objectives of the study were achieved by answering the following question. These are
1. Does any difference in income between irrigation user and non-user households?
2. What are the major factors that contribute income difference among the household in the study area?
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The study is significant to increase individuals’ understanding about the factors that contribute income difference among farm households and to compare level of income differences between those irrigation users and those who are not. Research on the contribution of small scale irrigation is crucial to formulating programs for the alleviation of poverty. The study gives a clue to policy makers and planners toward the major factors that affect household income and their difference on level of income among the beneficiary from irrigation and those who are not.  The findings of this study can also use by local administrators, Developmental practitioners, NGOs in order to devise interventions that can help to improve the livelihood of the farmers and it can serve as a source of reliable information for farmers and policy makers regarding the action that should be undertaken so as to improve household income. On top of this, the finding gives insight for researchers and students interested in similar research. 
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This study focuses on the contribution of small-scale irrigation to household income. Moreover, the study focused to identify the relevant factors that affect the income of the households. The study was conducted in Alamata woreda Southern Zone of Tigray regional state which has 15 rural kebele. However, due to limited resource (budget, time, and other facilities the extent of the study was limited only three randomly selected rural kebele. The study also focused to irrigation users and non-user rural households for household income.
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This thesis organized into five chapters. The first chapter comprises the introduction part of the research consisting of background of the study, a statement of the problem, objectives of the study, research questions, significance of the study, scope and limitation of the study and operational definition. The second chapter is an overview of the literature deal with different concepts and empirical studies. The third chapter provides methodology of the research which consists of a description of the study area, research design, sampling techniques, data source and collection techniques and data analysis and interpretation. Chapter four presents the study results and discussion part of the research, and finally conclusion and recommendation are presented in chapter five. 
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Irrigation is an old aged art practiced for thousands of years in the Nile Valley. Egypt claims to have the world's oldest dam built about 5000 years ago to supply drinking water and for irrigation. At that time basin irrigation was introduced and still plays a significant role in Egyptian agriculture. It has been practiced in Egypt, China, India and other parts of Asia for a long period of time. India and Far East have grown rice using irrigation nearly for 5000 years. The Nile valley in Egypt, the plain of Euphrates and Tigris in Iraq were under irrigation for 4000 years and this land was the breadbasket for the Sumerian Empire (Schilfgaarde 1994).
Irrigation development historically started, as a response to bad agro-climate in low rainfall areas and seasons. Irrigation development has been promoted as a means to bring about socio-economic transformation since the Second World War. Up until the 1950s, the area irrigated globally expanded and reached 94 million hectares. Between 1950s and 1978, irrigated area expanded much more rapidly than population, averaging 2.8 percent per year (Vincent, 1994 cited Tedros, 2014).
Irrigation is the science of artificial application of water to the land or soil. It is used to assist in the growing of agricultural crops, maintenance landscape and re vegetation of disturbed soils in the dry area and during the period of inadequate rainfall. Irrigation farming is the most important rural development investment that can have both direct impact on production and income. In irrigated agriculture, water taken up by crops is partly or totally provided through human innervations water is withdrawn from water source (river, lake, and aquifer) and lead to the field through appropriate conveyance infrastructure. To satisfy their water requirements, irrigated crops benefit from both more or less unreliable natural rainfall and from irrigation water. Irrigation provides powerful management tools against the various rainfalls and makes it economically attractive to grow high yield seeds varieties and to apply adequate plant nutrients as well as pest control and other input, thus giving room for boost in yield (FAO 2003).     
Irrigation has long played a key role in feeding expanding populations and is undoubtedly destined to play a still greater role in the future. It not only raises the yields of specific crops, but also prolongs the effective crop- growing period in area with dry seasons, thus permitting multiple cropping (two or three and sometimes four crops per year) where only a single crop could be grown. Moreover, with the security provided by irrigation, additional inputs needed to intensify production such as pest control, fertilizer; improved varieties and better tillage become economically feasible. Irrigation reduces the risk of these expensive inputs being wasted by crop failure resulting from lack of water (Smith, 2004)
Irrigation is categorized as small-scale, medium scale and large scale depending on the area irrigated, scale of operation and type of control or management. But the criteria for this category may vary from country to country. For example, in India the irrigation scheme of 1000ha is classified as small scale while in Ghana the largest irrigation is 3000ha (Smith, 1998).
In Ethiopia, traditional irrigation was practiced before centuries. Moreover, in the highland of Ethiopia irrigation practiced have long been in use since the ancient time for producing subsistence food crops(Awulachewet al., 2007).Different authors; Awulachew et al., 2007; Hagos et al., 2009) stressed that supplementary irrigation was been practiced by small holder farmers of Ethiopia for centuries to solve their livelihood challenges. Modern irrigation was started in the early 1950 by bilateral agreements between the government of Ethiopia and Dutch company for Ethiopian sugar cane plantation.
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Irrigation farming plays an important role in food production and food security in the world today. About 30% of world food production come from about 18% of total cultivated land under irrigation (FAO, 2012).There are wide variation in the proportion of irrigated agricultural land in developing world with 37% in Asia, 15% in Latin America, 6% in Africa and 4% in sub-Sahara Africa (FAO, 2012).Irrigation, therefore, currently plays less significant role in African agriculture as compared to other region as Africa irrigated cultivated land lower than the world average. It argued that Africa poor performance in terms of poverty reduction can be to a large extent attributed to its less reliance on irrigation farming. It is estimated that irrigated agriculture in West Africa only 3% of the value of all crop production, with no evidence that this has improved over time (Dittoh 1997).
There is a need to prioritizing irrigation development in Africa not only because of existence of agricultural water resource, but also the high value of irrigated agriculture on the continent and the large number of rural poor that could benefit from the high productivity as the result of irrigation investment. Many countries in Sub-Sahara Africa, Ghana included, have realized the important role of irrigation in food production, and irrigation investments have increased in the region. You et al., (2010) reported that average rate of expansion irrigated area over the past 30 years was 2.3% in Africa. Total irrigated land in Africa is estimated to about 12.2million hectares and six countries namely Egypt, Madagascar, Morocco, Nigeria, South Africa and Sudan account for near 75% of this total irrigated land (FAO, 2012). Despite some notable irrigation expansion, the development impact of irrigation in Africa has been limited and below expectation (Innocencioet al., 2007).
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Water harvesting irrigation is an ancient practice in Ethiopia, as an integral part of Ethiopian agriculture, dating back several centuries while modern irrigation was started at the beginning of the 1950s by private and government owned schemes in the middle awash valley where big sugar, fruit and cotton estates farms are found (Peters, 1997). The imperial government was interested in modernization the agriculture sector by inviting foreign investor to develop large scale irrigation projects (Lier, 1970).The main purpose of irrigation development in Ethiopia was provided industrial crops to the growing agro-industry in the country, many of which were established by foreign investors, and to thus also boost export earnings. Initially, irrigation was seen as part of the modernization of the country’s agricultural economy. Moreover, irrigation was considered an important investment for improving rural income through the increased agricultural production. However, in 1975 with the introduction of rural land proclamation, the large irrigated private farmers were nationalized and converted to state farms by the Derg regime. Although drought and famine were also regularly occurring during the imperial regime, the government did not considered irrigation development as a way of mitigating drought induced famine (Teshome, 2003). In the 1980’s with the recurring cycle of drought and environmental hazards, the need for small scale irrigation development expand to other part of the country to address drought and food shortage, and the need for the internal market. The government began to focus on the potential of small scale irrigation to improve food security and started promoting farmers and community based small scale irrigation through giving assistance and support to adopt modern technologies, rehabilitation and upgrading of traditional schemes after famine in 2000/01.

Ethiopia covers 12 river basins with annual runoff volume of 122 billion m3 of surface water and estimated 2.6 billion m3gruund water potential. So far, only 10 % -25% of the total irrigation potential is developed in both traditional and modern schemes (MoA-NRMD, 2011).Ethiopia is believed to have the potential of 5.1 million hectare of land that can be developed for irrigation through pump, gravity, underground water, water harvesting and other mechanisms (MoFED,2010). Since having high potential, the economic actors gave attention and designed national strategic plan in 1991, Agricultural Development led Industrialization that give focus to irrigation cooperative societies and agricultural technologies to respond the food demand and bring socio economic development in the country. It is the main pillar in the recent five year Growth and transformation plan (GTP) (2011-2015) of Ethiopia (MoFED 2012).The successful history of Asian countries (e.g China, India, Singapore, Vietnam, and Taiwan) in the 1960s and 1970s in feeding the growing population, achieving rapid economic growth and boosting employment through irrigated agriculture motivated the Ethiopian government to give more weight to development of irrigation schemes (Bacha et al., 2011).

