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[bookmark: DEFINITION_OF_TERMS][bookmark: _bookmark4][bookmark: _Toc109818414]DEFINITION OF TERMS
Adoption: In the context of this work, adoption is the use of irrigation technologies by small- scale farmers.
Intensity of adoption: Proportion of total land area under irrigation technologies (Mahama et al., 2020).
Irrigation technologies: In the context of this study, irrigation technologies included drip, furrow, and basin.
Productivity: In the context of this work, productivity is the crop yield produced per acre (Adebayo et al., 2018).
Profitability: In the context of this work, profitability is the net income gained from growing maize crop under irrigation technologies measured as gross margin (Bucci et al., 2020).
	Gross margin: defined as the difference between the total revenue and total variable 				cost (Devkota & Atnafe, 2020).
	Small holder farmers: these are farmers who farm land smaller than 2 hectares (FAO 				(Food and Agricultural orginization), 2015)

[bookmark: _bookmark6][bookmark: ABSTRACT][bookmark: _bookmark5][bookmark: _Toc109733990][bookmark: _Toc109818415]ABSTRACT
Agricultural productivity has been significantly impacted by climate change and variability. Because of their reliance on rain-fed agriculture Kenya's small-scale farmers have been severely impacted by the climate change negative effects. The productivity and profitability of crop and livestock production, as well as rural livelihoods in general, have been impacted by erratic rainfall and temperature increases. Irrigated agriculture must therefore be used as a strategy for adaptation to lessen these effects. The goal of the study was to identify the factors affecting use and effect of irrigation technology among small-scale farmers in Machakos County. A multi-stage sample strategy was used to interview 300 farming households selected randomly in order to achieve these objectives. To examine the households’ socioeconomic attributes, descriptive statistics (frequency and percentages) were employed. Additionally, inferential statistics comprising of probit model, and Heckman two stage regression model were used to examine factors that were related with adoption and intensity of adoption. According to the findings, 31.7% of the respondents used irrigation. In the research area, furrow, drip, and basin approaches were the most widely used technologies. Furthermore, the findings revealed that (91.78%) and (75.61%) of both adopters and non-adopters were men respectively with a mean age of (48) years. The findings revealed that gender, level of education, primary occupation, farm size, off-farm income, labor, access to extension services, and credit access were significant factors affecting irrigation technology adoption and intensity of adoption. Results from PSM revealed that, the average contribution of irrigation to crop yield improvement ranged from 225kg to 258kg per acre as compared to non-irrigation adopters. Results from the endogenous treatment model demonstrated that farmers who used irrigation technologies received on average KES 40,696.70 more compared to non-irrigation adopters. The research recommends that, the government and relevant key parties promote the adoption of small-scale irrigation technologies in rural areas, improve access to extension services, increase access to agricultural loans, and provide other essential services such as subsidization of certified seed and fertilizer costs in order to realize improved agricultural productivity while mitigating the impacts of seasonal variations and changes in climate. 

xv

[bookmark: _Toc109733991][bookmark: _Toc109818416]CHAPTER ONE
[bookmark: _Toc109733992][bookmark: _Toc109818417]INTRODUCTION
[bookmark: _Toc109733993][bookmark: _Toc109818418]1.1 Background of the study
Agricultural sector is still dominant among economic activities worldwide (Feleke et al., 2020). In SSA, agricultural development has been the main vehicle to end poverty as most of the population rely on agriculture for their livelihoods (Shiferaw et al., 2014). However, agriculture by its nature is vulnerable to climate variations such as insufficient rainfall, drought and variations in rainfall (Dessale, 2020). Drought is a recurring reality in most parts of SSA, where agriculture remains a major sector of most economies, and being dominantly rain-fed is highly prone to drought (Feleke et al., 2020). Climate change negative effects vary spatially and temporally due to variations in the economic level of development and adaptive capacity of the community to variability and changes in climate (Mutunga et al., 2018).

In developing countries, climate change and variability affect greatly smallholder farmers. This is because of the high vulnerability and as a result of demographic, socioeconomic, and trends that are policy-related that limit their adaptive capacity to change (Komba & Muchapondwa, 2012). Feleke et al. (2020), emphasized that the nature of variations in climate and its unpredictability effects are the main risk factors hindering options, and limiting development of livelihoods of Sub-Saharan poor people. Climate projection undertaken by IPCC revealed that in future, land area that is suitable for agricultural purposes, the period of planting seasons, and potential in yields are expected to fall, particularly in the dry land regions of Africa (Pavelic et al., 2013).

With agriculture employing nearly 60% of the labor force in SSA, agricultural productivity is a vital component of food security (Macharia et al., 2018). Smallholder agricultural production is highly risky and less-return due to low staple crop prices, poor yields, and variable rains (Burney et al., 2010). Climate change and accompanying environmental deterioration are predicted to exacerbate the challenges of low yields and variable rainfall in the future (Muthui, 2015). Yield projections from major crops such as sorghum, maize, and millet are expected to fall by 8 to 22 percent by 2050 unless sustainable strategies are adapted and implemented to mitigate climate change impacts (Njenga et al., 2021). Small-scale irrigation is frequently touted as a technological advancement that can enhance livelihood opportunities through food security, poverty alleviation, and climate resilience (Macharia et al., 2018).
Despite having predominantly dry and semi-arid land, Kenyan agriculture is majorly rainfed (Nakawuka et al., 2018). Rainfed agriculture has been a risky endeavor due to poor geographical and changing rainfall patterns, which has been exacerbated by climate change. The yields of maize and tea decreased by 6% and 7%, respectively, during 2017 drought (Kanda & Lutta, 2022). Thus, irrigation is required to ensure production stability and prevention of crop failure. Irrigation is critical in increasing farmers' resistance to climate shocks (Mwangi & Crewett, 2019). Despite its role in stabilizing crop yields and establishing climate change resistance, Kenyan irrigation is underutilized as it accounts for only 1.7% of the area of land under agriculture (Nakawuka et al., 2018).

Kenyan government is promoting irrigation development by implementing modern irrigation technology and tactics, particularly in ASAL, in order to solve the country's food insecurity (Kanda & Lutta, 2022). Increased irrigation levels could aid in enhancing agricultural productivity and extending the productive season on the current land throughout the year, resulting in increased farm profits for farmers (Domènech, 2015). Irrigation has the capacity to sustain agricultural production and offset the detrimental effects of erratic or insufficient rainfall. Irrigation plays an important role in agricultural production by enhancing crop yields and allowing farmers increase intensity of cropping and switch to crops that are of high-value (Dessale, 2020).

SSA smallholder agriculture must be shifted from rain-fed subsistence systems to more commercial, high-yielding agricultural systems (Macharia et al., 2018). This could be used as part of poverty-reduction measures in Kenyan smallholder agricultural communities. The Kenya Vision 2030 emphasizes the importance of irrigation in enhancing agricultural output and addressing the needs for food security in Kenya. According to the MTP, irrigation may quadruple agricultural output and, depending on the crop, enhance income by up to tenfold. To boost agricultural productivity, the government intends to extend the area of land under both irrigation and drainage from 140,000 ha to 1.2 million ha by 2030, an increment of 48,000ha (34%) every year. The government intends to harness the agricultural potential of ASAL areas by irrigating an extra 600,000 acres (Muthui, 2015).

[bookmark: _bookmark12]The pace of adoption of irrigation technology is determined by its profitability as well as the degree of risk and uncertainty connected with it, and it is heavily determined by capital requirements, agricultural policy, and farmer socioeconomic characteristics (Afolami et al., 2015). The issue of adoption versus non-adoption is essential, but the adoption intensity is the most crucial criterion in the adoption process (Kumar, Takeshima, et al., 2020; Nejadrezaei et al., 2018; Pokhrel et al., 2018; Ruzigamanzi et al., 2019; Yatribi, 2021). According to Muthui (2015), various factors influence farmers' decisions to implement irrigation technologies and adopt specific approaches. Farmers evaluate whether irrigation technologies are acceptable to them based on their land sizes, crops farmed, education, experience, labor availability or demand, predicted improvement in fertility, availability of finance facilities, input cost, and other determinants (Adebayo et al., 2018; Kumar, Tripathi, et al., 2020; Mahama et al., 2020).

Despite sustained donor support, huge technical and economic potentials of irrigation, adoption rates of irrigation technologies are still low, and the situation of the most vulnerable people and communities in terms of food insecurity has not upgraded (Harrison, 2018). Due to scarcity of cultivatable land, agricultural production must be expanded to boost yields and provide economic development, food security, and poverty reduction (Nakawuka et al., 2018). Agriculture, particularly in Kenya's arid and semi-arid regions, requires long-term intensification with irrigation forming the central part of it.

Several recent studies considering use of agricultural technology have identified several household traits as barriers to agricultural technology adoption. Improved access to and usage of irrigation infrastructure, as previously stated, is expected to boost crop yields, agricultural production, and farming incomes of rural households. However, irrigation research does not adequately define the link between irrigation technology use and adoption effects on agricultural productivity and crop income (Adebayo et al., 2018). In light of this, it is critical to examine the drivers of small-scale irrigation adoption as well as the impacts of adoption on agricultural yield and profitability.
[bookmark: _Toc109733994][bookmark: _Toc109818419]

1.2 Statement of the problem
Climate change has had adverse effects globally thus not exceptional to Kenya. In Kenya, the problem is prevalent in ASALs among rural households who rely on rain-fed agriculture that is dependent entirely on natural resources. Owing to the reliance on rain-fed agriculture, current climate extremes have caused low agricultural productivity leading to severe food and livelihood insecurity. This has deterred the country from achieving its various goals such as the sustainable development goals 1, 2, on poverty elimination, and zero hunger respectively. This is because rural areas have the largest population living under poverty lines and food insecurity statistically at 51% of the rural households. This inability of rural farmers to sustain their major source of income has been exuberated by low adaptive capacity of agricultural technologies. County government in partnership with rural development agencies promote irrigation projects to farmers in the region yet adoption levels still remain low. This study assessed the household characteristics that affect the adoption decisions of technologies. Whether these factors significantly influence intensity of adoption, and equally determined whether use of irrigation technology improve productivity and farm profit. The study narrowed to randomly selected villages in Machakos County which are part of ASALs in Kenya to enable effective appraisal.

[bookmark: _Toc109733995][bookmark: _Toc109818420]1.3 Research objectives
[bookmark: _Toc109733996][bookmark: _Toc109818421]1.3.1 General objective
The overall research objective was to assess the determinants of adoption of irrigation technologies and its effect on productivity and profitability among the small-scale farmers in Machakos County.
[bookmark: _Toc109733997][bookmark: _Toc109818422]1.3.2 Specific objectives
i. To determine the effect of socio-economic and institutional factors on adoption of irrigation technologies among small-scale farmers in Machakos County
ii. To assess the effect of adoption of irrigation technologies on maize productivity among small-scale farmers in Machakos County.
iii. To evaluate the effect of adoption of irrigation technologies on maize profitability among small-scale farmers in Machakos County.
[bookmark: _Toc109733998][bookmark: _Toc109818423]1.4 Research questions
i. What are the effects of socio-economic and institutional factors on adoption of irrigation technologies among                        small-scale farmers in Machakos County?
ii. How does adoption of irrigation technologies affect maize productivity among-scale farmers in Machakos County?
iii. What is the effect of adoption of irrigation technologies on maize profitability among small-scale farmers in Machakos County?
[bookmark: _Toc109733999][bookmark: _Toc109818424]1.5 Justification
Irrigation is an excellent approach for mitigating the detrimental effects of climatic variability and change in Kenya, which has led to shifting rainfall patterns. Irrigation has been cited to increase food supply, notably in ASAL regions of Kenya, where agriculture is primarily rain-fed. Irrigation investment lowers production risks associated with rain-fed agriculture in Machakos County. Understanding the positive effect of irrigation technology adoption results in positive change among the relevant stakeholders, enhancing disposable income, food and nutritional security, and rural livelihoods. This helps to achieve two of the seventeen Sustainable Development Goals (SDGs): "end poverty in all its forms everywhere (SDG 1)" and "end hunger, achieve food security and improved nutrition, and promote sustainable agriculture" (SDG 2). Small-scale farmers using irrigation enhanced agricultural output per acre, translating to increased crop net income. Increased crop revenue also ensures food security among farmers, contributing to the food security and nutrition pillars of Kenya's Big Four Agenda. The study findings are expected to help policymakers, extension officers, and other stakeholders encourage increased investment in irrigation farming. The study contributes to the current literature on several factors discovered to be key predictors of small-scale farmers' adoption of various irrigation technologies in arid and semi-arid  lands.

[bookmark: _Toc109734000][bookmark: _Toc109818425]1.6 Significance of the study
This study is important for policymakers at both the county and national levels because it will help them make decisions on irrigation technology, their access, and use by small-scale farmers to boost agricultural productivity. The study findings will also be useful to funders with initiatives involving the growth of irrigated areas in order to influence their judgments on water-efficient technologies. The study will also be useful to farmers in determining which crops perform best under different irrigation technologies in order to select technologies that provide high yield and consequently higher income. In addition, it will be significant to researchers in contributing to knowledge about small-scale irrigation farming and technologies as adopted by farmers in the study area.
[bookmark: _Toc109734001][bookmark: _Toc109818426]

