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The poor performance of the agriculture sector in feeding progressively rising population made the Government of Ethiopia and donor agencies to renew their interest on irrigation so as to address the problem of poverty and improve smallholder farmers’ income. There was limited information on the adoption of irrigated wheat farming and its impact on household income. Hence, the main objective of this study was to evaluate irrigated wheat farming and its impact on income at household level in Debark District of North western Ethiopia by using a cross-sectional survey. Stratified random sampling was used to select 350 sample respondents. The primary data were collected using interview schedule, and key informant interview. Various documents were reviewed to collect the secondary data. Descriptive statistics and binary logistic regression and endogenous switching regression econometric models were used to analyze the data. The result revealed that the irrigated wheat producers have 24.03% more household income as compared to the non-producers. Moreover, it was found that more than 87% of respondents were using traditional way of water diversion. Majority (93%) of the adopter households were satisfied with their irrigated wheat product. The study result also indicated; labor, education, access to training, land size, access to credit, and contact with development agent influenced adoption in irrigated wheat farming positively, whereas age, livestock holding and farm distance had negative influence. The result of endogenous switching regression model also indicated that adoption in irrigated wheat farming had a significant and positive influence on household’s income. It was concluded that irrigated wheat farming has positive and significant impact on household annual income. This study suggested strong intervention should be done to emphasis irrigated wheat farming in Ethiopia and further study should be conducted using cost benefit analysis method and net income as an outcome variable.

Keywords: Adoption, Endogenous switching regression, Impact, Irrigated wheat farming, Logistic regression
xii
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1.1. [bookmark: _Toc30921618][bookmark: _Toc43352275][bookmark: _Toc123549658][bookmark: _Toc128990438][bookmark: _Toc128992514][bookmark: _Toc140762024]Background of the Study

Agriculture in Ethiopia is mostly dependent on rainfall, carried out on a local scale, and has limited access to technology, extension assistance, market knowledge, and loan access. All of which have a negative impact on agricultural productivity (Kifle, et al. 2022). In fact, for the last decade, the country's agricultural production growth has lagged behind population growth. In order to meet the increasing population growth rate's estimated food needs, stable agricultural output will need to double each year. A feasible solution is to achieve food security by irrigation while ensuring this food demand expansion of agricultural growth (Noort et al., 2022).

This is also true for the context of Ethiopian agriculture in general and the wheat farming system in particular (Kinfie, 2012). According to Mulu et al. (2022), Ethiopia is the primary wheat producer country in Sub-Saharan Africa (SSA) owing to the suitable agro-ecological conditions. Despite wheat’s economic potential for food security, the actual yield under smallholder farmers is low due to various production constraints such as limitation of inputs, lack of technology and low irrigation practice. To achieve food security and nutrition as well as to reduce poverty, there is a need to progressively transform the agricultural sector by increasing productivity with the help of agricultural technologies like transforming farming patterns and efficient use of irrigation potential lands.

Wheat stands out as a success of the nation's ambitious plan for agricultural product development to raise the level of food security for millions of people. Ethiopia produces abundant wheat in Africa next to Egypt (Tadesse, et al. 2019). One of the important strategic crops in Ethiopia for ensuring food security, reducing imports, and providing raw materials for the agro-processing sector is wheat. According to Asrat (2022) During the 2020/21 cropping season, wheat is grown by 4.58 million smallholder farmers on 1.80 million hectares of land, with an expected annual yield of 5.78 million tons and an average productivity of 3.05 tons. The productivity of wheat crop is significantly below study yield and below the global average (Asrat et al., 2022).

More than any other food product, the demand for wheat is increasing quickly in the nation (Schmidl & Labuza, 2000). The rapid urban population growth, shifting consumer tastes toward foods made with wheat, rising wheat prices, and climate change all contribute to the significant demand gap. Ethiopia is adopting horizontal and vertical expansion to increase self-sufficient production (Tadesse, et al. 2022). Ethiopia places a strong importance on transforming and boosting the productivity of wheat production to increase self-sufficiency (Bentley, et al., 2022).

The Ethiopian government has implemented a policy of irrigated wheat, focused on dramatically increasing production by creating best-bet wheat technologies in the key agro-ecologies for growing wheat (Shikur. 2020). This possibility of wheat self-sufficiency can be achieved by raising wheat productivity in rain-fed areas and expanding output to irrigable lowland and midland areas because there are resources for both double crops and wheat irrigation (Jambo. 2021). While vertical expansion increases crop productivity by improving resource use efficiency and increasing the number of crops grown annually on the same land, horizontal expansion increases production area, boosting yield per unit of area-time (Connor et al., 2011). 

Nationally, in Ethiopia, over 80% of the total irrigated area is covered by small-scale irrigation systems, which significantly boost the national economy, this less than 200 hectare minor irrigation area (Muluneh, et al. 2022). Both, Oromia and Amhara regions are the largest regional states in the nation and cultivate irrigated wheat (Alemu and Tolossa, 2022). According to the Agricultural Transformation Agency (ATA, 2021), Moreover, Amhara region is one of the potential area significantly implementing irrigated wheat production (ATA, 2021). Particular to study area, North Gondar is one of the remarkable zones in the production of wheat in the Amhara region (ATA, 2021).

The impact of irrigated wheat production for households’ income in the study area is not known yet. Hence, this study is intended to evaluate determinants of irrigated wheat adoption and its impact on household income, Northwest Ethiopia.
.
1.2. [bookmark: _Toc120870466][bookmark: _Toc123549659][bookmark: _Toc128990439][bookmark: _Toc128992515][bookmark: _Toc140762025][bookmark: _Toc43352276][bookmark: _Toc30921619]Statement of the Problem

Agricultural technologies are seen as an important route out of poverty in most of the developing countries. However the rate of adoption of these technologies has remained low in most of such countries. Majority of smallholder farmers also relies on traditional methods of production and this has lowered the level of productivity. For instance over 70% of the maize production in the majority of developing countries is from smallholders who use traditional methods of production (Muzari et al., 2012). These farmers generally obtain very low crop yields because the local varieties used by farmers have low potential yield, most of the wheat is grown under rain-fed conditions and irrigation is used only in limited areas, (Muzari et al., 2012). This has triggered much of discussion on the need to increase wheat productivity and sustainability in agriculture globally but much less information is available on location-specific means to achieve to increase wheat productivity.

A study conducted by Melesse (2018) has found a negative influence of distance from farmers’ residence to Development Agents (DAs) office on technology adoption. A study conducted in different regions of Ethiopia also showed that farmers who had more frequent contact with DAs were more likely to adopt wheat technology as compared to farmers who had low frequent contacts (Tefera et al. 2016). It is well known that in midland and highlands of Amhara region, wheat is one of the most cultivable crops for its multipurpose consumption and income generation. In the study area, wheat have been cultivated in both rain-fed and irrigation agriculture. In addition to the private land holders, the Ethiopian government is also making great efforts to produce wheat through irrigation in addition to the rain-fed wheat production. However, it was found out that farmers highly depend on the rain-fed wheat farming and small amount of them adopt the irrigated wheat farming system. 

The above stated facts were the turning points where the researcher found necessary to investigate location-specific evaluation of adoption of irrigated wheat wheat farming by farmers in the study area.  District periodic reports and livelihood data also illustrated even some farmers unable to fed their families in the rainy season and prefer migrating to the lowlands in search of labor to stay home for nothing (DDAO, 2021). These farmers consume all their harvested crops early before the next harvesting season and exposed to critical economic crisis and food insufficiency. 

Important data on contributing factors for farmers to adopt irrigated wheat farming is also a bottleneck for the existing export-oriented wheat farming policy amendments by the government. Even farmers possessing irrigation potential farmland and in close proximity to rivers are not adopting irrigated wheat farming to the level expected by agriculturalists and farming community. Such lagging behind and failure to adopt irrigated crop farming has exposed them to their high dependence on rain-fed crop farming and safety net programs. Based on the information mined from the “Limalimo Flour Factory” planted at Debark, there is shortage of wheat which was thought major input for the flour processing plant. Such problems and issues could likely be attributed to various factors which appeared to have some depressing effects on the farmers affecting their willingness to adopt irrigated wheat farming (DDAO, 2022).

All the over stated bottlenecks seek scientific approaches for possible intervention after detail evaluation of adoption of irrigated wheat by farmers in the study area. There are some studies conducted related to this study. Such as, Wondim, et al. (2020) studied the adoption of irrigated wheat varieties among agro-pastoralists; Nigussie et al. (2015) conducted a study on bread wheat production in small scale irrigated wheat producers agro-pastoral households in Afar and Oromia regional state of Ethiopia and there are other studies conducted mainly focused on the adoption of improved wheat variety under rain fed farming (Shiferaw et al., 2014; Tesfaye et al., 2016; Kebede, et al., 2017). However, these studies could not show the impact of irrigated wheat farming on household income and some of them have model selection problem.
Therefore, this study is intended to evaluate the determinants of adoption of irrigated wheat farming and its impact on household income in the study area. 

1.3. [bookmark: _Toc120870467][bookmark: _Toc123549660][bookmark: _Toc128990440][bookmark: _Toc128992516][bookmark: _Toc140762026][bookmark: _Toc120870468][bookmark: _Toc123549661]Objective of the Study 

1.3.1. [bookmark: _Toc128990441][bookmark: _Toc128992517][bookmark: _Toc140762027]General objective

[bookmark: _Toc120870469][bookmark: _Toc123549662]The general objective of this study is to evaluate the adoption of irrigated Wheat farming and its impact on household income in the case of Debark District, Northwest Ethiopia.
1.3.2. [bookmark: _Toc128990442][bookmark: _Toc128992518][bookmark: _Toc140762028]Specific objectives

The specific objectives of the study are to:
· [bookmark: _Toc120870470][bookmark: _Toc123549663][bookmark: _Toc128990443][bookmark: _Toc128992519]To identify factors that influence adoption of irrigated wheat farming. 
· To evaluate the impact of  irrigated wheat farming on household income
· To examine farmers' satisfaction on  irrigated wheat farming 

1.4. [bookmark: _Toc140762029]Research Questions
[bookmark: _Toc120870471]
1. What are the factors that influence adoption of irrigated wheat farming?
2. Does irrigated wheat farming have impact on household income?
3. Do farmers satisfy by irrigated wheat production in the study area? 

1.5. [bookmark: _Toc123549664][bookmark: _Toc128990444][bookmark: _Toc128992520][bookmark: _Toc140762030]Significance of the Study

[bookmark: _Toc120870472][bookmark: _Toc123549665]After being finalized, this research has several benefits to the farmers in boosting their irrigated wheat farming based on the likely support from agricultural sector. For being likely to equip themselves with the knowledge of what major attributes of the farmers significantly influence the decision of farmers in adopting irrigated wheat farming, agricultural experts and officials at all level are also beneficiaries of this study for enhanced technical support and intervention strategies. Since the input from this study is used as a reference material for further policy amendments. Policy designers could also be taken as one component of the beneficiary groups. The study has also importance in optimizing the poverty-related pressure on the Ethiopian government engaging farmers in irrigated-wheat farming and self-sufficient crop production. Furthermore, the study acts as a good source material to the decision makers in Local Government Authorities (LGA) and other government institutions. 
[bookmark: _Toc140315668][bookmark: _Toc128990445][bookmark: _Toc128992521]
1.6. [bookmark: _Toc140762031] Limitation and Scope of the Study

This study is aimed at evaluating adoption of irrigated wheat farming system in Debark district. As part of the limitation, the researcher fears that the data source of this study was only cros-sectional and it may not represent some longitudinal aspects.
 
Coming to the delimitation, the study was delimited geographically in Debark District North West of Ethiopia. Contextually the study is delimited to evaluate the adoption of irrigated wheat farming and its impact on household income. Methodologically, this study was delimited with mixed qualitative and quantitative research design/approach. The study tried to use descriptive and econometric models for generalization and conclusion of the findings. From a total of 15 irrigation-potential Kebeles in Debark, four representative Kebeles was involved for the study. The raw data collection was completed in March 2023.

1.7. [bookmark: _Toc98083732][bookmark: _Toc110674456][bookmark: _Toc120870473][bookmark: _Toc123549666][bookmark: _Toc128990446][bookmark: _Toc128992522][bookmark: _Toc140762032] Organization of the Thesis

[bookmark: _Toc76294956][bookmark: _Toc76324156][bookmark: _Toc76301314][bookmark: _Toc70326166][bookmark: _Toc99871620][bookmark: _Toc55127330][bookmark: _Toc70326070][bookmark: _Toc69112244][bookmark: _Toc65922681][bookmark: _Toc99871770][bookmark: _Toc75791694][bookmark: _Toc69112185][bookmark: _Toc76300946][bookmark: _Toc76295013][bookmark: _Toc109411557][bookmark: _Toc120870476][bookmark: _Toc123549667]The thesis is organized in five chapters. The first chapter contains introduction under which statement of the problem, objective of the thesis proposal, significance of the proposal, research objectives and scope of the study will be included. The second chapter includes review of related literatures which re-branches in to theories and empirical studies in focus that adds input and experience to the researcher. The third chapter is methodology of the study and focuses on how and from where data gathered the statistics to be used in analyzing the data and the likes. The fourth chapter deals about the results of the study and the discussion parts. Finally, chapter five consists of conclusion and recommendations.







[bookmark: _Toc128990447][bookmark: _Toc128992523][bookmark: _Toc140762033]CHAPTER 2. LITERATURE REVIEW

In this chapter, an attempt has been made to provide a brief review of the works done on the subject of the study. So this chapter includes conceptual literature, theoretical literature and empirical literature review and conceptual frame work.

2.1. [bookmark: _Toc123549668][bookmark: _Toc128990448][bookmark: _Toc128992524][bookmark: _Toc140762034][bookmark: _Toc120870477]Concepts and Definitions of Key Terms 

Adopter: A smallholder farmer in the study area who practiced irrigated wheat farming in the last five years’ period.