In the past 15 year various efforts have been made by the current government to expand irrigation in the country. The country ADLI strategy considers irrigation development as a key input for increasing agricultural production. In line with the ADLI objective during the first phase of sustainable development and poverty reduction program (2000-2005), significant steps were taken towards improving overall water resource management of the country by formulating the national water management, the national water sector strategy, the national water sector development programme and Nile basin initiative. Despite the efforts of the government to expand irrigation, the country has still not achieved sufficient irrigated agriculture to overcome the problem of endemic food security and poverty in Ethiopia. The total area under irrigation in 2006 was reported to be 603,359ha (less than 5% of its total irrigation potential); of which traditional irrigation accounts 479,049ha while 124,569ha of land was developed through medium and large scale irrigation schemes (MoWR, 2002).
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The overall goal of 1999 Ethiopia water resource management policy “to enhance appropriate all national efforts toward the efficient, equitable and optimum utilization of the available water resources of Ethiopia for significant socioeconomic development on sustainable basis”(MoWR, 1999). 
The objective of water resource management policy : development of water resource of the country for economic and social benefit of the people on an equitable and sustainable basis; allocation and apportionment of water based on comprehensive and integrated plan and allocation principles that incorporate efficiency of use, equity of access, and sustainability of resource ;managing and combating drought through, efficient allocation, redistribution, transfer, storage and efficient use of water resources; combating an regulating flood through sustainable mitigation, privation, and enhancing water resources and the overall aquatic environment on sustainable basis.
The need for participation of different stakeholders is emphasized by the policy. Accordingly, when projects are designed, there should be a room for the identification and recognition of all relevant stockholders to consult with each other and discuss issues regarding water systems. The government is also supposed to pay attention for a legal basis to ensure an active and meaningful participation of stakeholders (MoWR, 1999).  
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The national irrigation policy aims to the develop new and to enhance existing small, medium, and large scale irrigated agricultural schemes that are economically viable, socially equitable, technically efficient and environmentally sound(MoWR, 1999).
The overall irrigation policy is to develop the huge irrigated agriculture potential for the production of food crop and raw materials needed for agro industries on efficient and sustainable base and without degrading the fertility of the production filed and water resources base
The main objective of irrigation policy part of the Ethiopian water resource management policy are: development and enhancement of small scale irrigated agriculture and grazing land of food self-sufficiency at the household and national level, promotions of irrigation study, planning and implementation on economically viable, socially equitable, technically efficient, environmentally sound basis as well as development of sustainable, productive and affordable irrigation frames, promotion of water use efficiency, control of wastage , protection of irrigation structures and appropriate drainage system , and ensuring small. Medium and large scale irrigation potential project are studied to stage ready for immediate implementation by private and/or government at any time.
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Irrigation in Ethiopia is classified in to three classes. They are small, medium and large scale irrigation schemes. Small scale supplies total command areas of under 200ha as opposed to medium and large scale, which are 200ha-3000ha, and above 3000ha respectively(MoWR, 2001b). The present most frequently cited estimate of small scale irrigation estimated area is about 65,000ha (ATA, 2013). These figures are in sharp contrast to the widely cited overall potential for irrigation throughout the country, including small, medium and large-scale irrigation.
The Federal or Regional Government Bureau of Water Resources, Irrigation Authorities or Commission for Environment and Sustainable Development are responsible for the construction of modern small-scale irrigation schemes. These bureaus or authorities transfer irrigation schemes to water user associations after the construction is completed for management, operation and maintenance with professional support from concerned regional bureaus or authorities. It is difficult to get reliable statistics on the area of small-scale irrigation schemes, which also include traditional schemes. However, the area with small-scale irrigation increases after the catastrophic drought in 1973 (Awulachew et al., 2005). Small-scale irrigation has been chosen by the majority of the Cooperating Sponsors as a strategic intervention to address food security in Ethiopia. A number of factors led to this choice, the most obvious of which is that irrigation increases the potential for producing more food more consistently in the drought-prone food-insecure areas (Awulachew et al., 2005). Irrigated small-scale farmland increased country wide from 64,000 ha to 87,145 between 1991 and 1998 (MoWR, 2002). During this time more focus was given to small-scale irrigation development and there was little or no development in medium-and large-scale irrigation during that period. Water sector development program envisages the development of 127,000 ha on new irrigation land over the program period (2002-2016).
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Irrigation can raise the income of those farmers with access to irrigated land. The benefit is by reducing production risk and farm output diversification, thereby encouraging farmers to gain the benefits of greater specialization and commercialization at the same time enabling farmers to adapt timing of production to take in to account market demand and higher prices Dereje (2016) and Birhanu, (2016). Irrigation contributes to livelihood improvement through increased income, food security, employment opportunity, social needs fulfillment and poverty reduction. Increase in agricultural production through diversification and intensification of crops grown, increased household income because of non-farm employment, source of animal feed, improving human health due to balanced diet and easy access and utilization for medication, soil and ecology degradation prevention and asset ownership are contributions of irrigation (Kinfe et al. 2012). According to Ziba, (2015) that Small- scale irrigation has very significant positive impact on crop and livestock income of rural farm households. Since irrigation enables farmers to avoid adverse weather extremes and reduction of production of risk, it reduce the need to borrow and smoothen consumption, avoid cost of credit access, indebtedness or need to dispose of assets ; and allow benefits from specialization or higher-value, facilitate development of multiple farm enterprise around the livestock and crop 
Desta(2004) conducted impact assessment study on community managed irrigation schemes on productivity and household income in Woliso and Wenchi districts of Oromiya region through comparing irrigation users and non-users. The finding revealed that contribution of irrigated agriculture to income is about 70% in the highly irrigated villages as compared to 60% in to other low irrigated areas. At the same time, the absolute size of agricultural income is also the highest in highly irrigated village despite the lower land ownership size and cultivated holding by more than 30% over the low irrigated village. The highly irrigated village has higher per hectare agricultural income by over 50% over the low irrigated village.
Fuad (2002) in his study undertaken in east shewa, Oromia region shows that cash crop economy with important cash flow offer a wide range of off-farm income possibilities as compared to subsistence farming. About 45% of farmers involved in cash crop production are engaged in income generating off-farm activities while only 13% are from the non-cash crop producers.
Farming income is more important to irrigating households than to non- irrigating households, while off-farm income is negatively related with access to irrigation. The mean income of irrigation is significantly higher than that of rain-fed farmer. Irrigating households' average income is above the regional average, while non- irrigating households' average income is 50 percent less than the average income of irrigating households. There is also a difference in total household consumption expenditure between the two groups (Gebrehawaria and Regassa, 2007). Farmers using concrete canal river/spring diversion had higher mean cropping income per household on average than other irrigation types. Statistically significant differences were found between the household concrete canal river/spring diversion and traditional river diversion and pedal pump irrigation systems, but no significant difference exists between concrete river/spring diversion and motor pump, or between traditional river diversion and pedal pump. Households using any of the four irrigation systems had statistically significantly higher mean gross household income than households not using irrigation. Access to small scale irrigation increased mean annual house hold income significantly and lower probability of being poor than non- irrigating households (Getanhe, 2011).
According to Gebregziabher et al.,(2009), the average income of non-irrigated household by about 50% in Ethiopia. The study also found the farm income is more important to irrigating household than to non-irrigation. Kuwornu and Owusu (2012) concluded that irrigation investment in Ghana is justified due to significant irrigation contribution to the consumption expenditure per capita in farm households. Dereje (2016) investigates the determinant factors affecting the level of income on farmers in Koka irrigation Project. This study report that size of irrigated land, age of the household head, accessibility of irrigation and accessibility of extension service are the determinant factors in the study area
A study conducted by Hussain,(2004) confirms that, access to reliable irrigation water can enable farmers to adopt new technologies and intensify cultivation, leading to increased productivity, overall higher production, and greater returns from farming. This in turn opens up new employment opportunities; both on farm and off-farm, and can improve incomes, livelihood, and the quality of life in rural areas. Hussain,(2004) identified five key dimensions of how access to good irrigation water contributes to socioeconomic uplift of rural communities. These are production, income and consumption, employment, food security, and other social impacts contributing to overall improved welfare.
According to (FAO, 2010) in Zimbabwe, smallholder irrigation has brought many successes to farmers. The following were some of the importance: 
· Smallholder farmers are able to grow high value crops both for the local and export markets.
· In areas of very low rainfall, farmers enjoy producing their own food instead of depending on food aids from the NGO’s and other donating organizations.
· Irrigation development has made possible for rural infrastructure to be developed such as, roads, telephones, schools and health centers.
[bookmark: _Toc494373319]2.8 Factors Contributing Income Difference
Household head obtained their income from different sources such as cereal crop, cash crop, livestock product and non-farm and off farm activities. The household’s income differences of the household determined by different factors According to Gadisa(2016), age of the household head, educational level of the household head, size of cultivated land, ownership of livestock, accessibility of irrigation water and application of different agricultural input are the major determinant factor for income difference among households the case of lake Tinike irrigation schemes. The study conducted by Tedros (2014), the income difference in Gum-Selasa and Shilena, Hintalowegerat, income difference among household’s contributed by the following factors such as  age of the household head, sex of household head , family size of the household, educational status and household farm resource.
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This section deal about some studies conducted in different part of Ethiopia on small scale irrigation participation decisions and its effect on the different components of agricultural sector in the rural part of the country.
Geberehiwot (2010) study conducted on the contribution of irrigation development on household poverty reduction; a case study of Adiha irrigation schemes, Kola-Tembin woreda, central zone of Tigray. This study concluded that as compared to other households living condition between the irrigation users and rain-fed household, the majority of irrigation user were found to have been able to feed themselves from their own production (38% of them 12 months, 23.4% of them more than 10 months) while the non-user of irrigation were found to have been able to feed themselves only from 6 to 9 months. This signifies that irrigation plays a key role in improving the growing demand of food and to achieve long term food security to reduce the level of consumption shortfall. Similar study conduct by Haile (2008) poverty decomposition is lower among population from irrigation user (19%) compare with non-irrigation users (42%).Poverty gap was also significantly lower for households Owen irrigation plot(2%) than non-irrigation user(8%).
Wagnew (2004) conducted a case study using a formal survey on socio-economic on and environmental impact assessment of four community based small scale irrigation in the upper Awash basin of Ethiopia, conclude that credit system, institutional support, monitoring of irrigation schemes, economic evaluation of optimal plot size, cropping pattern for agronomic practice and resource utilized in the irrigation schemes were necessary conditions for viable and sustainable irrigation schemes.
Azemer(2006) also studied food security and economic impact of irrigated agriculture in Telele irrigation scheme of North Shoa Zone. The main object of the study was to investigate the impact of small scale irrigation on food security and economic status of household. The finding of this study demonstrates better performance of irrigated agriculture in crop production and productivity than rain-fed agriculture. Use of irrigation also demonstrate a change in livestock holding capacity of irrigator than pre irrigation and it also signified that higher food availability, accessibility and better income in irrigation than non-irrigation beneficiary households.

A study by IFAD(2005) state that in Ethiopia, the construction of small scale irrigation schemes has resulted in increased production and diet diversification in the Oromiya and southern nation and nationalities people (SNNP) regions. According to this study, the cash generated from selling vegetables and other produce is commonly used to buy food to cover the household food demand during the food deficit months.
[bookmark: _Toc490060046][bookmark: _Toc490102598][bookmark: _Toc490181295]Anwar(2014) study on the impact of small scale irrigation on household welfare case study of Laelay Dayu irrigation schemes, Alamata woreda, Tigray region. The study concludes access to irrigation has profound impact on improving the livelihood of smallholder’s farmer in the study area. As part of the positive contribution of irrigation schemes, the study has distinguished some problems that affect the performance of small scale irrigation. The chief problem identified includes lack of enough surface water, loss of water through seepage, water conflict, weak market links and poor extension service.
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The conceptual frame work of the research shows the relationship between the dependent variable and independent variable. As indicated in fig 1.1 the income of the household is dependent variable and demographic, socioeconomic, institutional and physical variable are independent variables that affect the income of household in the study area. 
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[bookmark: _Toc494375552][bookmark: _Toc490060047]Figure 2.1: Schematic diagram showing the relationship between household income and some explanatory variables.
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[bookmark: _Toc494373324]3.1 Description of the Study Area
[bookmark: _Toc494373325]3.1.1 Location and Topography
 According to Alamata woreda finance and economic development office (2016), Alamata woreda is one of the eight Woredas in the Southern Tigray Regional State. It is located at a distance of 60km far from zonal town Machew; 178 km far from Mekele, the regional administrative town; and 600km from Addis Ababa, the capital city of the Ethiopia. The study area is located between12°15'-12032' N latitude and 390 15'-39°45'Elongitude and has elevations of 1400 -2300meters above sea level. Relatively, the woreda is bordered by Ofla district in the North, Afar region in the East, Amhara region in the South and West and Raya Azebo district in the North East. The total area of the woreda is 75,263.54 hectares. The land form is largely level plain (64%), medium gradient escarpment and a hill sloping land which accounts the area of 10% and 15% of respectively (Amanual et al., 2015).Because of this, the woreda is suitable for the cultivation of varieties of crops such as, vegetables, cereal crops, perennial crops and spices using irrigation agriculture.
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[bookmark: _Toc494375553]Figure 3.1: Map of the study area
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According to Alamata Woreda Agricultural and Rural Development Office (2016), the climatic condition of the woreda is categorized under kola (90%) and woinadega (10%) climate zone. The woreda is characterize by bimodal rainfall pattern with main rain occurring during the summer season (from June to September) and a short rainy season during Belg (between January and April).The annual mean precipitation ranges from 618-927mm. Mean maximum and minimum temperature of the woreda are32oc and 14ocrespectively.