1.7 Scope of the study
The research was conducted in Mwala Sub-County of Machakos County, targeting smallholder farming households. The study collected data on farmers' socioeconomic and institutional characteristics, agricultural productivity, and farm profitability. The study's primary focus was on farmers who used irrigation methods. Non-users were also approached to assist uncover the reasons why they were uninterested in the endeavor, despite the fact that there appears to be a need for irrigated farming in the area owing to changing climatic circumstances.
[bookmark: _Toc109734002][bookmark: _Toc109818427]1.8 Limitations of the study
[bookmark: _Toc109734003][bookmark: _Toc109818428]The research was done at the household and farm level analysis. Only the selected irrigation technologies were considered yet farmers practice a myriad of technologies. The outcome of research was specific to the study area. However, the findings may be cautiously applied to farmers living in similar climatic conditions as those in the study area.
[bookmark: _Toc109734004][bookmark: _Toc109818429]
CHAPTER TWO
LITERATURE REVIEW
[bookmark: _Toc109734005][bookmark: _Toc109818430]2.1 Overview of irrigation in Kenya
Kenya is one of many nations that has relied on rain-fed agriculture. However, with the advancement of irrigation technology, many farmers have switched to irrigated agriculture to increase crop yield and meet their population's fundamental needs. According to Ransford et al. (2019), rainfed agriculture cannot sustain crop output when rainfall is minimal or erratic; the only solution is to adopt irrigation systems. The necessity for irrigation technology development stems from the fact that rainfed agriculture is no longer reliable for sustainable crop output. To maximize water resources for greater harvests, the government has developed a variety of irrigation development programs. The majority of these measures, meanwhile, have not produced the desired outcomes. Kenya is one of many nations that consider irrigation essential for agriculture output, hence need to construct irrigation systems to enhance food security (Makone et al., 2020).
Private irrigation systems made up 36.6% of all irrigated land in 2010, major public irrigation systems made up 10%, and small irrigation systems made up 53.4%. As a result of the Kenyan government's efforts to reduce food insecurity, the area irrigated increased by 57 percent to 222,240 ha (Kanda & Lutta, 2022). Based on available surface and subterranean water resources, water storage, and water collection, this accounted for 16% of the 1.34 million ha of feasible irrigation. Sprinkler irrigation systems account for 22% (31,200 ha) of the total irrigation area, while specialized (drip irrigation) accounts for merely 8%. Modern irrigation is used on 30% of the total irrigated area (11,400 ha) (FAO, 2015). This implies that surface irrigation methods are used on 70% of the irrigated area. Traditional irrigation technologies used in public irrigation schemes include the furrow method and flood or basin irrigation methods for production of rice (Kosgei, 2018). High-value horticultural crops (vegetables, flowers, and fruits) are grown under private irrigation schemes using sophisticated irrigation techniques for both domestic and foreign markets (Kanda & Lutta, 2022).
Majority of Kenyan small-scale farmers have individual plots of irrigated land, ranging in size from 0.1 to 1.0 ha. The majority of crops irrigated includes vegetables like kales, spinach, tomatoes, cabbages, onions, and peppers. Additionally, irrigation is used to grow papaya, bananas, mangoes, passion fruit, and citrus. Irrigation is used on these crops for both commercial and domestic purposes (Monteiro et al., 2010). Irrigation is a crucial and promising element for converting small-scale farms from subsistence to commercial production standards, according to (Mwangi & Crewett, 2019). To harvest water for irrigation from surface and groundwater sources, smallholder farmers similarly employ manual (treadle "money-maker" pumps) and tiny motorized pumps driven by diesel or gasoline. Since its introduction in Kenya in 1996, many smallholder farmers have utilized the treadle pump particularly women in Machakos County (Gitau et al., 2018). Irrigation farming in Machakos County uses seasonal rivers, dams, springs, and underground water sources (boreholes and wells) to supplement surface water during dry seasons. There are also perennial rivers, like as the Athi and Tana rivers, which offer water for irrigation to many rural farmers.
[bookmark: _Toc109734006][bookmark: _Toc109818431]2.2 Factors influencing adoption of irrigation technologies
It has been demonstrated that a number of socioeconomic factors influence Kenya's poor adoption rates of various agricultural technology and advances. For instance, understanding the distribution of gender in agriculture makes it easier to analyze the opportunities, challenges, and roles that both men and women face (Serote et al., 2021). Studies examining how gender affects the adoption of agricultural technology found conflicting findings about the various roles that males play in technology adoption. A Persistent inequality in labor divisions, positions, duties, and access to productive assets is constantly present since men and women are thought to play very different yet crucial roles in agriculture  (Serote et al., 2021). On the other side, a farmer's decision to adopt technologies may be substantially influenced by their gender. The major decision-makers are typically the household heads, who have more power and control over crucial production factors  (Makone et al., 2020). This relates to the study by  Ndeke et al. (2021), that households headed by women were more likely to use Zai technology than were households headed by men. However, Rola-Rubzen et al. (2020), claimed that access to resources, credit, infrastructure, extension information, and literacy level are barriers that prevent women from adopting agricultural technology at rates that are much lower than those of their male counterparts. Being a female-headed household has a detrimental impact on the decision to embrace agricultural technology, according to (Massresha et al., 2021).
Age is anticipated to play a significant role in how irrigation technologies are adopted. However, elderly farmers regard the complexity of digital farming tools as a barrier to adoption (Shang et al., 2021). Additionally, the planning horizon for technology use is shorter with fewer working years remaining until retirement (Mahama et al., 2020). According to Ruzzante & Bilton (2021), elderly farmers are more likely to employ climate-smart agricultural technologies since they  are better at analyzing technology information than farmers who are young because they have more knowledge and experience dealing with climate-related shocks over time. According to Michels et al. (2020), elderly farmers exhibit  limited time span horizons and are less prepared to put up with steep learning cycles associated with new technology than younger farmers. This has a detrimental impact on the process of adoption.
Numerous research have indicated that farmer’ decisions to use agricultural interventions  is affected by farm size, primarily as a result of scale economies (Michels et al., 2020). Farm size affects the use of scale-dependent technologies (Ndeke et al., 2021). Following Serote et al. (2021),  a positive effect of farm size in their study on assessing the influencing factors of adopting climate-smart agriculture technologies for sustainable crop productivity was determined. According to Marie et al. (2020); Ofori et al. (2020), farm size influences the uptake and intensity of agricultural technologies in a favorable way. However, Massresha et al. (2021), reported that farm size negatively impacted on adoption decisions of agricultural technologies. The authors of the study Rana et al. (2021), also discovered an inverse correlation between farm size and the adoption decision of solar irrigation technology, hypothesizing that land owners are still hesitant to invest in a new innovation that is only being used on a small scale.
According to a number of studies, household size has a significant impact on whether agricultural innovations are adopted. There is a chance that family size will be taken into account when adopting irrigation technology because size of the household is likely to be a proxy for labor supply that could either drive adoption or hinder it (Oyetunde-Usman et al., 2021). For instance, Zegeye, (2021), observed that household size has a positive and significant effect on the uptake of agricultural innovations in Ethiopia's Amhara Region. In their research on the adoption of rice intensification techniques,  Kaloi et al. (2021), found that household size had a beneficial effect. Contrarily, Bannor et al. (2020), observed that household size had a detrimental impact on the adoption of modern rice varieties due to a lower and persistent lack of interest among young family members. According to Xie & Huang (2021), family size had no influence  on Chinese farmers' adoption of agricultural technology that are friendly to the environment.
Another important aspect for technology adoption is education level (Jordan et al., 2021). Education enhances a producer's capacity for innovation by helping them develop technical and entrepreneurship skills (Kolady et al., 2021). A farmer can analyze and evaluate information with the use of education, which also equips them with the knowledge they need to employ irrigation technology (Michels et al., 2020). Numerous research have found a link between adoption and education level that is favorable (Wordofa et al., 2021; Zegeye, 2021). According to Teshome et al. (2021), a lack of education prevents certain people from implementing climate change adaptation strategies. Abdul-Rahaman et al. (2021); Sunny et al. (2022), discovered no statistically significant differences between the degree of education in Northern Bangladesh and Ghana in the deployment of solar irrigation facilities and enhanced rice varieties, respectively.  
As opposed to farmers whose farm is rented, or a community land, smallholder farmers who own their farm with title deeds are anticipated to embrace agricultural technologies aimed at increased agricultural output more readily (Ng’ang’a et al., 2020). Tran et al. (2020), in their studies on drivers of adopting climate-smart agriculture technologies in growing of rice, observed a favorable impact of land tenure on adoption stating that farmers will adopt technologies if they own land due to rights to security. The certainty with which farmers hold the rights to land and the ability to recover investments from the land both have a significant impact on smallholders' desire to invest in adaptation measures (Ajefu & Abiona, 2020). 
For the deployment of capital-intensive irrigation systems, off-farm revenue serves as a source of outside cash and financial resources  (Kolady et al., 2021). Instead of investing in contemporary agricultural advancements, producers who have sources of income from outside the farm may decide to invest in buying land, developing a long-term investment plan, or purchasing other resources (Kolady et al., 2021). Additionally, time restrictions brought about by employment away from farms may or may not influence the adoption of irrigation systems  (Kolady et al., 2021). It is unclear how off-farm income would affect irrigation technology uptake and adoption rates. According to Ng’ang’a et al. (2020), having a moderate off-farm income greatly raises the likelihood of implementing techniques that retain soil carbon by roughly 25%. On the contrary, farmers with high off-farm income have a much lower likelihood of adopting technologies that increase soil carbon by roughly 11% (Ng’ang’a et al., 2020). The adoption of production methods was also found to be boosted by off-farm income (Kadipo Kaloi et al., 2021). However, Rana et al. (2021), discovered that due to financial instabilities in the agriculture sector, income from off-farm activities resulted to a detrimental impact on decision to adopt solar irrigation technology.
Decision of  a farmer to use agricultural technologies have been shown to be highly influenced by their access to finance services (Armel Nonvide, 2020; Ngango & Hong, 2021; Zakari et al., 2022). Access to credit is a crucial element in technological uptake and adaptation situations (Jordan et al., 2021). In their studies on adoption of agriculture  technology, Atinafu et al. (2022); Ngango & Hong (2021); Sarker et al. (2020); Workineh et al. (2020), revealed that small-scale farmers' accessibility to credit facilities influenced adoption of agricultural technologies. Smallholder farmers can embrace advanced agricultural technology as well as obtain and use traditional production inputs in a productive and timely manner by acquiring credit, which offers them some amount of liquidity buffer (Abdul-Rahaman et al., 2021) .
Farmers stated that they could not embrace a number of climate-smart agriculture technologies without sufficient extension support and knowledge sharing (Tanti et al., 2022). This might be the case because accessing  extension services is crucial to the uptake of agricultural technologies, especially when it comes to raising awareness of and showcasing enhanced production techniques (Oyetunde-Usman et al., 2021). That extension services enhanced the chance of small-scale irrigation technology adoption in Rwanda is consistent with (Ngango & Hong, 2021). Zakari et al. (2022), observed a favorable and significant effect of accessibility to extension services on raising the chance of adoption in their study on adaptation measures of changes in climate in the Sahelion region of Niger.


[bookmark: _Toc109734007][bookmark: _Toc109818432]2.3 Effect of adoption of irrigation technologies on productivity
Adoption of irrigated farming has been shown to considerably enhance agricultural income in Ethiopia (Eshetu et al., 2017). Irrigation technology adoption had a considerable and favorable impact on common bean production in terms of yield per acre (Macharia et al., 2018). It was also discovered that extending the distance between extension services by one-kilometer lowered bean output per acre and that assuring access to irrigation technology and extension services will boost bean productivity in the region. The study by Ojo et al. (2021), reported a favorable positive effect of adopting  soil and water conservation technologies on rice productivity. 
Adoption of irrigation technology enhanced tomato yields in China by 95.8 tons per hectare (Wang & Xing, 2017). In China, tomato fruit yield was observed to rise considerably with increased irrigation water in a randomized full block scheme (Agbna et al., 2017). A study conducted in India discovered that using drip irrigation as an efficient technique of water utilization improved tomato yield considerably (Singh et al., 2018). Irrigation adopters harvested more maize yields averaging from 193-199kg/acre relative to non-adopters in Rwanda (Ngango & Hong, 2021).
[bookmark: _Toc109734008][bookmark: _Toc109818433]Propensity score matching technique was incorporated to determine the effect of use of irrigation technology impacts on agricultural yield, crop revenue, and food security in Nigeria where a positive link was discovered (Adebayo et al., 2018). In comparison to non-adopters, the adoption of irrigation technologies considerably enhanced crop yields, agricultural income, and food security (Adebayo et al., 2018). However, crop productivity does not grow just as a result of the deployment of technologies, but rather as a result of a combination of other factors not included in the study.  Otieno (2020), found that maize production from the irrigated fields was higher with a productivity potential of 163% compared to non-irrigated fields. Findings from Sardar et al., (2021), revealed that farmers who adopted climate smart agriculture technologies harvest higher yields  32% and 42% kg/ha than non-adopter farmers.
2.4 Effect of adoption of irrigation technologies on profitability
Profitability analysis of rice irrigation farmers revealed that irrigation farmers' net income (GH 2442.20) was higher than rain-fed farmers' (GH 576.20) in Ghana. The benefit-cost ratio of rice irrigation farmers was found to be 2.53 larger than that of rain-fed farmers (1.37), (Zakaria et al., 2020). This demonstrates that crops cultivated with irrigation systems are far more profitable than those grown with rainfall. Similarly, a gross margin analysis of rice farmers in Kwara State revealed that rice irrigated farmers are more profitable than those in rain fed systems (Babatunde et al., 2016). An experimental study in India to examine the economics of drip irrigated wheat found that irrigation enhanced wheat yield, resulting in higher net income for farmers in the study area (Bhowmik et al., 2018). The performance evaluation of drip irrigation systems and profitability of green leafy vegetables revealed that methi vegetable yields were higher than amaranthus under drip irrigation technology. Methi vegetable net returns were also found to be higher in irrigated settings (Kishore et al., 2020).
According to an economic examination of drip, basin, and surface irrigation, drip irrigation produced 23.2 percent higher gross income than surface irrigation while raising total cost by 165.2 percent (Seifzadeh et al., 2020). Economic analysis of small-scale irrigation technologies in Northern Ghana indicated that irrigation technologies in the research area produced positive farm net profits due to the greater benefit-cost ratio of the diversified crops grown. In general, when agricultural technologies are properly implemented, they increase the amount and variety of crops produced (Balana et al., 2019). The income of rice-wheat crops was found to increase with 45% and 48% kg/ha higher for irrigation farmers than non-irrigation farmers (Sardar et al., 2021). However, profits are increased not only by adopting technology alone, but also by combining them with other inputs that previous studies did not consider.

[bookmark: _Toc109734009][bookmark: _Toc109818434]2.5 Research gaps
Knowledge of influencing factors on decisions to implement agricultural technologies is of much importance. Although some studies have focused on the decisions of farmers to use agricultural technologies, Takahashi et al., (2020); Xie & Huang, (2021) , there is limited literature on an understanding of household attributes that influence the extent of adoption. Varied effects of different household socio-economic characteristics on adoption decisions have been reported. This made it possible for this research to assess the effects of various household attributes on adoption. Furthermore, few studies Agbna et al. (2017); Singh et al. (2018); Adebayo et al. (2018); Zakaria et al. (2020), have identified irrigation technologies’ impact on income of the households and food security with limited information on the productivity and profitability levels of different crops grown under irrigation technologies. This study addressed the adoption intensity by applying Heckman two-stage regression model. Additionally, productivity and profitability does not increase only by adoption of irrigation technologies but also with combination of other inputs used in the production process such as fertilizers, seeds, labor, and farm size and household attributes which were not considered in previous studies. By analyzing the impact of selected factors on adoption and the effects of irrigation technologies on productivity and profitability at the farm level, this study intended to fill in the aforementioned gaps.
[bookmark: _Toc109734010][bookmark: _Toc109818435]2.6 Theoretical and conceptual framework
[bookmark: _Toc109734011][bookmark: _Toc109818436]2.6.1 Theory of utility maximization
In less developed nations, adoption of technological innovation happens in a range of imperfect circumstances, including market inefficiencies, insufficient availability of useful resources and a dearth of certain institutions.  Zeweld et al., (2015), claim that in dependance of the circumstance, adoption choices can be categorized as either to maximize benefits or minimize costs. The worth of the expected utility of wealth from adoption and non-adoption, as expressed by indicators such as, (crop output, crop income assets), is what drives farming households' decisions to engage or not engage irrigation technology in this study. Consequently, the overall model for the utility function of wealth is given by; 
+ , 𝑖= 
where 𝑈(𝐻𝐿) is the expected utility of wealth (𝐻𝐿) for household 𝑖;  is the vector of observable predictor variables;  represents decision to participate in small-scale irrigation ( = 1 if farmers participated in irrigation and   = 0 if farmers do not participate); 𝑛 represents adoption effects of irrigation adoption on the expected utility of wealth ( crop output, crop income, assets ); and  is an error term having a mean of zero and a variance 𝛿2 capturing  the errors in  measurement and the unobservable factors influencing decision to use  and the outcome of adoption. The utility 𝑈(𝐻𝐿) derived from using irrigation technology cannot be observed and thus we observe only the decision of adoption or non-adoption; so, this can be represented by a latent variable  (𝐻𝐿). Accordingly, farming households will only invest in irrigation when the expected benefits from adoption exceeds the expected benefits from non-adoption;
 . 
According to this theory, small-scale farmers will adopt irrigation technologies if they perceive that there will be increased farm production and higher returns than without.
[bookmark: _Toc109734012][bookmark: _Toc109818437]2.6.2 Theory of production
Production theory is concerned with the economic process through which factors of production are transformed into usable outputs (Felipe & Adams, 2005). Profit maximization is the ultimate goal for small-scale irrigation farmers. This theory aids the producer in finding the input-output combination that maximizes agricultural profit. A firm is considered to maximize profit at the level of output where the marginal value product equals the unit factor price. The functional expression between the quantities of inputs and outputs is expressed by a production function. The function can be algebraically expressed as; 
 
Where Y represents the farm output, 𝑥1 is land, 𝑥2, is labor, 𝑥3 is capital amount required in production process and 𝑥𝑛 stand for other elements influencing agricultural output. Using various combinations of land, labor, and capital, the production function displays the greatest amount of agricultural output that may be generated. 
[bookmark: _Toc109734013][bookmark: _Toc109818438]2.6.3 Profit maximization theory
This theory assumes that farm households seek to maximize profits while minimizing production costs. This suggests that farmers use less intensive production strategies, resulting in lower input costs and higher earnings. Based on the anticipated returns, farmers would decide to produce a particular crop that is ideal for a particular irrigation technology. Therefore, farm profit can be represented as a function of output price (YP), output quantity(Y), input costs (𝐶𝑖) and input quantity (𝑋𝑖) for the 𝑖𝑡ℎ farmer.