Adoption: On the word of Feder et al. (1985), adoption is defined as the integration of an innovation into farmers’ normal farming activities over an extended period. Adoption, however, is not a permanent behavior. Dasgupta (1989) noted that an individual may decide to discontinue the use of an innovation for a variety of personal, institutional, and social reasons one of which might be the availability of another practice that is better in satisfying farmers’ needs. Adoption at the individual farmers’ level is defined as the degree of use of new technology in long run equilibrium when the farmer has full information about the new technology and its potential. 

Diffusion: In the context of aggregate adoption behavior, diffusion is defined as the spread of new technology within a region. This implies that aggregate adoption is measured by the aggregate level of specific new technology with a given geographical area or within the given population. Overall, to explain adoption behavior and factors affecting technology adoption, three paradigms are commonly used.

Irrigated-wheat farming: an agricultural practice which involves the cultivation of wheat by irrigated agriculture.

Non-Adopter: A farmer who did not practice irrigated wheat farming technology in the last.  Five years cropping period in the study area.
2.2. [bookmark: _Toc123549669][bookmark: _Toc128990449][bookmark: _Toc128992525][bookmark: _Toc140762035][bookmark: _Toc120870478]Theories of Adoption

The basic goal of agricultural development organizations is to influence farmers to adopt agricultural innovations (Agbamu, 2006). Agricultural extension can be said to be effective and efficient when farmers adopt improved technologies (Aphunu, 2011). Adoption is therefore similar to diffusion except that it deals with psychological process an individual goes through, rather than the physical process. Based on the over stated fact, a number of adoption theories have been developed to help understand and explain adoption process of end users and the researcher has gone through some of these theories closer to this study and narrated as below.  

Innovative Decision Process Theory: This theory suggests that prospective adopters of a technology progresses over time via five stages, from the first knowledge of an innovation to forming an attitude towards the innovation, to a decision to adopter reject, to implementation of the new idea to confirmation of this decision (Rogers, 2003). On the other way round, the theory proposes that the possible adopters of agricultural technology progresses with time in five stages, that is from the awareness stage to the final stage of adoption of the technology.

Therefore, these are the earlier terminologies of the stages: awareness, interest, evaluation, trial and adoption. With respect to the above theory, it is clear that not all adopters of innovation pass through all the above stages prior to acceptance of an innovation. Agbamu (2006) confirmed innovation pass through three stages namely awareness, trial and adoption. In disseminating agricultural technology like irrigated wheat farming, extension agents should be conscious of influencing variables for early and late adoption of irrigated wheat production by farmers in different socio-economic and institutional settings.

Individual Innovativeness Theory: This theory says that farmers who are predisposed to being innovative will adopt an innovation earlier than those who and less predisposed (Surry, 1997). This means that farmers who are innovative in nature tend to adopt an innovation faster than those who are not innovative. In Rogers’ diffusion model, it categorizes and groups users according to the speed in which they adopt new technology (Rogers’, 2003). Apart from socio-economic attributes, this theory also confirms farmers by very nature vary in their swiftness of adoption to a given technology. Therefore, agricultural experts should consider the individual response of farmers to irrigated wheat farming in trying to engage them in this technology.

Perceived Attribute: This says that potential adopters judge an innovation based on their perception with regard to five attributes of the innovation, which are relative advantage, triability, observability, complexity and compatibility. This simply says that potential adopters place judgment on an innovation based on their perception with reference to the five attributes of the innovation. The theory also holds that an innovation is witness an increased rate of adoption if potential adopters perceive that the innovation; can be tried on (i) limited basis before adoption (ii) offers observable result; (iii) has an advantage relative to other innovation; (iv) is not complex and, (v) is compatible with existing practices and values (Surry, 1997; Hillmer, 2009). It is vital to know that perception is attitudinal and changes with individual adopters. Therefore, it is unfair to classify some individuals as low adopters since what one perceive as important may be less important to the other. In other words, what a farmer perceives as important may be perceived less important by farmer bin the social system.

Reasoned Action: This theory states that an individual’s intention to adoption innovation is influenced by his attitude toward the behavior and subjective norm (Tooraj and Sahel, 2011). A person’s behavior is determined by his intention to perform the behavior. The attitude towards performing the behavior is an individual’s positive or negative belief about performing the specific behavior. Therefore, attitudes are the beliefs a person accumulates over his lifetime. This theory also opines that the intention to perform behavior depends upon the product of the measures of attitude and subjective norms (Hillmer, 2009).

Planned Behavior: is one of the most widely used models in explaining and predicting individual behavioral intention and acceptance of technology. Planned behavior is an attitude –intention-behavior model, which says that an individual’s behavior is determined by perceived behavioral control and intention. An attitude, subjective norm, and perceived behavioral control, in turn determine intention (Tooraj and Sahel, 2011). The Planned behavior proposed that an individual’s intention to performance is affected by his attitude towards the act, subjective norms and perceived behavioral control (Ozdemir and Trott, 2009). According to theory of planned behavior, an individual behavior is determined by behavioral intention and perceived behavioral control, and behavioral intention is determined by attitude towards behavior, subjective norm and perceived behavior control. Attitudes towards behavior reflect one’s favorable or unfavorable feeling of performing behavior.

Technology Acceptance Model: This model states that an individual’s perceived usefulness and perceived ease of use of a particular information system influences his attitude towards using that system, which affects the intention to use the system and in turn their actual use of the information system (Hillmer, 2009). According to Tooraj and Sahel (2011), the goal of technology acceptance model is to explain what determines acceptance and behavior across a broad range of end-users. However, technology acceptance model employed the reasoned action model to the domain of user acceptance of information technology and replaced the reasoned action model’s attitudinal determinants with two beliefs; (a) perceived ease of use– means the degree to which a person believes that using a particular system would be free of effort. (b) perceived usefulness – means the degree to which a person believes that using a particular system would enhance his or her performance (Yahyapour, 2008) however, tam was found to be a simpler, easier to use and more powerful model to uncover what determines user acceptance of information technology (IT) while both models satisfactorily predicted an individual’s attitude (satisfaction) and behavioral intention.

Economic Theory of Adoption: This theory of adoption can be regarded as the theory of maximization of utility and is used to explain the response of farmers towards a newly introduced technology (Adesina and Seid, 1995). This theory states that farmer will adopt a given technology if the utility derived from the new technology exceeds that of the previous one. This theory is also based on the assumption that a farmer or potentia1 adopter makes choice or selection with respect to the satisfaction that may be derived from the technology. He could also make choice on the maximization of the expected utility subject to prices, policies, personal characteristics and natural resource.



2.3. [bookmark: _Toc140762036][bookmark: _Toc123549670][bookmark: _Toc128990450][bookmark: _Toc128992526]Empirical Review 

2.3.1. [bookmark: _Toc128990451][bookmark: _Toc128992527][bookmark: _Toc140762037]Adoption of agricultural technologies

Agricultural new technologies constitute the introduction and use of hybrids, the greenhouse technology, genetically modified food, chemical fertilizers, insecticides, tractors and the application of other scientific knowledge (Matunhu, 2011). These technologies are the basis and factors of production which have undergone some form of amendment from their original state with the intent of enhancing their performance.

One of the common driving forces in agricultural research is being eager to understand prerequisites of adopters and their attributes before adopting new practices and innovative technologies. Recently, Brown et al. (2017) developed a model to predict the adoption and diffusion of new ideas, practices and technologies in farming systems. Described in detail by Kuehne et al. (2017), the Adoption model calculates the value of and time to peak adoption. Their calculations are based on the diffusion literature (S-shaped curve) used to provide quantitative predictions of the adoption of agricultural practices for a defined number of variables. Moglia et al. (2018) constructed a Bayesian Network model to describe the many factors that impact on the chances of a smallholder farmer adopting technology to change his/her farming practice. The model, when applied to four different technologies, generated insights into the factors that had the greatest influence on adoption rates (Alexander et al. 2018; Moglia et al. 2018).

Furthermore, Tegengne (2017) classified farming communities into four major clusters based on their status of adoption. Using an adoption index - a measure of the extent of utilizing a particular technology per recommended unit - farmers were differentiated according to: (i) their technical orientation (information but not implemented), (ii) technology fledglings (new participants), (iii) technology adopters (sustained adoption) and (iv) technology dropouts (withdrawn interest). Estimates of adoption normally assume a cumulative process of adoption is taking place, not accounting for the fact that, often times in reality, adoption may be short-lived and that, subsequently, dis-adoption occurs (CIMMYT Economics Program, 1993). Brown et al. (2017) suggest that the adoption of most agricultural technologies tends to be partial and incremental, with ten stages to be considered. Brown et al. (2017) used the Process of Agricultural Utilization Framework (PAUF) to describe adoption and non-adoption, illustrating several adoption pathways, reflecting that farmers will continually evaluate the usefulness of technology, and modify their production decisions accordingly.

2.3.2. [bookmark: _Toc128990452][bookmark: _Toc128992528][bookmark: _Toc140762038]Adoption of wheat

An overview of different literatures by the researcher illustrated that factors affecting the adoption of wheat vary among researchers but could likely be merged and summarized in the following three broad categories. The factors related to the characteristics of producers sometimes referred demographic characteristics of respondents are education level, experience with the activity, age, sex, level of wealth, farm size, plot characteristics, labor availability, resource endowment and risk aversion (Hailu, 2014).

The factors related to the characteristics and performance of the technology and practices which are also referred socio-economic factors such as food and cash generation functions of the product,  the perception by individuals of the characteristics, complexity and performance of the innovation, its availability and that of complementary inputs, the relative profitability of its adoption compared to substitute technologies, the period of recovery of investment, local adoption patterns of the technology and the susceptibility of the technology to environmental hazards, etc. Likewise, the institutional factors include availability of credit, the availability and quality of information on the technologies, accessibility of markets for products and inputs factors, the land tenure system, and the availability of adequate infrastructure and extension support (Leta, 2018).

The empirical study result by Tesfaye et al. (2014) showed that sex of household head had significant effect on the adoption of wheat. The level adoption of improved wheat is defined as function of active family force, market distance and district potentiality. Institutions are governmental or nongovernmental organizations that have direct or indirect relationships with the farmers in affecting the adoption of technologies. Under this understanding, schools, credit service institutions and micro-finances, capacity building centers, farmers training centers and other service providers in close relationship of their services in affecting the decision of farmers to adopt new technologies are said to be institutional factors. As revealed by Kinfie et al. (2012), secondary level education has positive and significant effects on the likelihood of adopting improved varieties of wheat. Hence, efforts to increase adoption of improved barley and wheat varieties would more likely be successful if accompanied with practical trainings and demonstrations.

Medkissa et al. (2014) indicated that for the strength of wheat production system, the existences of strong farmers’ extension research linkage among actors within the system has a vital importance in a way that to transfer skill, knowledge and provision of improved bread wheat varieties in efficient and effective manner is mandatory. The empirical study result by Tesfaye et al. (2014) showed that roads access, and district potentiality in enhancing the adoption of improved wheat varieties.

The level of adoption on improved wheat varieties is the function of access to credit, active labor force, market distance and district potentiality. The farmer’s total wheat area, number of livestock, and the use of hired labor and credit significantly influenced the amount of fertilizer used. The use of credit, and several varietal characteristics preferred by farmers (disease and lodging resistance and baking quality) significantly influenced the area allocated to wheat varieties (Bekele et al. 2014).

The need of educated farmers to access new technologies and adopt by their own perception may likely be the reason for the relative and positive adoption of technologies by farmer’s secondary educated level. Medkissa and Tadele (2014) indicated that the strength of wheat production system, the existences of strong farmer’s extension research linkage among actors within the system and has a vital importance in a way to transfer skill, knowledge and provision of improved bread wheat in efficient and effective manner. The empirical study result by Tesfaye et al. (2014) showed that the existence of supportive relationship between household heads sex, field day participation and access to roads affecting the adoption of improved wheat varieties. 
The farmer’s total wheat area, number of livestock, and the use of hired labor significantly influenced the amount of fertilizer used (Bekele et al. 2014). They also noted that the use of credit, and several varietal characteristics preferred by farmers (disease and lodging resistance and baking quality) significantly influenced the area allocated to improved wheat varieties.

2.3.3. [bookmark: _Toc140762039]Studies on the impact of irrigation adoption 

In the irrigation impact evaluated with the help of propensity score matching indicates a positive significant effect of adoption in small-scale irrigation on rural household income (Hailu, 2014; Shiferaw and Mengistu, 2015). Woldegebrial et al. (2015) reported a significant difference in income, overall expenditure and asset accumulation between irrigation adopters and non-adopters by using PSM in their investigation. Apam (2012) applied the “with and without” approach to assess the impact of irrigation and found that irrigation affected farmers living conditions by increasing yields, employment, asset holding and reducing hunger, food prices and migration. However, the use of the “with and without” could be problematic because the levels and changes in these factors could also be due to other factors and not necessarily irrigation. Thus, the study would have benefited a lot from the use of regression or other econometric techniques that will help in dealing with the issue of attribution. Peprah et al. (2015) showed that irrigation had direct effects on output and income of farmers. Banson et al. (2014) investigated the impact of small-scale irrigation technology on poverty reduction among peri-urban and urban farmers in Kwabenya in the Greater Accra region of Ghana. The study used descriptive statistics in the analysis and showed that use of small-scale irrigation increased yields and savings levels of farmers and consequently contributed to reducing poverty gap among these farmers. 

2.3.4. [bookmark: _Toc140762040]Contribution of irrigation to household income
 
Irrigation has high contributions to asset ownership and income of rural households (Tedros, 2014). Increased in agricultural production through diversification and intensification of crops grown, increased household income because of on/off/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 a few to mentioned (Kalkidan et al., 2017). Irrigation users invest the additional income gained from irrigation in different activities. Some irrigation users provide in community services, while others in educating their children. Besides, increasing income from irrigation made them to access materials for their children and replaced the labor of their children engaged on-farm by hired labor (Kinfe, 2012).  From Heckman two step treatment effect model, adoption in small-scale irrigation was found to have positive and significant effect on income of farm households (Belay and Beyene, 2013; Abraham et al., 2015). Peprah et al. (2015) found that irrigation had direct effects on output and income of farmers. It also provides auxiliary employment in terms of fishing and offer indirect benefits supporting households‟ basic necessities and income for reinvestment. Irrigation user households are in a better position when compared to those that are non-users. For example, users have high crop income, higher level of education of the household head, large size of livestock holding, better labor man-day equivalent and all these contributed significantly to high total income for users than nonusers.