[bookmark: _Toc494375554]Figure 3.2 Mean annual rainfall of Alamata woreda (1995-2012)
Source: Tigray region meteorology service center (2017)

[bookmark: _Toc490059563][bookmark: _Toc490060052][bookmark: _Toc490102604][bookmark: _Toc494375555]Figure 3.3: Mean maximum and minimum temperature of Alamata woreda (1997-2016)
Source: Tigray region metrology service center (2017)
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According to Finance and Economic Development Office Report (2015), the total population of the study area is 95,094. Of these 46,983 are males and 48,111 are females. The majority of the people in the study area is engaged in the agriculture both farming and livestock production. The farming is based on mixed subsistence farming comprises crops (cereal crop and vegetables) and livestock production. Crop production is the most important economic sector of the study area mainly depends on rainfall agriculture and characterized by cereal dominant cropping with livestock as a component. The process of farming in the study area involves mainly by human labor and oxen. The main crop farming in the study area includes sorghum, maize and Teff. Among these crops, sorghum and Teff are widely produced in the area and supply to the local market as well as the other districts of the regional state of Tigray. In the area there is cultivating of different vegetables and crops by using small irrigation; such as orange, banana, avocado, mango, coffee, apple, pepper, papaya, onion and tomato.
Farmers in the study area follow mixed agriculture in which livestock production is an important component. They are the major assets of household and play an important role in the crop production. The major livestock type in the study area includes oxen, cow, goat, sheep, calves, heifer, donkey, and camel. Most of these are the source of income for the household in the study area (AWARDO, 2016).
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[bookmark: _Toc490060055][bookmark: _Toc490102607][bookmark: _Toc490181303][bookmark: _Toc490251181][bookmark: _Toc490251256][bookmark: _Toc490318997][bookmark: _Toc490617577][bookmark: _Toc490618258][bookmark: _Toc494373329]3.2.1 Research Design
The study employed mixed research design composed of both qualitative and quantitative research approaches. This is due to the fact that the contributions of small scale irrigation on household income as well as factors which affect the income of the household in the study area need quantitative and qualitative data collection and analysis. Hence, quantitative and qualitative data collection and analysis were employed.
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The study employed multistage sampling techniques to select the respondents to fill the questionnaires. Firstly, purposively sampling technique was used to select the study woreda for the reason that the woreda practices small scale irrigation for the household income for the last couple of years. Secondly, out of 15 rural kebele administrations, three rural kebele (Gargale, Kulugezelemlm and Tumuga) were selected for the study using simple random sampling techniques. Thirdly, using Kothari (2004) formula the sample households were determined as shown below:
n =
n= the require sample size           e= maximum allowable error 2% which is 0.02
N=total household head population (4806)         p= is the estimated proportion 0.03
 z= the desired confidence level (1.96)   q= 1-p
             Accordingly, n =
           n = =264
[bookmark: _Toc494375349]Table 3.1 Summary of respondents by kebele administrations
	NO


	Kebele
Administrations
	User
	Non-user
	Sample user
	Sample Non-user
	Total sample

	
	
	
	
	
	
	

	1
	Gargale
	938
	747
	51
	41
	92

	2
	Kulugezelemlm
	610
	405
	34
	22
	56

	3
	Tumuga
	1225
	881
	67
	49
	116

	Total
	2773
	2033
	152
	112
	264


Source: Irrigation Development Office of Alamata Woreda (2016) 
Finally, a total of 264households were sampled using proportional stratified systematic sampling techniques to fill the questionnaire. Among those, 152 from irrigation user and 112 non-irrigation users are selected (Table3.1).
For qualitative data samples are selected purposively for interview from the informants which includes woreda irrigation expert, agricultural extension expert working in selected kebele, scheme committee members, irrigation user, non-irrigation user, and kebele administrative bodies. In general, 6key concerned bodies are selected purposively in each kebele for the study.
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In order to achieve the objectives of the study, both primary and secondary data sources were employed. 
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The primary data collection techniques include survey questionnaire, key informants interview and non-participator observation were used for the study.
Key Informant Interview
Woreda irrigation expert, agricultural extension experts working in selected kebele, scheme committee members, irrigation user and non-user household and kebele administrative bodies were used to collect information for the study. Checklists were prepared for the following issues; the source of credit, the motivating factor to participate in irrigation, the impact of market information of farming activity, indictors of wealth in rural farm households and application of agricultural input in the study area. The agricultural extension expert worker working in selected kebele also provides detail information about households in relation to the use of agricultural input, participation of in different training programs and major problems face in the study area relating to irrigation. Key informants’ interviews were done based on the specific time schedule to collect the necessary data.
Questionnaire
Structured questionnaire was employed to collect primary data from respondents. The questionnaire is composed of demographic, socioeconomic, physical and institutional factors. The questionnaire includes both close ended and open ended questions. The questionnaire was first prepare in English and later translate into the local language (Tigrigna) so that the respondents can easily understand the questions. In order to conduct the household survey, three enumerators who have completed 12th grade and able to speak the local language was hired from each study kebele. Each enumerator collects at least 18 up to40household questionnaires were under a continuous supervision by the principal researcher. One-day training was given to the enumerators.
  Observation
It is the gathering of primary data with direct observation of relevant people, actions and situations without asking the respondents. In addition to the interviews and questionnaires, the study used direct observation to get detail information about the major source of water, type of crop covered in the farmland and activity of farmers in the farm land. Photo camera was used to capture some photo about the issue that was observed.
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In addition to primary data, the study used secondary data reports from Federal, Regional and Woreda Agricultural and Rural Development Office as well as reports from CSA, FAO and IWMI at different years.
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The study employed both quantitative and qualitative methods of data analysis. The qualitative data that were collected through key informant interview and filed observation analyzed textually. This could support the data collected through questionnaire. On the other hand, the data which need numerical computation were analyzed and presented in quantitative form. The data coded and edited and entered in to statistical package for social science (SPSS version 20). The data that were collected from household survey presents and analyze through descriptive and inferential statistics. Descriptive statistics state/express with the help of tables, percents and frequencies. Inferential statistics such as independent t-test, Chi-square test and multiple liner regression model were used.
 Independent t-test was used to show the mean difference between irrigation user and non-user with respect to continuous variable (such as, age of the household, family size, year of farming experience, livestock holding and annual income).
Chi-square test was employed to assess the association between irrigation user and non-users with relevant to categorical variable(such as sex of the household head, educational back ground of the household, accessibility of market information, participation on non-farm activity, accessibility of irrigation water, accessibility of credit and accessibility of extension service).
Multiple Regression Model
The study employed multiple linear regression model to determine factors contributing income difference of households. The dependent variable is the total income of the household (obtained from cereal crop, cash crop, livestock and non-farm and off-farm activities).The household income is continuous variable and hence the dependent variable of the model. The independent variables are composed of demographic, socioeconomic, physical and institutional factors.

Model specification 
The multiple linear regression model equation presented as:
+B1 X1+B2 X2+----------------+Bn Xn
Where
  Y=A predicted value (which is dependent variable=household income
  Bo= the ‘Y’ intercept which mean the value of ‘Y’ when the value of X is equal to Zero
 B1-Bn= the slope/coefficients of the model
Multicollinearity checking
As Gujarati (2003) multicollinearity refers to a situation where it becomes difficult to identify the separate effect of independent variables on the dependent variable because there strong relationship among them. In other words, multicollinearity is a situation where explanatory variables are highly correlated. There are measures, which suggested testing the existence of multicollinearity. 
Tolerance (TOL) and Variance Inflation Factor (VIF): This method is used to detect multicollinearity of among variables. As Rj2 increases towards one that is as the Collinearity of regressorXj with other regressors increases its variance inflation factor (VIF) also increases and in the limit, it can be infinite. The larger value of VIF, the more troublesome or collinear is the variable Xj.

Variance inflation factor and 


As a rule of thumb, when the VIF rate greater than 10, shows high multicollinearity and if tolerance close to zero also indicates high multicollinearity between independent variables Gujarati (2003) The larger the value of VIF, the more troublesome or collinear is the variable.  Tolerance (TOL) can also be used to detect multicollinearity. Clearly, when the value of TOLj is one, Xj is not correlated with the other predictor, whereas its value is zero it becomes perfectly related to other predictor variable.



Goodness of Fit of the Model
The goodness of fit of the model measure with the R2 statistics explain in predictor variable. This explain how many percent of the variation in the dependent variable are explained by the explanatory variables.
ANOVA
Analysis of variance (ANOVA) consists of the calculation that provides information about level of variability within a regression model and form a basis for test of significance as well as degree of freedom are adjusted to reflect the number of explanatory variable.

Definitions and Working Hypothesis
 Irrigation Users: refers to those farm households highly dependent on irrigation farming
Non-irrigation User: refers to those farm households highly dependent on rain fed agriculture
Off-farm income:  refers to any income obtained out farm production
Dependent variable: For this study, the dependent variable (Y) is the total annual income. It represents the total annual income obtained or generated from cereal crop, cash crop, livestock product and non-farm and off farm activity in 2009.
Independent variable: For this study, the independent variables (X) are those factors affecting household income. The following factors(X) (independent variables) are expected   to   influence the household income of the farmers.
 Age of household head: It is a continuous variable. It represents the age of the household head in number of years during the survey time. The older the household head, the more experience he/she has in farming. Moreover, older persons are more risk averters, and mostly they intensify and diversify their production activity. The study carried out by Hadush, (2014), indicated that age of the household head has a significant effect on the household income. In this study, it hypothesized that level of income and household age are expected to have positive relationship.
Sex of Household: Sex of the household is dummy variable (male=1, female=2). Gender difference is also expected as a factor that influences income. Male headed household have relatively high active labor and capital than female headed household. Female headed household faces capital shortage due to limited access to land, credit, extension and marketing channels (Agerie, 2013). Similarly, male headed farmers have more access to irrigation and utilize of resources than female headed household (Kinfe et al., 2012) In this study, it is also hypothesized that probability of sex of the household headed would have an influence on irrigation and household income.
Educational Background of Households: It is a dummy variable (1=illiterate, 2= in primary school, 3= in secondary school, 4= preparatory and above), which measure in group of category of the household hade. Formal education enhances farmers’ ability to perceive, interpret, and respond to new events in the context of risk. More over education enable farmers to search for new irrigation management practices. It also enhances household income by widening production opportunities. Literacy of the household head has positive relationship with the use of irrigation water and household income (Getanhe, 2011). This study also hypothesized as positive relationship with irrigation and household income.
Family Size: It is a continuous variable, which measure by total number of family members in the household. Farmers with large family size can afford on new agricultural technology and also can bear the risk in the case of failure of crops. This means farmers with large family size will be more initiated to adopt small scale irrigation technologies and generate more income from it. Study conducted by Azemer (2006) reports that Small-scale irrigation and family size has a significant positive relationship. Households with large family size are motivated to participate more likely than households with small family size. Participation in irrigation requires more labor force as result households with larger family size have cheaper labor that encourage them to practice in small scale irrigation. This study also hypothesized that income of the household and family size has positive relationship.
Dependency Ratio: It is a continuous variable, which measure in percentage by computing the ratio of all children, elders and adults in household. The study hypothesized that the level of income and percentage of dependency ratio in household are expected to negative relations. As number dependency ratio increases the income of the household decrease.
Application of Agricultural Input: This is a categorical variable (1=yes, 2=no). This is measuring whether the household hade use agricultural input to increase agricultural production or not. Study conducted by Desta (2004), Wagnew (2004), and Birhanu (2016) shows that the uses of different agricultural input have a positive impact on household income. In this study also hypothesized that those households use agricultural input expected to have higher income than that of non-users of agricultural input.
Accessibility of Market Information: This is dummy variable (1=yes, 2=no).that is measuring whether the household has information about the market or not. Market information is determinant factor for marketing agricultural product. Farmer’s decisions on agricultural activity are mostly based on market price information (Kenfe et al., 2012).In this study, it hypothesized that the access of market information is positive related to probability of irrigation scheme utilization and household income.
Participation on Non-farm/off farm activity: This is a categorical variable (1=yes, 2=no), that help measure whether the household actively participate on non-farm or off farm activity or not. This represents the amount of various income sources received by household members other than sale of agricultural products and activities. In this study, non-farm income affects irrigation water utilization negatively but household income positively 
Year of Farming Experience: This is continuous variable which is measured in year. This refers to how many years is experienced in farming activities. The study is hypothesized that the years of experience by the households are positive related to probability of irrigation scheme utilization and household income.
 Total livestock holding: This is a continuous variable which measures the total number of livestock. Livestock used as a proxy for wealth. Household who has large livestock holding generates more additional income by selling of livestock and its products. More livestock production and diversification generates additional income for further investment in crop-livestock production system. Previous research results confirm that livestock holding has a positive influence on household income based on its farm and market contributions Getanhe (2011). Therefore, in this study was hypothesized that the number of total livestock holding by the household are expected to positive relationship with household income.
 Total size of Cultivated Land: This is dummy variable (1=<0ha, 2=0-0.25ha, 3=0.26ha-0.5ha, 4=0.51ha-0.75ha 5=0.76ha-1ha and 6= >1ha), which measure in group of category of   hectare/tsemad. Other studies identified size of cultivated land and income of the household has strongly significant relationship (Dereje 2016). In this study, is hypothesized that the size of irrigated farm land is expected to have positively relationship with household income.
Access to Irrigation Water: This is a dummy variable (1=yes 2= no).This is the household are accessed to irrigation water or not. In line with this study identified that the access to irrigation and household income has strong significant relationship (Haile, 2008 and Getanhe, 2011). This study hypothesizes that access to irrigation water expected to have significant relationship with household income.
Access to Credit Service: This is categorical variable (1=yes 2= no), which uses to measure whether the household head access to credit service or not. It refers to the major ingredient in startup capital or running any business, by agricultural or non-agricultural activities. In subsistence farming whether there is a problem household capital deficiency, credit is a substitute, which should not be overlooked (Haile 2008).This study is hypothesized as significant relationship between access to credit service and household income.
Access to Extension Service This is a dummy variable (categorical). Access to extension service refers to the availability and existence of technical advices, trials and demonstration to smallholder. It is important that extension service widens the household heads’ knowledge with regard to the use of improved variety of seed, cultural practices and other agricultural technology. Those have significant impact on households’ farm income and decisions for irrigation water use. Other similar studies also came up with positive and significant relationship (Wagnew2003). Therefore, it would have positive relationship between access to extension service and household income.
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Sex of the household head is an important variable influencing the participation decision on irrigation. As indicated on Figure 4.1, the majority of the respondents (77.7%) are male and the remaining are females. Female-headed households that engaged in small-scale irrigation are small in number, i.e. (3.3%).This is because more female-headed households have different domestic burdens that may affect their participation in the field to irrigate their farm land. The chi-square test pointed out that, there is a significant difference between irrigator and non-irrigator households in the sex distribution at 1% level of significant (df=1, Persons chi-square value= 74.995, P<0.01). From this finding, it is possible to conclude that sex of the household head has a significant factor on the participation of small scale irrigation. As a result, the livelihood participation and income of female headed households is less than the male headed households. This result is in line with the work of Kinfe et al., (2012) which says women headed households access to irrigation are limited in the Northern Ethiopia. The reason is that when the schemes were established men were given preference over women and also, men felt that women could not cope with the demand of the scheme. Women have only provided labor, especially during harvesting and other non-farm activates to supplement household income. Agerie (2013) also report that male is important irrigators than women in North Gonder Zone.