Where,   
[bookmark: _Toc109734014][bookmark: _Toc109818439]Maximum profit is achieved at a point of optimal labor and capital input combination. A point where the marginal productivity of labor (𝑀𝑃𝐿) equals the marginal productivity of capital (𝑀𝑃𝐾). 


2.7 Conceptual framework
[bookmark: _Toc109734015]The conceptualization of this study is shown in Figure 2.1. The correlation between the dependent and explanatory variables is displayed. The conceptual framework demonstrates how socioeconomic and institutional factors are conceptualized to impact the uptake of irrigation technologies. Additionally, uptake of irrigation technologies is conceptualized to influence productivity and profitability of crops grown under irrigation. With increased productivity in the farm, farmers realize higher returns and farm profits increases due to sale of surplus produce and farm revenue exceeding the cost of production. The farmers' higher earnings suggest improved living conditions, which reduce poverty. 






Institutional factors
Market access
Market information
Extension services
Group membership
Credit access
Training
X3

Economic factors
Farm size
Labor
Off-farm income
Input-output prices
Land tenure
HH income
X2

Socio-demographic factors
Age
Gender
Education
Farming experience
HH head
HH size
Water sources
Water use 
X1

Water accessibility 

Government policies
Agro-ecological conditions
X4
Profitability
Gross margin/acre
Y3
Productivity
Yield/acre
Y2



 

Uptake of irrigation technologies
Y1


Outcome 
Improved productivity, improved income, food security, poverty alleviation
Figure 2.1:  Conceptual Framework

[bookmark: _Toc109818440]CHAPTER THREE
[bookmark: _Toc109734016][bookmark: _Toc109818441]RESEARCH METHODOLOGY
[bookmark: _Toc109734017][bookmark: _Toc109818442]3.1 Study area
[bookmark: _Toc109734018][bookmark: _Toc109818443]The research was conducted in Mwala Sub-county of Machakos County. The study focused on Mwala Sub-county due to the introduction of irrigation project in the area by KCSAP. The Sub- County is located at 0o 45’S and longitude 36o45’E with overall population predicted to be 181,671 (KNBS, 2019). It is classified in the lower midland zone (LM3, LM4, and LM5). The area receives bimodal rainfall ranging  from 500 to 1300mm. Long rains occur in March, April, and May, whereas short rains occur from October to December. Temperatures range from 18oC to 25.7oC, with July being the coolest month and December and March being the hottest (Government of Kenya, 2018). The terrain is hilly, with an altitude of 1000 to 1600 meters above sea level. The soils are mainly alfisols and vertisols (Musyoka, 2020). The main food crops grown in the County include: maize, beans, cowpeas, pigeon peas and cassava. The main cash crops grown in the area include; sorghum, mango, and French beans (Ndege, 2015). Climate change and seasonal variability continue to have a negative impact on the county's overall economic growth, particularly in the agricultural sector, which is heavily reliant on rainfall (Onyango et al., 2021).
3.2 Research design
A cross-sectional survey design was used in the study. This is because it allowed the researcher to collect data at a specific point in time without manipulating the environment of the study (Kothari, 2004).
[bookmark: _Toc109734019][bookmark: _Toc109818444]3.3 Target population and sample size
The study targeted all the farming households in Mwala Sub-county. Sample size was calculated using the formula suggested by Israel, (2012) as follows;

Where; n= desired sample size, 𝑍= standard normal deviation at a 95% confidence level (1.96), 𝑝= the expected proportion of the target population with the attributes being measured (0.5) and   𝑒= acceptable marginal   error at 5.65% (0.0565).

𝑛 
[bookmark: _Toc109734020][bookmark: _Toc109818445]3.4 Sampling procedure
Purposive and multistage stratified random sampling were used in the research. First, the Mwala sub-county was purposely selected on the basis of irrigation project introduced by the KCSAP. The six wards of the sub-county (Mbiuni, Masii, Makutano, Kibauni, Wamunyu, and Muthetheni) were all chosen. For each of the six wards, two villages were chosen at random from each sub-location. The sampling frame was created after determining the number of households in every village sampled with the help of assistant chiefs and village elders. The study's households were randomly chosen from the sample frame. A sample of 300 farming households was randomly chosen. Table 3.1 shows the number of respondents randomly selected from each selected villages. This forms the sampling frame.
Table 3.1: Number of farming households interviewed in the selected villages
	Wards 
	Villages 
	No. of respondents 

	Mbiuni 
	Kionyweni, Kabaa 
	93

	Masii 
	Kyasioni, Mwambathaana  
	39

	Makutano 
	Itikoni, Misuuni
	27

	Kibauni 
	Kateki, Scheme
	63

	Wamunyu 
	Muusini, Kyevaluki
	50

	Muthetheni 
	Kavumbu, Kasolongo
	28

	Total 
	
	300



[bookmark: _Toc109734021][bookmark: _Toc109818446]3.5 Data collection instruments
Primary data were obtained via structured questionnaires from the selected household heads. The researcher delivered the questionnaires, with the help of well-trained enumerators in data collection. The questionnaire collected data about household socioeconomic and farm characteristics such as input usage, input and output prices, and farm output quantities harvested. Information on the irrigation technology employed and the crop varieties cultivated under irrigation was also collected.
[bookmark: _Toc109734022][bookmark: _Toc109818447] 3.6 Reliability and validity of data collection instruments
The interview guide was given to 30 smallholder farmers who were chosen at random. A survey study with a response rate of at least 20 people, according to Israel (2012), can yield useful results. The correlation coefficient (r) between the item halves was calculated using Pearson's product linear correlation coefficient algorithm. Spearman brown prophesy was used to determine the reliability of the overall instrument. The correlation coefficient, (r), for the entire instrument was 0.733. Because reliability is thought to increase as r approaches 1, a reliability coefficient of 0.733 implies that the data collection device was trustworthy enough. Supervisors and colleagues reviewed and evaluated the survey questionnaire to ensure that it appropriately assessed the study objectives. The recommendation given when editing the document was thought on and taken into account.
[bookmark: _Toc109734023][bookmark: _Toc109818448]3.7 Model diagnostics 
For statistical problems with multicollinearity, preliminary diagnostics were performed. The Variance Inflation Factor was employed to test the intercorrelation of predictor variables (VIF). The obtained values were less than 10, indicating that the explanatory variables had a weak interrelationship (Appendix 2). 
[bookmark: _Toc109734024][bookmark: _Toc109818449]3.8 Data analysis
Data analysis was done using STATA version 13. Descriptive statistics (means, frequencies and percentages) were also used in data analysis. Quantitative analysis was further applied to evaluate factors influencing adoption and effect of irrigation technologies’ adoption on productivity and profitability.
[bookmark: _Toc109734025][bookmark: _Toc109818450]3.8.1 Determinants of adoption of irrigation technologies
[bookmark: _Toc109734026][bookmark: _Toc109818451]3.8.1.1 Heckman's two-step selection model 
The study used Heckman's two step selection model to provide unbiased estimates at the second stage (adoption intensity) of decision-making to assess irrigation technology adoption and intensity of adoption. It was assumed that there existed sample selection bias in the model, requiring unbiased estimates in the second step (Ndeke et al., 2021). Furthermore, while using the selection model, it is assumed that choice and intensity of adoption are not controlled by the same set of independent factors. A two-step estimating method was used. In the first phase, Inverse Mill's Ratio was calculated and assessed the likelihood of choice (IMR). As a correction for sample selection bias, the IMR was included in the second step estimation. With the use of explanatory factors, including age, household size, education, off-farm income, farm size, ownership of land, credit accessibility, labor, market distance, and access to extension services, the first step in Heckman's selection model was explained using a dummy variable (if adopter or non-adopter). Equation 3.9 provides the algebraic expression of Heckman's probit selection model. 

Where: the farmer’s decision to use irrigation technologies. 
represents the likelihood that the ith farmer will use irrigation technologies.
  the vector of estimated parameters for the explanatory variables that are thought to influence a farmer's decision to use irrigation technology.
Intensity of adoption  is observed when a farmer uses irrigation technology (), leading to inaccurate and biased estimates of coefficients using Ordinary Least Square (OLS). As a correction of the inaccuracies in estimates of the parameters, conditional regression function is used; 

Where  is the IMR and given as; 

Where  represents the standard normal, probability density function and  denotes the cumulative distribution function for a random variable that is standard. Although Lambda is not known, covariates can be evaluated in a probit model in light of the observable binary result (). When IMR  
 is included as a predictor variable in the outcome equation to estimate the second stage, it is written as; 
	
This results in self-selection bias when  is not zero. The maximum likelihood approach was used to estimate the model parameters in order to prevent self-selection bias and produce estimators that are consistent.
Intensity of adoption was measured as a continuous dependent variable in the outcome model, which was the proportion of cultivated land in acres under irrigation technologies such that;
 
Where: Proportion of total cultivatable land area devoted to irrigation technologies
the vector of explanatory variables of irrigation technologies by the ith farmer 
 the vector of the estimated parameters of the predictor variables hypothesized to affect the outcome stage.
[bookmark: _Toc109734027][bookmark: _Toc109818452]3.8.2 Effect of adoption of irrigation technologies on productivity 
To determine the influence of irrigation adoption on productivity, characteristics of the results attained whenever farmers obtain or do not obtain treatment are examined. The biggest obstacle in determining the influence of technology adoption is the creation of this counterfactual scenario. According to Ngango & Hong, (2021), the average treatment effect (ATE) in a counterfactual framework is calculated as follows; 
	
 where   and   stand for the outcome (maize yield) of farmer who uses irrigation methods and farmer  who does not, respectively. However, because it is challenging to divide farmers into treatment and control groups, the specification of equation (3.11) is likely to yield biased estimates (Dillon, 2011). Normally, only or  are seen for each farmer  at any given time. Let D stand for a discrete variable, where 1 represents adopters and 0 represents non-adopters. Thus, the observable outcome is given by;
 
Adoption effect of irrigation technologies is quantified on farmers that have accepted them as the average treatment effect on the treated (ATT), assuming there is no bias in the selection process (Ali & Abdulai 2010; Dillon 2011): 
	
	
	
where X is an array of household attributes and is the counterfactual outcome. The estimation of the ATT in equation (3.13) could be skewed because the counterfactual result is not seen (Ngango & Hong, 2021). The PSM method is employed  to compare farmers who use irrigation technology with those who don't using covariates with comparable observed distributions (Ngango & Hong, 2021). The PSM, also known as the likelihood of adopting irrigation technologies, is founded on two hypotheses. The first is the conditional independence assumption, which states that the status of adoption and outcome variables are independent for a particular set of observed covariates X (Imbens & Wooldridge 2009). The common support criterion, which is the second supposition, asserts that people who share the same variables are probable of being both adopters and non-adopters, such that the overlapping condition is 
Propensity scores for the adoption of irrigation technology were created using a probit model. Three matching techniques were used to match the control and treatment groups: Radius matching (RM), nearest neighbor (NNM), and kernel-based matching (KBM) estimators. If cross-sectional data is given, these matching methods are widely utilized in predicting the average effects of a specific treatment or program. Each treatment subject is paired with the control subject who, according to the nearest neighbor matching estimator, has the closest propensity score (Ngango & Hong, 2021). Each treatment is matched with a weighted sum of all the controls inside the region of common support using the kernel-based matching estimator (Ngango & Hong, 2021). A treatment observation is matched with the proper control observation using the radius matching method, provided that both observations fall within the predetermined range of propensity scores (the caliper). 
Following the application of the matching process, the estimation of the propensity score should be examined to see if it can balance the variable distribution between the control and treatment groups (Ngango & Hong, 2021). The goal of the balancing test principle is to establish that the predictors of adopters and non-adopters do not still differ from one another (Ali & Abdulai, 2010).  In this situation, Sianesi (2004) suggested a technique for calculating this diagnostic statistic by contrasting pseudo- results after matching and before matching. The pseudo- demonstrates the strength of the influence of the predictor variables on the likelihood of participation in the program. 
Following matching, there shouldn't be any systematic disparities of the important covariates between participants and non-participants, and as a result, the pseudo- should be lower (Ngango & Hong, 2021). To assess whether the identified biases were lessened after matching, computation of  the standardized mean bias is required (Ngango & Hong, 2021). Additionally, after matching, the covariate balancing presumption demands that the combined significance of all predictor variables should be rejected (Ngango & Hong, 2021). The dearth of observed bias in the dispersion of variables between the treatment and control groups, which is the eradication of structural difference, does not, however, guarantee the sturdiness of estimators or the elimination of hidden bias.
[bookmark: _Toc109734028][bookmark: _Toc109818453]3.8.3 Effect of adoption of irrigation technologies on profitability
The impact of adoption was calculated using the endogenous treatment effect regression model. Farmers are intelligent decision-makers; thus, their choice of an irrigation method is not arbitrary and may be influenced by certain unnoticed unique characteristics or conditions. Farmers may be compelled to self-select into only one of the two groups being studied as a result of these unobservable features (adopters and non-adopters). It is necessary to take into account biases in selection and endogeneity issues throughout the estimation since such non - observable features may affect the decision to adopt and the outcome of adoption (Mensah et al., 2021). 
By accounting for a specific correlation structure between the non-observable features that influence treatment and the non-observable features that affect anticipated results, the endogenous treatment effects model utilized in this study addresses the problems of bias in sample selection and endogeneity. The model reliably calculates the average treatment effect (ATE) (the average treatment effect on the whole population) and the average treatment effect on the control group (ATET) (adoption effect of using irrigation technologies) when the adoption effects are not entirely independent of the results. 
The primary goal of utilizing the endogeneity treatment model in this research was for correction  of  any sample selection and endogeneity problems in data, which if left unaddressed, could skew the ATE and ATET (Mensah et al., 2021). An equation for the outcome and an equation for the endogenous treatment make up the endogenous treatment model. The variables are used to model the outcome. In absence of interactions between  and , we have;
 
 where  is a discrete treatment variable that is thought to derive from a latent variable that cannot be observed 

So that the rule-based decision to accomplish the treatment effect is made; 

where  are the variables used to describe treatment assignment, and the error terms  and  are bivariate standard with a mean zero and correlation matrix as expressed in Eq. 

The variables   and   are assumed to have no association with the error terms under the null hypothesis. 
[bookmark: _Toc109734029][bookmark: _Toc109818454]3.9 Operationalization of variables 
[bookmark: _GoBack]Table 3.2 gives variables that guided the study and their respective measurements. The stated outcomes are projections of expected outcomes. The selection of variables was influenced by applicable theories and prior investigation (Geddafa et al., 2021; Kolady et al., 2021; Pokhrel et al., 2018; J. Wang et al., 2016). However, some variables were chosen based on their theorized link to the explained variable (Table 3.2). Studies considered in the variable selection show that farm characteristics and farmer traits have the greatest influence on agricultural innovation adoption decisions (Gebru et al., 2020; Marie et al., 2020; Muchai et al., 2020). The impact of these variables was investigated using empirical models. The dependent variable in the first stage was a discrete variable (whether or not a farmer used irrigation technology). The proportion of farmed land (acres) committed to irrigation methods was designated as the dependent variable in the second stage, which was a continuous variable. Previous research described intensification as the land area cultivated with modern seeds varieties in hectares, the per acre  rate of fertilizer application, and the number of technologies used (Musafiri et al., 2022; Mwaura et al., 2021). Furthermore, other studies define adoption intensity as the proportion of land covered by a technology (Ndeke et al., 2021; Pokhrel et al., 2018). 