Accordingly, access to irrigation can significantly improve income level of beneficiary households. Access to irrigation increases the opportunity for crop intensity and diversification which increase cropping income. Therefore, access to irrigation has got a significant and positive contribution to income (Kedir, et al., 2016). Some of the major results identified in relation to the contribution of irrigation to livelihood improvement include increased agricultural production and better food security, getting additional income, access to improved nutritional values (vegetables and fruits), improved feeding habit, improved access of water for drinking livestock development and sanitation, purchase of oxen and cows, pay credit and save money, purchase of household goods, building of houses in towns, cover educational cost for children and the likes. These all indicates that small-scale irrigation activities are improving rural households living condition and promoting the livelihood of the farmers (Nahusenay and Madhu, 2015).

2.3.5. [bookmark: _Toc140762041]Farmers satisfaction to irrigation

One of the important aspects of evaluating the performance of an irrigation scheme is to assess the satisfaction of the farmers who use it. Farmers' satisfaction can reflect their perception of the quality, reliability and fairness of the irrigation service, as well as their involvement in the scheme management. Several studies have been conducted on the topic of farmers' satisfaction to irrigation in different contexts and regions. For example, Gomo et al. (2014) analyzed the factors that influence the satisfaction of farmers with the Mooi River Irrigation Scheme in South Africa, using a multinomial logit regression model. They found that gender, education, training, water distribution, water availability and participation were significant determinants of farmers' satisfaction.

[bookmark: _Toc123549671][bookmark: _Toc128990453][bookmark: _Toc128992529]Similarly, Mwadzingeni et al. (2022) explored how socio-demographic, institutional and governance factors affect the adaptive capacity of smallholder irrigators in Zimbabwe, using a livelihood vulnerability model. They revealed that age, gender, education, land tenure security, irrigation committee satisfaction and cooperatives were among the factors that influenced adaptive capacity, which is closely related to satisfaction. These studies suggest that farmers' satisfaction to irrigation is a complex and context-specific phenomenon that requires careful investigation and policy intervention.

2.4. [bookmark: _Toc140762042]Conceptual Framework of the Study 

The conceptual framework illustrates how the independent variables under four broad categories influence the dependent variable. Farmland size and livestock holding under the economic variables may likely be assets and enhance the potential of farm households to adopt irrigated wheat farming. As farmers having large area of land have the opportunity to cultivate diversified agricultural products as compared to farmers having small farmland, these formers have relatively better chance of allocating some part of their farmland to irrigated wheat production.  Likewise, farmers having better livestock holdings are likely to have better chance of buying inputs for wheat production to farmers without or small size of livestock holdings. This is due to the fact that having multiple incomes from livestock and livestock products may enhance the potential of farmers to adopt agricultural technologies like irrigated wheat farming.

As elements of the independent variables, demographic factors sometimes are likely to manipulate the behavior of farmers to adopt irrigated wheat farming. As compared to the female counterparts being male may likely to access information for better information sources. Male households are mostly fast decision makers on their household issues as compared to their female counter parts.

Institutional factors are mostly services established by governmental structures to serve the community. For this reason, farmers having ease of access to these services are more likely to equip them with the knowledge of newly coming technologies and adopt them earlier. Farm households with better opportunity to extension contact are likely to have the knowledge of inputs required for and economic importance of irrigated wheat production. As part of the conceptual framework influencing adoption of farmers’ decision on adoption of irrigated wheat farming, physical factors are expected to play active role on the dependent variable. In connection, distance of farmland envisaged for irrigated wheat farming limits farmers decision to adopt the same. A farmer having irrigation potential farmland in close proximity to irrigation source is more likely to adopt irrigation wheat farming easily as compared to a farmer possessing an irrigation potential farmland far away from this source. This is due to the fact that closer farmlands to irrigation sources require relatively low manpower and   minimum seepage of water in travelling small distances. 
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[bookmark: _Toc138943585]Figure 1: Conceptual Framework of the Study
Source: Adapted from Gudina (2020) with minor modification
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[bookmark: _Toc128990454][bookmark: _Toc128992530][bookmark: _Toc140762043]CHAPTER 3. METHODOLOGY

[bookmark: _Toc120870484][bookmark: _Toc123549673][bookmark: _Toc128990455][bookmark: _Toc128992531]This chapter provides a description of the methodologies that was used in this study to accomplish its goals. The main sections of this chapter are as follows: descriptions of the study area, types of data, data sources, methods of data collection, methods for determining sample sizes and sampling technique; methods for data analysis; specifications of the econometric model and finally definitions of variables and working hypotheses.

3.1. [bookmark: _Toc140762044]Description of the Study Area

The study was conducted in Debark Zuria Woreda of North Gondar Zone, Amhara regional state of Ethiopia. This area is located 830 km far from Addis Ababa, 280 km far from Bahardar and 100 km gander city. The study area border in the North, Adarkay Woreda and, in the South, Dabat Woreda and, in the East, Janamora Woreda, and in the West Tegedie Woreda. The Woreda is densely populated. The district also incorporates the UNESCO registered world heritage of Semien Mountains National Park (SMNP). Geographically, the District has latitude of about 13.05oN-13.35oN and longitude of about 37.900°E -38o E, and an elevation from 1500 up to 3500 meters above sea level. 

According to CSA (2022), the total population of Debark Woreda has a total of 155,591 populations. From this, 79,344 are males and 76,247 are females. Males account for 51% of the entire woreda population, while females are 49%. There are 27,519 household heads in the Woreda. Male-headed households account for 84.1%, while, female-headed households are 15.9% (DDAO, 2022).


[image: C:\Users\HANU-TECH\Desktop\Debark District.jpg]
Figure 2; Location map of Debark District (Source; Ethio GIS Database, 2022)

The land use pattern of Debark Woreda indicates that 58011.7 hectares (36.72%) are cultivated land, 45749.17 hectares (28.96%) are grazing land, 18113.8 hectares (11.47%) are covered by forest which includes both man-made forest and 24409.54ha (15.45%) bush and shrub, 4884.93 hectares (3.10%) are areas of the land that have been used for built-up areas and the rest 9119.68 hectares (5.77%) are categorized as bare land (DDAO, 2022). Agriculture is the main source of the woreda's economy. For rural households, mixed farming (both crop and livestock production) is the most prevalent activity among rural households.

[bookmark: _Toc125984454][bookmark: _Toc128489692][bookmark: _Toc138943586]The area receives an annual rainfall ranging from 900 to 1400 mm from long and short rainy seasons (DDAO, 2022). The average minimum and maximum daily temperature range between 6.2oC and 20.7°C and with humidity of about 25 to 83.5%. The district is one of the major wheat producer districts in the north western part of Amhara region (DDAO, 2022). Though the means of production used were both in rain-fed and irrigation farming. The trend of irrigated farming is increased from time to time in the study area (DDAO, 2022).. 

3.2. [bookmark: _Toc128990457][bookmark: _Toc128992533][bookmark: _Toc140762045][bookmark: _Toc120870485][bookmark: _Toc123549674]Research Design and Data Sources

[bookmark: _Toc120870486]The researcher has thought to use cross sectional study design for its benefit and attributes of comparing many different variables at the same time. Data such as socio-economic, demographic and institutional factors of the independent variables against the decision of farmers in adopting irrigated wheat production. To achieve the intended objective of the study, the relevant data required were collected from both primary and secondary sources. Primary data were collected from households. Moreover, secondary data related to the issues under study were obtained from different sources such as internet, books, journals, articles and office report. These secondary data providing relevant information were obtained from different institutions working in the study area such as department of Debark agriculture and rural development, Debark Woreda and Kebele administration and extension offices.

3.3. [bookmark: _Toc120870487][bookmark: _Toc128990458][bookmark: _Toc128992534][bookmark: _Toc140762046] Sampling Techniques and Sample Size

With regard to sampling procedure, multistage sampling procedure was employed. Accordingly, Debark district was selected purposively due to the fact that the district was focus of interest from the onset of the research and the proximate to the researcher. Multi-stage sampling method was used to select sample respondents. In the first stage, one Kebele from highland, one Kebele from midland and two Kebeles from lowland agro ecologies were selected in stratified random sampling technique (table 1). In the second stage, sample respondents’ were selected using cluster sampling based on adoption of irrigated wheat farming as adopter and non-adopter. Lastly, 350 sample households were selected using systematic random sampling technique based on the Kebele residents’ registration book (sample frame).

Sample size determination is an important step from which number of samples to be surveyed is fixed with further understanding of the required resource for the intended survey. As per the district administration of Debark, these Kebeles have a total of 3847 households which is the basis for our sample size determination. Accordingly, sample size (n) from these total households is determined by using a sample size formula developed by Cochran (1977): 


Where;
 P= is the estimated proportion of an attribute that is present in the population (0.5)
Q=1-P (0.5)
N=Total number of housing units (3847)
Z=Standardized normal variable and valued that corresponds to 95% confidence interval equal to 1.96 
e=Allowable error 5% (0.05)
Hence, a total sample size of 350 respondents was drawn from the population and undergone interview schedule (see below).





The formula developed by Cochran is selected by the researcher for its being user-friendly and has better accuracy. After the total sample size being determined, the next step was assigning sample size proportionately to the four sample Kebeles and sampling or selecting households who are going to be involved in the survey. Proportional allocation of samples to each sample Kebele was made by dividing total households in each sample Kebele by the total number of households in the entire sample Kebeles and multiplying the quotient by the total sample size fixed (Table 1).  





[bookmark: _Toc47615494][bookmark: _Toc126075346][bookmark: _Toc136896725][bookmark: _Toc138943391]Table 1: Proportionate allocation of sample size
	List of sample 
Kebeles
	Total households size
	Sample size

	
	Non-Adopter
	Adopter
	Non-Adopter
	Adopter

	Highland Kebeles- kino mender hulet 
	860
	213
	47
	54

	Midland Kebeles – Beles
	1059
	249
	75
	64

	Lowland Kebeles- Adigagra
	767
	135
	32
	35

	Lowland Kebeles- Tirahina 
	497
	67
	26
	17

	Total 
	3183
	664
	180
	170


[bookmark: _Toc120870488]Source: DDAgO and RDLA, 2022

3.4. [bookmark: _Toc128990459][bookmark: _Toc128992535][bookmark: _Toc140762047]Methods of data collection 
[bookmark: _Toc120870489]
Household interview schedule: Interview schedule serves to gather first-hand information from required sources prior to its analysis and interpretation. For that reason, the interview schedule was prepared to collect information from respondent an interview schedule constructed from close and open ended questions were prepared focusing on the evaluation of adoption of irrigated wheat farming and its impact on household income in the study area. The questionnaire was prepared in English language and translated to Amharic employed for interview schedule to avoid language barriers between the respondent households and enumerator. To ensure the validity and reliability as well as the completeness of the questionnaire, the interview schedule was pretested on 10 households that does not involved in the actual survey

[bookmark: _Toc120870490]Additionally, reliability and validity tests were made to make sure of consistency and check if the instrument correctly measures what it is supposed to measure. Accordingly, reliability of Likert-scale questionnaire was tested employing Cronbach’s alpha coefficient (Kothari 2004), which ideally has at least a minimum value of 0.6. Therefore, the Cronbach’s alpha coefficient of this study was found to be 0.83.

[bookmark: _Toc120870492]Key informant interview: Informants from each category for the face-to-face interview was selected using purposive sampling method with 10 individuals. It was conducted between the researcher and facilitators and officials experts engaged in providing agricultural extension services. These experts and officials were selected from district offices and Kebele level agricultural extension workers. Based on profession and closeness to the topic under study, two experts from office of agriculture and rural development, one agricultural extension worker from each Kebeles and two water use committee from two sampled Kebeles. What is special to these informants for this study is due to the fact that the thought key informants are assumed to have sufficient information on the issue under study and could provide the relevant information required to meet the intended objectives such as the production trends as well as adoption and profitability of irrigated wheat farming in the district and Kebeles.

3.5. [bookmark: _Toc128990460][bookmark: _Toc128992536][bookmark: _Toc140762048]Method of Data analysis

The collected quantitative data were analyzed by using descriptive statistics, inferential statistics and econometric models. Binary logistic regression and endogenous switching regression (ESR) model were employed to analyze the determinants of adoption in irrigated wheat and impact analysis, respectively. Qualitative data collected from key informant’s interview was analyzed by narrative explanation. Appropriate data clearance and coding was made. Finally, the analysis was done with the help of software such as R software version 4.3.1 was used for running ESR, STATA version 15 was used to analyzed logit model and descriptive statistics and Excel was used as storing collected data and making bar and pie charts.

3.5.1. [bookmark: _Toc140762049]Descriptive statistics

The descriptive statistics such as averages, mean difference, standard error and percentage were employed to analyze the quantitative data and compare socio-economic characteristics of treated and control group households. As inferential statistics, independent t-test was used to compare mean differences between the two groups for continuous variables while chi-square was used to identify the associations between categorical variables. Data obtained from focus group discussions and key informant interviews were analyzed in qualitative narration. Cross tabulations were used to assess the relationship between variables and also using comparison of two dependent sample tests.

3.5.2. [bookmark: _Toc140762050]Econometric models

Logistic regression and probit regression are two types of generalized linear models used for categorical data analysis. The logit model assumes that the error term is distributed according to a logistic distribution, while the former model assumes that the error term is distributed according to a standard normal distribution. The logit model is more widely used and has a more extensive literature, while the probit model is more sensitive to outliers (Ebrahimzadeh et al., 2015).