[bookmark: _Toc494375558]Figure 4.1 sex distribution of the household
Source: survey result (2017)
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As shown on Table 4.1, there is a remarkable difference in the level of education within user and non-user of irrigation households. About 41.4% of the irrigators are illiterates as compared with non-irrigators which indicate at 79.5%. Hence, it could be said that more than half of irrigation users attending in different level of school. As information obtained from kebele agricultural expert, farmers attending to different level of school are more aware of the irrigation technological input, utilization and interested in attending different trainings. The survey result indicates that there is a significant difference between users and non-users on the educational status of the household head at 1% significance level (df=2, persons chi-square= 42.106, P<0.01). From this result, we can conclude that the educational back ground of the household head has an influence on the participation decision of small scale irrigation. This attributes to the fact that household heads with more year of schooling would be expected to better to participate in small scale irrigation. This finding conforms to the work of Dereje (2016) which says educational background of the household head often influences the participation in small scale irrigation positively. Kidane (2014) also reports that education helps people with the necessary skill and knowledge to actively participate in small scale irrigation. Thus, it is expected that farmers with basic literacy and numeracy level can easily participate in small scale irrigation.
[bookmark: _Toc494375350]Table 4.1 Demographic characteristics of the respondent which is categorical variable
	Variable Definition
	User
	Non-user
	Total
	 

	
	Count
	%
	Count
	%
	Count
	%
	       X2

	Sex
	Male
	147
	96.7
	58
	51.78
	205
	77.7
	 

	
	Female
	5
	3.3
	54
	48.2
	59
	22.3
	0.000*

	
	Total
	152
	100
	112
	100
	264
	100
	 

	Educational status
	Illiterate
	63
	41.4
	89
	79.5
	152
	57.6
	 

	
	Primary school
	70
	46.1
	23
	20.5
	93
	35.2
	 

	
	Secondary
	19
	12.5
	-
	-
	19
	7.2
	 

	
	School
	
	
	
	
	
	
	0.000*

	
	Preparatory and above
	-
	-
	-
	-
	-
	-
	 


Source: survey result (2017)
* indicated 1% significant level
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The average age of the household head in the study area was 42.8 years with a minimum of 28 and maximum of 72 years. The mean age of irrigation user and non-user household was 43.01 and 42.55 years respectively. Among the total head 7.2% of the users and 6.2% of non-users of the respondent were found between 20-30 years age. Those irrigators and non-irrigators found between 31-60 years age constitutes 89.5% and 89.3% respectively, and the remaining 3.3% of irrigators 4.5% non-irrigator were found above 60 years of age (Table 4.2). The t-test value is shown in Table 4.4, there is no significant difference in age distribution of household head of the sample respondents between irrigation user and non-irrigation user farmers (T value= 0.390, (df) =262, P=0.697).  From this result, it is possible to conclude that the age of the household does not have an influence on the participation decision of small scale irrigation. This implies both the young as well as the older household heads have no difference in irrigation participation. In line to this, Dereje (2016) argues that the age of the household head does not have an influence on the participation of small scale irrigation.
[bookmark: _Toc494375351]Table 4.2 Age distribution of the household
	Variable 
	
User
	
Non-user

	
	N=152
	N=112

	
	 
	 

	
	Count
	%
	Count
	%

	 
	20-30
	11
	7.2
	7
	6.2

	Age 
	31-60
	136
	89.5
	100
	89.3

	 
	>60
	5
	3.3
	5
	4.5
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[bookmark: _Toc494373340]4.1.4 Family Size
The average family members of the sample respondent are 4.84. Even so, the average family size for users and non-users in the study area is 5.06 and 4.55 respectively. Among those76.3% of the user and 79.5% non-user of the respondents have 4-7 family members. Those heads have1-3 family members constitutes13.8% the irrigator and 17.8% of non-irrigator households and the remaining 9.9% of the user and 2.7% of non-user were found between 8-10 family members (Table 4.3). As pointed out in Table 4.5, family sizes of user and non-user is statistically significant at the 1% level of significance (T value=2.733,(df)=262,P=0.007). So, small scale irrigation and family size has a significant relationship. Household with large family size is more likely to participate than a household with small family size. Participation in irrigation requires more labor force. As a result, households with large family size have cheaper labor which motivates them to practice in small scale irrigation. From this finding, it is possible to conclude family size of the household head has an influence on the participation decision of irrigation farming. This could explain the variation in participation decision and income variation between irrigation user and non-user households is inevitable. This finding is consistent with the work of Haile (2008) report household size positively increases the probability of participation in irrigation farming. This suggests that the increment of household size has the access to a cheap labor and higher chance to participate in irrigation schemes and generate more income from it. Ziba (2015) reports that large household family size  have availability of labor  in the household and labor increases productivity per hectare of land, and in turn, household total income increases for a given land base.
[bookmark: _Toc494375352]Table 4.3 Family size of the respondent
	Variable 
	User
	Non-user

	
	N=152
	N=112

	
	
	

	
	Count
	%
	Count
	%

	 
Family size  
 
	1-3
	21
	13.8
	20
	17.8

	
	4-7
	116
	76.3
	89
	79.5

	
	8-10
	15
	9.9
	3
	2.7


Source: survey result (2017)
[bookmark: _Toc490060068][bookmark: _Toc490102618][bookmark: _Toc490181314][bookmark: _Toc490251194][bookmark: _Toc490251267][bookmark: _Toc490319008][bookmark: _Toc490617588][bookmark: _Toc490618269][bookmark: _Toc494373341]4.1.5 Dependency Ratio of the Respondents
In the study area, the average dependency ratio is 66%.Among the total respondents the dependency ratio for irrigation users and non-users were 50% and 88%, respectively. As indicated on Table 4.4, T-test value reveals that there is a significant mean difference between irrigation users and non-users households at 1% significance level (T value=-6.353,(df)=262, P<0.01).Dependency ratio shows that the ratio of economically inactive compared to economically active. Economically active members of a household, whose age is from 15-64 years, are assumed to be the principal sources of income for the households. Household member whose age is under 15 and over 65 years are assumed economically inactive and dependent on economically active members of the household for education, clothing and health (John, 2002 cited in Getanhe, 2011). From this point of view, non-irrigation user households have a larger dependency ratio, which mean that in every 100 economically active people had 88 extra people to feed, clothe, education and medicine than irrigation users. From this result, it is possible to conclude that those households with a high dependency ratio are not participating in irrigation practice as compared to households with low dependency ratio. This also that household with high a dependency ratio faces shortage of labor under takes activities that bring the benefit of household economically. These findings conform by Anware (2014) reports that those households with a low dependency ratio are actively participating in irrigation and other agricultural projects in the Dayu irrigation scheme. Desta (2004) which report household with a high dependency ratio faces the shortage of labor to undertake activities that bring benefit to households. This implies that active members of the household have supported themselves and other members. 
[bookmark: _Toc494375353]Table 4.4Demographic characteristics of the respondent which are continuous variable
	Variable definition
	User
N=152
	Non-user
N=112
	
T value
	
P value

	
	Count 
	%
	Count 
	%
	
	

	
Age
	20-30
	11
	7.2
	7
	6.2
	

0.390
	

0.697Ns

	
	31-60
	136
	89.5
	100
	89.3
	
	

	
	>60
	5
	3.3
	5
	4.5
	
	

	Family size
	1-3
	21
	13.8
	20
	17.8
	
2.733
	
0.007*

	
	4-7
	116
	76.3
	89
	79.5
	
	

	
	8-10
	15
	9.9
	3
	2.7
	
	

	Dependency
Ratio
	0-1
	149
	98
	97
	86.6
	
-6.353
	
0.000*

	
	1.1-2
	3
	2
	9
	8
	
	

	
	2.1-3
	0
	0
	6
	5.4
	
	


Source: survey result (2017)
*, indicated 1% level of significance
NS= Not significant
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As indicated in Table 4.5, 90.1% of irrigation users use different agricultural input as compared to 26.8% of non- user households. As shown in Figure4.2, in the study area, chemical fertilizer, manure, improved seeds and pesticide are the most important agricultural input used by the households. From the total agricultural input user households, 74.45% of irrigators and 70% of non-irrigator households use chemical fertilizer; 18.9% of users, 30% of non-user households use manure and the remaining 5.84% and 0.73% irrigators use improved seed and pesticides respectively. This indicated that irrigation users use different variety of agricultural input as compared to non-user households and fertilizer and manure are the dominant input used by the farm households. The chi-square test indicated on Table 4.5, there is a significant difference between irrigation user and non-user households in use of agricultural input at the 1% level of significance (df=1, Chi-square=111.330, P<0.01). The information obtained from woreda agricultural expert during interview support that irrigation user households are highly utilized different type of agricultural input for their farmland. As a result, input users may produce more per unit area than non-users and can have access to large quantities of food and diversify income sources for accumulation. From this result, it could be concluded that the use of agricultural input and participation on small scale irrigation has a significant relationship. Those households that use different agricultural input obtain high agricultural products and generate higher income from the product. In line with this result, Gebregziabher et al.,(2009) and Gebrehawaria and Regassa (2007)says irrigation user household uses more agricultural input to enhance agricultural production and farm income than non-irrigation user households.