Table 3.2: Units of measurement and descriptions of study variables
	Variable 
	Description and measurement of the variable
	Expected sign

	Adoption 
	Use of irrigation technologies is dummy variable: (1=Yes; 0=Otherwise)
	

	Productivity 
	Output per acre; (continuous)
	

	Profitability 
	Gross margin (continuous)
	

	Age 
	Years of household head (continuous)
	

	Gender
	Gender of the respondent (1=Male; 0=female)
	

	Education level of HHH
	Years spent in school (continuous)
	

	HH size
	Number of household members (continuous)
	

	Main occupation
	Main economic activity of household: (1=farming; 0= otherwise)
	

	Farming experience
	Years in farming (continuous)
	

	Farm size
	Land size in acres (continuous)
	

	Land tenure
	Ownership of land: (1=own title deed; 2=No title deed)
	

	Monthly HH income
	Household income per month in Kenyan shillings (continuous)
	

	Monthly off-farm income
	Off-farm income per month in Kenyan shillings (continuous)
	

	Distance to market
	Distance to the nearest physical market in kilometers (continuous)
	

	Access to credit
	Amount of credit accessed in Kenyan shillings (continuous)
	

	Access to extension services
	Frequency of extension visits: (1=monthly; 0=otherwise)
	



[bookmark: _Toc109734030][bookmark: _Toc109818455]CHAPTER FOUR
[bookmark: _Toc109734031][bookmark: _Toc109818456]RESULTS AND INTERPRETATION
[bookmark: _Toc109734032][bookmark: _Toc109818457]4.1 Introduction
This section describes the descriptive statistics of socioeconomic and institutional characteristics of the surveyed households. It also presents the results of the models concerning adoption determinants of irrigation technologies and adoption effects on productivity and profitability at the farm level. 
[bookmark: _Toc109734033][bookmark: _Toc109818458]4.2 Descriptive characteristics of the respondents (continuous variables)
Results in table 4.1 indicate that the respondents' mean age was 48 years on average. This means that a number of family heads were in their prime productive years. On average, the number of schooling years was 13 years. This means that the majority of the sampled farmers had received formal education and were therefore proficient of adopting and implementing new irrigation technology for greater agricultural productivity. This is because education reflects human-capital quality which is largely linked to improved access to fresh information on new technology. This indicates that farmers were indeed knowledgeable and would thus be at the frontline of adopting irrigation technologies that have been proven to increase agricultural output and overall economic well-being of the people.
The average number of household members was five. This means that the majority of homes had 5 people on average, correlating with KNBS statistic on an average of 4 persons per household in lower eastern Kenya. This suggests that a sizeable fraction of farm households have readily available farm labor for irrigation technology operation and maintenance. In terms of farming experience, the results suggest that the sampled farmers had an average of 17 years of experience. This suggests that the majority of farmers have been engaged in farming for a long time, indicating that farming is the primary economic activity and income source in the study area. Farmers with a long history in agricultural farming expertise can evaluate new farming technologies and their accompanying benefits. 
According to the findings, the average farm size was 1.8 acres. KES 6,931 was the average monthly household income implying low level of income. Therefore, farmers would commit to farming strategies that maximize farm output and return on investment, such as irrigation technology. The monthly average off-farm income was 7,695 shillings. This shows that in comparison to farmers who didn’t engage in off-farm activities, those who did earned extra money and had higher chances of adopting irrigation technology. 



	Variable 
	Mean 
	Std. dev.
	Min
	Max 

	Maize yield
Maize profitability
Age 
	6.59

6229.27
48.70
	6.89

13550.51
48.84
	1

400
28
	60

100000
74

	Education 
	12.90
	2.18
	6
	18

	HH size
	5.10
	1.71
	1
	9

	Farming experience
	16.92
	8.87
	3
	45

	Farm size
	1.78
	1.02
	0.25
	6

	Household income
	6931.00
	7314.38
	1000
	50000

	Off-farm income
	7695.60
	6926.53
	1000
	35000


Table 4.1: Socioeconomic characteristics of the sampled respondents
[bookmark: _Toc109734034][bookmark: _Toc109818459]4.2.1 Socio-economic traits of the respondents (discrete variables)
Results in Table 4.2 depicts that majority (80.7%) of the households were headed by males with a few female-headed households (19.3%). This implies that males were dominant in making household decisions regarding farming activities. This could be attributed to the fact that males have exposure on new knowledge and information regarding new interventions. Majority (73.0%) of the sampled farmers had farming as their main occupation implying that agriculture is the main economic activity and thus giving an opportunity for farmers to try out new innovations. Similarly, 31% of the respondents owned land with title deed with the majority 65.0% lacking title deed. This implies that lack of land tenure security is hinders investment in long-term farm enterprises. 



Table 4.2: Characteristics of the respondents 
	Variable
	Frequency (n=300)
	Percentage (%)

	Gender
Male 
Female 
Primary occupation
Farming
Otherwise
Land ownership
Own with title deed
Without title deed
Rented
	
242
58

219
81

92
194
14
	
80.7
19.3

73.0
27.0

30.7
64.6
4.7



[bookmark: _Toc109734035][bookmark: _Toc109818460]4.3 Institutional characteristics of the respondents
The institutional characteristics included; access to extension services and access to credit facilities. Institutional characteristics are those external features which are not within the control of a household. They are the factors offered by public and commercial institutions for general agricultural development support. Market infrastructure, extension support services, farm loans, government policy, roads and water infrastructure, and technological development are examples of these services (Ndirangu et al., 2017) .
[bookmark: _Toc109734036][bookmark: _Toc109818461]4.3.1 Access to extension services
The results (Table 4.3) reports that majority (70.7%) of the respondents lacked access to adequate extension services with a few (29.3%) having access. This shows deficit of extension services in the area which partially explains low adoption of irrigation technologies. This demonstrates that farmers have not completely profited from agricultural extension and support services required to help them compare different technologies to successfully adapt to climate change and rising food demand. 
Table 4.3: Access to extension services by the respondents
	Response
	Frequency (n=300)
	Percentage (%)

	Yes
No 
	88
212
	29.3
70.7



[bookmark: _Toc109734037][bookmark: _Toc109818462]4.3.1.1 Sources of extension services
The means used to spread agricultural techniques have a significant impact on how quickly they are adopted (Table 4.4). It was discovered that radios (24.3%) and farmer visits to agricultural training centers (18.3%) were the two most popular ways for extension services to be delivered. Field demonstrations (11.3%), farm visits by NGO extension officers (2.7%), and ministry of agriculture extension officials (2.7%) were other sources of extension services used to provide information to farmers. It is crucial to train farmers since it inculcates improved farming practices that will increase farm productivity. 
Table 4.4: Sources of extension services to farmers
	Sources
	Frequency
	Percentage (%)

	Ministry of Agriculture
	6
	2.7

	NGOs
	8
	2.7

	Agricultural training centers (ATCs)
	55
	18.3

	Radios
	73
	24.3

	Field demonstrations
	34
	11.3


[bookmark: _Toc109734038]
[bookmark: _Toc109818463]4.3.2 Access to credit facilities
Adoption of various agricultural technologies is substantially facilitated by financial availability. The findings (Table 4.5) show that, in comparison to respondents, 89.3% of farmers did not have access to credit facilities, while 10.7% had access. In order to accommodate farmers' needs to switch from conventional to new farming methods that increase agricultural production, credit availability provides the advantage of easing financial constraints.
Table 4.5: Accessibility to credit facilities by farmers
	Response
	Frequency (n=300)
	Percentage (%)

	Yes 
No 
	32
268
	10.7
89.3





[bookmark: _Toc109734039][bookmark: _Toc109818464]4.3.2.1 Sources of credit facilities
In Table 4.6 results, respondents who accessed credit facilities reported getting credit primarily through self-help groups (42.0%), merry go round (29.3%), SACCOs (18.3%) and microfinance organizations (15.0%). Other sources included rural banks (11.3%) and borrowing loan from friends (12.3%). This implies that the studied farmers lacked accessibility to credit services from established institutions which ensure their financial stability and dependability. There is therefore need for financial institutions to facilitate easy access of agricultural loans to farmers in rural areas.  
Table 4.6: Credit sources 
	Sources
	Frequency 
	Percentages (%)

	 Microfinance organizations
SACCOs
Merry go round
Borrowing from friends
Rural banks
Self- help group 
	45
55
88
37
34
126
	15.0
18.3
29.3
12.3
11.3
42.0



[bookmark: _Toc109734040][bookmark: _Toc109818465]4.3.2.2 Constraints hindering access to credit facilities
The respondents who had no access to credit facilities cited fear of risk of loan default (63.7%), lack of collateral (50.7%) and high interest rate (40.3%) as their major challenges preventing them from borrowing loans (Table 4.7). It was also noted that inadequate access to information on credit facilities (3.7%), and farmers’ inability to access banking services (16.0%) limited their ability to obtain loans. The difficulty of accessing finance facilities would limit farmers’ capacity to implement irrigation technology suitable for their fields. 
Table 4.7: Constraints of accessing credit facilities
	Constraint
	Frequency
	Percentage (%)

	High interest rate
Lack of collateral
Inadequate information on credit facilities
Inadequate banking services in rural areas
Fear of risk of loan default
	121
152
11

48

191
	40.3
50.7
3.7

16.0

63.7


[bookmark: _Toc109734041][bookmark: _Toc109818466]4.4 Adoption of irrigation technologies
Table 4.8 shows the irrigation methods used by the respondents. Households that used at least one of the irrigation technologies in the last one year, were considered as adopters while those who did not use any of the technology were considered as non-adopters. Results showed that, 31.7% of the respondents practiced irrigation in the study area where furrow (14.7%), basin (11.3%) and drip (5.7%), technologies were commonly used by the farmers. Results show that furrow method was highly practiced in comparison to basin and drip. Respondents reported that the high usage of furrow irrigation technology was due to its ease of operation and sustainability.
Table 4.8: Irrigation technologies used by farmers
	Adoption 
	Frequency 
	
	Percentage (%) 

	Yes 
No 
Irrigation methods
Furrow
Basin 
Drip 
	95
205

44
33
18
	
	31.7
68.3

14.7
11.3
5.7



[bookmark: _Toc109734042][bookmark: _Toc109818467]4.4.1 Reasons for non-adoption of irrigation technologies
Table 4.9 reports that majority (68.3%) of the respondents who did not practice irrigation had inadequate access to water for irrigation (63.0%) as the main reason for non-usage. Other reasons reported included high cost of installation (19.7%), high cost of maintenance and operation (5.7%), inadequate capital to invest (5.1), lack of technical knowledge (3.8%) and inadequate time (2.7%) to implement the technologies.


Table 4.9: Reasons for non-adoption
	Reasons
	Percentage (%)

	High cost of installation
Lack of water access
High maintenance and operation cost
Lack capital to invest
Lack technical knowledge
Lack time to implement
	19.7
63.0
5.7
5.1
3.8
2.7



[bookmark: _Toc109734043][bookmark: _Toc109818468]4.5 Characteristics of users and non-users of irrigation technologies
Results of the descriptive statistics (Table 4.10) show that most households were led by men for both adopters (91.6%) and non-adopters (75.6%). This indicates that males were more likely than females to practice irrigation since males have authority over production resources inclusive of land and labor. Sex of the household head influences farm households’ decision-making processes on the type of agricultural technology to practice in the farm (Gebre et al., 2019). In addition, (23.2%) of the adopters possessed land with title deed, compared to (34.2%) of the non-adopters. This demonstrates that farmers' inability to utilize agricultural innovations in their farms was hampered by lack of land tenure security. This explains the low adoption levels of irrigation technology (31.7%). Insecurities in land tenure explains the unwillingness of the farmers in investing effort to utilize Zai pits for increased farm productivity (Muchai et al., 2020).  
Adopters' major occupation was farming (60.3%). This means that farmers who rely on crop farming will devote more time and effort to agricultural technologies that produce higher output. This corroborates the study by Muchai et al. (2020), that majority of farmers (85.0%) dependent on farming activities for income generation. Further, (54.6%) of the adopters had accessed extension services compared to (45.5%) of the non-adopters. Farmers' adoption behavior of irrigation technology would be changed if extension services played a key role in availing information and disseminating knowledge to them. This agrees  with Oyetunde-Usman et al. (2021), that extension services create awareness and demonstration of improved production technologies.
 There was a significant mean difference ( in average daily labour cost between irrigation technology adopters (200.48) and non-adopters (= 136.64). This means that irrigation technology adopters require more hired labor in their irrigation practices than non-adopters since irrigation farming is labor-intensive. This is consistent with Jones et al. (2020), that irrigation technology requires large construction and maintenance costs as well as increased labor costs. Furthermore, there was a substantial difference (in the mean off-farm income between farmers who used irrigation ( = 5,537.28) and those who did not ( = 8,163.68). This implies that farmers who did not practice irrigated agriculture were likely to engage in off-farm activities. Off-farm income plays a key role in small-scale irrigation farming (Mango et al., 2018). Moreover, there was a substantial mean difference in the amount of credit accessed () between the adopters (18,987.36) and non-adopters (14,213.92) of irrigation technologies. This implied that farmers who practiced irrigation allocated more credit for irrigation practices due to high capital requirement. Credit is more required in irrigation technology and lack of it can be an impediment to irrigation technology adoption (Tesfaye et al., 2021).
Table 4.10: Comparison between adopters and non-adopters
	Variables
	Users (n=95)
	Non-users (n=205)
	

	Categorical variables
	 Percentage (%)
	 Percentage (%)
	

	Sex of HH (1=male, 0=female)
	
	
	0.0001*

	Male (%)
	91.78
	75.61
	

	Female (%)
	8.42
	24.39
	

	Land ownership (title deed yes %) 
Main occupation (farming yes%)
Extension access (yes %) 
Access training (yes %)
Continuous variables
Age of HH (years)
Education (years)
Household size (count)
Farm size (acres)
Farming experience(years)
Hired labor (daily wages) 
Off-farm income (KES)
Market distance (Km)
Amount of credit (KES)

	23.16


60.27
54.55
58.33
Mean
48.82
13.14
5.26
1.80
17.74
200.48
49.44
4.3
18,987.36

	34.15	


39.73
45.45
41.67
Mean
48.64
12.80
5.02
1.74
15.47
136.64
72.89
4.2
14,213.92

	0.0550*


0.0000*
0.0000*
0.4470
t-test
0.8662
0.2020
0.6771
0.2509
0.0954
0.0052*
0.0543*
0.5711
0.0004*


*P≤0.05; HH= Household Head; 
[bookmark: _Toc109734044][bookmark: _Toc109818469]4.6 Factors influencing adoption of irrigation technologies
Factors affecting adoption decisions of irrigation technologies and its intensity were determined using the Heckman two-stage regression model. The first stage of the model is a probit model which takes a binary dependent variable (1, 0). Where 1 represents farmers, who have adopted irrigation technologies and 0 representing the farmers who have not adopted any irrigation technology. The second stage of the Heckman regression model uses ordinary least squares (OLS) model that assesses the determinants of adoption intensity. 
[bookmark: _Toc109734045][bookmark: _Toc109818470]4.6.1 Determinants of adoption of irrigation technologies
Table 4.11 displays the outcomes of the Heckman regression model's initial stage. The results of the second stage OLS regression model and the error term in the first stage of the model (probit model) are implied to be positively associated by the Inverse mills ratio, which was positive and significant at 1% (P). To ascertain the marginal impacts of the variables to be employed in interpretation, post-estimation of the selection equation results was carried out. This was due to the fact that the coefficients of the first regression findings, which are made up of values that maximize the likelihood function, cannot be directly interpreted.
The results indicate that the likelihood of adopting irrigation technologies was positively influenced by gender by 21.57%. This is because majority of the sampled household heads were males and that male farmers were dominant in making farm decisions as they are more exposed to new information. The level of education positively influenced probability of adopting irrigation technologies by 11%. This suggests a higher likelihood of practicing irrigation among the educated farmers. Farm size showed a positive influence on irrigation technologies’ adoption. Implying that, a one unit increase in the land area would increase the chances of practicing irrigation among the small-scale farmers by 17.18%. This shows that, farmers with larger land holdings have higher chances to practice irrigation. 
Farming as the primary occupation influenced probability of adoption of irrigation technologies by 33.09%. This suggests that, irrigation farming increased among the small-scale farmers who entirely dependent on farming as their main economic activity. Off-farm income positively and significantly predicted adoption of irrigation technologies. This suggests that, a one unit increase in the amount of off-farm income would increase probability of adoption by 17.04%. This is because off-farm income would provide extra money needed for farm operations. However, hired labor negatively predicted adoption of irrigation technologies; suggesting that a one unit increase in hired labor wages would lessen chances of adoption by 2.06%. This is because, increased labor wages increase production cost since irrigation technology is labor-intensive and thus discourage the farmers in practicing irrigation. 
 Adoption of irrigation technologies was considerably and favorably influenced by access to credit. This signifies that an increase in the total amount of credit obtained by one unit would lead in a 1.10% rise in the likelihood of adoption. This is because credit gives agricultural financing to small-scale farmers which is paramount to adoption of agricultural technologies. Accessibility to extension services positively impacted irrigation technology adoption by 33.63%. This demonstrates that the chance of adopting irrigation techniques was higher among small-scale farmers who had access to extension services. This is because extension agents provide farmers with the knowledge they need to use in any agricultural technology. 