Since adoption of irrigated wheat farming is a dependent variable as a function of the independent variables. The dependent variable value is coded 0 for non-adopters and 1 for adopters. The binary logistic regression model is intended to be the econometric model for being advantageous over the others in the analysis of dichotomous outcome variable and it is extremely flexible and easily used model from statistics point of view and results in a meaningful interpretation (Hosmer and Lemeshew, 1989). Therefore, the cumulative logistic probability model is econometrically specified as below:
                  					(1)
According to Hosmer and Lemeshew (1989), the logistic model could be written in terms of the odds and log of odds, which enables one to understand the interpretation of the coefficients. The odds ratio implies the ratio of the probability (Pi) that an individual would choose an alternative to the probability (1-Pi) that he/she would not choose it.
Therefore, by taking natural logarithm 
 					(2)

Where,
Pi is the probability that an individual made a certain choice (adopter or non-adopter) given 
Xi; denotes the base of natural logarithms, which is approximately equal to 2.718;
β 0, β1, β2, and βn are coefficients of explanatory variables
x1, x2, and xn are predictor variables
n= number of explanatory variables
ui= error/stochastic term 

ESR Model: Propensity score matching employ a predicted probability of group membership; example treatment versus control group based on observed predictors, usually obtained from logistic regression to create counterfactual groups. However, Propensity score matching estimation might suffer from selection bias which comes from endogenous program placement. Since literatures show that the impact of irrigated wheat farming on household income depends not only on the observed factors but also depends on unobserved factors. An efficient method to estimate ESR models is by FIML (full information maximum likelihood) estimation (Lokshin and Sajaia, 2004). The FIML method simultaneously estimates the logit criterion or selection equation and the regression equations to yield consistent standard errors. In the study area, irrigated wheat farming placements were not randomly distributed and the decision to adopt irrigated wheat farming is voluntary.

Therefore, it should be emphasized that households may self-select themselves as the treatment group into one of the irrigated wheat farming. In this regard, households’ adoption of irrigated wheat farming if they perceive that irrigated wheat would provide them with more income than participating on only rain-fed agriculture. Hence, it is not possible to directly compare the household income of the treatment and control groups because of selection bias. This selection bias can be because of both observed (observed to the researcher) and unobserved (observed to the respondent but, not the researcher) characteristics. According to Alene and Manyong (2007), self-selection into intervention utilization would be the source of endogeneity and failure to account this bias will overstate or understate the true impact estimates.

Nkhata (2014) and Kidanemariam Gebregzabehair et al. (2017) have adopted an ESR. This model accounts for both endogeneity and sample selection bias. In this approach, there are two stages, first the decision to adopt irrigated wheat farming is modeled by standard limited dependent variable models and second the outcome variables are then estimated separately for each group (as treatment and controlled), conditional on having made the decision to adopt. Therefore, the decision to adopt in irrigated wheat farming is a dichotomous choice, where a household decides to use irrigation when there is a positive perceived difference between using the scheme and not having the scheme. The selection equation to adopt irrigated wheat farming can be specified as follows:
                                                                         (3)
The I*>0 corresponds to net benefits of adoption of irrigated wheat farming exceeds that of not participating/adopting and under this condition households decides to adopt  irrigated wheat farming. However, I* is the latent variable, not observable whereas, I is observable counterpart, which represents the observed household’s decision choice. The expected utility gained using one of the irrigated (treatment or regime 1) compared to the utility of not having (control or regime 2) and the decision to adopt occurs if

          					(4)
                        
Where Z is vectors of explanatory variables /observed characteristics/ which determine adoption of irrigated wheat farming (which includes household demographic, socio-economic characteristics and farm characteristics); β is a vector of unknown parameters to be estimated and is a random error term. Based on the selection criterion function of Equation (3), outcome (W), in our case, welfare indicators can be specified as in two different regimes.
                                                  (5)
                                                  (6)
Although, Z and X can overlap, but there must be at least one variable in Z is required not to be included in X to properly identify the outcome equations. α is a vector of unknown parameters to be estimated.  are outcome variable (household income) for regime 1 and regime 2 respectively. Where  and  are the income of treatment (irrigated wheat producer) and control groups (irrigated wheat non-producer) respectively. Whereas, are error terms for regime 1 and 2 functions respectively.

Following Foltz (2004), we first assume that the unobserved residual effects of the selection equation are independent of unobserved residual effects of the outcome equations of the two regimes. That is
      			 (7)

This implies that sample partitioning between the treatment and controlled groups is entirely exogenous to their behavior so that an exogenous switching structure results. The unconditional expectation of these models can be expressed by applying ordinary least squares to give consistent estimate of the α.

The average treatment effect on the treated (ATT) and untreated (ATU) were computed by comparing the expected values of the outcomes of the treatment and controlled groups in actual and counterfactual scenarios. The estimates from ESR allow for the computing of the expected values in the real and hypothetical scenarios: Following model estimation, the Stata ms predict command allows calculation of the following unconditional expectations (Lokshin and Sajaia, 2004):
Actual expected outcome: treatment group 
                                                     (8)
Counterfactual expected outcome: controlled group
                                            (9)
Counterfactual expected outcome: treatment group
                                                      (10)
Actual expected outcome: controlled group
                                              (11)
Where 1 indexes the treatment group whereas, 0 indexes the controlled group, W is the outcome variable (income) and X vector of covariates. Equation (8) and (11) represent the actual expectations observed from the sample, while Equation (9) and (10) are the counterfactual expected outcomes. Given the above formulation, the following mean outcome difference can be calculated and compared. The expected change in the treatment group that means the effect of treatment on the treated (ATT) is computed as the difference between equation (8) and (10):
                                                (12)
Similarly, the expected change in the controlled group, the effect of the treatment on the untreated (ATU) is the difference between equation (9) and (11):
                                                   (13)
The treatment effects can be differentiated from the heterogeneity effect. The treatment group may have more outcome than the counterfactual control group due unobservable characteristics. Therefore, ‘the effect of base heterogeneity’ (BHT) is s defined for the treatment group (Carter and Milon, 2005). The Equation specified as the difference between equations (8) and (9):
                                                 (14)
Similarly, the controlled group can be specified as the difference between equation (10) and (11):
                                                 (15)
The other one is the ‘transitional heterogeneity’ (TH), which is the difference between equation (8) and (9), i.e. (ATT) minus (ATU):
                                      				(16)

3.6. [bookmark: _Toc140762051] Description of Variables and Working Hypotheses

Variables in this study are broadly categorized in to dependent and independent variables. The criterion variables identified in this paper are selected based on experiences from literatures worked in the area of adoption that reflect farm and farmers‟ characteristics, institutional and access to service related attributes. 

3.6.1. [bookmark: _Toc140762052]Description of Dependent variables

Adoption of irrigated wheat farming (ADOP): It is dummy variable and take a value 1, for the household in the treatment group (adopter of irrigated wheat farming) and 0, otherwise (households in the control group or adopter of irrigated wheat farming).

Household income (INCOME): is a continuous variable, which is summation of household farm income, livestock income, household off- farm income, measured in ETB (Ethiopian Birr). It is hypothesized that households’ income of adopters (treatment group) is higher than their counterpart (control group).

3.6.2. [bookmark: _Toc140762053]Description of the independent variables

The explanatory variables used were similar to both outcome and dependent variables, identified by using previous findings. Accordingly, the independent variables are expected to influence both the intervention and outcome variables are presented as follows.

Sex of the household head (SEX): This is a dummy variable and takes a value 1 if the household head is male and 0 otherwise. In rural economies like Ethiopia, men often have better control to household resources and decisions regarding adoption of agricultural technologies and inputs. Due to this uneven access to resources and decision making powers, male headed households are more likely to adopt the wheat production by irrigation (Gudina, 2020).

Age of the household head (AGE): It is defined as the year from the respondent’s birth to the time of the interview. This is a continuous variable measured in years. The relationship between age and adoption of agricultural technologies is mixed nature. On the one hand, it is assumed that younger farmers are more innovative and hence more willing to adopt agricultural technologies than old farmers. On the other hand, it is argued that older farmers have more agricultural experience and more tendencies to apply for agricultural technologies. Therefore, this study did not hypothesize explicit relationship between age of the household head and adoption of irrigation (Yeshambel, 2019).

Education status of the household head (EDU): It is a dummy variable, which takes 1 if respondent is literate and 0 otherwise. Since use of irrigation needs technical knowhow, head of the household need to read and understand some guiding irrigation materials. Therefore, education level increases households’ ability to obtain process and use relevant information to the adoption of irrigated wheat farming. Hence, it is expected to influence adoption of irrigation and its impact on household impact positively. In many adoption studies (Anwar Alamin, 2014), it was indicated that more educated farmers show higher tendencies to adopt new agricultural technologies than less educated farmers. Accordingly, this variable is expected to positively influence adoption of irrigated wheat farming (Anwar Alamin, 2014).

Land size (LAND): This is a continuous variable measured in hectare and it refers to the total land of the household. As most of the households in the study area are smallholders, one of the possible ways to increase their output is by intensive farming. Hence, this variable is hypothesized to have a positive effect on adoption of irrigated wheat farming (Gudina, 2020 and Yeshambel, 2019).

Adult labor force (ADULT): This is a continuous variable and refers to the number of adult labor of the household in terms of adult equivalent. Due to the intensive labor requirements of irrigated wheat farming, this variable is expected to positively affect the adoption decision (Yeshambel, 2019).

Frequency of extension contact (EXT): It is a continuous variable which is the number of times that the extension agents visit the farmer is determinant factor to irrigated wheat farming adoption. This is a continuous variable and it refers to the number of extension contacts per year. Due to the role of extension services in increasing productivity and efficiency, the study expected a positive coefficient for this variable (Gudina, 2020 and Yeshambel, 2019).

Livestock holding (TLU): It is the number of live animals a household in terms of TLU. Number of livestock is an important proxy for indicating wealth status and used as a prestige of the household in the study area. Farmers having large number of livestock are not motivated to adopt new technologies and want to diversify their farm activities because waste much of their time at livestock rearing. They also expect that secure their food in time of drought, which is an opportunity to bear the risk that may occur (Sikhulumile, 2014). Therefore, it is hypothesized that livestock holding negatively affect the adoption of irrigated wheat farming whereas; this is true, for income.

Distance from Water source (DW): It is the distance from the water source to the household’s irrigable land, measured in round trip walking time and finally changed into Kilo meter. The distance of water source affects irrigated wheat farming. Therefore, it is expected to influence the adoption of a household in wheat irrigated farming negatively. As the distance from water source is increase, the amount of water follows to farm land is decrease (Gudina, 2020).
[bookmark: _Toc126075347][bookmark: _Toc136896726][bookmark: _Toc138943392]Table 2: Variables description and hypothesis
	Variable Acronym
	Variable description
	Measurement
	Hypothesis

	Dependent Variable

	ADOP
	Adoption of  irrigated wheat farming
	1= adopter 0=otherwise
	

	Outcome Variable

	INCOME
	Annual Household Income
	Continuous (Ethiopian birr)
	

	Demographic Factors

	SEX
	Sex of household head
	1=Male, 0 Otherwise
	_

	AGE
	Age of household head
	Continuous (Years)
	+ or -

	ADUL
	Adult labor force
	Continuous 
	

	EDU
	Education status
	1=illiterate, 2=informal education, 3= formal education
	+

	HHS
	Household size
	Continuous (Number)
	+

	Socio-economic Factors

	LAND
	Land holding size 
	Continuous (Hectare)
	+

	TLU
	Livestock holding 
	Continuous (TLU)
	+ 

	OFF
	Off-farm income
	
	+ or -

	Institutional Factors

	TRANG
	Access to training
	1= Yes, 0 Otherwise
	+

	CRED
	Access to credit 
	1= Yes, 0 Otherwise
	+

	EXT
	Extension contact 
	Continuous (number of contact in a year)
	+

	Geographical factors 

	MD
	Distance from market
	Continuous (minutes)
	_

	DR
	Distance of farmland to River (water) source
	Continuous (minutes)
	_



Distance from nearest market (DM): It was measured in walking time in round trips, and then changed into Kilo meters. Distance to the nearest market is likely to influence the adoption of irrigated wheat farming (Gudina, 2020 and Yeshambel, 2019). Therefore, it is expected to influence adoption of irrigated wheat farming positively. 

Household size (HHS): this variable represents the family member of the households. It is a continuous variable measured in number of individuals. Evidences show that the farmers with higher family size were found adopting irrigated wheat farming more than those with lower family size (Hailu, 2014). This may be the case when the family members are used as the labor force in irrigated farming and reduce the cost incurred in hiring external labor. On the contrary higher household size leads higher dependency ratio and may negatively affect adoption of irrigated wheat farming. Therefore, this variable was hypothesized to influence adoption of irrigated wheat farming positively and negatively.

[bookmark: _Toc47615495][bookmark: _Toc70326820]Off/non-farm income (OFF): This variable represents the activities other than the farm activities (crops, and livestock), and off farm activity (agricultural wage). It is a continuous variable measured in terms of Ethiopian Birr (ETB). The related evidences show that the farmers accessed to off/non-farm income were found participating in irrigation practice (Hailu, 2014). This may be due to the reason that the extra income generated from off/non-farm income can be used for expenditures required in irrigated farming. But in contradictory to this (Kedir et al., 2016) found that farmers those are access to more non-farm income are less probably adopt  irrigation, because households who get access to non-farm income are do not need to practice farming activity. Therefore, based on these reasons the variable was hypothesized to influence the adoption of irrigated wheat farming negatively and positively.

Training (TRN): this represents weather the household takes training related to irrigated wheat farming. This variable is dummy variable taking value of 1 if the household is takes training or 0 otherwise. Therefore, this variable was hypothesized to affect adoption decision in irrigation positively (Gudina, 2020).

Credit (CRED): this represents weather the household use credit for agricultural purpose or not. This variable is dummy variable taking value of 1 if the household is credit user or 0 if not credit user. Access to credit by different researchers was found affecting the adoption of irrigation decision of the farmers positively, because farmers who have access and use credit are able to buy required irrigated farming inputs on time than those who do not have access and do not use credit (Sithole et al., 2014). Therefore, this variable was hypothesized to affect adoption decision in irrigation positively.


