[bookmark: _Toc494375559]Figure 4.2Type of input used by input user households
Source: survey result (2017)
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As shown Figure 4.3, half of the sample households get market information. The study revealed that, 68.42% of irrigators and 25.89% non-irrigator households are getting market information. Market information is another important factor in the commercialization of farming. Farmers need information pertaining output prices so as to make the right decision, ahead of the production season, regarding which crops to purchase from the market. According to the sample respondent during interview, market information is the most important in agricultural farming to adjust the whole activities with the existing market situation. The chi-square result on Table 4.5, shows that there is a significant difference in accessibility market information between irrigation users and non- user household at 1% significance level (df=1, chi-square 46.65, P<0.01).This implies farmers with access to market have a higher likelihood of participation in irrigation due to irrigation user households highly engaging in market oriented products that have highly contact with merchants and consumers as well as irrigators are more contact with their kebele experts. Hence, the result of this study is similar to work of Dereje (2016) reports that information on markets is a determinant factor for the practice of irrigation technology. In addition to this, market information is crucial to producers to know the price of the product in relation to its quality and the demand of their product.

[bookmark: _Toc494375560]Figure 4.3Accessibility of market information
Source: Survey Result (2017)
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[bookmark: _GoBack]As pointed out in Table 4.5, there is significant difference in participation of non-farm activity between irrigation users and non-users households at 1% level of significance (df=1, chi-square=53.276 at P<0.01). The survey reveals that 40.13% of users and 84.8% of non-users participate in non-farm and off farm activity. As a result the average annual income for irrigator and non-irrigator was 2,440.26 ETB and 9,059.46ETB respectively that obtained from different non-farm and off farm activity. In the study area there are different types of non-farm and off farm activities done by farmers to supplement their household income. Some of non-farm and off farm activities are rent of property, sale of wood and charcoal, self-employment (pottery, blacksmith and weaving), remittance and livestock merchant. According to the respondent during interview those households residing near the market place are highly engaged in non-farm and off farm activities. In addition, non-irrigation user households are actively participated in non-farm and off farm activity than irrigators. From this result, it is possible to conclude that those non-irrigation user households are actively participated in non-farm activity than irrigation user households. This finding also conforms by the work of FAO (2010) report that non-farm activities are important for improving the purchasing power of rural households and addressing food security. It has also petty trading and has become an important off farm occupation for many poor farmers who have less access to land and water for irrigation. Tedros (2014) also reports that families that engaged in such activities are mostly poor whose agricultural income is not enough for their annual consumption.
[bookmark: _Toc494375354]Table 4.5Socio-economic characteristics of the respondents which are dummy variable
	Variable definition
	      User 
	  Non-user 
	      Total 
	X2
	

	
	Freq.
	%
	Freq.
	%
	Freq.
	%
	
	

	Application of agricultural input
	Yes 
	137
	90.1
	30
	26.8
	167
	63.3
	 
	

	
	No 
	15
	9.9
	82
	73.2
	97
	36.7
	    0.000*
	

	
	Total 
	152
	100
	112
	100
	264
	100
	 
	

	Accessibility of Market information
	Yes 
	104
	68.42
	29
	25.89
	133
	50.4
	 
	

	
	No 
	48
	31.58
	83
	74.11
	131
	49.6
	     0.000*
	

	
	Total 
	152
	100
	112
	100
	264
	100
	 
	

	Participation on non-farm activity
	Yes 
	61
	40.13
	95
	84.8
	156
	59.1
	
	

	
	No 
	91
	59.89
	17
	15.2
	108
	40.9
	    0.000*
	

	
	Total 
	152
	100
	112
	100
	264
	100
	 
	


 Source: survey result (2017)
*, indicate 1%level of significant
[bookmark: _Toc490060073][bookmark: _Toc490102623][bookmark: _Toc490181319][bookmark: _Toc490251199][bookmark: _Toc490251272][bookmark: _Toc490319013][bookmark: _Toc490617593][bookmark: _Toc490618274][bookmark: _Toc494373346]4.2.4 Year of Farming Experience and its Effect on irrigation
Regarding to farm experience of the sample household, an average year is 17 years with a minimum of 4 years and maximum of 45 years. Among the total, the average years of experience of irrigator and non-irrigator was 17 years and 16 years respectively. As indicated in Table 4.6, 72.3% of the user and 71.4% of non-user have an experience of between 1-20 years and the remaining 17.7% of irrigator and 28.6% non-irrigator households have an experience of more than 20 years. This shows that user and non-user households are in the same experience distribution. The t-test value also indicates that there is no significant difference between two groups at a given significant level (T value=0.441,(df)=262,P=0.659). From this result, it is possible to conclude that no difference in year of experience between irrigation user and non-user households. This implies that year of experience of the household head is not a precondition to engage in small scale irrigation. This result conforms to the study conducted Ziba(2015) reported that farming experience of the household has no impact on participation of small scale irrigation in the upper east region of Ghana.
[bookmark: _Toc494375355]Table 4.6 Socio economic characteristics of the respondents which are continuous variable
	Variable definition
	User 
N= 152
	Non-user
N= 112
	
T- value
	
P-value


	
	Count 
	%
	Count 
	%
	
	

	Years of farming experience
	1-10
	44
	28.9
	39
	34.8
	
0.441
	0.659NS

	
	11-20
	66
	43.4
	41
	36.6
	
	

	
	21-30
	17
	11.2
	20
	17.9
	
	

	
	Above 30
	25
	16.5
	12
	10.7
	
	

	Total livestock holding
	1-10
	40
	26.3
	85
	75.9
	
9.030
	0.000*


	
	11-20
	84
	55.3
	26
	23.2
	
	

	
	Above 20
	28
	18.4
	1
	0.9
	
	


Source: survey result 
*, indicate 1%level of significant,  Ns= Not significant
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As Table 4.7 indicates, 3185 different type livestock is owned by the sample households. As we seen from the Table 71.3% of the livestock’s are owned by irrigation user households and the remaining 28.7% are owned by non-users. The data also show that Chicken, Goat, and Ox are the highest share for irrigation users respectively, in the same way Goat, Chicken, and Ox are for non-user households respectively. The number of livestock holding by sample households ranges from 3 to 38. This implies the existence of large variability among households in livestock ownership. The average livestock holding of the respondents was 12.06 with standard deviation 6.69. The average livestock unit of irrigators and non-irrigator household was 14.85 and 8.27respectively (Table 4.8). In the rural context, livestock holding is an important indicator of household wealth position. The number of livestock owned by the farmers is hypnotized to be positively related to adoption of micro irrigation technologies. 
[bookmark: _Toc494375356]Table 4.7Total livestock holding of the households by households
	Total amount of livestock
	 
	 
	 

	
	     Users
	Non-users 
	Total 

	Cow 
	250
	130
	380

	Ox 
	326
	187
	523

	Donkey 
	94
	40
	134

	Goat 
	544
	232
	776

	Sheep 
	188
	39
	227

	Chicken 
	605
	215
	820

	Heifer 
	99
	25
	124

	Calf 
	142
	40
	182

	Camel 
	24
	5
	29

	Total 
	2272
	913
	3185


Source: survey result (2017)
 The t-test value indicates that there is a significant difference between users and non-users in the distribution of total livestock holding at 1% significance level (Table 4.6). From this result, we conclude that irrigation user households have more livestock ownership as compared to non-irrigation user households because irrigated crop residues created a good opportunity for micro irrigation user to have large livestock. In line with this, Kidane (2014) which says livestock holding has a positive influence on the adoption of improved agricultural technology Azemer (2006) also reports that the use of irrigation also demonstrate a change in livestock holding capacity of irrigator than non-irrigators and it also signified that higher food availability, accessibility and better income in irrigation than non-irrigation beneficiary households.	
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[bookmark: _Toc490102626][bookmark: _Toc490181322][bookmark: _Toc490251202][bookmark: _Toc490251275][bookmark: _Toc490319016][bookmark: _Toc490617596][bookmark: _Toc490618277][bookmark: _Toc494373349]4.3.1. Total Size of Cultivated Land and Its Effect on the Use of Irrigation Schemes
Obviously, land is the major productive asset in agrarian countries like Ethiopia. In the study area own land, rented, and shared land used for cultivation. As pointed out in figure 4.4, 84.8% of the respondents have their own farmland and the remaining 15.2% of the household does not have their owned farm land. 

[bookmark: _Toc494375561]Figure4.4, Land ownership of household heads
Source: survey result (2017)
The survey result indicates on Table 4.8, 66% of the households have the total size of less than 0.5 ha (2 Tsimade) and 16.3% of the respondent owed greater than 1 hectare.5.3% of irrigation users and 41.96 % non-irrigation users have range from 0-0.25ha, 37% and 50.9% of irrigators and non-irrigators have range from 0.26-0.5ha respectively. The chi-square test indicated in Table 4.9, there is significant difference among five land holding size categories between irrigation user and non-user households at 1% probability level(df=4, chi-square= 92.675, P<0.01). According to the respondent during interview reveled that household land ownership size is the main determinant and indictor of wealth for rural farmers. From this result, it could be conclude that irrigation user households have large amount of cultivated land than non-irrigation users. In line with this, Agerie, (2013) indicates that as the cultivated land size increases, the household is able to increase and diversify the quantity and type of crop produced on the cultivated land. This may help to increase income of the household. Getanhe, (2011) also report that a landholding difference determines the decision to participate small scale irrigation. Irrigation households cultivated more farmland as compared to non-user households and generate more income over the other. Hence, the result of this study is converse with the work of Ziba (2015) reports cultivated land size is not a necessary condition to participate in irrigation farming.
[bookmark: _Toc494375358]Table 4.8 Distribution of land holding size in hectare
	Size of cultivated land
	Irrigation user
	Non-irrigation user
	Total 

	
	Count 
	%
	Count 
	%
	Count
	%

	0-0.25ha
	8
	5.3
	47
	41.96
	55
	20.8

	0.26-0.5ha
	57
	37.5
	57
	50.9
	114
	43.2

	0.51-0.75ha
	35
	23
	8
	7.14
	43
	16.3

	0.76-1ha
	9
	5.9
	0
	0
	9
	3.6

	>1ha
	43
	28.3
	0
	0
	43
	16.3

	Total 
	152
	100
	112
	100
	264
	100

	
	


Source: survey result (2017)
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As we can see from Figure 4.5, 64 % of the respondents get sufficient water for irrigation and the remaining 36% of the respondents do not get access of irrigation water. Based on this, it can be said that all irrigation user respondents have sufficient water for irrigation and the remaining 85% non-user households does not have sufficient water for irrigation. Chi-square test value pointed out in Table 4.9, there is a significant difference between irrigation user and non-users with accessibility of irrigation water at 1% level of significant (df=1, chi-square= 201.403, P<0.01). According to the sample respondent during interview, accessibility of water is the major factor to participate in irrigation farming. From this result, we could suggest that accessibility of irrigation water and participation on small scale irrigation is positively correlated. This implies that households with good access of water force to participate in small scale irrigation. In line with this, Hussain (2004) confirmed that access to reliable irrigation water can enable farmers to practice new technologies and intensify cultivation, leading to increased productivity, overall higher production, and greater returns from farming. This can open a new employment opportunities and improve incomes in the rural areas.