Table 4.11: Heckman first stage regression results 
	Adoption of irrigation technologies
	Marginal effects
	Coef.
	Std. Err.

	Age(years)
	-0.0078
	-0.0340
	0.2276

	Gender (1=Male 0=Female)
	0.2157***
	1.2267
	0.3293

	Education (years)
	0.1099**
	0.1163
	0.0581

	Household size
	0.0157
	0.1333
	0.0818

	Farm size in acres
	0.1718***
	0.6792
	0.1638

	Land ownership (title deed)  
	0.0783
	0.3504
	0.2588

	Farming experience(years)
	0.0078
	0.0184
	0.0193

	Main occupation
	0.3309***
	1.2879
	0.3512

	Off-farm income (KES) 
	0.1704***
	1.0163
	0.3217

	Hired labor wages (KES)
	-0.0206***
	-0.0271
	0.0947

	Amount of credit (KES)
	0.0110**
	0.0425
	0.0158

	Extension access
	0.3363***
	0.4985
	0.2543

	Distance to nearest market 
	0.0013
	0.0492
	0.0437

	Training on irrigation 
	-0.0131
	-0.2484
	0.5473

	Inverse Mills Ratio
	
	0.6997***
	0.2461


*P; 
[bookmark: _Toc109734046][bookmark: _Toc109818471]4.6.2 Intensity of adoption of irrigation technologies
The results of the determinants of intensity of adoption (proportion of total land area under irrigation technologies) are given in Table 4.12. Gender of the household head had a positive and significant effect on the intensity of adoption of irrigation technologies. This suggests that, proportion of land area under irrigation increased by 0.6232 units in households headed by men than those headed by women. This is because males have authority over land and labor resources used in production. The intensity of adoption of irrigation technologies was positively and significantly influenced by farming experience. This suggests that a unit increase in the years of farming increased the proportion of land by 0.1224 units. This is because long history of farming would help a farmer in predicting the success or failure of a given technology.
 Additionally, farming as the primary occupation positively and significantly influenced intensity of adoption. This implies that intensity of adoption increased by 0.9557 units as small-scale farmer entirely dependent on farming. This is because farmers who entirely depend in farming would put more focus and effort to farming practices that improves their livelihoods. Adoption intensity was significantly and positively influenced by off-farm income. According to this, the proportion of land under irrigation would rise by 0.15 units for every unit increase in the amount of off-farm income. The availability of extension services influenced the intensity of adoption in a positive way. This suggests that a one unit increase in the availability of extension services would result in an increase of 0.20 units in the percentage of land area irrigated.
Table 4.12: Results of second stage of Heckman OLS regression analysis
	Intensity of adoption (Farm size in acres under irrigation technologies)
	 Coef. 
	 Std. Err.

	Age in years
	0.0226
	0.0157

	Gender (1=Male, 0=otherwise)
	0.6232**
	0.2450

	Household size
	-0.0453
	0.5222

	Education in years
	0.0284
	0.0373

	Farming experience (years)
	0.1224**
	0.0126

	Main occupation (1=farming, 0=otherwise)
	0.9557**
	0.3502

	Land ownership (1=title deed 0=otherwise) 
	0.2261
	0.1704

	Off-farm income (KES)
	0.1492**
	0.2318

	Access to extension services
	0.1969**
	0.1545


 *; 
[bookmark: _Toc109734047][bookmark: _Toc109818472]4.7 Determinants of adoption of irrigation technologies: Propensity Score Matching 
The findings in Table 4.13 displays the propensity score estimates of the adoption determinants. The propensity score probit model was statistically significant.  The significant factors that primarily explained farmers' propensity to use small-scale irrigation included gender, age, household size, farm size, land ownership, off-farm income, extension access, and credit accessibility. The likelihood of using irrigation technologies was positively influenced by the household head's gender. This implies that use of irrigation technologies increased among the male-headed households. This is because males have dominion over production resources such as land which is a critical component in agricultural production. 
Adoption of irrigation technologies was inversely correlated with household head's age. This implies that probability of adoption reduced among older farmers. This could be attributed to older farmers having no interest in modern agricultural technologies as well as reduced energy to carry out intensive farm operations. Household size positively and significantly influenced adoption of irrigation technologies. This suggests that as households got bigger, farmers were more likely to adopt irrigation because of family labor availability. Farm size positively influenced adoption of irrigation. This implied that probability of adoption increased among small-scale farmers with larger land area. This is because small-scale farmers would prompt to increase the land area to accommodate agricultural technologies that would increase productivity. 
 Land ownership positively influenced adoption of irrigation technologies. This suggests that irrigation adoption was likely to increase among the small-scale farmers who owned title deeds unlike those who did not. The increased adoption could be because, ownership of title deed gives security to the small-scale farmers to invest in long-term projects. Probability of participating in irrigation increased with an increase in off-farm income by 11.17%. This is because small-scale farmers would devote the extra money obtained from off-farm activities into farm practices that increases productivity. 
 Irrigation technology adoption was favorably and strongly predicted by accessibility of extension services. This suggest that adoption increased among small-scale farmers who accessed extension support services. This is due to the fact that extension agents offer agricultural knowledge on agricultural initiatives that are likely to boost small-scale farmers' output. The adoption of irrigation technologies was also significantly and favorably impacted by credit accessibility. This means that small-scale farmers who received more financing had a higher likelihood of participating in irrigation. This is due to the fact that small-scale farmers would source for agricultural inputs using the obtained credit. 


Table 4.13: Determinants of adoption of irrigation technologies: Probit model
	Adoption
	Coef.
	Std. Err.

	Gender of household head
	0.6874** 
	0.5522

	Age in years
	-0.1032**
	0.0592

	Education level(years)
	0.0270
	0.1156

	HH size
	0.3244**
	0.1781

	Farming experience(years)
	0.0323
	0.0465

	Farm size (acres)
	0.5986**
	0.3435

	Land ownership (title deed)
	0.1926**
	0.4841

	Off-farm income (KES)
	0.1117**
	0. 0553

	Primary occupation(farming) 
	-0.5909
	0.6152

	Market distance (km)
	-0.0043
	0.0651

	Extension access
	0.2243**
	0.4940

	Amount of credit (KES)
	0.0503**
	0.0676

	Farm income (KES)
	0.0015
	0.0072

	Group membership
	-0.3202
	0.5898

	Hired labor (wages)
	0.2549
	0.2531


Log likelihood	= -398.14; LR chi2(15) = 256.52; Prob > chi2 = 0.0005; Pseudo  = 0.5255; Number of observations = 300; *  
[bookmark: _Toc109734048][bookmark: _Toc109818473]4.8 Effect of irrigation adoption on productivity: Propensity Score Matching
The effect of irrigation adoption on productivity was examined using the propensity score matching (PSM) technique. Table 4.14 displays the ATT for the three matching methods. The findings demonstrate that adoption of irrigation technologies significantly affects crop productivity. Particularly when using KBM, RM, or NNM, the adoption of irrigation technology increases average crop yields by about 225 kg per acre, 223 kg per acre, and 258 kg per acre respectively. This suggests that, on average, farmers who employ irrigation technologies produce about 225kg–258 kg more maize yields per acre than those who do not use irrigation technologies. 
To evaluate the effectiveness of the matching procedures and the reliability of the findings, covariate balancing test was necessary. Findings in Table (4.15) show that a very high level of matching quality was reached. The findings indicate that the prejudice brought on by the matching process has been significantly reduced. According to the calculations, the amount of bias is significantly reduced from 56% before matching to around 7%–10% after matching (Table 4.15). Additionally, in Table (4.15) second and third columns of pseudo- values comparison show that, for all matching techniques, the pseudo- is lower after matching than before matching. This shows that, upon matching, the dispersion of explanatory variables between irrigators and non-irrigators is not significantly different in either group. Additionally, following matching, the -values of the likelihood ratio tests were quite high (Table 4.15), indicating that the aggregate magnitude of the explanatory variables is rejected. Overall, the findings of all covariate balancing tests used in this research showed absence of systematic dispersion in the distribution of covariates after matching between irrigators and non-irrigators. Thus, it can be certified that the propensity score estimation procedures provided specifications that are effective in balancing the traits of irrigators and non-irrigators.
Table 4.14: Impact of irrigation adoption on productivity using matching algorithm	
	Matching Algorithm
	Outcome variable
	ATT
	Std.Err.
	t-test

	Kernel-based matching
	Maize yield/acre
	225.08***
	23.97
	6.47

	Radius matching
	Maize yield/acre
	223.26***
	29.90
	5.46

	Nearest neighbor matching
	Maize yield/acre
	258.25***
	24.38
	6.90


*



Table 4.15: Covariate balancing tests before and after matching
	Matching algorithm
	Pseudo before matching
	Pseudo   after matching
	LR chi2 (p-value) before matching
	LR chi2 (p-value) after matching
	Mean std. bias before matching
	Mean std. bias after matching

	Kernel-based matching
	0.533
	0.032
	268.34 (P =0.0000)
	7.72 (P=0.765)
	55.60
	7.80

	Radius matching
	0.525
	0.035
	268.34 (P=0.0000)
	8.93(P=0.885)
	55.60
	8.45

	Nearest neighbor matching
	0.545
	0.046
	268.34 (P=0.0000)
	10.44(P=0.643)
	55.60
	10.33



[bookmark: _Toc109734049]4.9 Effect of irrigation adoption on profitability: treatment effects 
The endogenous treatment regression model was used to assess the effect of adopting irrigation technologies on maize profitability. The Wald test of independence in the footer (Table 4.16) allows us to disprove the null hypothesis that there is no association between treatment-assignment mistakes and outcome errors for the control and treatment groups. The estimated correlation between treatment assignment errors and the outcome errors  (Table 4.16). The inverse association shows that unobservables that increase observed maize profitability tends to coincide with unobservables that reduce irrigation technology adoption. 
The calculated average treatment effect was allowed to vary across the outcome covariate values in the research employing the unconstrained endogenous treatment effect model. In order to do this, the treatment variable (adoption) was interacted with the outcome covariate of household income (Table 4.16). Since adoption variable was interacted with the income covariate, the anticipated ATET differs from the ATE. These estimations change depending on the values of the outcome covariates in the outcome equation. Results in table 4.17 show that, the ATE of adoption is KES 27,817.35. This implies that on average, maize profitability would increase by KES 27,817.35 for the whole population if irrigation technologies had been adopted by every farmer in the sample. Additionally, the ATET for the farmers who had adopted irrigation technologies was KES 40,696.70. This implies that farmers who adopted irrigation technologies received on average KES 40,696.70 higher than farmers who did not use irrigation technologies. 
Table 4.16: Adoption impact of irrigation technologies: treatment effects
	Variable 
	Coef. 
	Std. Err.

	Outcome equation
	
	

	Gender
	4337.209**   
	1947.906     

	HH size
	1063.831**    
	391.885    

	Farm size
	5115.669 **  
	

	Land ownership
	3159.334 **  
	1799.598     

	Access to extension
	-2610.778   
	1811.956    

	Amount of credit
	0.203**   
	0.068     

	Household income
	1.893**   
	0.366   

	Adoption # Household income
	2.864037**   
	0.362     

	Adoption
	6301.903***   
	2039.576     

	Treatment equation
	
	

	Gender
	-0.613**   
	0.225    

	Education 
	0.011   
	0.031     

	Primary occupation
	-0.142    
	0.165    

	Farming experience
	0.025**   
	0.935     

	Farm size
	-0.649**   
	0.125    

	Household income
	0.212**   
	0.207    

	Land ownership
	-0.241   
	0.203    

	Access to extension
	0.346**   
	0.203

	/athrho
	-1.963***   
	0.357    

	/insigma
	9.375***   
	0.062   

	rho
	-0.961   
	0.027

	sigma
	11792.54    
	730.788

	lambda
	11336.24   
	940.446


Wald test of indep. eqns. (rho = 0): chi2(1) =	30.29; Prob > chi2 = 0.0000 Wald chi2(9) = 394.98; Log likelihood = -2486.7771; Prob > chi2 = 0.0000; *
Table 4.17: Impact of adoption of irrigation technologies on maize profitability
	
	ATE (Coefficient Std.Err)
	ATET (Coefficient Std.Err)

	Outcome variable
	
	

	Profitability
(Maize gross margin)
	27,817.35***(2097.62)
	40,696.68***(9331.97)


*
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[bookmark: _Toc109734053][bookmark: _Toc109818477]5.1.1 Factors influencing adoption of irrigation technologies
 The results (Table 4.11) indicate that, households’ head gender positively influenced adoption of irrigation technologies. This meant that, the likelihood of adoption was high among males more than their female counterparts. This is because, males are assumed to be exposed to information on new agricultural innovations and agricultural services than their female counterparts. Due to cultural prejudices, males are known to enjoy exclusive rights in farm decision-making procedures. The outcome corroborates the study by Oyetunde-Usman et al. (2021); Serote et al. (2021), who emphasized the role of the households’ heads gender in agricultural technology adoption decisions.
The findings demonstrated that years of education positively influenced adoption of irrigation technologies. The credible explanation is that, literate smallholder farmers had a higher probability than illiterate smallholder farmers to adopt irrigation technologies. It is possible that this observation is due to educated farmers' knowledge of the most effective irrigation technology for increasing agricultural yields. Farmers who have spent more years in school may have gained skills and knowledge on the benefits of adopting irrigation technology. This finding was in line with Chinasa et al, (2022); Jordán & Speelman, (2020); Musafiri et al. (2022); Mwangi & Crewett, (2019), that households’ heads education level is an important determinant in adoption decisions of agricultural innovations. 
Adoption of irrigation technologies exhibited a positive relationship with farm size. The findings suggested that, households with large size of farms had a substantially higher chance of adopting irrigation technologies than those with smaller farms. It is probable that, the expanding uptake of irrigation technology is linked to the need for larger farms to implement multiple irrigation systems for increased crop yields. The results  corroborated the study by Ali et al. ( 2018); Cipriano et al. (2022); Marie et al. (2020); Shang et al. (2021), who revealed that farm size was a significant determinant  in the adoption of climate change adaptation strategies.
Irrigation technology adoption was positively influenced by farming as the primary occupation. This meant that adoption of irrigation technologies increased among small-scale farmers whose primary occupation was farming than those who did not depend on farming alone. The necessity to boost crop productivity and projected income may account for the growing adoption of irrigation technologies among small-scale farmers who rely on farming. As a result, smallholder farmers' awareness of the importance of irrigation farming may have prompted them to adopt irrigation technologies. This result was consistent with Shang et al. (2021), that farmers’ primary occupation as farming was a significant factor in agricultural technology adoption decisions.
Off-farm income was a positive and significant factor in adoption of irrigation technologies. This suggested that, smallholder farmers were more inclined to use irrigation technologies if they earned more money from off-farm activities. This could be attributed to off-farm income providing an additional source of agricultural financing, allowing smallholder farmers to try out new agricultural methods. Off-farm revenue boosts farmers' financial power, allowing them to invest in innovative agricultural technologies. Off-farm income also covers the labor costs associated with the technology's operation and upkeep. The findings are in agreement with Nonvide, (2020); Mutunga et al. (2018); Mwangi & Crewett, (2019), who observed off-farm income, was a key factor in determining whether or not people used climate change adaptation measures. 
However, hired labor negatively influenced adoption of irrigation technologies. This meant that as the cost of hiring labor increased, smallholder farmers were less likely to employ irrigation methods. A 2.06% drop in the likelihood of a farmer employing irrigation technologies was caused by a one-unit rise in cost of hired labor. This is because irrigation technology is labor-intensive in terms of maintenance and operations, and a high cost of hired labor could deter smallholder farmers from using it. Farmers are discouraged from adopting irrigation methods due to inability to meet labor requirements as hired labor costs rise. This finding concurs with Ng’ang’a et al. (2020), that high cost of labor would prevent  a household from adopting soil-carbon enhancing technologies. 