[bookmark: _Toc140762054]CHAPTER FOUR: RESULTS AND DESCUSSION

[bookmark: _Toc140762055]Characteristics of Sample Respondents

4.1.1. [bookmark: _Toc140762056]Demographic characteristics

Sex of household head: From the survey result it was found that out of the total household heads about 87% of them were male, whereas the proportion of the male headed households for irrigated wheat adopters and non-adopters were about 44% and 44%, respectively (Table 3).

Age of Respondents: The survey result indicates that the overall mean age of total respondents was 50with the standard deviation of 12.  However, the mean  age  adopter  respondents’ was  50 years  with  SD  of  13  and  non- adopter respondents’ was 50 years with SD of 12 (table 4). The t test analysis result of this variable (t=0.53; p=0.59), shows that there was no significant mean difference in age of household heads between adopters and non- adopters.

[bookmark: _Toc138943393]Table 3: Descriptive and inferential statistics of dummy variables
	 
	 
	Non-adopter
	Adopter
	Total
	
	Pearson 2
	P-value

	
	
	N
	%
	N
	%
	N
	%
	
	

	Sex
 
	Male
	153
	43.7
	153
	43.7
	306
	87.4
	1.988
	0.158

	
	Female
	27
	7.7
	17
	4.9
	44
	12.6
	
	

	Education
	Illiterate
	54
	15.4
	104
	29.7
	158
	45.1
	
	

	
	Literate
	126
	36
	66
	18.9
	192
	54.9
	37.518
	0.0001***

	Training to irrigation
 
	Not taken
	180
	51.4
	15
	4.3
	195
	55.7
	
	

	
	Taken
	0
	0.0
	155
	44.3
	155
	44.3
	294.570
	0.0001***

	Credit
 
	Not use
	178
	50.9
	126
	36.0
	304
	86.9
	46.995
	0.0001***

	
	Use
	2
	0.6
	44
	12.6
	46
	13.1
	
	


Note: *** means significant at 1% significant level and ns means non-significant, 
 Source: own computation from field survey, 2022
[bookmark: _Toc120870494][bookmark: _Toc123549677]Household size: The mean household size of the total sampled households was nearly 5 with the standard deviation of 1.3. Moreover, the result indicated that the mean family size of the adopter and non- adopter households were 5 and 5 equal and the standard deviation of the adopter and non- adopter households were 1.17 and 1.43, respectively (table 4).


Adult labor force: It is the size of active labor (number of independent household members) expressed in terms of adult equivalent. The mean adult labor force of the total sampled households was 10.94 with the standard deviation of 3.33.  However, the mean adult labor force of the adopter and non-adopter households was 9.90 and 11.49, respectively (table 4). The t- test statistic result shows that, there is significant mean difference between irrigated wheat producer and non-producer household groups at less than 5% significant level in terms of their adult labor force (t =2.22; p=0.027).

4.1.2. [bookmark: _Toc140762057] Economic characteristics

Land holding size (ha): Result from Table 4 shows; the mean size of farm land holding for total respondents was 1.96 ha with standard deviation of 0.59. This figure is found to a bit higher than the national average of 1.24 ha (CSA, 2006). But the mean land holding size of irrigated wheat adopter was 2.04 ha with standard deviation of 0.71, while it was about 1.89 ha with standard deviation of 0.43 for non-adopters. The t-test result (t = -2.48; p =0.013), shows that there was significant mean difference in the size of farm land between irrigated wheat adopter and non-adopter households.

[bookmark: _Toc138943394]Table 4: Descriptive and inferential statistics of continuous variables
	 
	Non-adopter
	Adopter
	Combined
	T-value

	Sig1


	 
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	

	Household size
	4.89
	1.43
	4.83
	1.17
	4.86
	1.31
	0.46
	0.243ns

	Age
	50.48
	11.78
	49.79
	12.59
	50.15
	12.17
	0.53
	0.59

	Adult labor force (AE)
	11.49
	1.89
	9.90
	1.25
	10.94
	3.33
	2.22
	0.027**

	Land holding size (ha)
	1.89
	0.43
	2.04
	0.71
	1.96
	0.59
	-2.48
	0.013**

	Livestock (TLU)
	5.38
	2.48
	4.62
	1.59
	5.01
	2.13
	3.40
	0.0001***

	Market distance (Km)
	9.63
	4.56
	8.75
	3.65
	9.12
	4.10
	1.37
	0.172

	Extension contact
	27.12
	3.36
	36.71
	8.52
	32.04
	8.04
	-13.93
	0.0001***

	Distance to River (Km)
	1.41
	1.52
	0.386
	0.72
	0.898
	1.35
	25.11
	0.0001***


Note: *** and ** means significant at 1% and 5% significant levels; 
Source: own computation from field survey, 2022

Total Livestock Holding (TLU): The survey results in Table 4 shows the mean total livestock holding in TLU (tropical livestock unit) for all respondents was 5.01, with standard deviation of 2.13. However, the mean TLU for irrigated wheat adopters was 4.62 with standard deviation of 1.59. Whereas, the TLU for irrigated wheat non-adopters was 5.34 and with standard deviation of 2.48. The t-value, (t = 3.40; p=0.0001), shows there was significant mean difference in livestock holding in TLU between irrigated wheat adopter and non-adopter households.

4.1.3. [bookmark: _Toc140762058]Social and institutional characteristics 

Education status (EDU): Education equips the individual to obtain, process, and utilize information from different sources. It enhances farmer’s ability to acquire process and use information relevant to use irrigated wheat technologies. As the results in table 3 shows, the amount of total illiterate respondents was 45%. However, the amount of illiterate adopter and non-adopter households was 15% and 30% respectively. The amount of literate irrigated wheat producers and non-producer households was 34% and 19% respectively. The t-test result of this variable (2 =37.518 p=0.0001), shows that there was statistically significant association between educational status and households’ decision to adopt irrigated farming at 1% significant level.

Frequency of Extension Contact (EXT): The mean frequency of contact with development agent in a year base (2021/2022 cropping season) for all respondents was 32 times per year with standard deviation of 8. But the mean contact in for irrigated wheat producers (adopters) and non-producers (non- adopters) was 37 and 27 times of contact in a year respectively (Table 4). The t-test result (t =13.93; p =0.0001), indicated that, there was a significant mean difference in frequency of contact with development agent between adopter and non- adopter households at 1% significant level. From key informants was confirmed that there is an improvement in adoption of irrigated wheat farming from year to year as farmers are understand about economic feasibility of irrigated wheat production. 

Credit access: The survey results in Table 3 shows that out of the total respondents, about 13% were used credit but, 87% were not used credit. The proportions of adopter and non-adopter households use credit were 13% and 0.6%, respectively. The Chi-square result of this variable (2=46.995; P=0.0001), shows there was a significant association between credit use and households decision to produce irrigated wheat at 1% significant level. This is possibly due to households, who use credit, have better possibility to cover the cost of agricultural input like purchasing of fertilizer, improved seed, and pest/herb sides and also farm machinery like motor pump. From the interview made for key informant it is revealed that farmers, mainly those who organized under WUA (Water Use Associations), use credit for motor pump, fertilizer and seed purchase. According to key informants’ interview’s adopters also revealed farmers take credit from their farmer cooperatives to buy chemical fertilizer and pay service fee and cost of fuels for motor pump during irrigated what production farm. But they also add that there is a challenge on credit accessibility.

4.1.4. [bookmark: _Toc140762059]Geographical characteristics 

Market distance (MD): From the descriptive analysis, the mean distance in Km from the market for the total sample households was about nearly 9 Km with SD of 4.1. But the mean market distance for irrigated wheat non-adopter households was about 9.6Km. Whereas that of irrigated wheat producer households was about 9.9 (table 4). The t-test statistical analysis (t =1.37; p = 0.172), revealed that there was no significant mean difference in the distance of the market from households’ home/farm between irrigated wheat adopters and non- adopters.
Farm distance from water source (DR): The mean distance in Km of the farm plot from the irrigation water source for the overall sample household was 0.9 Km and the standard deviation was 1.3. The mean distance in walking minute for irrigated wheat adopter households is 0.72Km. Whereas, it is 1.4 Km for non-adopter households (Table 4). The t-test result (t = 25.1; p = 0.0001), shows that there is a significant mean difference in distance of farm plot from water source between irrigated wheat producer  and non-producer households at 1% significant level. From the key informant interview it was revealed that farmers those whom their farm plot is far from river not practice irrigation as it needs high labor cost to get water or divert water to their land.
4.1.5. [bookmark: _Toc140762060]Descriptive statistic result of annual household income 

In the study area, the total annual household income was a sum of incomes of crop yields (the amount of crops produced in 2021/22 cropping year was converted to monetary value), livestock sold, Forest, fruits and non-timber products sold, off/non-farm income and remittance. Except the livestock and remittance, the remaining income sources revealed statistically significant mean difference between irrigated wheat producer and non-producer households (Table 5). In this specific study household annual income in ETB is the outcome variable and it was analyzed as characterizing the farm households in the study area. 

[bookmark: _Toc138943395]Table 5: Descriptive statistics of outcome variable (total income)
	 
	Non-adopter
	Adopter
	Combined
	T-value
	sig

	Income source
	Mean
	SD
	Mean
	SD
	Mean
	SD
	 
	 

	Annual crop income
	26907.8
	13642.9
	34555.5
	28704.6
	30731.6
	21173.7
	-3.202
	0.0015***

	Livestock sold
	3333.3
	3401.8
	3053.1
	3459.8
	3193.2
	3430.8
	- 0.761
	0.446

	Forest, fruits and 
non-timber products 
	2562.2
	3650.0
	4697.6
	5058.9
	3629.9
	4354.4
	-4.532
	0.000***

	Off/non-farm income
	755.0
	1234.4
	2105.7
	3075.8
	1430.3
	2155.1
	-5.429
	0.000***

	Remittance
	3197.7
	2195.2
	2812.7
	2170.7
	3005.2
	2183.0
	1.643
	0.101

	Total annual income
	36755.9
	16165.5
	47224.5
	31248.9
	41990.2
	23707.2
	-3.956
	0.000***


Note: ***, significant at 1% significant level, IW =Irrigated wheat and SD= standard deviation. Source: Filed survey, 2022

The result from table 5 shows that the mean annual income of the combined sample households in the study area was Birr 41990 with standard deviation of 23707.  But the mean annual income of the irrigated wheat producer households is Birr 47224 with standard deviation of 31249. Whereas the mean annual income of the control group (non-adopter) was Birr 36756. The descriptive analysis revealed that there was significant difference in the annual income of households between irrigated wheat producers and non- producers. The mean difference between them was significant at 1% significance level (t = -3.956). This implies that the income of the irrigated wheat producer was higher as compared to and non- producers because adopter farmers could get more income due to the income from irrigated wheat production. 
However, the above result cannot tell us whether the observed difference is exclusive because of the irrigated wheat farming or not. In fact, it is not possible to attribute the difference in annual household income of the two groups exclusively to the program, as comparisons are not yet restricted to households who have similar characteristics. As stated in methodology part, a further analysis must be performed using ESR to address this issue.

4. [bookmark: _Toc140762061] Determinants of Adoption of irrigated wheat farming in the Study area

Status of adoption in this specific study is to explain the extent to which farmers are practicing irrigated wheat farming which is measured in terms of irrigated land covered with wheat, frequency of production and type of irrigation they practicing.

2. [bookmark: _Toc140762062] Available irrigable land and the status of wheat cultivated irrigation land size 

The survey result in table 6 shows that the mean irrigable land size for the total household was 0.114 ha, where as it was about 0.152 ha and 0.076 ha for irrigated wheat adopters and non-adopters respectively. During the 2021/22 production season the mean wheat irrigated land size for the study area for the whole respondent was found to be 0.0375 ha for the total respondents with the standard deviation for size of cultivation is 0.0333. This figure is found less than the national average that has been previously estimated to lie between 0.25 to 0.5ha per household (Abdi, 2021). 

[bookmark: _Toc138943396]Table 6: The status of irrigable and cultivated irrigation land size
	
	Non-adopter
	Adopter
	Combined
	T-value
	sig

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	

	Irrigable land (ha)
	0.076
	0.14
	0.152
	0.175
	0.114
	0.158
	-4.54
	0.0001***

	Irrigated land (covered with wheat in ha in 2021/22)
	0
	0
	0.075
	0.665
	0.0375
	0.333
	-14.43
	0.0001***


*** indicates significant at 1% significant level. SD= standard deviation
Source: field survey, 2022
But the mean wheat irrigated/cultivated land size for adopter was found to be 0.114 with the standard deviation of 0.158. The t-test statistical analysis result of these variables shows that, there was statistically significant mean difference between irrigated wheat producer and non-producer households in terms of both, irrigable land size and wheat cultivated irrigation farm size, both at 1% significant level. From the key informants interview it was confirmed that, wheat irrigation practice in the study area was still merely traditional and the production yield is less than expected. A 29 years old male key informant interviewee from Kino Kebele mentioned, the problem is not only due to the problem of farmer’s attitude on irrigation practice, but also the topography of the land that requires high cost to bring water from its source to the plot of land. Because of this, farmers are experienced to produce irrigated wheat due to government influence on small plot, by diverting river water manually. 

2. [bookmark: _Toc140762063]Frequency of wheat cultivation within a year

The major objective of irrigation is to increase production and productivity by increasing the frequency of cultivation in a year (Yeshambel, 2019). The expansions of irrigated wheat farming increase farmers’ cropping frequencies; use of improved farm inputs (improved seeds, organic and chemical fertilizer) and also increased farm productivity (Abadi, et al, 2021). 