[bookmark: _Toc494375562]Figure 4.5:  Accessibility of irrigation water of the sampled household
Source: survey result 
[bookmark: _Toc494375359]

Table 4.9: physical variables of the respondent which is categorical variable
	Variable Definition 
	User 
	Non-user
	Total

N= 264
	Chi-square 

	
	N=152
	N=112
	
	Value 

	
	Count
	%
	Count
	%
	Count 
	%
	 

	Total amount of cultivated land 
	0-0.25
	8
	5.3
	47
	41.96
	55
	20.8
	0.000*

	
	0.26-0.5ha
	57
	37.3
	57
	50.9
	114
	43.2
	

	
	0.51-0.0.75
	35
	23
	8
	7.14
	43
	16.3
	

	
	0.76-1ha
	9
	5.9
	0
	0
	9
	3.6
	

	
	Above 1ha
	43
	28.3
	0
	0
	43
	16.3
	

	Accessibility of irrigation water
	Yes 
	152
	57.58
	17
	15.18
	169
	64
	 0.000*

	
	No
	0
	0
	95
	84.82
	95
	36
	


Source: survey result (2017)
*, indicated 1% level of significant
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As shown in figure 4.6, 65.9% of the sample respondents have the access to credit service while 34.1% of the sample households do not have the access. The comparison by access to irrigation disclosed that90.13% of the user and 33.03% of non-user had utilized credit. 9.87% of the users and 66.97% of the non-user did not get access to accredit service (Table 4.10).Credit is an important institutional service to finance for poor farmers to purchase input and ultimately to adopt new technologies. According the respondents the main source of credit in the study area is micro finance institute (Dedebit credit and saving institute) and women’s association. Moreover, other non-formal sources were also provided credit service to the community. This includes friends or relatives and local money lender (merchants).The majority of farmers are able to purchase farm materials which are used for irrigational operation like oxen, chemical and biological inputs which increase irrigation performance. The chi-square test result presented in Table 4.10, there is significant difference in access to credit between irrigation users and non-users at 1% of significant level (df=1, chi-square =93.558, P<0.01). From this result, it is possible to conclude that irrigation user households get credit service than non-irrigation user households. This survey result uniformity with work of Azemer (2006), Berhanu and Peden (2003) and Wagnew,(2004)says access to credit service is found to be positively associated with participating in small scale irrigation. This means that credit service may encourage households to engage in irrigation participation because they can afford input and labor costs of their farm activity.


[bookmark: _Toc494375563]Figure 4.6Accessibility of credit
Source: survey results (2017)
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Availability of extension service to farmers plays an important role in terms of creating knowledge and skill in using improved agricultural technology.  As indicated in Table 4.10, 69.32% the sample households have an access to extension service and 30.68% the sample households do not have the access for the service.  From the total sample household 92.76% of the user and 37.5% of non-user households are accessed to the extension service. This statistical result indicates that there is a significant difference between irrigation user and non-users in accessing of extension service at P<0.01 level of significant (df=1, chi-square 60.293 at P<0.01). From this result, it is possible to conclude irrigation user households get more extension service as compared to non-irrigation user households. This finding also confirmed by Dereje (2016) which says irrigation users have more chance in accessing extension service because of consuming more time on their farm land .The study also reports that agricultural extension services play an important role in the motivation of farmers towards practicing improved small-scale irrigation. Getanhe, (2011) also report that agricultural extension service plays a pivotal role in the motivation of farmers towards the adoption of improved irrigation practices. The introduction of high value crops, efficient use of water and proper use of inputs have all been demanded as a significant factor for crop production and productivity. In addition to this, Gebregziabher et al., (2009) reports that households with high extension services are more likely to participate in irrigation schemes. 






[bookmark: _Toc494375360]Table 4.10 Institutional factors and use of irrigation
	
	
	
	
	
	
	
	

	Variable definition
	User 
	Non-user 
	Total 
	Chi-square

	
	Freq.
	%
	Freq. 
	%
	Freq. 
	%
	

0.000*

	Accessibility of credit
	Yes 
	137
	90.13
	37
	33.03
	174
	65.9
	

	
	No 
	15
	9.87
	75
	66.97
	90
	34.1
	

	
	Total 
	152
	100
	112
	100
	264
	100
	

	Accessibility of extension service 
	Yes 
	141
	92.76
	50.9
	37.5
	198
	75
	

0.000*

	
	No 
	11
	7.24
	49.1
	62.5
	68
	25
	

	
	Total 
	152
	100
	112
	100
	264
	100
	


Source: survey results (2017).
*, indicated 1% level of significant 
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 Household gross income is derived from the sale of agricultural products like cereal crop, cash crop and livestock. The non-farm and off farm incomes were also computed as part of gross household income. As we can see from Table 4.11, the total mean annual income of the sample respondent in the study area is 35,583.2ETB. From the total mean annual income of the sample respondents cash crop contribute the highest (44.5%) followed cereal income (30.8%), non-non-farm income (14.8%) and livestock income (9.9%).The mean income of irrigation user and the non-user household is 46,538.82ETB and 20,714.82 ETB respectively (Table 4. 15). This result shows that irrigated farmers get 25,824ETB (55%) more than non-irrigated farmers. This is similar with the findings of previous studies Gebregziabher et al.,(2009),Agerie (2013), Dereje(2016),  and Haile (2008). This reports that access to irrigation schemes has led to a significant increase in household income of the users. The benefit is by reducing production risk and farm output diversification, thereby encouraging farmers to gain the benefits of greater specialization and commercialization at the same time enabling farmers to adapt timing of production to take in to account market demand and higher prices.
[bookmark: _Toc494375361]Table 4.11: Descriptive analysis household income sources
	Characteristics 
	N
	Mean 
	%
	Std.dev.
	Min 
	Max 

	Annual cereal crop income 
	264
	10,945.64
	30.8
	6,988.87
	0
	38550

	Annual cash crop income
	264
	15,835.91
	44.5
	16,001.26
	0
	73000

	Annual livestock income 
	264
	3,520.83
	9.9
	4,746.32
	0
	27,500

	Annual non-farm income 
	264
	5,248.41
	14.8
	6,050.4
	0
	21000

	Total annual income
	264
	35,583.2 
	100
	18,122.6
	9000
	107,500


Source: survey result (2017)
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Cereal crop income is the amount of mean annual income of the household obtained from   the sale of Teff, Sorghum, Maize, Barely and Chickpea by both types of cropping system, irrigation users and non-users. As indicated in Table 4.11, the mean annual income of sampled households from cereal production of the study area is 10,945.64 ETB per year. Among those the mean annual income of irrigation user households was substantially higher that of non-irrigating households which is 11,677.96ETB and 9,951.78ETB respectively. As Pointed out in Table 4.12, from the total cereal cropping income of irrigation user households 51% is collected from the sale Teff production, 34% are from sorghum production and the remaining 11% and 1.9% gain from maize and chickpea respectively. The mean annual cereal cropping income of non-irrigation user households accounts 9,951ETB. Which is 49% of cereal cropping income is collected from sorghum, 35% from Teff, 13% from maize and the remaining 1% and 0.5% accounts from chickpea and barely respectively. Thus 86% of cereal crop income of irrigation user households and 84% of non-irrigation user obtain from the production of Teff and sorghum Production. According to the respondent, teff and sorghum is the most suitable and productive product and generate more income for the households. The T-test value indicates in Table 4.15, there is statistically significant difference between irrigation user and non-user households in generating income from cereal crop production at P<0.05. From this finding, it is possible to conclude that irrigation user household obtained higher income from the production of cereal crops than non-irrigation user households this is due to irrigation user households producing more than two times in a year. In line with this Getanhe (2011) and Azemer (2006) reports irrigator households generate more income than non-irrigators household   due to access of irrigation water irrigation users get high production and productivity from their farm land than their counterpart. This because of the better performance of irrigated agriculture in crop production and productivity than rain-fed agriculture.
[bookmark: _Toc494375362]Table 4.12: Summary of annual household cereal cropping income by type of products for irrigators and non-irrigators
	Type of cereal crop
	Users
	Non-users

	
	(N=152)
	(N=112)

	
	Mean 
	%
	 Mean 
	%

	Teff 
	6,013.43
	51.49
	3,525.08
	35.42

	Sorghum 
	4,107.62
	35.17
	4,918.67
	49.43

	Maize 
	1,331.91
	11.41
	1,329.46
	13.36

	Barely 
	0
	0
	53.57
	0.54

	Chickpea 
	225
	1.93
	125
	1.25

	Total 
	11,677.96
	100
	9,951.78
	100


Source: survey result (2017)
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This study is concerned cash crop refers to vegetable crops produced for the purpose of market to increase household income. In the study area farmer produces high value crops like onion, tomato and pepper. As Table 4.15 indicates, the total mean annual income obtained by the sample respondent from cash cropping product is 15,835.91ETB. The mean income of irrigator and non-irrigator is 27,278.48 ETB and 306.69ETB respectively (Table 4.14). From the total cash crop mean annual income of irrigation user households 44.15% were obtained from the sale of tomato and the remaining 38.6% and 17.25% collected from onion and pepper respectively (Table 4.13). According to sample respondent most of the time cash crop products are produced by the irrigation user households due to access of sufficient water for irrigating their farm land than non-irrigator households. The t-test value indicated in Table 4. 15, there is statistically significant between irrigation user and non-user households at P<0.01 significance level. From this finding, it is possible to conclude that irrigation user household generates more income from cash cropping products as compared to non-irrigation user household because access to irrigation provides a greater opportunity for   multiple cropping, crop intensity, and crop diversification and producing market oriented products. This finding is conforms with work of Kinfe et al.,(2012), Desta (2004) and Dereje (2016) report that cash crop income of the irrigation user households is higher than non-irrigator households because access to irrigation has been regarded as a powerful factor that provides a greater opportunity for multiple cropping, cropping intensity, and crop diversification.
[bookmark: _Toc494375363]Table 4.13: Summary of annual household cash income by type of products for irrigators and non-irrigators
	Type of cash crop
	User 
	Non-user

	
	N=152
	N=112

	
	Mean 
	%
	Mean 
	% 

	Tomato 
	12,043.29
	44.15
	0
	0

	Pepper
	4,704.63
	17.25
	306.7
	100

	Onion 
	10,530.56
	38.60
	0
	100

	Total 
	27,278.48
	100
	306.7
	


Source; survey result (2017)
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The type of agriculture system practiced in the study area is a mixed farming system which is integrated crop and livestock production. Livestock income is an income obtained from the sale of livestock products include sale of animals such as ox, cow, goats, sheep etc., and livestock products such as butter and milk. Other livestock products such as hens and egg are sold to rising income to purchase food crops and other industrial products used for household consumption. As we can see Table 4.15, the mean annual livestock income of the sample households is 3,520.83ETB. From the total livestock mean income, the mean livestock income for irrigation user household is 5,067.11 ETB; whereas the average annual income of non-irrigator is 1,422.32ETB. From the total mean annual income of irrigation user and non-user households 42.2% and 50.5% obtained from the sale of goats respectively (Table 4.14 ).The mean comparison of the two groups shows that there is statistically significant difference between irrigators and non-irrigators in terms of livestock income at P<0.01 probability level (Table 4.15). From this result, it can be conclude irrigation user households generated more livestock income than their counters/non-irrigator. Likewise Agerie (2013) findings show that irrigation user households generate more income from livestock production than non-irrigators due to sufficient access to fodder for their animals. Azemer (2006) also pointed out the use of irrigation  demonstrate a change in the livestock holding capacity of irrigator than non-irrigators and it also signified that higher food, accessibility and better income in irrigation than non-irrigation beneficiary households. 