Credit access exhibited a significant positive influence with adoption of irrigation technologies. This meant that smallholder farmers with more financing had a better chance of implementing irrigation technologies. The increased adoption could be due to the availability of cash to purchase necessary technology equipment, as well as farm inputs for operation and maintenance. Credit improves a household's purchasing power and could also aid in labor wages for the farm work. This finding was similar to Adebayo et al. (2018); Nonvide (2020); Feyisa (2020), that credit accessibility is a significant determinant in  adoption decisions of improved agricultural technologies.
The adoption of irrigation technology was predicted to be positively impacted by access to extension services. This meant that farmers who accessed extension services were more likely to use irrigation technologies. This can be as a result of the relationship between acceptance of agricultural technologies and access to extension services, particularly in terms of knowledge expansion and the presentation of superior production techniques. Access to extension services helps farmers adapt new agricultural technologies more effectively. It's possible that extension agents were crucial in giving farmers the technical know-how and practical abilities they required to correctly run irrigation equipment, minimize water loss, and boost crop yields. The  results concur with  Massresha et al. (2021); Muchangi et al. (2021); Wang et al. (2021), who discovered that farmers' accessibility to extension services plays a vital role  in adoption of agricultural interventions.
[bookmark: _Toc109734054][bookmark: _Toc109818478]5.1.2 Factors influencing intensity of adoption of irrigation technologies 
Household’s head gender had a favorable impact on the rate of adoption of irrigation technology, according to the findings in Table 4.12. The results revealed that households with male heads were more likely to dedicate more land to irrigation operations than households with female heads. This is explained by households headed by male having greater influence over factors of production like labor and land, which supports agricultural techniques. Female farmers who are also involved in domestic tasks have less time to focus on agricultural activities than male farmers. This finding concur with Mwaura et al. (2021); Oyetunde-Usman et al. (2021), that, households’ head gender plays a significant role in intensification of land for sustainable agricultural technologies.
Intensity of adoption was positively influenced by farming experience. This implied that intensity of adoption was likely to increase as years of farming experience increased among smallholder farmers. This is because smallholder farmers with long history of farming have gained much more knowledge and are well informed on the importance of increasing the land area for improved agricultural technologies. Smallholder farmers with long history of farming are likely   to correctly forecast whether a technology will succeed or fail. This finding agrees with Mahoussi et al. (2021); Mwaura et al. (2021); Thinda et al., (2020), that farming experience is a significant determinant in intensifying the land area for agricultural technologies. 
Households’ primary occupation as farming positively and significantly influenced the intensity of adoption of irrigation technologies. This implied that, proportion of land for irrigation technologies was more likely to increase among smallholder farmers whose primary occupation was farming. The need to improve crop yield may have driven smallholder farmers to dedicate additional land for irrigation methods. Farming as the primary occupation would enhance farmers’ focus and efforts in cultivation and as a result, extend the area of land available for multiple irrigation technologies. Our findings concur with Kumar, Tripathi, et al. (2020), who discovered smallholders' primary occupation as farming to be a key driver on the adoption  intensity of paddy seed variety.
Off-farm income exhibited a significant positive prediction on the intensity of adoption of irrigation technologies. This meant that adoption intensity of irrigation technologies increased as off-farm income increased among smallholder farmers. This may be because off-farm income would offer quick funding for land acquisition and expansion, as well as irrigation technology installation. Income from off-farm activities also boosts smallholders’ financial power allowing them to apportion land for multiple technologies and thus intensify the land under irrigation. Our  finding was in line with Thinda et al. (2020); Tien & Bao (2020); Workineh et al. (2020), that off-farm income is a significant determinant in intensification of any agricultural technology. 
Extension services access positively predicted the intensity of adoption of irrigation technologies. This meant that as extension services became widely available, the propensity to increase land under irrigation technology increased. The necessity to employ numerous irrigation technologies, which would necessitate larger tracts of land, could be the driving force behind this.  Extension agents are known to equip farmers with practical skills and knowledge of better farming methods based on the technology. Therefore, small-scale farmers with access to extension services were better informed about the benefits of expanding irrigated land for higher agricultural outputs and revenues. This finding resonated to the study by Awuni et al. (2018); Mahama et al. (2020); Yigezu et al. (2018), that extension services access by farmers is a crucial determinant in the intensity of agricultural technology adoption.
[bookmark: _Toc109734055][bookmark: _Toc109818479]5.1.3 Determinants of adoption: Propensity score matching first stage 
Gender, age, household size, farm size, off-farm income, access to credit facilities and access to extension services were the main drivers of adoption estimated in the first stage of propensity-score matching technique (Table 4.13). Adoption of irrigation technologies was positively influenced by the gender of the household head. This suggests that households headed by male were more inclined than female-headed households to use irrigation technology. The adoption of new technology is impacted by gender because the household head makes the ultimate decisions.   Similar to this, men in society have greater control and access over vital production factors than do women. Our results are in line with those of Osewe et al. (2020), that male farmers were more likely than female farmers to adopt new agricultural technologies.
 Age in years of the household head had a negative influence on probability of adoption. This shows that younger farmers seem to be more inclined than older farmers to adopt agricultural innovations, probably because they are more creative and eager to test new technology and approaches to improve agricultural productivity. Older farmers could also lack awareness of modern agricultural developments or may be hesitant to explore new techniques. This finding supports the research by  Thinda et al. (2020); Workineh et al. (2020), that age of the household head negatively influenced adoption of climate change adaptation strategies. 
Household size positively influenced probability of adoption of irrigation technologies. This suggests that households that were large in numbers were more willing to use irrigation technology. Size of household is attributed as an indicator for labor availability of households (Mwaura et al., 2021). Because there is a high labor requirement for the usage of irrigation technology, larger households can supply the manpower, which encourages the use of irrigation technology. Geddafa et al. (2021); Oyetunde-Usman et al. (2021), observed an increase in the likelihood of adopting agricultural technologies among larger household sizes. On the contrary, Bannor et al. (2020), found a negative association between household size and probability of adopting  modern rice varieties.
Farm size had a positive and considerable impact on the adoption of irrigation technologies. The credible explanation is that farmers who own large farms are capable of investing in adaptation measures for climate change. This outcome confirmed earlier research demonstrating a favorable correlation with farm size and an increase in technology usage (Ngango & Hong, 2021; Thinda et al., 2020). The use of irrigation technologies was positively and significantly influenced by land ownership. This shows that farmers are more inclined to use agricultural technologies that boost productivity if they have title rights to their land. Farmers have the authority to use their land because they are the owners of title deeds. This finding concur  with Mwololo et al., (2020), that title deed ownership increased adoption of agricultural innovations. 
 Adoption of irrigation technologies was positively affected by off-farm income. Off-farm income is not affected by climate variability and change unlike on farm income and thus making it more reliable and more instrumental to influence the wealth of the household, thus enhancing risk bearing capacity. The results concur with findings by (Mutunga et al., 2018). However, Mwololo et al. (2020), observed a negative association of off-farm income and adoption of improved technologies citing that engaging  in off-farm activities would reduce the time needed to invest in new farm technologies.
Credit access positively and significantly increased the likelihood of adopting irrigation technologies. The credible explanation is that credit helps rural farmers in accumulating enough capital for investment in agricultural technologies. The finding concur with Getacher et al. (2013); Shang et al. (20210; Workineh et al. (2020), that access to credit reduces capital constraints. Extension services access was found to positively increase probability of adopting irrigation technologies. Through extension workers, farmers are typically informed of the potential, proper implementation, and usefulness of technological innovation. The extension agent serves as a conduit between the inventors of a technology and its users. This aids in lowering the transaction costs associated with disseminating information about the new technology to a sizable number of farmers. The finding agrees with the previous studies that extension services plays a crucial role in technology adoption decisions (Abegunde et al., 2020; M. Mwangi & Kariuki, 2015; Ruzigamanzi et al., 2019).
[bookmark: _Toc109734056][bookmark: _Toc109818480]5.1.3.1 Effect of irrigation adoption on maize productivity
To determine the average maize quantity produced, NNM, KB, and RM approaches were employed (Table 4.14). PSM estimates indicated that use of irrigation was positively related with maize productivity. Specifically, use of irrigation technology significantly increased crop yields per acre of the users as compared to the non-users. Increase in crop yields is explained by the farmers’ focus on improving agricultural productivity by adopting irrigation technology. According to Adebayo et al. (2018), crop yields from irrigated field  are 2.3 times greater compared to rain-fed crop yields. The worlds' food supply will continue to be significantly influenced by irrigated agriculture, as seen by the numbers. The ATT for the users was 225.08/acre for KBM, 223.26/acre for NNM and 258.25/acre for RM higher than for non-users’ counterparts. The results indicate that small-scale farmers' overall crop productivity is positively impacted by the implementation of irrigation technology. The findings support the assertion made by Adebayo et al. (2018); Ngango & Hong (2021); Nonvide (2019), that irrigation technology adoption has a large and positive impact on agricultural productivity. Balana et al. (2019); Dawit et al. (2020), also noted that irrigation technology utilization significantly increased crop output. You et al., (2011) also emphasizes the positive impact of irrigation adoption on agricultural productivity.
[bookmark: _Toc109734057][bookmark: _Toc109818481]5.1.4 Effect of adoption of irrigation technologies on maize profitability
Maize crop was used to measure crop profitability under irrigated agriculture. The treatment effect results indicated that adoption of irrigation technology had a positive significant effect on profitability of maize. Treatment effect results (Table 4.16) indicated that farmers who practiced irrigation received higher crop profits by Kes 40,696.70 (ATET) more than farmers who did not practice irrigation. Similarly, results also indicated that on average, profits would increase by Kes 27,817.35 (ATE) if irrigation technology had been widely utilized across the entire sample. This finding concurs with Adebayo, (2019) who reported a significant increase in crop income averaging between ₦2517.40k/ha to ₦2562.41k/ha for the adopters of irrigation technology. This is also similar to Mango et al., (2018) who reported a significant increase in crop income leading to an increase in household income for irrigation technology users. Similar findings have been reported by Habineza, (2020) that irrigation technology adoption increases maize profitability. Zakaria et al., (2020) noted that adoption of irrigation technology had a significant positive impact on profitability of rice in Ghana. 
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According to the findings, the study concludes that the main factors influencing adoption decisions among farming households were the gender of the household head, farm size, primary occupation, education level, off-farm income, access to credit, and access to extension services were the significant determinants of adoption and intensity of adoption of irrigation technologies. The farmer, however, is the one who ultimately decides whether to use irrigation technology or not. Due to its simplicity of use, the furrow method was the most widely used irrigation technique in the research area. The relationship between farmers and extension agents is essential for bridging the knowledge gap and disseminating the information for efficient farm practices which can be adopted by the targeted farmers. 
This study found that use of irrigation technologies significantly increases maize productivity. On average, yields of maize was found to increase from 225-258kg/acre more for adopters as compared to non-adopters of irrigation technologies. The study demonstrated that irrigation has greatly increased crop yields in the studied area. However, the use of irrigation cannot fully be attributed to increased crop yields. The other productivity-enhancing measures, such as access to and acceptance of improved crop varieties, secure access to land, enhanced market access for goods, fertilizers, and other input technologies, complement the use of irrigation. Therefore, the use of irrigation technology is a complimentary component rather than a replacement for other productivity-enhancing factors.
The study also evaluated the effect of irrigation technology adoption on profitability. The adoption of irrigation technology was found to have a favorable and considerable impact on the profitability of maize. Adopters of irrigation received KES 40,696 more relative to non-adopters. Therefore, it is concluded that implementing small-scale irrigation technologies could raise the crop income of smallholder farmers. As a result, increasing small-scale irrigation can be a crucial method to improve farmers' overall lives and household income.
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5.3 Recommendations
The study recommends to the extension agencies to create more awareness of irrigation technologies to small-scale farmers in order to increase the adoption levels. If there is an efficient extension system in place to help farmers comprehend the advantages of employing modern agricultural technologies, the desired effects will be realized. In order to accommodate multiple technologies and a variety of crops for increased farm output, the study advises smallholder farmers to commit more area of land to irrigation farming. 
The study recommends to the government, in collaboration with central bank, to reduce interest rates to banks and SACCOs, and other relevant lenders to advance soft loans to farmers. This would make them afford necessary inputs for farming to improve crop yield and crop income.
The study recommends to the county government to increase investment in irrigation system development. Additionally, raising knowledge through training, farmers will decide on which irrigation technology to adopt. Additionally, the county government is advised to give subsidies to irrigation equipment such as drip lines to make them affordable to farmers and able to employ more than one technology. Drip irrigation is water-use efficient unlike furrow and basin and thus need to increase investment in water-saving technologies. 


[bookmark: _Toc109734060][bookmark: _Toc109818484]REFERENCES
Abdul-Rahaman, A., Issahaku, G., & Zereyesus, Y. A. (2021). Improved rice variety adoption and farm production efficiency: Accounting for unobservable selection bias and technology gaps among smallholder farmers in Ghana. Technology in Society, 64, 101471. 
Abegunde, V. O., Sibanda, M., & Obi, A. (2020). Determinants of the adoption of climate-smart agricultural practices by small-scale farming households in King Cetshwayo district municipality, South Africa. Sustainability, 12(1), 1-27.
Adebayo, O., Bolarin, O., Oyewale, A., & Kehinde, O. (2018). Impact of irrigation technology use on crop yield , crop income and household food security in Nigeria : A treatment effect approach. Journal of Agriculture and Food, 3(1), 154–171.
Afolami, C. A., Obayelu, A. E., & Vaughan, I. I. (2015). Welfare impact of adoption of improved cassava varieties by rural households in South Western Nigeria. Agricultural and Food Economics, 18(3), 1–17
Agbna, G. H., Dongli, S., Zhipeng, L., Elshaikh, N. A., Guangcheng, S., & Timm, L. C. (2017). Effects of deficit irrigation and biochar addition on the growth, yield, and quality of tomato. Scientia Horticulturae, 222, 90-101.
Ajefu, J. B., & Abiona, O. (2020). The Mitigating Impact of Land Tenure Security on Drought-Induced Food Insecurity: Evidence from Rural Malawi. Journal of Development Studies, 56(12), 2169–2193. 
Ali, E. B., Awuni, J. A., & Danso-Abbeam, G. (2018). Determinants of fertilizer adoption among smallholder cocoa farmers in the Western Region of Ghana. Cogent Food and Agriculture, 4(1), 1–10. 
Ali, A., & Abdulai, A. (2010). The adoption of genetically modified cotton and poverty reduction in Pakistan. Journal of Agricultural Economics, 61(1), 175-192
Armel Nonvide, G. M. (2020). Identification of factors affecting adoption of improved rice varieties among smallholder farmers in the municipality of malanville, benin. Journal of Agricultural Science and Technology, 22(2), 305–316.
Atinafu, A., Lejebo, M., & Alemu, A. (2022). Adoption of improved wheat production technology in Gorche district, Ethiopia. Agriculture and Food Security, 11(1), 1–8. 
Awuni, J. A., Azumah, S. B., & Donkoh, S. A. (2018). Drivers of adoption intensity of improved agricultural technologies among rice farmers: evidence from Northern Ghana. Review of Agricultural and Appied Economics, 21(2), 48–57.
Babatunde, R. O., Salami, M. F., & Mohammed, B. A. (2016). Determinants of Yield Gap in Rain fed and Irrigated Rice Production: Evidence from Household Survey in Kwara State (No. 310-2016-5445).
Balana, B. B., Bizimana, J. C., Richardson, J. W., Lefore, N., Adimassu, Z., & Herbst, B. K. (2019). Economic and food security effects of small scale irrigation technologies in northern Ghana. Water Resources and Economics, 3(6), 2212–4284.
Bannor, R. K., Kumar, G. A. K., Oppong-Kyeremeh, H., & Wongnaa, C. A. (2020). Adoption and Impact of Modern Rice Varieties on Poverty in Eastern India. Rice Science, 27(1), 56–66. 