[bookmark: _Toc138943587]Figure 3: Frequency of cultivation within a year 
Source: Field survey, 2022

In the study area, it was found out that from the total irrigated wheat producer households (55%) of them produce only once within a year and 45% of them produce wheat two times within a year (Fig 3). Frequency of cultivation is determined by water source, crop nature, agro ecology, farm inputs, and labor and so on. Key informants’ interviewee of Beles Kebele chairperson confirmed that, farmers who have farm plot near to the river (Belegez river) were forced to produce wheat only once during the dry season and then they produce either some flood tolerant crops, like maize or they wait for another dry season to cultivate again that plot of land. This occurrence was because, the river is over flowed and damages the crop on the farm during the heavy rainy season. So, introducing the flood controlling system may give an opportunity to frequent production in a year.

2. [bookmark: _Toc140762064]Types of Irrigation Use and technology utilization

The result revealed that from the total irrigated wheat producer households, the majority (87%) uses traditional river diversion. The remaining 8% and 5% irrigated wheat producer households’ uses motorized pump and the combination of traditional and motor pumps (Fig 4). Abadi et al (2021) revealed that farmers are using small-scale irrigation by using three types of water diversion method like traditional, concrete and motorized, because most of water harvesting technologies are not functional due to problem of farmers attitude especially on water harvesting technology which was very low (Fig 4). This study is in line with the findings of Gudina (2020) that revealed lack of technologies for small scale irrigation farming. 

[bookmark: _Toc138943588]Figure 4: Types of irrigation system used by households (Source: field survey, 2022)
A 43 years old key informant interviewee named Tadesse, Development agent of Belese Kebele, confirmed that in the study area other modern form of irrigation technologies were not adopted, because water harvesting technologies are not functional due to the problem of farmers’attitude on water harvesting technology, inability to cover cost of fuel and financial constraint to purchase motorized pump, lack of well supported intervention by farm extension linkage and lack of modern irrigation constructed in the study area.

2. [bookmark: _Toc140762065] Factors affecting adoption of irrigated wheat farming

Binary logistic regression model was employed for the analysis of determinant of adoption of irrigated wheat farming. Before performing the econometric estimation, different econometric assumptions were tested using appropriate techniques. Therefore, for binary logistic regression, first, the presence of strong multicollinarity among continuous explanatory variables was tested using variance inflation factors (VIF). The values of VIF for variables were found to be small (i.e. VIF values less than 10). Based on the VIF result (ranges between 1.06 and 1.477), it can be concluded that the data set had no serious problem of multicollinearity (Appendix table 1). Second, for the dummy variables contingence coefficient (CC) was used to check the existence of multicollinerty (Appendix table 2). There was no any continuous or dummy explanatory variable dropped from the estimated model since no serious problem of multicollinearity were detected from both the VIF and contingency coefficient results. As a result, all the explanatory variables were retained and moved to the analysis.

The dependent variable is adoption of irrigated wheat farming. The various test of goodness- of-fit indicate that the selected covariates provide good estimate of the probability of adoption of irrigated wheat farming from the household survey data. Pseudo- R2 indicates how well the independent variables explain the probability of adoption (Caliendo and Kopeinig, 2008). Pseudo- R2 value (0.858), which is fairly low, indicates that irrigated wheat adopter households do not have many distinct characteristics. In addition, the LR chi2 test statistic (416.16) indicates that explanatory variables are jointly highly statistically significant (1%) and this confirms that there is a relationship between the dependent and explanatory variables included in the model used. From the result of binary logistic regression model, among thirteen variables assumed to have association with irrigated wheat farming practice in the study area, eight of them (age of households’ head, adult labor, education status of household head, livestock, land holding size, access to credit, access to training and distance from water source,) were found to have statistically significant effect (Table 7).

Adult labor: It was hypothesized that adult labor of the household would influence farmers’ decision to adopt irrigated wheat farming positively. As prior hypothesized this variable influences farmer’s decision to adopt irrigated wheat farming positively and significantly at 10% significant level. As adult labor is increased by one adult equivalent, the likelihood of adopting irrigated wheat farming increases by a factor of 0.89. This implies that the larger adult labor of the household the more they can adopt irrigated wheat farming as it requires intensive labor utilization and, as a result a household with larger labor that encourages them to adopt irrigated. This finding is consistent with study of Yeshambel (2019) revealed, households with large adult labor are motivated to adopt irrigated wheat farming more likely than households with small adult labor.


[bookmark: _Toc138943397]Table 7: Factors affecting probabilities of adopting irrigated wheat farming (Binary Logit result)
	Explanatory Variables
	Odds Ratio
	Std. Err.
	Z
	P>z

	Sex of household head
	0.229
	0.231
	-1.46
	0.145

	Household size
	1.160
	0.174
	0.49
	0.628

	Adult labor force
	0.89
	0.166
	1.36
	0.051*

	Age of household head
	0.971
	0.038
	-1.75
	0.099*

	Education status
	1.76
	0.347
	2.39
	0.010**

	Land holding size
	11.736
	10.243
	2.82
	0.005***

	Livestock (TLU)
	0.577
	0.157
	-2.02
	0.044**

	Distance to nearest market 
	5.292
	0.0084
	-0.84
	0.400

	Access to training 
	111.862
	111.853
	4.72
	0.000***

	Access to credit 
	39481.89
	106137.90
	3.94
	0.000***

	Extension contact
	0.539
	0.0317
	-2.53
	0.126

	Off/non-farm income
	0.025
	0.060
	-1.55
	0.121

	Distance to water source
	2.758
	0.089
	-3.4
	0.001***

	Constant
	2752.61
	9327.308
	2.34
	0.019

	***, ** and * means significant at 1%, 5% and 10%  significant level respectively

	Number of observation
	350
	LR chi2(13)
	416.16

	
	
	
	Prob > chi2
	0.00001

	Log likelihood
	-34.363
	Pseudo R2
	0.8583


(Source: field survey, 2022)
Age: It is significant, negatively affects the probability of adoption on irrigated wheat farming. As the age of the household’s head increases by one year, the probability of adoption of irrigated wheat farming would decrease by a factor of 0.971, other variables in the model remaining constant. It is statistically significant at 10% alpha level. The result is consistence to the finding of Yeshambel (2019). The relationship between irrigated wheat farming adoption and household head age has remained mixed. Age when taken as proxy for farm experience (human capital theory) will be positive, but older farmers with a very short planning horizon and high risk averse age can be negatively associated with technology adoption. The result is contrast to the result of Anwar Alamin (2014) revealed that age have positive relationship with technology adoption. Hence, the sign of the household head age is very difficult to predict a prior (Kidanemariam  Gebrehiwot, 2017).

Education status: This variable was hypothesized to affect the probability of adoption of irrigated wheat farming positively. As a prior hypothesis, this variable has a positive influence on households’ adoption decision in irrigated wheat farming and it is significant at 5% significant level. The odds ratio indicated that compared to illiterate households, the probability of literate households being adopter of irrigated wheat farming increased by a factor of 1.76. The possible implication for this is that educated households can utilize knowledge and information on the economic feasibility of irrigation practice they get from extension agents, radio or by reading from different sources, and then they initiated to adopt irrigated wheat farming more. This finding is consistence with the finding of Kedir et al. (2016) who found that households who are able to read and write has a better chance to adopt agricultural technology than non-educated (unable to read and write) farmers.

Land holding size: land holding size was hypothesized to be positively influence adoption of irrigated wheat farming. Similarly, from the survey result, it was found to be influencing farmers’ decision to adopt irrigated wheat farming positively at 5% significant level. The odds ratio revealed that, the likelihood of adopting irrigated wheat farming increases by a factor of 11.736 for a unit increase in size of farmland. The study result is in line with the Abiyu et al. (2015), stated that farmers who have large farm size could more likely involved in irrigation water use. In other word, this finding is in contradictory with the finding of work of Hailu (2014), stated that farmers who have small size of land have high probability to adopt irrigation wheat farming.

Livestock holding (TLU): Livestock holding correlated negatively and significantly with adoption on irrigated wheat production. Households may depend on livestock to supplement their protein needs, as prestige, as a hedge against hard times and source of income. This means those households having more livestock are less likely to adopt to irrigated wheat production. A unit increase in Livestock holding of the household would decrease the probability of adoption in irrigated wheat production by 0.557 (Table 4.6). Moreover, this study is consistent with the previous studies investigated by Yeshambel (2019) who assessed the impact of irrigation on household welfare in Mecha District, Ethiopia and found that livestock holding are significant and negatively correlate to irrigated wheat adoption.

Access to training: training was one of the variables that affect the adoption decision of farmers in irrigation wheat hypothesized to have positive association. As hypothesized this variable was found to be significantly and positively influencing the adoption decision of the farmers in small-scale irrigated vegetable farming at 1% significant level. Other variables held constant, the odds ratio in favor of participating in irrigated wheat farming for access to training is 111.86 times than the farmers who does not take training. The possible explanation for this finding is that farmers, who take training, have better possibility to capture new knowledge and skill related to irrigation.

Credit access: Credit access was one of the variables that affect the adoption decision of farmers in small-scale irrigated wheat farming and hypothesized to have positive association. As hypothesized this variable was found to be significantly and positively influencing the adoption decision of the farmers in small-scale irrigated wheat farming at 1% significant level. Other variables held constant, the odds ratio in favor of participating in irrigated wheat farming for credit user is 39481.89 times than that of credit non-user. The possible explanation for this finding is that farmers, who use credit, have better possibility to cover the cost of agricultural input (like fertilizer, motor pumps, and improved seeds) for irrigation by the cash they get on credit. This finding is in line with the work of Leta et al. (2018) and Nhundu et al. (2015) who found that farmers who access to credit are able to acquire all the necessary inputs in right quantities and qualities for the irrigation practices at the right time.

Distance of plot of land from water source: This variable has a negative association with farmer’s decision to adopt irrigated wheat farming and statistically significant at 1% level of significance. It indicates that as distance of plot of land from irrigation water source increases by one Km, the probability of participating in small-scale irrigated farming decreases by a factor of 2.758, when all other factors kept constant. The possible explanation behind this finding is that as farmers in the study area are small holders, the more the plot of land far from the water the more it requires advanced technology to divert water from river, then the less they decide to adopt irrigated wheat production. This result is in-line with the finding of Kedir et al. (2016) and Sithole et al. (2014), who found that distance of farmer’s homestead from the irrigation scheme had a negative influence on the farmer being adopt  irrigation farming.

4. [bookmark: _Toc140762066]The Impact of Irrigated Wheat Farming on Household Income

The impact of irrigated wheat farming on household income of the respondents was evaluated using ESR through endoSwitch package using R software version 4.3.1. This study implemented household income in terms of annual total household income to compare between irrigated wheat producing (treatment) and non-producing (control) households. Tables 8 show that output of ESR with household income as the outcome variables.

The model diagnostics are satisfactory. Wald chi2 (11) indicates the overall fitness of the model at less than 1% significance level for both outcome variables. Sigma (σ) is the standard deviations of the two outcome equations, respectively. In other words sigma is square-roots of the variances of the residuals of the regression part of the model. Moreover, sigma is positively significant at 1% significance level. Moreover, the estimated coefficient of correlation between the adoption of irrigated wheat farming and the household income which is called rho (ρ), was statistically insignificance and different from zero. The significance of rho (ρ), confirms the presence of selection bias arising from unobservable factors, suggesting that addressing the self-selection bias issue by accounting for both observable and unobservable factors are a prerequisite for obtaining consistent and unbiased treatment effect of irrigated wheat adoption. The likelihood ratio test of independence of the irrigated wheat adoption decision and household income equations is also significant at the 5% significance level.

Accordingly, the result revealed that in addition to observable factors and unobservable factors also influence the adoption decision to irrigated wheat production and the household income outcome equations simultaneously. The positive and insignificance of ρ, clearly indicates positive selection bias, suggests that smallholder households that choose to adopt wheat  irrigation obtain lower household income due to the unobserved characteristics than a random smallholder household in that regime. It further suggests that smallholder households that did not adopt receive neither higher nor lower household income than a random smallholder household in that regime.

[bookmark: _Toc138943398]Table 8: Endogenous switching regression parameter estimates of household income
	 
	Non-adopter
	 
	Adopter
	 

	 
	Coefficient
	t-value
	Sig
	
	Coefficient
	t-value
	sig

	LAND
	19983.62
	7633.50
	0.000***
	
	245.89
	36.81
	0.000***

	TLU
	2309.69
	899.12
	0.000***
	6118.78
	713.38
	0.000***

	EXT
	208.99
	26.91
	0.000***
	124.28
	584.62
	0.000***

	EDU
	-1882.49
	0.00
	1.000
	3766.93
	53.93
	0.000***

	ADULT
	-438.61
	-7890.61
	0.000***
	-4588.42
	-688.70
	0.000***

	MD
	-9.22
	-1.10
	0.2705
	-48.72
	-7.29
	0.000***

	AGE
	-482.66
	-161.81
	0.000***
	27.34
	2.94
	0.0032***

	DR
	-75.94
	-13.32
	0.000***
	-129.62
	-1.84
	0.0653*

	SEX
	965.85
	476.46
	0.000***
	7318.75
	1489.39
	0.000***

	Constant
	7521.29
	2721.06
	0.000***
	21269.53
	772.48
	0.000***

	σ (sigma)
	11907.174
	17.9902
	0.0002***
	29476.78
	16.37932
	0.00002***

	ρ (rho)
	-0.6488
	-0.8077
	0.41926
	0.7234
	0.5497
	0.5824

	Likelihood ratio test of independent Eq. (1) 
	6.403**
	
	
	

	 Log likelihood 
	
	-3965.43
	
	
	

	Number of observations 
	
	350
	
	
	

	Waldchi2(11) 
	 
	 
	  64.8***
	 
	 
	 


***, **and* represent significance at 1%, 5% and 10% levels respectively
Source: Model computation from field survey, 2022

The estimated results presented in table 8 revealed that except educational status of household head for control group the other explanatory variables were statistically significant at 1% and 10% significant levels. Therefore the significant determinants of household income were, land holding size, livestock holding in tropical livestock unit, frequency of extension contact, educational status of household head, adult labor force, distance to nearest market, age of household head, distance to river/water sources and sex of household head.