[bookmark: _Toc494375364]Table 4.14: Summary of annual household livestock income by type of products for irrigators and non-irrigators
	
Type of livestock

	Users
N=152
	Non-user
N=112

	
	Mean 
	%
	Mean 
	%

	Cow 
	890.13
	17.56
	316.96
	22.3

	Ox
	786.18
	15.5
	116.07
	8.2

	Donkey
	109.21
	2.2
	22.32
	1.6

	Goat
	2140.79
	42.2
	728.14
	50.5

	Sheep
	457.59
	9.
	69.64
	4.9

	Chicken
	130.92
	2.58
	35.27
	2.5

	Calf 
	216.11
	4.3
	89.28
	6.8

	Heifer
	257.23
	5.1
	44.64
	3.24

	Camel 
	78.95
	1.56
	0
	0

	Total 
	5067.11
	100
	1422.32
	100


Source: Survey result (2017).
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Non-farm and off farm are important part of total income in rural household in Ethiopia. They are significant for purchasing power and food security. There are different type of non-farm activity undertaken some farmers to supplement their household income. The non-farm and off farm income which indicates on Table 4.11, was collected from different non-farm and off farm activity such as wage employment , property rent, remittance, sale of wood and charcoal, sale of food and local drink, weaving and pottery as well as  petty trading. The total mean annual income of non-farm and off farm activity by the sample household is 5,248.41ETB (Table4.11). The average annual income for irrigator and non-irrigator is 2,440.26ETB and 9,059.46 ETB respectively (Table 4.15). As shown in figure 4.8, 82% of non-irrigation user’s households are participating in a non-farm activity and off farm as compared to irrigation user households which are40%.According to the respondent during interview non-irrigation user households are highly participating in non-farm activity because the production period is highly short and the farm production also unable to cover the household consumption. The t-test value reveals that there is significant difference between irrigation user and non-user in non-farm income at 1% probability level. This show that non-irrigator was a better off in non-farm and off farm income. From this finding, it is possible to conclude that non-irrigation user households get more income from non-farm and off farm activity than the irrigation user household. Similarly Fuad, (2002) and Anwar (2014) which report non-farm and off farm income of non-irrigator household is higher than irrigators due to irrigation user household’s application of year round intensive cultivation. But the results of this study are antithesis with the work of Getanhe (2011) report that non-farm and off farm income between irrigation user and non-user are not different and not statistically significant.
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Figure 4.8: Rate of participation in non-farm activity between irrigation user and non-user households
Source: survey result (2017)
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Table 4.15: Summary of annual household income sources for irrigators and non-irrigators
	Type of income by source
	User 
N=152
	Non-user
N=112
	 T-test value

	
	Mean 
	Std.
	Mean 
	Std 
	

	Cereal crop income 
	11,677.96
	8,846.00
	9951.78
	2,747.5
	0.047**

	Cash crop income 
	27278.48
	11,588.26
	306.6964
	1,161.84
	0.000*

	Livestock income 
	5,067.11
	4,880.94
	1,422.32
	3,640.02
	0.000*

	Non-farm income 
	2440.26
	4,051.63
	9,059.46
	6,241.22
	0.000*

	Total 
	46,538.82
	15,802
	20,714.82
	7,144.82
	0.000*


Source survey result (2017)
*, ** indicated 1% and 5% level of significant
[bookmark: _Toc490060085][bookmark: _Toc490102637][bookmark: _Toc490181333][bookmark: _Toc490251213][bookmark: _Toc490251286][bookmark: _Toc490319027][bookmark: _Toc490617607][bookmark: _Toc490618288][bookmark: _Toc494373359]4.8. Factors Contributing Income difference Among Households
This section provides analysis of different factors contributing income difference among households.  For This study multiple regression model were employed to analyze the effect of different independent variable on single dependent variable which is income of the household. The model indicates that the explanatory variable in the model are not equal to each other and can be used to predict  dependent variable, which is total income of household, as reveal by F (14,249) = 34.424,  P<0.001). The goodness of fit of the model was assessed by theR2 statistics. This explains by predictor variable at 0.659 with 65.9% of the variation in the income of households are explained by the predictor variables (see appendix).
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Table 4.16 Factors that contributing household income difference
	Model 
	Standardize coefficients
	T
	Sig.

	
	(beta)
	
	

	1
	(Constant )
	3.195
	0.002

	Sex
	-0.079
	-1.786
	.075***

	Age
	0.16
	1.508
	.133NS

	Educational Background
	0.006
	0.144
	.886NS

	Family Size
	-0.001
	-0.015
	.988NS

	Dependency ratio
	-0.036
	-0.8
	.424NS

	Accessibility of irrigation water
	-0.22
	-3.574
	.000*

	Farming experience
	-0.15
	-1.534
	.126NS

	Application of input
	-0.111
	-2.367
	.019**

	Accessibility of market information
	-0.062
	-1.433
	.153NS

	Cultivated land
	0.369
	7.453
	.000*

	Livestock holding
	0.263
	5.783
	.000*

	Non-farm and off farm
	-0.092
	-2.151
	.032**

	Accessibility Credit 
	-0.081
	-1.734
	.084***

	Accessibility extension services
	0.099
	2.076
	.039**

	Dependent Variable                                     Total income of the household
Number of Observation                                264
F(14, 249)                                                     34.424                                            
R2                                                                                           0.659 


N.B *, **, *** indicates statistically significant at the 1%, 5% and 10% level respectively. NS= Not significant




Sex of the Household Head: The regression results indicate that being other variable constant sex of the household are a significant contributor of income difference among farm households. Female households are less likely to have income as compared to male households by a factor of 0.079 and also significant at 10%. A male headed household is more likely to adopt a modern agricultural system than female headed households. Because females in the study area have more burden and less access to information about technology than male headed household, this is due to the case of sex difference in household head has influence on the farm annual income. This result is consistent with the findings of Agerie (2013), Kinfe et al,, (2012). Female household heads have less income as compared to male household due to less participating in irrigation farming.
Accessibility of Irrigation Water: Access to irrigation and the household income is statistically significant at the 1% level of significance. The study reveals that being other variable constant, those households do not have access to irrigation water less likely to have income as compared to those has an access by the factor of 0.220. From this finding, it is possible to conclude that Irrigation can raise the income of those farmers with access to irrigation water as consistent with by hypothesis. The benefit is by reducing production risk and farm output diversification, encouraging farmers to gain the benefits of greater specialization. This conclusion is in match with Gebrehawaria and Regassa (2007), Haile (2008) and Getanhe (2011). Household who has access to irrigation can cultivate their land two or more times a year than the counterparts. This leads to increase cash income through increasing production and productivity of high value crops such as fruits and vegetables which contribute significantly to the household gross income. 
Application of Agricultural Input: The regression reveals that the use of agricultural input and income of the household is statistically significant at the 5% level of significance. Being other variable constant those households do not use agricultural input less likely to have income as compared to those households use agricultural input in their production process by a factor of 0.11.From this result, we can conclude that application of agricultural input has a  significant factor in the income of the household. This implies that those household use agricultural inputs get more income than the counterpart. This study also coincides with Agerie (2013), Birhanu (2016) and Desta (2004) Households who use agricultural input have higher income than those households does not use agricultural input.
Total Size of Cultivated Land: The regression result indicated that being other predictor variable remain unchanged, as the size of the cultivated land increase by one hectare income of the household is expected to increase by the factor of 0.369 and also statically significant at P<0.01. This reveals that size of cultivated land and income of the household have significantly correlating similar with the hypothesis. Therefore, those farmers who cultivated more have a better income than those who cultivated less. In line with this, Dereje (2016), Getanhe (2011) and Kinfe et al., (2012) shows that the size of farm land and income of the household are significantly correlated.
Total Livestock Holding: Livestock holding of the household has a significance influence on income and statistically significant at 1% probability level. The regression result indicates that the other independent variable remain constant, as the number of livestock increase by one unit the total income of household increased by a factor of 0.263.The livestock holding contributes to household income directly through the sale of livestock and their products This result is in line with work of Getanhe (2011),Desta (2004),  and Kinfe et al.,(2012) conclude that the total livestock unit of the household has a significant impact on household income. 
Participation in Non-farm and off farm Activity: Participation in non-farm and off farm activity is statistically significant at P<0.05 probability level. The result revealed that being other explanatory variable are remain unchanged, those households do not participate in non-farm and off farm activity less likely to have income as compare to those who participate in non-farm and off farm by a factor of 0.092. From this finding, it is possible to conclude that participation on non-farm and off farm activity has a significant factor in the income of the household.
Access to Credit: The regression results indicate that other predictor variable remains unchanged, those households do not have access of credit less likely to have income as compared to those households have an access of credit service by a factor of 0.081 and also significant at 10% significance level. Therefore, accessibility of credit has a significant impact on the income of the household. This study also coincide with Desta(2004) and Haile,(2008). Household who accessed credit service have higher income than the counterpart
Accessibility of Extension Service: The regression result indicates that the access extension service is statically significant at the 5% level of significance. Keeping all other independent variable constant, those households do not have an access of extension services have more income as compared to those households have an access of extension service by a factor of 0.099.  This result is contradictory with my hypothesis as well as with the works of Wagnew (2003) report that extension contact has an influence on farm household income. Implies those households who get extension service are well aware of the advantage of agricultural technology and willing to adopt new technologies and produce more to improve the household income. This result indicates that it need detail investigation on impact of extension service of the farms production condition.
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CHAPTER FIVE
[bookmark: _Toc490617609][bookmark: _Toc490618290][bookmark: _Toc494373361]CONCLUSIONS AND RECOMMENDATION
This section presents brief conclusion depending on findings and discussed on the pervious chapter and recommendation for better improvement of small scale irrigation.
[bookmark: _Toc490617610][bookmark: _Toc490618291][bookmark: _Toc494373362]5.1 Conclusions
Irrigation can enable farmers to adopt new technology and intensive cultivation, leading to increased production, productivity and greater return from the farm. Therefore, the mean income of irrigation farmer is significantly higher than rain fed farmers. This study also revealed that irrigating households have significantly larger mean annual income than non-irrigating households. In the study area small scale irrigation user households mean annual income increase significantly by 25,824 ETB (55%) per year over non-irrigating households. In addition to the above income difference irrigation user households also increase mean annual income from cash crop, cereal crop and livestock by 26,971ETB, 1,726 ETB and 3,644ETB respectively per year over non-irrigation user households and the mean annual income of irrigation user household is decreased by 6,619 ETB on the non-farm and off farm activity.
A number of factors contributing for income difference among the households such as sex of the household, accessibility of irrigation water, application of agricultural input, total size of cultivated land, total livestock holding of the household, accessibility of credit, accessibility of extension service and participation in non-farm and off farm activity. 
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Small-scale irrigation is important development effort to ensure farm income. Based on the finding what we have got in the analysis part, in both descriptive and inferential statistical method the following policy recommendation remarks can be drawn for future consideration and improvement of irrigation development in the woreda in particular and southern zone at large.
· This study has found evidence that the irrigation participant households have 55% more than the income of non-participant households. This has an encouraging message for program designers, implementers, and funding agents to take proper action to achieve the intended goals of securing households food security by improving efficiency in production. The findings indicate that irrigation access is an important factor for increase farm house-holds’ income. Federal, regional and woreda administration bodies should give attention to promoting access to irrigation to increase household farm income.
· Size of cultivated land was found to have positive influence on household income difference. Therefore, agricultural strategies should be designed and implemented that on maintaining the existing land size on hand and promoting intensive agriculture. Measures such as appropriate land use, improved technologies and proper extension service should be in place to raise land productivity and accumulating wealth.
· Livestock ownership and household income have positive association. Livestock income of irrigation users was greater than non-users. Livestock products have the prominent role in cultivating land and generating income by direct selling livestock or by selling its product. Thus the central government and woreda administration should give attention on livestock sector by giving technical advice, expanding good livestock breed from one area to the other, providing marketing channel so as to increase the income of the households.
· Provision of credit was found significantly influence household income. This could imply that household largely needed external financial sources to solve their own financial constraints to meeting production expense. Hence, for sustainable increase in agricultural output, farming household should get sufficient amount of money to purchase different agricultural input. Therefore, to fill capital deficiency the rural financial institutions should be encouraged strengthens in terms of number and capacity to reach the rural households.
· Use of agricultural input is statistically significant and has an effect on the income of the household. Therefore, the government and cooperative organizations should give attention on creating awareness to the rural households about the importance of agricultural input and supply of different agricultural input like chemical fertilizer, improved seeds, Pesticides and insecticides with minimum Price so as to achieve agricultural efficiency. At last but not least, the government and other concerned body should encourage researches on agriculture in general and irrigation in particular.
· Off-farm activities are an important source of income for non-irrigating households. Therefore, the woreda administration government should give emphasis on connecting each kebele by road transportation to more beneficiaries from the business and creating new job opportunity for those not actively participate in small scale irrigation.
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	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.812a
	.659
	.640
	10,870.71466

	



	ANOVAa

	Model
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	1
	Regression
	56951906268.973
	14
	4067993304.927
	34.424
	.000b

	
	Residual
	29424936858.299
	249
	118172437.182
	
	

	
	Total
	86376843127.273
	263
	
	
	

	a. Dependent Variable: Total income of the household

	b. Predictors












Multicollinarity statistics
	Coefficientsa

	Model
	Collinearity Statistics

	
	Tolerance
	VIF

	1
	Sex of the household head
	.695
	1.438

	
	Age of the household head
	.121
	8.267

	
	Educational background of the household head
	.691
	1.448

	
	Family size of the household
	.281
	3.557

	
	Dependency ratio of the households
	.688
	1.453

	
	Accessibility of irrigation water
	.363
	2.757

	
	year of experience in farming
	.143
	7.000

	
	application of agricultural input by the household
	.618
	1.617

	
	Accessibility of market information
	.736
	1.359

	
	total amout of cultivated land
	.559
	1.789

	
	Total livestock holding of the household
	.664
	1.507

	
	Participation on non-farm activity
	.743
	1.346

	
	Accessibility of credit
	.626
	1.599

	
	Accessibility of extension service
	.596
	1.679

	a. Dependent Variable: Total income of the household
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BahirDar University
Social science faculty
Department of Geography and Environmental Study
       Appendixes 2: survey questionnaire to be filled by irrigation and non-irrigation user  households of Alamata woreda residents
This questionnaire is prepared as an instrument to conduct an academic research for fulfillment of Master of Degree (MA) in Bahir Dar university faculty of social science, department of geography and Environmental Studies. The main objective of the research is to study the contribution of small scale irrigation on household income case study of Alamata woreda. Therefore the information you will provide is very important for the research. Furthermore the information you give will be used for only the academic research.  