Burney, J. A., Davis, S. J., & Lobell, D. B. (2010). Greenhouse gas mitigation by agricultural intensification. Proceedings of the national Academy of Sciences, 107(26), 12052-12057.
Chinasa, I. J., Alagba, O. S., Ifeyinwa, O. P., & Chukwuneke, M. M. (2022). Factors influencing inorganic fertilizer use among rice farmers in Ebonyi State, Nigeria. Journal of Agricultural Extension, 26(1), 27–35.
Cipriano, I., Onautsu, D., Tarassoum, T., Adejumobi, I., & Bolakonga, B. (2022). Uptake of conservation agriculture technology through farmer field schools in the Democratic Republic of Congo and Mozambique. Journal of Agricultural Extension, 26(1), 44–58.
Dawit, M., Dinka, M. O., & Leta, O. T. (2020). Implications of adopting drip irrigation system on crop yield and gender-sensitive issues: The case of Haramaya district, Ethiopia. Journal of Open Innovation: Technology, Market, and Complexity, 6(4), 1–17. 
Dessale, M. (2020). Determinants and food security impacts of small-scale irrigation in Ethiopia. 11(6), 1-8. 
Dillon, A. (2011). Do differences in the scale of irrigation projects generate different impacts on poverty and production? Journal of Agricultural Economics, 62(2), 474-492.
Domènech, L. (2015). Improving irrigation access to combat food insecurity and undernutrition: A review. Global Food Security, 6, 24–33. 
Eshetu, T., & Young-Bohk, C. (2017). Contribution of small-scale irrigation to households income and food security: Evidence from Ketar irrigation scheme, Arsi Zone, Oromiya Region, Ethiopia. African Journal of Business Management, 11(3), 57-68.
Feleke, E., Assefa, E., & Zeleke, T. (2020). Effects of small scale irrigation on household income and its implication for livelihood sustainability in the drought prone central rift valley of Ethiopia. Journal of Sustainable Development in Africa, 22(1), 104–131.
Felipe, J., & Adams, F. G. (2005). " A Theory of production " The estimation of the Cobb-Douglas function . Eastern Economic Journal, 31(3), 427–445.
Feyisa, B. W. (2020). Determinants of agricultural technology adoption in Ethiopia: A meta-analysis. Cogent Food and Agriculture, 6(1), 1-10.
Food and Agriculture Organization of the United Nations (FAO) and International Finance Corporation (IFC). (2015) Kenya irrigation market brief. Rome, Italy: FAO and IFC.
Gebre, G. G., Isoda, H., Rahut, D. B., Amekawa, Y., & Nomura, H. (2019). Gender differences in the adoption of agricultural technology: The case of improved maize varieties in southern Ethiopia. Women’s Studies International Forum, 76(7), 102264. 
Gebru, G. W., Ichoku, H. E., & Phil-Eze, P. O. (2020). Determinants of smallholder farmers’ adoption of adaptation strategies to climate change in Eastern Tigray National Regional State of Ethiopia. Heliyon, 6(7), e04356.
Geddafa, T., Abera, E., & Gedefa, F. (2021). Determinants of smallholder farmers’ participation and level of participation in small-scale irrigation practice in Gemechis district, West Hararghe Zone, Ethiopia. Cogent Engineering, 8(1), 1-18.
Getacher, T., Mesfin, A., & Gebre-egziabher, G. (2013). Adoption and impacts of an irrigation technology: Evidence from household level data in Tigray, Northern Ethiopia. African Journal of Agricultural Research, 8, 4766–4772. 
Gitau, T. W., Okong’o, G. M., & Masiga, C. Assessment of access and utilisation of treadle and hip pump technology among women farmers in Machakos county, Kenya.
Habineza, E., Nsengiyumva, J. N., Ruzigamanzi, E., & Nsanzumukiza, M. V. (2020). Profitability analysis of small scale irrigation technology adoption to farmers in Nasho Sector, Rwanda. Journal of Agricultural Chemistry and Environment, 09(2), 73–84.
Imbens, G. W., & Wooldridge, J. M. (2009). Recent developments in the econometrics of program evaluation. Journal of economic literature, 47(1), 5-86.
Israel, M. A., Yuan, S. H., Bardy, C., Reyna, S. M., Mu, Y., Herrera, C., ... & Goldstein, L. S. (2012). Probing sporadic and familial Alzheimer’s disease using induced pluripotent stem cells. Nature, 482, 216-220.
Jones, M., Kondylis, F., Loeser, J., Magruder, J., Barrett, C., Christian, P., De Janvry, A., Djankov, S., Duflo, E., Foster, A., Gollin, D., Karpe, S., Sadoulet, E., Strauss, J., Thomas, D., & Udry, C. (2020). Market failures and the adoption of irrigation in Rwanda (No. 26698).
Jordán, C., & Speelman, S. (2020). On-farm adoption of irrigation technologies in two irrigated valleys in Central Chile: The effect of relative abundance of water resources. Agricultural Water Management, 236(3), 106147. 
Jordan, C., Donoso, G., & Speelman, S. (2021). Measuring the effect of improved irrigation technologies on irrigated agriculture. A study case in Central Chile. Agricultural Water Management, 257(11), 107160. 
Kadipo Kaloi, F., Isaboke, H. N., Onyari, C. N., & Njeru, L. K. (2021). Determinants influencing the adoption of rice intensification system among smallholders in Mwea irrigation scheme, Kenya. Advances in Agriculture, 2021, 1-8. 
Kanda, E. K., & Lutta, V. O. (2022). The status and challenges of a modern irrigation system in Kenya: A systematic review. Irrigation and Drainage, 1–12
Kishore, A., Lakshmi, Y. S., Deshai, N., Rathod, R. S., & Prakash, J. S. (2020). Performance Evaluation of Drip Irrigation System and Profitability Analysis of Leafy Vegetables under Polyhouse. Current Journal of Applied Science and Technology, 20-26.
Kolady, D. E., Van der Sluis, E., Uddin, M. M., & Deutz, A. P. (2021). Determinants of adoption and adoption intensity of precision agriculture technologies: evidence from South Dakota. Precision Agriculture, 22(3), 689–710. 
Komba, C., & Muchapondwa, E. (2012). Adaptation to climate change by smallholder farmers in Tanzania. Economic research Southern Africa (ERSA) working paper, 299(5).
Kosgei, K.D. (2018) Effects of smallholders on-farm water applica- tion methods on tomato yields in Baringo County, Kenya. Afri- can Journal of Education, Science and Technology, 4(4), 101–112.
Kumar, A., Takeshima, H., Thapa, G., Adhikari, N., Saroj, S., Karkee, M., & Joshi, P. K. (2020). Adoption and diffusion of improved technologies and production practices in agriculture: Insights from a donor-led intervention in Nepal. Land Use Policy, 95(10), 104621. 
Kumar, A., Tripathi, G., & Joshi, P. K. (2020). Adoption and impact of modern varieties of paddy in India : evidence from a nationally representative field survey. Journal of Agribusiness in Developing and Emerging Economies, 1-25.
Macharia, A. M., Carpio, C., Tech, T., & Kirimi, L. (2018). Heterogeneity in irrigation technology impacts: implication for adoption.
Mahama, A., Awuni, J. A., Mabe, F. N., & Azumah, S. B. (2020). Modelling adoption intensity of improved soybean production technologies in Ghana - a Generalized Poisson approach. Heliyon, 6(3), e03543. 
Mahoussi, F., Adegbola, P., Aoudji, A., Kouton-Bognon, & Biaou, G. (2021). Modeling the adoption and use intensity of improved maize. African Journal of Food , Agriculture, Nutrition and Development, 21(4), 17931–17951.
Mango, N., Makate, C., Tamene, L., Mponela, P., & Ndengu, G. (2018). Adoption of small-scale irrigation farming as a climate-smart agriculture practice and its influence on household income in the Chinyanja Triangle, Southern Africa. Land, 7(2), 1–19.
Makone, S. M., Bunyatta, D. K., Maobe, S. N., & Basweti, E. A. (2020). Influence of selected socio-economic factors on crop productivity under irrigated agriculture among Kimira-Oluch smallholder farmers of Homa Bay County, Kenya. International Journal of Research in Social Science and Humanities, 01(05), 10–26.
Marie, M., Yirga, F., Haile, M., & Tquabo, F. (2020). Farmers’ choices and factors affecting adoption of climate change adaptation strategies: evidence from northwestern Ethiopia. Heliyon, 6(4), e03867. 
Massresha, S. E., Lema, T. Z., Neway, M. M., & Degu, W. A. (2021). Perception and determinants of agricultural technology adoption in North Shoa Zone, Amhara Regional State, Ethiopia. Cogent Economics and Finance, 9(1), 1-19. 
Mensah, A., Asiamah, M., Wongnaa, C. A., Adams, F., Etuah, S., Gaveh, E., & Appiah, P. (2021). Adoption impact of maize seed technology on farm profitability: evidence from Ghana. Journal of Agribusiness in Developing and Emerging Economies, 7, 1–21.
Michels, M., von Hobe, C. F., & Musshoff, O. (2020). A trans-theoretical model for the adoption of drones by large-scale German farmers. Journal of Rural Studies, 75(October 2017), 80–88. 
Monteiro, R. O. C., Kalungu, J. W., & Coelho, R. D. (2010). Irrigation technology in South Africa and Kenya. Ciência Rural, 40(10), 2218–2225. 
Muchai, S. W. K., Ngetich, F. K., Baaru, M., & Mucheru-Muna, M. W. (2020). Adoption and utilisation of Zai pits for improved farm productivity in drier upper eastern Kenya. Journal of Agriculture and Rural Development in the Tropics and Subtropics, 121(1), 13–22. 
Muchangi, N. M., Ruzungu, M. H., Njiiri, N. S., & Mukiri, G. B. (2021). Factors influencing adoption of improved cultivars of Macadamia (Macadamia spp.) among small-scale farmers in Embu County, Kenya. Journal of Agricultural Extension, 25(4), 119–126. 
Musafiri, C. M., Kiboi, M., Macharia, J., Ng’etich, O. K., Kosgei, D. K., Mulianga, B., Okoti, M., & Ngetich, F. K. (2022). Adoption of climate-smart agricultural practices among smallholder farmers in Western Kenya: do socioeconomic, institutional, and biophysical factors matter? Heliyon, 8(1), e08677.
Muthui, M. M. (2015). Socio-economic and adminstrative factors influencing adoption of irrigation technology in Tharaka Nithi County. (Doctoral Dissertation). University of Nairobi.
Mutunga, E., Ndungu, C., & Muendo Patricia. (2018). Factors influencing smallholder farmers’ adaptation to climate variability in Kitui County, Kenya. International Journal of Environmental Sciences and Natural Resources, 8(5), 155–161. 
Mwangi, J. K., & Crewett, W. (2019). The impact of irrigation on small-scale African indigenous vegetable growers’ market access in peri-urban Kenya. Agricultural Water Management, 212(6), 295–305. 
Mwangi, M., & Kariuki, S. (2015). Factors determining adoption of new agricultural technology by smallholder farmers in developing countries. Journal of Economics and Sustainable Development, 6(5), 208-216.
Mwaura, G. G., Kiboi, M. N., Bett, E. K., Mugwe, J. N., Muriuki, A., Nicolay, G., & Ngetich, F. K. (2021b). Adoption intensity of selected organic-based soil fertility management technologies in the Central Highlands of Kenya. Frontiers in Sustainable Food Systems, 4(1), 1-17. 
Mwololo, H. M., Nzuma, J. M., Ritho, C. N., Ogutu, S. O., & Kabunga, N. (2020). Determinants of actual and potential adoption of improved indigenous chicken under asymmetrical exposure conditions in rural Kenya. African Journal of Science, Technology, Innovation and Development, 12(4), 505–515. 
Nakawuka, P., Langan, S., Schmitter, P., & Barron, J. (2018). A review of trends, constraints and opportunities of smallholder irrigation in East Africa. Global Food Security, 17(11), 196–212. 
Ndege, N. B. (2015). Access and use of knowledge on fruit processing technologies by smallholder farmers: Case study of Mwala, Machakos county (Doctoral dissertation, University of Nairobi).
Ndeke, A. M., Mugwe, J. N., Mogaka, H., Nyabuga, G., Kiboi, M., Ngetich, F., Mucheru-Muna, M., Sijali, I., & Mugendi, D. (2021). Gender-specific determinants of Zai technology use intensity for improved soil water management in the drylands of Upper Eastern Kenya. Heliyon, 7(6), e07217.
Ndirangu, S. N. (2017). An evaluation of the effect of land fragmentation and agro-ecological zones on food security and farm efficiency: The case of Embu County in Kenya (Doctoral dissertation, University of Nairobi).
Nejadrezaei, N., Sadegh, M., Mina, A., & Anastasios, S. (2018). Factors affecting adoption of pressurized irrigation technology among olive farmers in Northern Iran. Applied Water Science, 8(6), 1–9. 
Ng’ang’a, S. K., Jalang’o, D. A., & Girvetz, E. H. (2020). Adoption of technologies that enhance soil carbon sequestration in East Africa. What influence farmers’ decision? International Soil and Water Conservation Research, 8(1), 90–101. 
Ngango, J., & Hong, S. (2021). Adoption of small-scale irrigation technologies and its impact on land productivity: Evidence from Rwanda. Journal of Integrative Agriculture, 20(8), 2302–2312. 
Njenga, M. W., Mugwe, J. N., Mogaka, H., Nyabuga, G., Kiboi, M., Ngetich, F., Mucheru-Muna, M., Sijali, I., & Mugendi, D. (2021). Communication Factors Influencing Adoption Of Soil And Water Conservation Technologies In The Dry Zones Of Tharaka-Nithi County, Kenya. Heliyon, 7(10), e08236.
Nonvide, G. M. A. (2017). Effect of adoption of irrigation on rice yield in the Municipality of Melanville, Benin. African Development Review, 29(2), 109–120.
Nonvide, G. M. A. (2019). A re-examination of the impact of irrigation on rice production in benin: An application of the endogenous switching model. Kasetsart Journal of Social Sciences, 40(3), 657–662. 
Ofori, E., Griffin, T., & Yeager, E. (2020). Duration analyses of precision agriculture technology adoption: what’s influencing farmers’ time-to-adoption decisions? Agricultural Finance Review, 80(5), 647–664. 
Ojo, T. O., Baiyegunhi, L. J., Adetoro, A. A., & Ogundeji, A. A. (2021). Adoption of soil and water conservation technology and its effect on the productivity of smallholder rice farmers in Southwest Nigeria. Heliyon, 7(3), e06433.
Onyango, D. A., Mogaka, H. R., Ndirangu, S. N., & Kwena, K. (2021). Household socio-economic factors influencing choice of agro-advisory dissemination pathways for climate change in semi-arid areas of Kenya. Information Development. 1-12.
Osewe, M., Liu, A., & Njagi, T. (2020). Farmer-led irrigation and its impacts on smallholder farmers’crop income :Evidence from Southern Tanzania. International Journal of Environmental Research and Public Health,17, 1-13.
Oyetunde-Usman, Z., Olagunju, K. O., & Ogunpaimo, O. R. (2021). Determinants of adoption of multiple sustainable agricultural practices among smallholder farmers in Nigeria. International Soil and Water Conservation Research, 9(2), 241–248. 
Pavelic, P., Villholth, K. G., Shu, Y., Rebelo, L. M., & Smakhtin, V. (2013). Smallholder groundwater irrigation in Sub-Saharan Africa: Country-level estimates of development potential. Water International, 38(4), 392–407. 
Pokhrel, B. K., Paudel, K. P., & Segarra, E. (2018). Factors affecting the choice, intensity, and allocation of irrigation technologies by U.S. cotton farmers. Water (Switzerland), 10(6), 1–12. 
Rana, M. J., Kamruzzaman, M., Oliver, M. M. H., & Akhi, K. (2021). Influencing factors of adopting solar irrigation technology and its impact on farmers’ livelihood. A case study in Bangladesh. Future of Food: Journal on Food, Agriculture and Society, 9(5), 1-13. 
Ransford, O. D., Shouqi, Y., Junping, L., Haofang, Y., & Abindau, I. (2019). Evaluation of uniformity and water conveyance efficiency of spray tube irrigation system. Poljoprivredna tehnika, 44(4), 27-38.
Rola-Rubzen, M. F., Paris, T., Hawkins, J., & Sapkota, B. (2020). Improving Gender Participation in Agricultural Technology Adoption in Asia: From Rhetoric to Practical Action. Applied Economic Perspectives and Policy, 42(1), 113–125. 
Ruzigamanzi, Mulyungi, Wanzala, F., & Ntaganira, E. (2019). Effect of institutional factors on adoption of sericulture technology in Rwanda. 4(2), 1–9.
Ruzzante, S., & Bilton, A. (2021). Adoption of agricultural technologies in the developing world: A meta-analysis dataset of the empirical literature. Data in Brief, 38, 107384. 
Sardar, A., Kiani, A. K., & Kuslu, Y. (2021). Does adoption of climate-smart agriculture (CSA) practices improve farmers’ crop income? Assessing the determinants and its impacts in Punjab province, Pakistan. Environment, Development and Sustainability, 23(7), 10119-10140.
Sarker, S. A., Wang, S., Adnan, K. M. M., & Sattar, M. N. (2020). Economic feasibility and determinants of biogas technology adoption: Evidence from Bangladesh. Renewable and Sustainable Energy Reviews, 123(3), 109766. 
Seifzadeh, A. R., Khaledian, M. R., Zavareh, M., Shahinrokhsar, P., & Damalas, C. A. (2020). European Borage (Borago officinalis L.) Yield and Profitability under Different Irrigation Systems. Agriculture, 10(4), 136.
Serote, B., Mokgehle, S., Plooy, C. Du, Mpandeli, S., Nhamo, L., & Senyolo, G. (2021). Factors influencing the adoption of climate-smart irrigation technologies for sustainable crop productivity by smallholder farmers in arid areas of South Africa. Agriculture, 11(12), 1–17. 
Shang, L., Heckelei, T., Gerullis, M. K., Börner, J., & Rasch, S. (2021). Adoption and diffusion of digital farming technologies - integrating farm-level evidence and system interaction. Agricultural Systems, 190(1), 1–19. 
Shiferaw, B., Tesfaye, K., Kassie, M., Abate, T., Prasanna, B. M., & Menkir, A. (2014). Managing vulnerability to drought and enhancing livelihood resilience in sub-Saharan Africa: Technological, institutional and policy options. Weather and climate extremes, 3, 67-79.
Sianesi, B. (2004). An evaluation of the Swedish system of active labor market programs in the 1990s. Review of Economics and statistics, 86(1), 133-155.
Sunny, F. A., Fu, L., Rahman, M. S., & Huang, Z. (2022). Determinants and impact of solar irrigation facility (SIF) adoption: A Case Study in Northern Bangladesh. Energies, 15(7), 1–17. 
Takahashi, K., Muraoka, R., & Otsuka, K. (2020). Technology adoption, impact, and extension in developing countries’ agriculture: A review of the recent literature. Agricultural Economics, 51(1), 31-45.
Tanti, P. C., Jena, P. R., Aryal, J. P., & Rahut, D. B. (2022). Role of institutional factors in climate‐smart technology adoption in agriculture: Evidence from an Eastern Indian state. Environmental Challenges, 7(2), 100498. 
Tesfaye, M. Z., Balana, B. B., & Bizimana, J. C. (2021). Assessment of smallholder farmers’ demand for and adoption constraints to small-scale irrigation technologies: Evidence from Ethiopia. Agricultural Water Management, 250, 106855.
Teshome, H., Tesfaye, K., Dechassa, N., Tana, T., & Huber, M. (2021). Smallholder farmers’ perceptions of climate change and adaptation practices for maize production in eastern Ethiopia. Sustainability, 13(17), 1–21. 
Thinda, K. T., Ogundeji, A. A., Belle, J. A., & Ojo, T. O. (2020). Understanding the adoption of climate change adaptation strategies among smallholder farmers: Evidence from land reform beneficiaries in South Africa. Land Use Policy, 99(6), 104858. 
Tien Thanh, P., & Bao Duong, P. (2020). Determinants of adoption of modern rice varieties in rural Vietnam: a double-hurdle approach. Journal of Agribusiness in Developing and Emerging Economies, 11(3), 313–326.
Tran, N. L. D., Rañola, R. F., Ole Sander, B., Reiner, W., Nguyen, D. T., & Nong, N. K. N. (2020). Determinants of adoption of climate-smart agriculture technologies in rice production in Vietnam. International Journal of Climate Change Strategies and Management, 12(2), 238–256. 
Wang, J., Bjornlund, H., Klein, K. K., Zhang, L., & Zhang, W. (2016). Factors that influence the rate and intensity of adoption of improved irrigation technologies in Alberta, Canada. Water Economics and Policy, 2(3), 1–32.
Wang, S., Yin, N., & Yang, Z. (2021). Factors affecting sustained adoption of irrigation water-saving technologies in groundwater over-exploited areas in the North China Plain. Environment, Development and Sustainability, 23(7), 10528–10546. 
Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data. MIT press
Wordofa, M. G., Hassen, J. Y., Endris, G. S., Aweke, C. S., Moges, D. K., & Rorisa, D. T. (2021). Adoption of improved agricultural technology and its impact on household income: a propensity score matching estimation in eastern Ethiopia. Agriculture and Food Security, 10(1), 1–12. 
Workineh, A., Tayech, L., & Ehite, H. K. (2020). Agricultural technology adoption and its impact on smallholder farmers welfare in Ethiopia. African Journal of Agricultural Research, 15(3), 431–445.
Xie, H., & Huang, Y. (2021). Influencing factors of farmers’ adoption of pro-environmental agricultural technologies in China: Meta-analysis. Land Use Policy, 109(4), 105622. 
Yatribi, T. (2021). Factors influencing adoption of new irrigation technologies on farms in in Morocco : Application of logit model. International Journal of Envirinmental & Agriculture Research, 6(11), 1-11.
Yigezu, Y. A., Mugera, A., El-Shater, T., Aw-Hassan, A., Piggin, C., Haddad, A., Khalil, Y., & Loss, S. (2018). Enhancing adoption of agricultural technologies requiring high initial investment among smallholders. Technological Forecasting and Social Change, 134(11), 199–206. 
You, L., Ringler, C., Wood-Sichra, U., Robertson, R., Wood, S., Zhu, T., Nelson, G., Guo, Z., & Sun, Y. (2011). What is the irrigation potential for Africa? A combined biophysical and socioeconomic approach. Food Policy, 36(6), 770–782. 
Zakaria, A., Azumah, S. B., Dagunga, G., & Appiah-Twumasi, M. (2020). Profitability analysis of rice production: a microeconomic perspective from northern Ghana. Agricultural Finance Review, 12, 1–19.
Zakari, S., Ibro, G., Moussa, B., & Abdoulaye, T. (2022). Adaptation strategies to 	climate change and impacts on household income and food security: Evidence 	from Sahelian Region of Niger. Sustainability, 14(5), 1-18.
Zegeye, M. B. (2021). Adoption and Ex-post Impact of Agricultural Technologies on Rural Poverty: Evidence from Amhara Region, Ethiopia. Cogent Economics and Finance, 9(1), 1-20.
Zeweld, W., Huylenbroeck, G. Van, Hidgot, A., Chandrakanth, M. G., & Speelman, S. (2015). Adoption of Small-Scale Irrigation and Its Livelihood Impacts in Northern Ethiopia. Irrigation and Drainage, 64(5), 655–668. 