Land holding size is negatively and statistically significant for income of both treatment and control group at 1% significant level. The reason behind is that the larger the land size produces much higher crop yield and then increase household income. The result was in line with the findings of Asfaw et al. (2019). Livestock holding is positively and statistically significant for income of both treatment and control group at 1% significant level. This is because; if the household has the higher amount of livestock, then the household sales the livestock to increase their income. Frequency of extension contact is positively and statistically significant for income of both treatment and control group at 1% significant level. The higher frequency of contact by extension workers, the household acquired new knowledge, skill and technology. Thus, the household gets a probability of diversifying their livelihood and then in turn increase their income.

Education status of household head is positively and statistically significant for the treatment group only. It is significant at 1% significant level.  Educated households can utilize knowledge and information on the economic feasibility of irrigation practice they get from extension agents, radio or by reading from different sources, and then they initiated to adopt irrigated vegetable farming more. However education status of household head is negative and insignificant for the control groups. Adult labor is statistically significant for income of both treatment and control group. Accordingly, it is statistically significant at 1% significance level for both groups. This result suggesting the important role of adult labor force in improving rural households’ income.

Distance to nearest market is negatively and statistically significant for both control and treatment groups. It is significant at 1% significant level. When the distance to nearest market increases, the income of households from the two groups become decrease. The possible reason is since market is a place of buying and selling, the longest the market distance, the higher time it takes for the households and then it affects the household income negatively. Age of household head is negatively and statistically significant for the incomes of control group and positively and statistically significant for the incomes of treatment group. This indicates that there is a direct U-shaped relationship, suggesting that beyond a certain age of the control group increases their household income significantly. This result is similar to the findings of (Kidanemariam G. Gebrehiwot, 2017). 

Distance of irrigable land to river (water source) is negatively and statistically significant for both adopter and non-adopter groups. It is significant at 1% significant level. When the distance to river/water source increases, the household needs technology like motor pumps to discharged water in to their irrigable land. Therefore, it costs the household negatively. Sex of household head is significantly significant impact on the total income of both treatment and control groups at 1% level of significant.  

Such differences on household income probably highlight that the two groups of households are potentially different in several characteristics, which implies that there is self-selection in the decision to adopt irrigated wheat production. In view of this, applying the ESR framework, which takes selection based on observable and unobservable characteristics between the two groups of farmers into account, would be the appropriate estimation approach than pooling the data into a single equation.
[bookmark: _Toc138943399]Table 9: Test of predicted household income with endogenous switching regression model
	Outcome 
variable
	Household type and decision stage
	
	
Treatment effects

	
	
	Adopter
	Non-adopter
	

	Household income 
 
	


	Adopters
	47224.50(a)
	34609.5 (c)
	12615*** = ATT

	
	
	Non-adopter
	48338.04(d)
	36755.9(b)
	11582.14*** = ATU

	
	
	Heterogeneity  effect 
	-1113.54 (BH1)
	-2146.4 (BH2)
	1032.86 = TH


ATT =Average Treatment effect on Treated; ATU = Average Treatment effect on Untreated; TH= Test of Heterogeneity   (Source: field survey, 2022)
An important question is whether the households that adopt irrigated wheat have to increase their household income (estimating impact of irrigated wheat adoption on household income). The results, obtained are presented in (Table 9). In other words, to evaluate the impact of irrigated wheat adoption on household income; the conditional expected household income by the treatment group are compared with those would have enjoyed the control group. 
The observed difference in household income between the treatment and control group was ETB 10468.6 (a –b) (Table 9). However, this simple comparison is misleading because unobserved factors that may impacted of both outcome variables was not accounted. 
Hence, according to Carter and Milon (2005), the potential unobservable effect on the household income was included to get the true impact estimate. Within the counterfactual condition, the treatment group placed in the control group status BH1 (a –d; which means when all respondents were adopted) would be expected to earn ETB (-1113.54) less household income (Table 9). Similarly, the counterfactual condition that the control group placed in the treatment group status BH2(c –b; which means when all respondents were non-adopters) earn less income ETB (--2146.4) (Table 9). Therefore, from both counterfactual conditions the treatment group which is adopters of irrigated wheat farming performs better than the control group. This results access to irrigation effects is larger for the counterfactual control group, resulting in a positive transitional heterogeneity effect (TH) of ETB 1032.86 more household income.
Accordingly, the actual expected household income of the treatment group (a) is approximately ETB 47224.5, while the expected household income that the same treatment group would have enjoyed if they did not adopt irrigation wheat production (counterfactual of the treatment group) is approximately ETB 34609. Therefore, the treatment group has ETB 12615 (26.64%) more household income compared to their counterfactual which is called ATT (Average Treatment effect on the Treated). In other words, the average treatment effect on the treated is due to the adoption of irrigated wheat production is ETB 12615. 
Similarly, the counterfactual of the control group (if non-irrigation users decided to use irrigation) has ETB 11582.14 (24.03%) higher household income compared to their counterpart and this is also known as ATU (Average Treatment effect on the Untreated).  This means, if non adopter households adopt irrigated wheat production, they would have ETB 11582 more income. Therefore, both the ATT and ATU results are statistically significant at less than 1% significance level (Table 9). The results are in agreement with other studies that report positive link between irrigated wheat adoption and household income (Li, et al., 2020; Anwar, 2014; Aberaham et al., 2015; Ayana, 2016; Kidanemariam, 2017; Eshetu and cho, 2017). Generally this study revealed that, households producing wheat under irrigation were profitable because the impact of irrigated wheat farming was confirmed.
4. [bookmark: _Toc140762067]Satisfaction and Perception of Households for Irrigated Wheat Farming

For satisfaction, the data collected in Likert scale was changed to American customer satisfaction score (SCAT) for further simplicity and conclusivness. Moreover, almost all of respondents about 93% and 99% were satisfied since irrigated wheat farming increases household’s income and also increase the amount of fodder (crop residue) for livestock (Figure 5). On the contrary, 23% of respondents were satisfied due to the presence of sufficient and available water for their irrigated wheat production but, the remaining 85% were not satisfied. The reason behind irrigation water availability and sufficiency is related to low water potential and lack of technology to exploit the ground water. About 36% of irrigated wheat producers reported that, they were satisfied with the supply and availability of sufficient agricultural inputs like improved seeds and chemical fertilizers. Moreover, 86% of respondents were satisfied because of low labor force consumption of irrigated wheat farming.


[bookmark: _Toc138943589]Figure 5: Households’ satisfaction within irrigated wheat farming (CSAT =customer satisfaction score) (Source: field survey, 2022)
Table 10 revealed that, irrigated wheat producer households strongly agreed that irrigated wheat production provides additional income for their family with mean agreement score of 4.40 whereas, non-producer households were found to be neutral with mean agreement score of 3.17. Moreover, the t test result on this variable shows that there was a mean difference between irrigated wheat producer and non- producer households related to the perception that irrigated farming increase household income (T = -11.84; p=0.000) (Table 10).

Furthermore, there was a mean difference between irrigated wheat producer (4.50) and non- producer (4.03) households regarding to the perception that irrigated wheat farming creates job for my family during off season at statistically significant difference (t = -6.94; p =0.000); this may be due to the fact that irrigated wheat producers had confirmed that they were created an off season job due to their adoption in irrigated wheat production. The average agreement means score for irrigated wheat non-producers and producers was 4.29 and 4.91 with the perception of irrigated wheat farming increase fodder for livestock respectively and the mean difference was statistically significant (t = -14.51; p = 0.000) (table 10).
[bookmark: _Toc138943400]Table 10: The perception of households towards irrigated wheat production
	 Statements
	Non-adopter
	Adopter
	Combined
	T-value
	Sig

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	

	Irrigated wheat farming  increase income
	3.17
	0.99
	4.40
	0.96
	3.77
	1.15
	-11.84
	0.000***

	Irrigated wheat farming fills the food gap when the rainfed crop runs out
	4.74
	0.44
	4.87
	0.58
	4.80
	0.52
	-2.40
	0.02**

	Irrigated wheat farming creates job for my family during off season.
	4.03
	0.17
	4.50
	0.87
	4.27
	0.68
	-6.94
	0.000***

	Irrigated wheat farming increase fodder for livestock.
	4.29
	0.46
	4.91
	0.32
	4.59
	0.50
	-14.51
	0.000***

	The water source is sufficient for irrigated wheat production
	1.02
	0.12
	2.35
	0.31
	1.53
	0.53
	-42.71
	0.000***

	Irrigated wheat cultivation requires less labor than rainfed wheat cultivation.
	3.18
	0.99
	4.74
	0.76
	3.94
	1.18
	-16.51
	0.000***


***and ** is significant at P>0.01 and P>0.05 level respectively.
SD = standard deviation; source: field survey; 2022
Related to sufficiency of water for irrigated wheat production, the mean score of irrigated wheat non-producers and producers revealed strong disagreement and disagreement with the value of 1.02 and 2.35 respectively. The mean difference was also statistically significant (t = -42.71; p = 0.000). Moreover, related to less labor consumption of irrigated wheat farming than rainfed farming, non-producers were neutral (3.18) while, irrigated wheat producers were strongly agreed (4.74). The mean difference was also statistically significant (t = -16.5; p = 0.000).
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This study was conducted in Debark District of North Gondar Zone which is located in the Northwestern part of Ethiopia, Amhara National Regional State. In this study the factors determining participation in small-scale irrigation by the farm households and the impact of participation in small-scale irrigation vegetable farming on farm household’s income was analyzed. In addition, the status of farmers’ adoption was assessed. The analysis was made by using data collected from 350 sample households of three rural Kebeles by using multi-stage sampling procedure. The study design was cross-sectional survey design. Descriptive statistics and econometric model was used to analysis the result of the study.

Descriptive statistics like percentage, frequency distribution, mean and standard deviation were used. In addition, inferential statistics like chi-square and t-test were used to see associations and differences in characteristics between irrigated wheat adopters and non-adopters, respectively. There was an association between adoption of irrigated wheat and factors like access to credit, training to irrigation and educational status of household heads. The two groups differ to some extent in terms of livestock holding size, distance to irrigation water source, adult labor force, household size, land holding size and the frequency of extension contact. The study used binary logistic regression model to analyze the determinants of adoption of  irrigation and it also used ESR model to analyze the impact of  irrigation of wheat on household’s income in the study area.

The result of binary logistic regression model analysis reveals that educational status of household head, age of household head, adult labor force, household size, access to credit and irrigation training, livestock size, land holding size and distance to water source influence adoption of irrigated wheat production at statistically significant level.

The result of ESR also revealed that, significant determinants of household income were, land holding size, livestock holding in tropical livestock unit, frequency of extension contact, educational status of household head, adult labor force, distance to nearest market, age of household head, distance to river/water sources and sex of household head. The impact analysis of adopting irrigated wheat farming on household income by ESR shows significant difference in the income of farm households between adopter and non-adopter households. The adoption of irrigated wheat farming increased adopter’s income by 26.64% (12615Birr). Also, (it would have improved income by 24.03% (11582.14Birr) for non-adopters. 

The descriptive statistics, in this study, show that the irrigated wheat adopters has an average more land size and livestock number compared to  irrigated wheat adopter households.  Moreover, irrigated wheat adopter has more household income as compared to the control group due to their involvement in irrigated wheat production. The average annual household income of the irrigated wheat adopter and non-adopter households was about ETB 47224.5 and 36755.9 respectively, in the 2021/22 cropping year. The available irrigable land for wheat production in the study area is much higher than the currently irrigated land.

Binary Logit estimation was used to estimate the adoption decision of rural households in irrigated wheat production. The decision whether the households adopt irrigated wheat production was estimated using household demographic, institutional, geographic and socio-economic characteristics covariates. Variables which were statistically significant are; age of household head, education status of household head, adult labor, livestock holding, land size, access to credit, access to training and distance to water source. From these variables, adult labor, land holding size, access to training, and credit access and education status of household head, were positively determine, the adoption of households in irrigated wheat production. In contrast, livestock holding, age of household and distance to water source negatively affected the adoption of irrigated wheat production.

Majority of the irrigated wheat producer (adopters) households were satisfied with their irrigated wheat product as well as the low cost of labor. Whereas, they were dissatisfied due to lack of sufficient and available irrigation water and agricultural inputs. Despite its important contribution in improving household’s income, the status of adoption in terms of size of land under wheat cultivation, improved technology utilization especially motorized pump was very poor and needs a comprehensive intervention. There was a statistically significant difference with the perception of adopter and non-adopter farmers related to irrigate wheat farming. The perception of local farmers was found to be positive for irrigated wheat farming and its impact on household income compared with non-adopters.

Therefore, the study concluded that the adoption of irrigated wheat farming in the study area affected by demographic, institutional, geographical, and socio-economic factors. The adoption of irrigated wheat farming improved households’ annual income. As a result, irrigated wheat farming adopters have satisfied. Also, they have better perceptions about the farming wheat through irrigation compared to non-adopters.

[bookmark: _Toc140762070] Recommendations

In view of the major findings and the above conclusions, the following recommendations were forwarded.

Education and training is believed to have a positive impact on improving household income and reducing poverty over time. Household head education status and access to training improved the adoption of irrigated wheat farming. Since, it capacitates farmers’ knowledge, skill and experience related to the irrigated wheat farming. Therefore, development agents in the area should provide trainings related to irrigable wheat production for farmers to boost their knowledge, skill and attitude on it. 

Land holding size affected adoption of irrigated wheat farming positively and significantly. For proper utilization of agricultural inputs like fertilizer, pesticides and herbicides as well as to manage irrigated wheat farming system effectively.

In addition, the result confirmed that adoption of irrigated wheat farming improves household income. On the other hand, the number of adopters is small, hence the concerned body such as education institutions like Debark University research institutions’, government sectors, non-government sector that working related to agriculture, give attention to irrigated wheat farming to increase the number of adopters to boost their income in particular and their livelihood in general.

The study result revealed that having large adult labor had positive influence on the irrigation wheat farming. This implies that household with less adult labor faces labor shortage and less to practice  irrigation wheat farming, therefore, introducing and ensuring the supply of labor saving technology (like motorized pump) is recommended.