Instruction .Circle the appropriate responses for close ended questions
                  ii). Complete appropriate answer for open-ended questions
                 iii). Do not write your name in the question paper 

I. Demographic data of the respondent 
       Code----------------------------------
      Tabya (kebele) ----------------------
 1. Sex of the household head.  1=Male           2= female
2. Age of the household head. --------------
3. The number of active labor force aged between 15-64 years in the family--------
4. The number of dependency ratio aged below 15 year and above 64 in the family-------
5. Educational background of the household head
           1= illiterate                             3= secondary education 
                 2= primarily education                4= preparatory and above


II. Physical and socioeconomic data of the respondent
6. Do you have access to irrigation water?
         1= Yes        2= No
7. Are you irrigation user?
         1= Yes         2= No
8. If your answer for question number 8 is No, what are the reasons?
              1= scarcity of water                              3= lack of labor power
2= No awareness about it                                    4= price of water
9. If your answer for question number 8 is yes, how much the total irrigable land in hectare-?
10. Again, if answer for question 8 is yes, which small scale irrigation type do you use?
                       1= modern micro dam                            3= motor pump                 
  2= traditional river diversion                                     4= treadle pump
11. How many times produced with a year?
     1= one times         3= three times 
    2= two times         4= above three times
12. Have you ever faced any conflict in irrigation water use?
                           1= Yes                          2=No
13. If your answer for question number 12 is yes, what are the causes of conflict?
 1= water theft/ taking water out of turn 
               2= water scarcity because of declining supply from the users
               3= water scarcity due to increasing numbers of users
               4= other specify----------------------------------------------
14. Again, if your answer question number 12, is yes, how did you solve the problem?
--------------------------------------------------------------------------------------------------------
15. For how many years are you experienced in farming-------------------? 
16. Do you use input in production season?
                  1= Yes                                       2= No
17. If your answer for question number 16 is yes, which type of input is employed?
                   1= fertilizer  3= improved seeds
                   2= Manure      4=pesticide
18. If your answer for question number 16 is No, specify the reason? ---------------------
19. Do you get market information about price and demand condition of the agricultural input and output?  
                            1= Yes                                2= No
20. If the answer for question number 18is Yes, specify the source of information? ---
21. What is your major source of income?
              1= Irrigation agriculture              3= Rained agriculture
              2= Livestock production              4=Off/ non-farm activities
22.  Annual income from cereal crop
	No
	Crop type
	Non-user 
	User

	
	
	Area cultivated in hectare 
	Total production in Kg
	The total income  (Birr)
	Area cultivated in hectare 
	Total production in Kg
	The total income (Birr)

	1
	Teff 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	2
	Sorghum 
	 
	 
	 
	 
	 
	 

	3
	Maize
	 
	 
	 
	 
	 
	 

	4
	Barley 
	 
	 
	 
	 
	 
	 

	5
	Chickpea
	 
	 
	 
	 
	 
	 

	Total 
	 
	 
	 
	 
	 
	 




23. Annual income from vegetables and fruits
	Number
	Type of vegetables and fruits
	Non-user
	User 

	
	
	Area cultivated in hectare
	Total production in Kg
	The total income received in Birr
	Area cultivated in hectare
	Total production in Kg
	The total income received in Birr

	           Vegetables 
	 
	 
	 
	 
	 
	 

	1
	Tomato 
	 
	 
	 
	 
	 
	 

	2
	Pepper
	 
	 
	 
	 
	 
	 

	3
	Onion
	 
	 
	 
	 
	 
	 

	4
	cabbage 
	 
	 
	 
	 
	 
	 

	5
	Cabbage 
	 
	 
	 
	 
	 
	 

	6
	others 
	 
	 
	 
	 
	 
	 

	            Fruits 
	 
	 
	 
	 
	 
	 

	1
	Avocado 
	 
	 
	 
	 
	 
	 

	2
	Mango 
	 
	 
	 
	 
	 
	 

	2
	Papaya 
	 
	 
	 
	 
	 
	 

	3
	Banana 
	 
	 
	 
	 
	 
	 

	4
	Others 
	 
	 
	 
	 
	 
	 

	5
	Total
	 
	 
	 
	 
	 
	 




24.  Annual income from livestock 
	Number 
	Type of livestock 
	Non user
	User

	
	
	If there is any sold animal
	If there is any sold animal

	
	
	Number of livestock 
	Sold amount 
	Income gained in birr 
	Number of livestock
	Sold amount 
	Income gained in birr 

	1
	Cow  
	 
	 
	 
	 
	 
	 

	2
	Bull 
	 
	 
	 
	 
	 
	 

	3
	Heifer 
	 
	 
	 
	 
	 
	 

	4
	Calf 
	 
	 
	 
	 
	 
	 

	5
	Ox  
	 
	 
	 
	 
	 
	 

	6
	Poultry  
	 
	 
	 
	 
	 
	 

	7
	Donkey 
	 
	 
	 
	 
	 
	 

	8
	Camel 
	 
	 
	 
	 
	 
	 

	9
	Sheep 
	 
	 
	 
	 
	 
	 

	10
	Goat 
	 
	 
	 
	 
	 
	 

	Total  
	 
	 
	 
	 
	 
	 


25. Do any members of your family have involved last year on non/off farm activities?
  1 = Yes       2 = No
26. If the answer is yes for question number 26, in which from the next table
	No
	Off-farm/Non-farm activities
	None user
	User 

	
	
	Amount gain (birr)
	Amount gain (birr)

	1
	Daily labor on different activity    
	
	

	2
	Rent from (donkey ፣ house፣ motor pump፣ camel and others)
	
	

	3
	Sales of wood and charcoal
	
	

	4
	Sales of food and local drink
	
	

	5
	Self-employment (blacksmith, weaving, pottery). 
	
	

	6
	 Livestock Merchant 
	
	

	7
	Remittance 
	
	

	8
	Sales of stone/sand
	
	

	Total 
	
	



 III. Institutional data 
27. Did you need credit for the production of your agricultural product?
1= Yes                                        2= No
28. If your answer for   question number 23 is yes, did you have access to credit in your surrounding?
1= Yes                                  2= No
29. Is credit timely and adequately available to increase irrigation development?
1= Yes                                  2= No
30. Do you receive any sort of extension service available in your locality?
1= Yes                                  2= No
32. If yes for question number 32, did you gain any knowledge from the extension agent that could be helping you to do things differently on the specific commodities?
1= Yes                                     2=No
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Appendix 3
Checklist for key informants
1. What is the situation with the extension services your community receives?
2. What are the reasons to be some household group are not irrigation user in your       
        surrounding area?
3. What do you say about the important of market information to your farming activity?
4. What motivating factor for households to use the water for irrigation?
5. What do you say about the important of agricultural input?
6. What are the major indicators/determinants of wealth in rural area?
7. Which group of household highly participated in non-farm and off farm activities? Why?
8. What are the major sources of credit in your surrounding area?
9. Most of the time which type of crop is cultivated? Why?
10. What do say about the type of product produced between irrigation user and non-user?
11. What do you say about educational background and farming activity of the 
household?
     12. What do you think about the application of agricultural input between users and 
        non- users?
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Checklist for field observation
1. Major source of irrigation water used by the farmers.
2. The type of crop covered in the farm land.
3. Activates of farmers in the field 


























Mean annual rainfall in mm 	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2015	2016	933.3	888.5	792.4	974.1	845	1067.0999999999999	712.6	639.4	754.6	769.9	701.2	791.2	633.4	528.20000000000005	299.39999999999969	920.4	537.20000000000005	675.1	


Average Min.Temp.oc	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2015	2016	15.9	17	12	7.8	10.25	16.5	16.899999999999999	15.53	16.18	16.439999999999987	16.29	14.370000000000006	15.2	11.57	12.49	12.43	17.399999999999999	13.9	Average Max. Temp.oc	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2015	2016	31.2	31	31.110000000000031	31.6	30.25	30.01	29.650000000000031	29.5	29.5	29.6	29.45	31	30.3	26.3	25.5	24.4	30.1	30.2	Mean Annual Temp.0c	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2015	2016	23.55	24	21.555	19.7	20.25	23.255000000000003	23.274999999999999	22.515000000000001	22.84	23.020000000000003	22.869999999999987	22.684999999999999	22.75	18.935000000000002	18.994999999999987	18.414999999999999	23.75	22.05	Years

Mean annual Temperature (oc) 


Male	
Irrigation users	Non-irrigation users	Total	0.96700000000000064	0.51800000000000002	0.77700000000000347	Female	
Irrigation users	Non-irrigation users	Total	3.3000000000000002E-2	0.48200000000000032	0.223	



Users	Fertilizer	Manure	Improved seed 	Pesticide	0.74450000000000005	0.18980000000000041	5.8400000000000014E-2	7.3000000000000113E-3	Non-users	



Fertilizer	Manure	Improved seed 	Pesticide	0.70000000000000062	0.30000000000000032	0	0	



YES	


Irrigation user	Non-irrigation user	Total	0.68420000000000003	0.25890000000000002	0.504	No	


Irrigation user	Non-irrigation user	Total	0.31580000000000191	0.74110000000000065	0.49600000000000088	



Yes	


Irrigation users	Non-irrigation users	Total	0.84200000000000064	0.85700000000000065	0.84800000000000064	No	


Irrigation users	Non-irrigation users	Total	0.15800000000000075	0.14300000000000004	0.15200000000000041	


YES	


Irrigation users	Non-irrigation users	Total	1	0.15200000000000041	0.64000000000000312	NO	


Irrigation users	Non-irrigation users	Total	0	0.84800000000000064	0.36000000000000032	


Yes	
Irrigation users	Non-irrigation users	Total	0.90129999999999999	0.33030000000000242	0.65900000000000358	No	
Irrigation users	Non-irrigation users	Total	9.8700000000000246E-2	0.66975000000000406	0.3410000000000003	



Yes	
irrigation users	Non-irrigation users	Total 	0.40130000000000032	0.84819999999999995	0.59099999999999997	No	59.87%


irrigation users	Non-irrigation users	Total 	0.59870000000000001	0.15180000000000021	0.40900000000000031	
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