25

[bookmark: _Toc109734061][bookmark: _Toc109818485]Appendix 1: Map of the study area
[image: ]
[bookmark: _Toc109734062][bookmark: _Toc109818486]

Appendix 2: Multicollinearity test
	Variable
	VIF
	1/VIF  

	Age
	3.59
	0.278832

	Off-farm income
	3.56
	0.280757

	Farming experience
	3.09
	0.323284

	Main occupation
	2.90
	0.344949

	Access to extension 
	2.65
	0.377045

	Access to training
	2.35
	0.425022

	Access to credit
	1.89
	0.529672

	Hired labor wages
	1.83
	0.545731

	Education
	1.70
	0.589359

	Gender
	1.63
	0.612190

	Household size
	1.59
	0.628866

	Farm size
	1.52
	0.656083

	Household income
	1.24
	0.804895

	Market distance
	1.19
	0.843037

	Land ownership
	1.09
	0.915569

	Mean VIF
	2.12
	



	


Appendix 3: Questionnaire
FACTORS AFFECTING ADOPTION AND EFFECT OF IRRIGATION TECHNOLOGIES ON PRODUCTIVITY AND PROFITABILITY AMONG SMALL-SCALE FARMERS IN MWALA SUB-COUNTY.
Introduction
This questionnaire has purposely been prepared to help the researcher in collecting data from the small-scale farmers in Machakos County. Kindly note that any information provided herein will be treated with utmost confidentiality.
GENERAL INFORMATION

	Enumerator:
	

	Tel. No.
	

	Division
	

	Sub-location
	

	Sub-County
	

	Ward
	

	Village
	



SECTION A: Household Socio-economic Characteristics

	1. Household head gender
	1 = Male
	2 = Female

	2. Marital status of the household head
	1= married 2=Single 3=Widow 4=Widower

	3. Age of household head in years
	……………….years

	4. Years spent in school
	……………..years

	5. Total number of household members
	……………………members

	6.	Engaged in off-farm activities
	1=Yes
0=No

	7. Source of off-farm income
	Self-employment
Salaried jobs
Wages
Others (specify)

	8. Monthly off-farm income in KES
	…………………

	9. Main occupation of the household head
	1= Farming



		
	2= Employment
3= Business

	10. Monthly household income
	………………….Kshs

	11. Total farming land in Acres
	……………………acres

	12. Number of years spent in farming
	……………….. years

	13. Type of land tenure
	Secured
Unsecured
Rented
Government land
Leased land

	14. Type of livestock owned
	1= Cattle 2= Goats 3= Sheep   4= Chicken

	15. Number of livestock owned per head
	Cattle……..Goats………..Sheep……..
Chicken………….



16. Do you practice irrigation farming? (1= YES 0= NO)
	If No, why don’t you practice irrigation?
	1= High cost of installation
	2= Lack of access to adequate water
	3= High maintenance and operation cost
	4= Inadequate capital to invest
	5= Inadequate technical knowledge
	6=Inadequate time to implement
	7=others (specify)

If yes, which type of irrigation technologies do you use?

	1= Sprinkler ……
	2= Drip ………
	3= Bucket……
	4= Flood irrigation……..
	5= Treadle pumps…………
	6= Others (Specify)………………………………..
17. What is the cost of scaling up the above-mentioned technology?.............kshs
18. What is the total farm size under irrigation farming?......	acres
19. What is the source of labour for your farm? ( 1=Family labour 2= Hired labour 	3=Both  family and hired labour)
120. Do you have access to irrigation water sources? (1= YES, 2= NO)
If yes, what is the main source of irrigation water? (1= River 2= Groundwater 3= Dam or water reservoirs 4= others (specify)………
21. How is the accessibility of irrigation water? (1= Very accessible 0= Less accessible)
22. What is the main purpose of the water you get? ( 1= Irrigation	0= Domestic…)
SECTION B: Institutional Factors
· Membership of the farmer
23. Do you or any member of your household belong to any social or community
Organization /Association (1=YES, 0=NO)
	If yes, which social group do you belong to? (1 = Co-operative society 2 = 	Microfinance
	3 = Women Group 4 = Water User Association 5 = Farmers Association 6 = 	Community/Village Group 7= Community Marketing Group 8= Others 	(specify)……………
24. What services do you get from the organization/association? (1= Credit only 2 = 	Training/ Information sharing 3 = Savings and Credit 4 =Loaned equipment 5= 	Others (specify)……………
· Market access
25. Do you receive market information? (1=YES   0= NO)
26. Which is your main source of market information concerning the farm produce? 	(1= Radios 2= Television 3= Extension officers 4= Buyers 5=Newspapers 	6=Farmer cooperatives 7= Others (specify)………….
27. Where do you sell your farm produce? (1= Local market 2= Farmer cooperatives 	3= institutions/ schools 4= Brokers 5= Virtual markets  6=Others 	(specify)…………
28. Distance to the nearest market….	kilometers(KM)
29. Do you promote your product? (1= YES        0=NO)
	If yes, which channels do you use? (1= Social media 2=Advertising 3= Special 	offers  4=Others (specify)
· Access to extension services
30. Do you receive extension services/information? (1= YES   0= NO)
	If yes, from where do you get the extension services/information? (1= Ministry of Agriculture 2= Agricultural training centers 3= Non-governmental Organization 4= 	Television 5= Radios  6= Field demonstrations 7= Others (specify)………
31. How often do you receive extension support? ( 1= Once a year 2= Twice a year 3= 	Thrice a year 4= Others( specify)…………..
32. What is your level of satisfaction? (1= High 2= Moderate 3= Low)
· Access to Credit
33. Do you have access to any farm credit on irrigation farming? (1 = YES 0 =NO)
	If yes, provide the information required below.
	 Sources of credit
	1=Banks 2= SACCO 3= Government	4= Merry
go round 5= Farmer groups 6= co-operatives 7= others(specify)………

	Type of credit
	1= Improved seeds 2= Fertilizers 3= Irrigation
equipment	4=	Cash	money	5=	Others (specify)………………………….

	 Purpose of credit
	1= Irrigation farming	2=School fees
3= Medical care	4=Others (specify)…………..

	Constraints	in obtaining credit
	1= fear of risk 2= high-interest rate
3=lack of collateral 4= Inadequate information 5=others (specify)…………

	Credit availability
	1=Readily available
0=Less available

	Credit affordability
	1=Highly affordable
0=Less affordable



· Training
34. Do you receive any kind of training on irrigation farming? (1 = YES 0 = NO)
	 If YES, what is the source of training (1 = County extension agents 2 = Farmer 	organizations      3=      Non-Governmental      Organization	4= Others 	(specify)……………………….
35. What kind of training do you receive? (1= High yielding crops 3= Fertilizer 	application 3= Water withdrawals 4= others (specify)………………..
36.  What is the level of willingness to train? (1= High….. 2= Moderate……3=Low….)
37. How often do you receive training? ( 1= once a year   2= Twice a year   3= Thrice  	a year 4=Others (Specify?..............
· Road infrastructure
38. Distance to the nearest all weather roads…...	kilometers
39. How is the accessibility of the roads? ( 1= Easily accessible 0= difficult accessibility)
40. What makes them difficult to access? (1=Not tarmacked       2=Rain damage 	3=Others …………….)

CROP PRODUCTION
· Please provide information on the crops produced during the last season.
	
	

	Technology used
	

	Area covered
	

	Crop produced
	

	Quantity harvested in kgs
	

	Amount sold 
	

	Unit price in kshs
	

	Total amount 
	



· Please provide information on the seeds used during the long rain and short rain season.
	
	

	Area covered (hectares)
	

	Quantity used 
	

	Price per unit
	

	Total cost
	

	Seed source
	

	
	



· Provide information on fertilizer applied during production process.
	
	

	Area covered
	

	Type of fertilizer used
	

	Quantity applied
	

	Price per unit
	

	Total cost
	

	
	



· Provide information on labour used in production.
	
Activity 
	Area covered (ha)
	Labour type (family/hired)
	No. of workers
	Cost per day
	Total cost (Kshs)

	Land preparation
	
	
	
	
	

	Planting 
	
	
	
	
	

	Weeding 
	
	
	
	
	

	Fertilizer application
	
	
	
	
	

	Harvesting 
	
	
	
	
	

	Equipment operation 
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