Irrigated wheat farming is a top policy priority as a whole and it influence farm household’s income significantly and positively. Therefore, all the inputs of irrigated wheat farming must be fulfilled by the local and higher governmental bodies to develop a sustainable irrigated wheat farming system. To be sustainable, large scale production of irrigated wheat is mandatory and the federal government should take over this issue.

This study concluded that ages of household head were found to be negatively affecting adoption of irrigated wheat farming in the study area. The older farmers were found to be less adopter compared to the younger ones. Therefore, concerning body should give better attention through training and other means of awareness creation for the older household heads.

[bookmark: _GoBack]Generally, study also revealed that farm distance from irrigation water source was found to be hindrance for adoption of irrigated wheat farming. Therefore, regional development actors and development planners; and specifically agricultural development office in the study Woreda, including NGOs must work more on ground water development and concrete water diversion scheme development. Water harvesting technology, which is still not practicing in the study area should be considered and encouraged to create an opportunity for those who do not access to river can irrigate their farm land. The study recommends that, access to credit should be improved to enhance adoption of irrigation wheat farming as well as used to purchase farm inputs such as chemicals, seeds, fertilizer as a form of incentive for irrigating farmers to increase effectiveness of irrigated wheat farming.

This study was used cross sectional survey, which does not account the variation of household income. The study also used gross income as outcome variable but it is recommended that further research should be done using cost benefit analysis using net income as outcome variable.
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[bookmark: _Toc138943667]Appendix Table 1: Multicollinearity test for continuous variables included in binary logit model
	Variables
	Tolerance
	VIF

	Adult labor
	0.943
	1.06

	Age
	0.731
	1.369

	Household size
	0.836
	1.23

	Land holding size
	0.677
	1.477

	Livestock holding (TLU)
	0.833
	1.2

	Market Distance
	0.866
	1.155

	Extension Contact
	0.895
	1.117

	Distance to water source
	0.806
	1.241

	Off/non-farm income
	0.812
	1.314


Source: survey result (2022)
[bookmark: _Toc138943668]Appendix Table 2: Contingency coefficient for discrete variables
	 
	SEX
	TRN
	CRED
	EDU

	SEX
	1
	
	
	

	TRN
	0.116
	1
	
	

	CRED
	-0.0324
	0.3791
	1
	

	EDU
	-0.1324
	0.4617
	0.432
	1


Source: survey result (2022)
[bookmark: _Toc138943669]Appendix Table 3: Conversion factors used to compute adult-equivalent
	Age Group (years) 
	Male
	Female

	< 10
	0.6
	0.6

	10 – 13
	0.9
	0.8

	14 – 16
	1
	0.75

	17 – 50
	1
	0.75

	> 50
	1
	0.75


[bookmark: _Toc138943670]Source: adopted from Yeshambel  (2019)

Appendix Table 4: Conversion factors used to compute tropical livestock units
	Animal Category
	Tropical Livestock Unit

	Oxen
	1.1

	Cow
	1

	Heifer
	0.5

	Bull
	0.6

	Calves
	0.2

	Sheep
	0.01

	Goat
	0.09

	Donkey
	0.5

	Horse
	0.8

	 Mule
	0.7

	Poultry
	0.001


Source: adopted from Yeshambel (2019)
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[bookmark: _Toc138943793]Appendix figure 1: R package for endogenous switching regression model
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[bookmark: _Toc138943794]Appendix figure 2: endoSwitch package results of selection variable (adoption of irrigation)
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[bookmark: _Toc138943795]Appendix figure 3: endoSwitch package results of outcome variable (control group)
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[bookmark: _Toc138943796]Appendix figure 4: endoSwitch package results of outcome variable (control group)


[bookmark: _Toc138944194][bookmark: _Toc140762074]Appendix 2: Questionnairs and key informants interview         

The objective of this questionnaire is to collect data as input for the study entitled “Adoption of  Irrigated Wheat Farming and its Impact on Household Income: The case of Debark District, Northwest Ethiopia’’, with the sole purpose of contributing some effort in conducting research on the subject matter. Dear respondent, the result of this study will help rural development actors and policy makers to improve the small-scale irrigation practice so as to contribute its part in improvement of the livelihood of the rural society and economic growth of the country. Your responses are confidential. Therefore, you are kindly requested to provide genuine responses. Thank you for your time and cooperation! 
General Identification information Research site: 
Region: Amhara Zone: North Gondar District______ Kebele ___________________ 
Name and code of Enumerator /Interviewer: _____________________ Mob: _______________ 
Date of interview: ______________________ 
Sample respondents‟ identification number: ______________________ 
Part 1. Demographic/Background information of the Household Head 
1.1. Sex of the Household head: 1. Male 2.Female 
1.2. Age: _______________years 
1.3. Marital status: 1. Married 2. Unmarried 
1.4. Can you read and write? 1. Yes 0. No 
1.5 If you say “yes” what type of education do you have? 1. Formal 2. Informal 
1.5.1. If you have formal education what is your Education level? _________ (grade) 
1.5.2. If informal what type of informal education do you have? 1. Religious education 2. Adult education 1.6. Religion of the respondent 1. Muslim 2. Christian  3. Other (specify) 
1.7. How many family members do you have including you? ____________ 
1.7.1. Could you please tell me their age characteristics?

	No
	Name of household member
	Sex 
	Total

	
	
	Male
	Female 
	

	1
	<10 years
	
	
	

	2
	10-13 years
	
	
	

	3
	14-16 years
	
	
	

	4
	17-50 years
	
	
	

	5
	>50 years
	
	
	

	
	Total
	
	
	




Part 2. Socio-Economic information of the household 
2.1. For how many years you participate in farming activity? ___________years 
2.2. Do you have your own farm land? 1. Yes 0. No
 2.3. If yes what is the size in ha? _______ha. 
2.4. Do you have rented in/out your farm land? 1. Yes 0. No 
2.5. If “yes” what is the size in ha? Rented in ______ha , Rented out _______ha. 
2.6. Do you have your own oxen? 1. Yes 0. No, if yes how many oxen do you have? ______ 
2.7. Do you have livestock? 1. Yes 0. No 
2.8. If yes, can you tell me information on livestock in the following table?
	No
	Types of Livestock
	Number of Livestock you owned

	7.1
	Cow
	 

	7.2
	Oxen
	

	7.3
	Heifer
	 

	7.4
	Calves
	 

	7.5
	Sheep
	 

	7.6
	Goat 
	

	7.7
	Camel
	 

	7.8
	Donkey
	

	7.9
	Horse
	

	7.10
	Mule 
	

	7.11
	Chicken
	



Part 3. Adoption in irrigation wheat practice and the extent of adoption 
3.1. Do you participate in small-scale irrigation farming practice? 1. Yes 0. No 
3.2. If “yes” for how many years did you practice irrigation farming? ____________ (years) 
3.3. Do you have access to irrigation water? 1. Yes 0. No 
3.3.1. If yes, what is the main source of your irrigation water? 1. Hole 2. River 3. Well 4. Others 3.4. Do you have your own irrigable farm land? 1. Yes 0. No 
3.5. If yes, please how many total ha of irrigable land do you have_________Hec? From this what amount of it did you cultivated wheat in last crop season__________Hec? 
3.6. Which small-scale irrigation type did you use? 1. Modern micro dam 2.Traditional river diversion 3. Motor pump 4.Treadle pump 5.Others specify (if any) 
3.7. Did you use agricultural technology for your irrigation farming? 1. Yes 0.No 
3.8. If your answer for the question above is “yes” what type of technology did you use? (More than one answer is possible) 1) Fertilizer 2) Improved seed 3) Row cropping 4) Motor pump 5) Pest/herb sides 
3.9. How many times you produce per year on irrigable land? 1. Once 2.Twice 3. Three times 4.four times 
3.10. How far on average is your farm plot from irrigation water source? _______ (walking minute). 
3.11. How far is on average your farm plot from main road? _______ (walking minute on foot).

Part 4: Institutional factors 
4.1. Is there formal/informal social organization in your area? 1. Yes 0. No 
4.2. Did you participate in formal or informal farmer organization/association? 1. Yes 0. No 4.2.1. If yes in which of the following you are member? (more than one answer is possible) 1. Farmer cooperative 2. Youth association 3. Religious association 4. Ikub 5 . Idir 6.WUA 7. others 
4.3. what is your role in the association(s) in which you have membership? 1. Chair man 2. Member of board committee 3. Member 
4.4. Could you indicate any benefits you gained by being the member of association:___ ______________________________________________________________________________ 4.5. Do you get market information? 1. Yes 0. No 
4.6. If yes, what is the source of information? 1. Intermediaries 2.Radio 3.From mobile 4.From development agents 5. From other farmers 
4.7. Where do you sell your products? 1. Local market 2.On-farm 3. Regional market
 4.8. How far on average is the nearest market from your irrigation farmland? _____ (hours on foot) 
4.9. Do you face market problem for your irrigation product? 1. Yes 0. No 
4.10.If yes, please specify ______________________________________________________ ___________________________________________________________________ 
4.11. Do you get contact with development agent for farm advice? 1. Yes 0. No 
4.12. If “yes” For how many times within a month do you get contact with DA? ________days per month? 
4.13. What sort of extension services you get from them_________________________________ _________________________________________________________________________
 4.14. Did you use credit for your agricultural production? 1. Yes 0. No 
4.15. If yes, did you have access to credit? 1. Yes 0. No
Part: 5 Income of the household 
5.1. Would you give information about your crop production and income for 2022 production season December 2021- December 2022 and other income groups.

	Income source
	Annual income (ETB)

	Crop income
	

	Livestock and related products sold
	

	Forest, fruits, non-timber products
	

	Off/non-farm income
	

	Remittance
	

	Others 
	



5.4. Non-farm/off-farm income (December 2021- December 2022) 
5.4.1. Do you participate in non-farm/off-farm activities? 1. Yes 2. No 
5.4.2. If you say “yes” for above question please can you tell me the type of activity you practice and income you get from it?

6. Satisfaction of irrigation users
5 =Strongly agree 4 = Agree 3 =Undecided 2 = Disagree 1 = strongly disagree
	Satisfaction statements for irrigation users only
	5
	4
	3
	2
	1

	Irrigated wheat increase income
	

	

	

	

	


	Irrigated wheat has additional fodder for livestock
	

	

	

	

	


	Water source for wheat irrigation is sufficient
	

	

	

	

	


	Agricultural inputs for Irrigated wheat are sufficient
	

	

	

	

	


	Labor force for Irrigated wheat production is scares
	
	
	
	
	

	Overall Wheat irrigation satisfaction
	

	

	

	

	


	Irrigated wheat increase income
	

	

	

	

	





	Perception statements
	5
	4
	3
	2
	1

	Irrigated wheat production provides additional
 income for my family.
	

	

	

	

	


	Irrigated wheat production fills the food gap 
when the rainfed crop runs out
	

	

	

	

	


	Growing wheat under irrigation saves my family 
from having to migrate in search of work.
	

	

	

	

	


	Irrigated wheat production provides additional 
fodder for livestock.
	

	

	

	

	


	Irrigated wheat is more productive than rainfed wheat.
	
	
	
	
	

	The irrigated wheat cultivation promoted by the
 media is of no use to us
	

	

	

	

	


	What is being said by the government regarding 
irrigated wheat is nothing more than talk
	

	

	

	

	


	The farmers who produce by irrigation are much 
less than the farmers who produce by rain
	

	

	

	

	


	Irrigated wheat cultivation requires more labor
 than rainfed wheat cultivation.
	

	

	

	

	









INTERVIEW GUIDE FOR KEY INFORMANTS 
1. How do you see the status of irrigation practice in your district? What are the problem existed and what will be its solution? 
2. What is the problem related with irrigated vegetable production in this district? 
3. Do you think that irrigation wheat farming is more profitable than vegtable production?
4. What is the trend of irrigation activity in the past years in the district? 
5. What are the existing strategies in relation to agriculture in general and irrigation in particular and how do you view them? 
6. How do you view the role played by Ethiopian government in irrigation development in the district? 
7. What are important strategies for irrigation development in the area? 
8. What are non-farm activities available in the district and in which farmers are more participate? 
9. What do you recommend to improve the current performance of irrigation farming in the area?










percent	Once a year	Twice a year	55.14	44.86	percent of respondents

(147) 87%
(9)5%
(14)8%

traditional river diversion	 motorized pump 	 combination of two	147	9	14	traditional river diversion	 motorized pump 	 combination of two	86.470588235294116	5.2941176470588234	8.235294117647058	
Satisfied	
Irrigated wheat increase income	Irrigated wheat increase foder for livestock	sufficient and available water for wheat irrigation	Agricultural inputs for Irrigated wheat farming are sufficient	Low labor consumption of irrigated wheat farming	93.6	98.82	23.5	36.299999999999997	86.4	Dis-satisfied	
Irrigated wheat increase income	Irrigated wheat increase foder for livestock	sufficient and available water for wheat irrigation	Agricultural inputs for Irrigated wheat farming are sufficient	Low labor consumption of irrigated wheat farming	6.4000000000000057	1.18	76.5	63.7	13.599999999999994	Satisfaction Items
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11- ###### Analysis of the impact of irrigated wheat on annual incomes#####

12 Tibrary(endoswitch)

13 asmiefile <- read.csv("p:/research materialnew Asmamaw/aAsmiefile. csv™)
14 head(asmiefile)

15 outcomedep <- 'INCOME'

16 selectbep <~ "ADOP’

17 outcomecov <- c('LAND',’TLU',’EXT',’EDU’, ADULT’,’MD’,’'AGE', 'DR', OFF','SEX')
18 selectCov < c('SEX’,"HHS',’EDU’,'MD’, TRN', CRED’,'EXT', 'OFF’, DR’, LAND',"
19 endoreg < endoswitch(asmiefile, outcomeDep, selectbep, Outcomecov, SelectCov)
20 summary(endoreg) # Summarize the regression results
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